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Abstract
Seasonal variations in agriculture is a major contributor to undernutrition in many agrarian economies. While recent studies 
have highlighted the role of markets in improving nutrition, the relative importance of markets in smoothing food consump-
tion across seasons remains largely unexamined. Using data from Sierra Leone, this paper analyses whether access to local 
food markets mitigates seasonal fluctuations in household dietary diversity and food security. Our results confirm that agri-
cultural seasonality imposes significant fluctuations on household dietary diversity and food security. Households, especially 
those in rural areas, are found to experience significant deteriorations in dietary diversity and food security during the lean 
season. Most importantly, the results also show that households with better market access consume more diverse diets and 
are more food secure in both lean and non-lean seasons than remoter households. An important policy implication of these 
results is that market-based interventions aimed at strengthening market access through improved market infrastructure and 
roads can significantly contribute to year-long food consumption smoothing, improved dietary diversity and overall food 
and nutrition security.
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1 Introduction

Achieving food security requires that people have access at 
all times to adequate nutritious foods to meet their dietary 
needs for a healthy and active life. However, not everyone 
in the world has stable, all-year-round access to enough 
safe and nutrient-rich food. Millions of people, mostly 
smallholder farmers in agrarian economies, are afflicted 
by seasonal food insecurity every year, primarily because 
of cyclical fluctuations in food availability and access 
(Devereux et al., 2008). Unlike conflict, climate variability 
and extremes and natural catastrophes, seasonality is often 

neglected as a significant contributor to food insecurity 
and malnutrition, even though it is a common cause and its 
impacts are not insignificant (Devereux et al., 2012; Vaitla 
et al., 2009).

Seasonality is characteristic of rural livelihood in devel-
oping countries, where majority of the world’s poor, food 
insecure and malnourished people live and depend primar-
ily on rain-fed agriculture (Devereux et al., 2012; Khandker 
& Mahmud, 2012). Household income, food security and 
nutrition, and other welfare outcomes in these agrarian set-
tings exhibit noticeable seasonal disparities, driven by regular 
patterns of the agricultural cycle. They improve markedly in 
immediate postharvest months when food supply and pur-
chasing power abound, and deteriorate sharply in pre-harvest 
months, particularly during the so-called ‘lean’ or ‘hunger’ 
season (Handa & Mlay, 2006; Sibhatu & Qaim, 2017). Dur-
ing this lean season period, which often coincides with the 
rainy season in many low-income countries, food stocks from 
the previous harvest are depleted, markets become inacces-
sible, food prices rise steeply, wages plummet, and income-
generating avenues become limited (Khandker & Mahmud, 
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2012; Vaitla et al., 2009). The hardest hit are vulnerable and 
poor households, who are unable to insure their consumption 
against fluctuations in production and income (Alderman & 
Paxson, 1994; Dercon, 2002; Dercon & Krishnan, 2000). In 
particular, these households often do not have adequate buffer 
food reserves, or past savings, or access to credit, remittances 
or social protection schemes to smooth consumption all year 
round (Alderman & Paxson, 1994; Khandker & Samad, 
2016).

In the face of financial constraints, they are often coerced 
to sell their produce at low prices in postharvest months and 
purchase them back, a few months later, at higher prices dur-
ing the lean season (Burke et al., 2019; Stephens & Barrett, 
2011). These seasonality effects may also spread to urban 
areas as limited food supply (from remote, rural areas) leads 
to food price inflation and negative dietary and nutritional 
adjustments (Anderson et al., 2018; Gilbert et al., 2017). 
Furthermore, by compelling households to adopt negative 
coping strategies (such as depleting their assets or going 
into debt), seasonality may exacerbate their vulnerability 
to poverty and undermine their resilience to adverse shocks 
(Alderman & Paxson, 1994; Dercon, 2002). What is more 
debilitating is the adoption of deleterious consumption-
related coping strategies to mitigate seasonal food stress. 
These may include the rationing of available food and chang-
ing the quality (diversity), quantity, and frequency of their 
diets (Maxwell & Caldwell, 2008).

Dietary changes involving the consumption of less nutri-
tious and highly monotonous diets (e.g., largely cereal- or 
tuber-based) may quickly fill the stomach and dispel hunger 
pangs, but compromise dietary quality and increase the 
risk of micronutrient deficiencies. Such short-term food 
deprivations (nutritional shocks) may have long-term con-
sequences for individuals, especially pre-schooling chil-
dren (Alderman et al., 2006). In particular, children that 
repeatedly experience seasonal hunger are at high risk of 
undernutrition, including insufficient micronutrient intake 
(or hidden hunger). Undernutrition, in turn, weakens their 
immune systems and irreversibly stunts their cognitive and 
physical development – with undesirable consequences of 
reduced productivity, educational attainment, and earning 
potential as adults (Bhutta et al., 2013).

Among several potential policy approaches to tackle sea-
sonality, and its attendant food insecurity (Khandker et al.,  
2012; Vaitla et al., 2009), emerging literature underscores 
the primacy of market access in improving dietary and 
nutritional outcomes, especially of poor, vulnerable and 
food insecure households (Headey et al., 2019; Hirvonen 
et al., 2017; Sibhatu & Qaim, 2017). Both rural and urban 
households trade in local markets either as sellers of own 
produce or buyers of food produced by others (or both). 
Conceptually, well-functioning and easily accessible mar-
kets can contribute to overall food and nutrition security 

by ensuring consistent availability of and economic access 
to diverse nutritious foods at affordable prices. Further-
more, nearness to markets may increase the time available 
for proper feeding and care practices (Johnston et al., 2018; 
Komatsu et al., 2018; Ruel & Alderman, 2013); reduce food 
prices and transportation costs, thus increase household’s 
effective purchasing power and demand for diverse diets 
(Usman & Callo-Concha, 2021); and boost productivity and 
farm diversification through improved access to productive 
inputs (Dorosh et al., 2003). Evidence from previous studies 
accentuates the importance of access to markets and com-
mercialization for dietary quality, food security and liveli-
hoods of rural households (Abay & Hirvonen, 2017; Handa 
& Mlay, 2006; Headey et al., 2019; Hirvonen et al., 2017; 
Koppmair et al., 2017; Ogutu et al., 2019; Sibhatu & Qaim, 
2017; Sibhatu et al., 2015; Stifel & Minten, 2017; Zanello 
et al., 2019). In particular, these studies have largely shown 
that proximity to markets or increased commercialization 
has significant positive effects on food security and dietary 
diversity at household and individual levels as well as on 
children’s nutritional status.

However, there is limited evidence on the role of mar-
ket access in mitigating seasonal fluctuations in household 
dietary diversity and food security. The empirical research 
on seasonality and market access have so far been carried out 
in separate silos. Only a handful of studies have attempted 
to unify these two strands of literature (Abay & Hirvonen, 
2017; Handa & Mlay, 2006; Sibhatu & Qaim, 2017; Zanello 
et al., 2019). Abay and Hirvonen (2017) reported that market 
access improves dietary diversity but does not reduce sea-
sonal fluctuations in Ethiopian children’s anthropometrics. 
For rural Ethiopian households, Sibhatu and Qaim (2017) 
showed that purchased foods constitutes over half of house-
hold calorie intake during the lean season. Zanello et al. 
(2019) found that, in Afghanistan, while cropping diver-
sity matters for dietary diversity during the regular season, 
market food availability improves dietary diversity in the 
lean season. Lastly, Handa and Mlay (2006) demonstrated 
that proximity to road enables Mozambican households to 
smooth their consumption over the agricultural cycle.

Apart from these few studies that looked at the interaction 
between seasonality and market access and their impact on 
food and nutrition security, we are not aware of any other 
study that has examined these interactions in the post-war 
context with prevailing limitations in rural infrastructure. 
In particular, to what extent the effect of markets on dietary 
diversity and food security varies at different times of the 
year is not well understood. A possible reason is that most 
existing studies were based on data collected at one point 
in time during the year. Obtaining a better understanding of 
the seasonal implications of markets for nutrition will help 
improve knowledge and policy. We address this important 
research gap with data from Sierra Leone, a post-conflict 
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West African country, characterized by pervasive agricul-
tural seasonality, malnutrition, and food insecurity and 
major constraints on market access. The study employs 
recent nationally representative data from the Sierra Leone 
Integrated Household Survey (SLIHS) to study the potential 
protective effects of improved market access against sea-
sonal deteriorations in household dietary diversity and food 
security.

The remainder of this paper is organised as follows. 
Section 2 presents a conceptual framework that links sea-
sonality, markets and food security. Section 3 provides a 
contextual overview of seasonality, market access, and food 
security in Sierra Leone. Section 4 discusses the data and 
methods, and the results are presented and discussed in 
Sect. 5. Section 6 concludes the study with key findings and 
policy implications.

2  Conceptual linkages among seasonality, 
market access, and food security

In agricultural household models, the separability assump-
tion of interlinked household decisions on production, con-
sumption, labor allocation, and leisure is relaxed. Therefore, 
households are assumed to maximize their expected utility of 
consumption of on-farm food produce and other consumption 
goods that must be bought in the marketplace, given these 
interlinkages and the associated constraints. In a dynamic 
setting with seasonal agricultural production, the household 
must decide how to meet its consumption needs both in each 
year’s harvest as well as lean seasons (Saha, 1994; Stephens 
& Barrett, 2011). For risk-averse households, maximizing 
inter-temporal utility leads to precautionary savings equating 
expected marginal utilities across seasons. Thus, all things 
being equal, households will prefer smoothing consumption 
over time, (Stephens & Barret, 2011; Dercon & Krishnan, 
2000). When households have access to well-functioning 
markets, these preferences will lead to a stable optimal con-
sumption path. However, if markets are incomplete or non-
existent, and credit constraints are binding, consumption will 
be subjected to fluctuations in income or purchasing power, 
due to, for instance, seasonality- or shock-induced variabili-
ties in prices and wages.

In the absence of complete formal insurance and financial 
markets and effective social protection, (poor) households 
and individuals undertake a wide range of risk management 
and coping actions to limit the variability of income and 
consumption (Alderman & Paxson, 1994). The risk man-
agement strategies are directed at income smoothing, for 
instance, through diversification (livelihoods, crops, or 
fields) or attempting to earn extra income (by temporarily 
migrating, or taking additional jobs). The goal of risk cop-
ing strategies is to smooth consumption over time. These 

include self-insurance (through the accumulation or deple-
tion of savings, assets, or buffer stocks), borrowing, and 
informal risk-sharing arrangements that involve mutual 
support between family networks, groups, or communi-
ties (Alderman & Paxson, 1994; Dercon, 2002; Dercon & 
Krishnan, 2000).

When these mechanisms fail, consumption smoothing 
does not happen, as households are unable to fully insure 
consumption against fluctuations in income or purchasing 
power. Seasonal food insecurity is partly a manifestation 
of the failure to achieve year-round smoothing of food con-
sumption. This may be due to agricultural seasonality and 
the associated delay between the planting and harvesting of 
staple food crops, which have different seasonal production 
cycles (Khandker et al., 2012). Consequently, the months 
leading up to harvest are often characterized by depletion 
of food stocks (from own-production), high food prices, 
limited employment avenues for agricultural workers, and 
loss of livelihoods, income and other entitlements to foods 
(Devereux et al., 2012; Khandker & Samad, 2016). With 
production patterns being strongly determined by agrocli-
matic conditions and the level of agricultural technology 
applied, seasonality and its resultant seasonal food stress 
will be more intense in areas with rain-fed, monocrop agri-
culture, than in more favorable locations that permit multiple 
cropping, and farm diversification, and are less reliant on 
erratic rainfall for irrigation (Abay & Hirvonen, 2017).

Seasonal food deprivation is also related to market ineffi-
ciencies arising from poor market and infrastructural condi-
tions which prevent certain households from accessing food 
even in times of abundant food availability (Devereux et al., 
2012; Khandker & Mahmud, 2012; Khandker et al., 2012). 
Most agricultural households in the developing world are 
located in geographically isolated areas with weak connec-
tivity to formal market institutions, poor-quality transport, 
and other market-related infrastructure (Fafchamps & Hill, 
2005; Stifel & Minten, 2017). These poor market conditions, 
coupled with isolation, increase transaction costs (e.g., trans-
port, time, and search costs), and hurt households in a num-
ber of ways. For instance, the associated high transaction 
costs can inhibit market integration, resulting in incomplete 
price transmission and reduction of information available to 
economic actors, which in turn lead to decisions that con-
tribute to inefficient outcomes (Abdulai, 2000; de Janvry 
et al., 1991; Moser et al., 2009). These include higher output 
and input prices, reduced movements of farm products and 
other goods, erosion of gains from trade; lower agricultural 
production due to limited access to and adoption of modern 
productivity-enhancing inputs and technologies, adoption 
of low-yielding food crops instead of high-value cash crops, 
huge postharvest losses at the farmgate, and lower acces-
sibility, availability and diversity of foods on local markets, 
particularly in remote locations.
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Improving access to markets (by means of better transport 
and communication infrastructure) can contribute to food 
consumption smoothing by enhancing physical and eco-
nomic access to food, as well as the availability of foods in 
the market across seasons. This may occur through several 
mechanisms. First, better access to markets lowers trans-
action costs, and facilitates market participation (or com-
mercialization), as well as the movement of fresh, healthy 
foods from local and international markets to food deficit 
areas (Bonuedi et al., 2020; Fafchamps & Hill, 2005). With 
transport costs being lower in the dry season (when roads 
are passable) than in the rainy season (when they are not) 
(Cramon-Taubadel, 2017), improved market access can also 
foster consistent availability of nutritious foods in the mar-
ketplace and thus lower the seasonality of food availability, 
access and consumption (Zanello et al., 2019). Second, off-
farm avenues are scarcer in more remote areas. However, 
improved market access increases opportunities for seasonal 
migration and (temporary) off-farm income-generating 
activities, which may enhance the ability of households 
to access healthy foods at all times (Handa & Mlay, 2006; 
Jacoby & Minten, 2009). Last but not least, access to (prod-
uct) markets may also improve access to credit (in the form 
of cash, inputs, or food), thereby enabling households to 
smooth consumption across seasons (Schrieder & Heidhues, 
1995; Zeller et al., 1997).

3  Study context

Located in Western Africa, Sierra Leone is inhabited by 
approximately 7 million people (Taqi et al., 2017). It bor-
ders Guinea to the north-east, Liberia to the south-east, 
and the Atlantic Ocean to the south-west The country has 
a tropical – hot and humid – climate with two distinct sea-
sons: a rainy season from May to October and a dry season 
from November to April (Amadu et al., 2017). The average 
annual rainfall is around 3000 mm, with July and August 
being the dampest months (450–540 mm). Monthly tem-
perature ranges from 25 to 34 ℃ and averages around 26 
℃. In December and January, when the cold, dry, and dusty 
Harmattan wind blows from the Sahara, the temperature 
could drop to about 16 ℃ at night (Dossou-Yovo et al., 2017; 
World Bank Climate Change Knowledge Portal, 2019).

The last four decades have seen an interaction of sev-
eral factors hampering the country’s economic develop-
ment, thereby leaving it among the poorest economies in 
the world. Notable among these factors are the decade-long 
civil war (1992–2001), exogenous shocks (e.g., the Ebola 
epidemic, mudslides, and the collapse of commodity prices), 
and entrenched structural and institutional constraints. As 
a low-income country, it has an income per capita of $474 
and ranks 184th out of 189 countries in terms of human 

development (UNDP, 2016). In 2017, almost two-thirds of 
its populace were identified to be poor in multiple dimen-
sions, with the incidence of poverty more pronounced in 
rural areas (86.3%) than urban areas (37.6%) (Statistics 
Sierra Leone, 2019b). Despite making progress over the 
years, the food insecurity situation in the country remains 
alarming with almost half (49.8%) of its households lacking 
access to sufficient nutritious of foods (World Food Pro-
gramme, 2015). The precarious state of food security in the 
country is manifested in high rates of stunting (affecting over 
30% of under-five children (Ministry of Health and Sanita-
tion & Action Against Hunger, 2017)) and under-five mor-
tality (94 deaths per 1,000 per live births (Statistics Sierra 
Leone & UNICEF Sierra Leone, 2017). This is also seen in 
the poor performance on the Global Hunger Index, with the 
country ranking 114th out of 119 countries (von Grebmer 
et al., 2018).

Agriculture is the mainstay of Sierra Leone’s economy, 
accounting for two-thirds of employment and gross domestic 
output (GDP) (Gboku et al., 2017). The country’s leading 
food crops are rice, cassava, maize, millet, sweet potato, 
and groundnut. These are mainly cultivated by smallholder 
farmers manning 0.5–2 hectares of farmland (Amadu et al., 
2017). Approximately 85% of farmers cultivate rice, the 
most important staple food crop, consumed daily throughout 
the country (Ministry of Agriculture, Forestry & Ministry 
of Health and Sanitation, 2016). The next most significant 
food crop, cultivated by 77.2% of rural households, is cas-
sava. Cassava and the other minor staples are widely and 
frequently consumed, particularly to meet household energy 
needs when rice is scarce (World Food Programme, 2011). 
Dark green leafy vegetables like cassava leaves and potato 
leaves are key ingredients in household diets. Over 60% of 
households consume from their production (Statistics Sierra 
Leone, 2014). This suggests that subsistence farming consti-
tutes an essential source of food for many households in the 
country. As a result, seasonal variations can have significant 
effects on household food availability, consumption, and, 
ultimately, nutritional status.

The seasonality of food security is quite evident in Sierra 
Leone. The food security situation varies in parallel with the 
agricultural production cycle, as most people derive their 
livelihoods from agriculture. As Binns and Bateman (2017) 
observed, there is a long-standing, regular pattern of cycli-
cal food insecurity among many households. Households, 
in both rural and urban areas, are most vulnerable to hunger 
during the ‘lean season’ or ‘hunger gap’ (June–September), 
when there is increased demand for labour for agricultural 
activities, food stocks are lowest, commerce slumps, food 
prices soar, and rainfall is torrential, thereby making most 
(rural) roads impassable and markets physically inaccessi-
ble. It is also the time of the year when there is a high preva-
lence of sickness (mainly malaria and diarrheal diseases), 
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malnutrition, indebtedness, distress, destitution, and exploi-
tation. The month of August is the peak of the hunger gap 
during which the percentage of households reporting inad-
equate household food provisioning is highest, reaching 
80% in urban areas and over 90% in rural areas (Bonuedi, 
2021; World Food Programme, 2011). However, this propor-
tion plummets sharply (i.e., to below 4%) in the subsequent 
months, mainly due to increased food availability from the 
harvest of food crops (Bonuedi, 2021).

Infrastructure in Sierra Leone suffered severely from the 
protracted armed conflict. Despite investing $134 million 
annually, since the war ended, to rebuild and modernize 
infrastructure (Pushak & Foster, 2011), the nation’s stock 
of infrastructure remains inadequate and poorly maintained. 
In particular, Sierra Leone’s progress towards recovery and 
sustained economic development is severely hindered by 
poor-quality roads, weak transport infrastructure, and poor 
road connectivity (FEWS NET, 2017; Pushak & Foster, 
2011). These poor infrastructural conditions, coupled with 
the consequent high transaction costs, obstruct people’s 
access to markets (for inputs, produce, and credit), the trans-
portation of goods, inputs and people, as well as, access to 
new income-earning opportunities and social services. Of 
particular interest in this study is the access to product mar-
kets, which is a critical determinant of food security. Market 
access is generally measured in the literature in terms of 
distance, time, and costs of traveling to the nearest market, 
town/urban centre or all-season road (Abay & Hirvonen, 
2017; Headey et al., 2019; Hirvonen et al., 2017; WFP, 
2017). According to the 2015 Sierra Leone Comprehensive 
Food Security and Vulnerability Analysis (CFSVA) survey, 
83% of Sierra Leone households live in communities with 
no functional market (WFP, 2015). On average, households 
had to travel (usually by foot) about 83 min (≈ 7.8 miles 
or 12.6 km) to reach the nearest market. In terms of road 
access, they had to travel by road transport for about 180 min 
(≈ 10.43 miles or 16.7 km) reach the nearest road by a road 
transport). This low market penetration (or high isolation) 
means that households have to incur high transaction costs to 
participate in distant markets, where people converge from 
different locations to either sell or buy foods, inputs, and 
other products. As discussed previously, these constraints on 
market access may have negative impacts on food security 
through several pathways, including agricultural production, 
prices, incomes, food availability, and food access.

4  Data and methods

4.1  Data

The data used for the empirical analysis is obtained from 
the second and third rounds of the Sierra Leone Integrated 

Household Survey (SLIHS) conducted by Statistics Sierra 
Leone in 2011 and 2018. The SLIHS is a repeated cross-
sectional, nationally representative income and expenditure 
survey, specifically designed to provide relevant statistics 
on the living standards of Sierra Leoneans and to guide 
the formulation of interventions towards poverty reduction 
in Sierra Leone. While the first round was conducted in 
2003/2004, only the second and third rounds of SLIHS are 
comparable in terms of sampling techniques and question-
naires. A two-stage random sampling design was used in 
the 2011 and 2018 SLIHS. In the first stage, enumeration 
areas from 2004 and 2015 censuses, were stratified accord-
ing to district and locality (rural vs. urban) and sampled 
using probability proportional to size. Households were then 
selected in the second stage using simple random sampling 
(Statistics Sierra Leone, 2014, 2019a).

A salient feature of the 2011 and 2018 SLIHS is that they 
were administered over 12 months (January-December). 
The study exploits this aspect of the dataset to analyse the 
associations between seasonality, nearness to food markets, 
and food security in Sierra Leone. In addition to household 
income and consumption expenditure, the SLIHS collected 
information on agricultural production, health, education, 
and other social, economic, and demographic character-
istics of individuals, households, and communities. Also 
included in the 2018 SLIHS (but not in earlier rounds) is 
a food security module, which we utilized in our analysis. 
The SLIHS covered 6,727 and 6840 households in 2011 
and 2018, respectively. However, the final sample for the 
analyses consists of 13,256 households after combining the 
various modules from both rounds.

4.2  Measurement of variables

4.2.1  Dietary diversity and food security indicators

The key to a healthy, high-quality diet for better nutri-
tion is consuming a variety of foods from different 
groups (Arimond et al., 2011; Thiele & Weiss, 2003). 
Dietary diversity is usually measured as the count of 
food groups or individual food items consumed by a 
household or an individual over a 24-h or 7-day recall 
period (Kennedy et al., 2010). However, the household 
food consumption data from SLIHS 2011 and 2018 were 
based on daily food diaries, completed over a 5-day 
interval for one month. Food consumption expenditures 
were thus aggregated over a 30-day recall period, involv-
ing 4–5 visits to each household. Most households are 
likely to consume from diverse food groups at least once 
a month. Hence, a dietary diversity indicator based on 
food groups consumed over extended recall periods, say 
30 days, may not only be an overestimate but also a 
poor predictor of dietary quality or nutritional adequacy 
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(Ecker, 2018). Another limitation is that we do not have 
household-level information on the quantities and prices 
of food items consumed.

Therefore, we resort to the Simpson diversity index 
or Berry index to measure dietary diversity based on the 
shares of food groups in total (purchased and own pro-
duced) food expenditure. The household dietary diversity 
index (HDDI) for household i is constructed as

where �ij is the share of food group j in total food con-
sumption expenditure of household i and k is the number 
of food groups. Following Anim and Frimpong (2018), 
we used twelve food groups (i.e. k = 12), namely: cere-
als, roots and tubers, chicken, meat, fish, diary, eggs, milk 
and milk products, fruits, vegetables, pulses, oils and fats, 
condiments, and beverages and confectionary. The HDDI 
is bounded between 0 and 1, with 0 representing a situ-
ation where household i spends on or consumes from 
only one food group and 1 where the household devotes 
equal shares of its food budget to all food groups consid-
ered. Thus, while higher values are suggestive of a higher 
diversity of household food expenditure, lower values are 
indicative of less diversity in food expenditure, and thus, 
consumption of more concentrated or highly monotonous 
diets (Drescher et al., 2007; Thiele & Weiss, 2003). In 
analysing the role of markets, HDDI based on purchased 
foods and own-produced foods are also computed to iden-
tify the relative importance of different food sources for 
household dietary diversity across seasons (Muthini et al., 
2020).

Household food (in)security is measured by the cop-
ing strategy index (CSI) (Maxwell & Caldwell, 2008) 
and household hunger scale (HHS) (Ballard et al., 2011). 
These household hunger indicators capture the sever-
ity and frequency of strategies households adopt in the 
face of inadequate household food access. For sensitivity 
checks, we also employed the shares of food (FDSH), 
and non-staple foods in total food consumption expendi-
ture (NSTASH) as proxy indicators of food consumption 
patterns. As total household income (which can be prox-
ied by total consumption expenditure) increases, house-
holds will reduce the proportion of budget spent on food 
(Engel’s Law), and shift their diets away from starchy 
staples to nutrient-dense, non-staple foods such as meat, 
fish, fruits, vegetables, dairy, legumes, and oils (Bennett’s 
Law). To ensure that changes in the dietary diversity indi-
cators are reflective of changes in the nutritional quality 
of the foods that households consume, all consumption 
expenditures (and budget shares) are based on real values, 
which adjust for price movements.

(1)HDDIi = 1 −
∑k

j=1
�2
ij

4.2.2  Seasonality and market access indicators

We measure seasonality in two ways in the spirit of Chirwa 
et al. (2012), and Handa and Mlay (2006). First, based on 
the month of interview, seasonality is captured by eleven 
monthly dummy variables for each round of SLIHS, with 
December as the reference category. Second, the study cat-
egorizes the months of interview into three farming seasons 
or trimesters (four-month periods) based on Famine Early 
Warning Systems Network’s (FEWS NET) seasonal calendar 
of a typical year in Sierra Leone (Pasqualino et al., 2016). 
Trimester 1 spans February–May and captures the dry, 
post-harvest, and pre-planting period when there is neither 
serious food shortage nor food glut. The major agricultural 
activities occurring within this period are land preparation 
for rice and marketing of cash crops (mainly cashew, coffee, 
and palm oil). Trimester 2, which covers June–September, 
is the growing season as well as the lean period when food 
insecurity is most acute. It concurs with the wettest season of 
the year when rainfall conditions are most suitable for land 
preparations (upland rice), planting (rice, cassava, vegeta-
bles, yams, sweet potato, and pepper), weeding (groundnut, 
maize, and millet) and minor harvest (of maize, millet, cas-
sava, and cashew). Trimester 3 (October–January) is the har-
vesting and marketing period, traversing the rainy and dry 
seasons. Most households have increased food supply and 
purchasing power during this period, as it coincides with the 
harvest and marketing of several food crops and cash crops.

As typical of other West African countries, markets in 
Sierra Leone operate daily (mostly in urban areas) and peri-
odically on at least one fixed day each week (especially in 
smaller towns/rural areas). They are mostly open-air markets 
located at the commercial hub of villages, towns, and cities. 
Market participants, mostly women, regularly converge at 
these market centres – with official market day(s) being the 
busiest day(s) – to purchase and/or sell varieties of locally 
produced or imported foodstuffs, and other commodities. 
Physical market infrastructures are commonly characterized 
by wooden or concrete tables under pavilions roofed with 
corrugated iron sheets or raffia palm leaves to serve as trad-
ing stalls. Improved booths, stores, and stalls can be found 
in larger, central markets in urban areas. As documented in  
Bonuedi (2021), and Headey et al. (2019) the local supply of  
rice, maize, cassava, fresh fruits and vegetables, fish, and  
other important foodstuffs in these markets may be affected 
by agricultural seasonality. However, their market availabil-
ity is considerably augmented by supply from neighbouring 
towns, regions and countries, albeit at higher prices due to 
transportation and other trade costs.

Market access has been measured in different ways, of 
which distance or time to a nearest market centre or near-
est all-weather or paved road are most often used (Headey 
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et al., 2019; Usman & Callo-Concha, 2021). In this study, 
based on the available data, we measured proximity to 
food markets by the time (minutes) it takes a household to 
reach the nearest food market by the most frequent means. 
This market access indicator was reported as categorical 
(i.e. six 15-min categories), rather than continuous. Hence, 
a household is considered to be close to a food market (or 
have better access) if it reaches food markets within one 
hour. With foot/walking being the most frequent mode of 
reaching markets in Sierra Leone, the 60-min cut-off point 
is equivalent to a walking distance of 5 km. Similar prox-
imity thresholds have been used in the literature (Abay & 
Hirvonen, 2017).

As a robustness check, we employ time to reach the near-
est all-season road as an alternative indicator of market 
access (Usman & Callo-Concha, 2021; WFP, 2017). Meas-
ured in the same manner as travel time to food markets, a 
household is deemed to have better access if it reaches an 
all-weather road within an hour. Although travel time to 
food markets is a more direct measure of market access than 
proximity to an all-season road, the latter bestows important 
beneficial effects on food security, beyond cheaper trans-
port to and from agricultural markets. The other important 
benefits of nearness to roads include improved access to 
schools, and health facilities, which strongly affect the uti-
lization dimension of food security (Jacoby, 2000; Jacoby 
& Minten, 2009). A major drawback of these market access 
indicators is that they only measure proximity to markets, 
and do not adequately capture nutritional dimensions of 
market quality (e.g. diversity, availability and affordabil-
ity of foods sold in the market). As Headey et al. (2019) 
demonstrated, capturing these nutrition-relevant market 
characteristics requires an unusually extensive market sur-
vey (Headey et al., 2019). This information is unavailable 
in the SLIHS dataset, hence our adoption of proximity to 
food markets and roads as the most suitable market access 
indicators.

4.2.3  Control variables

Several control variables are also included in the analysis to 
account for the influence of other drivers of dietary diversity 
and food security. Household socio-economic characteristics 
are captured by the head’s age, gender, marital status and 
education status, livelihoods (sector of occupation), an asset-
based wealth index, and household ownership of livestock 
and agricultural land. Household head’s religion is used to 
control for the influence of beliefs and practices on food con-
sumption. Household demographic structure is captured by 
the number of members aged 0–15, 15–64, and over 64. The 
nearness of drinking water supply and health clinic is also 
included to control for community characteristics. Lastly, 

district and survey fixed effects are also included to deal 
with omitted variable bias due to unobserved heterogeneity.

4.2.4  Pathway variables

Premised on theoretical considerations, we hypothesize mar-
ket participation, non-farm income-generating avenues, and 
consumption credits as the potential pathways through which 
market access may affect food security and dietary outcomes 
across seasons. Market participation is measured using the crop 
commercialization index and a binary indicator of whether or 
previous year’s farm produce was sold at the farmgate. Follow-
ing von Braun and Kennedy (1995) and Carletto et al. (2017) 
we compute the crop commercialization index as the share of 
the total value of farm output sold. Due to data limitations, 
only the value of food crops and cash crops produced by the 
household during the last 12-months preceding the survey are 
considered in measuring the index. Similarly, due to inconsist-
encies as well as missing information on prices for identical 
crops and units for some households, the average sales prices 
reported by the sampled households are used to value farm 
output. Access to off-farm income-creating opportunities is 
proxied by an indicator of whether or not the household oper-
ates a non-farm enterprise. Lastly, credit access is captured by 
an indicator of whether or not the household obtains credit for 
consumption purposes. Table 7 fully describes the measure-
ment of all variables employed in the study.

4.3  Model specification and estimation strategy

The analysis is carried out in two sections. In the first sec-
tion, we estimate a food consumption model that relates 
different indicators of household dietary diversity and food 
security to a set of seasonal variables and control variables. 
The basic specification for food security–seasonality model 
is given as:

where Yi is the dietary diversity or food security indicator 
of household i surveyed at time t. S is a vector of seasonal 
dummies, capturing the month or farming season within 
which the interview occurred. X is a vector of household 
socio-economic and demographic characteristics. D is a set 
of district fixed effects; T is the linear time trend, capturing 
general, unobserved non-seasonal differences in household 
food and nutrition security between the survey years 2011 
and 2018, and ɛ is the error term. The scalar β contains the 
parameters of interest, capturing the effects of different sea-
sons on household food and nutrition security. We used the 
Wald F test to test for the joint significance of all seasonality 
coefficients.

(2)Yit = � + �Sit + �Xit + �Di + �T + �it
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Table 1  Summary statistics

2011 2018 Pooled

Mean SD Mean SD Mean SD Diff

Dietary diversity & food security indicators
HH dietary diversity index, HDDI (0–1) 0.75 0.10 0.86 0.06 0.81 0.10 0.11***

Purchased HDDI 0.73 0.11 0.85 0.07 0.79 0.11 0.12***

Own food HDDI 0.72 0.34 0.76 0.31 0.74 0.32 0.03***

Share of food in HH consumption exp 0.63 0.18 0.46 0.16 0.54 0.19 -0.17***

Share of staple foods exp. in the food budget 0.42 0.15 0.30 0.11 0.36 0.15 -0.12***

Share of non-staple foods exp. in food budget 0.45 0.12 0.48 0.14 0.46 0.13 0.03***

Coping strategy index 7.98 8.33 7.98 8.33
Household hunger scale (0–6) 1.17 1.13 1.17 1.13
Seasonality & market access
Post-harvest season (February–May) (1/0) 0.35 0.48 0.33 0.47 0.34 0.48 -0.02**

Lean & growing season (June–September) (1/0) 0.35 0.48 0.33 0.47 0.34 0.47 -0.02*

Harvest season (October–January) (1/0) 0.30 0.46 0.33 0.47 0.32 0.46 0.04***

Close to food market (= 1 if time is ≤ 60 min) 0.68 0.47 0.79 0.41 0.73 0.44 0.11***

Lean & close to food market (1/0) 0.29 0.45 0.34 0.47 0.31 0.46 0.06***

Lean season & far from food market (1/0) 0.16 0.36 0.08 0.27 0.12 0.32 -0.08***

Non-lean season & close to food market (1/0) 0.39 0.49 0.45 0.50 0.42 0.49 0.06***

Non-lean season & far from food market (1/0) 0.17 0.38 0.13 0.34 0.15 0.36 -0.04***

Control variables
HHD is male (1/0) 0.74 0.44 0.75 0.43 0.75 0.44 0.001
Age of HHD (years) 45.59 14.19 45.91 14.26 45.75 14.22 0.33
HHD in monogamous marriage (1/0) 0.63 0.48 0.61 0.49 0.62 0.49 -0.02
HHD in polygamous marriage (1/0) 0.16 0.37 0.16 0.37 0.16 0.37 0.00
HHD is divorced, separated or widowed (1/0) 0.15 0.36 0.17 0.37 0.16 0.37 0.02**

HHD has never married (1/0) 0.05 0.22 0.05 0.22
No. of HHM aged 0–14 years 2.20 1.71 2.31 1.76 2.26 1.74 0.11***

No. of HHM aged 15–64 years 3.17 1.69 3.25 1.92 3.21 1.82 0.08*

No. of HHM aged over 64 years 0.23 0.50 0.25 0.50 0.24 0.50 0.02
HHD is waged/salaried employee (1/0) 0.15 0.36 0.25 0.44 0.20 0.40 0.11***

HHD is employed in agriculture (1/0) 0.58 0.49 0.42 0.49 0.50 0.50 -0.16***

HHD is employed in non-agriculture (1/0) 0.24 0.43 0.18 0.39 0.21 0.41 -0.06***

HH owns any livestock (1/0) 0.39 0.49 0.50 0.50 0.44 0.50 0.11***

HH owns any agricultural land (1/0) 0.55 0.50 0.49 0.50 0.52 0.50 -0.06***

HH wealth index (0–100) 52.13 11.40 56.97 13.70 54.55 12.83 4.84***

HHD is Christian (1/0) 0.23 0.42 0.23 0.42 0.23 0.42 -0.01
HHD is Muslim (1/0) 0.76 0.43 0.77 0.42 0.76 0.43 0.01
HHD has other or no religion (1/0) 0.01 0.09 0.00 0.06 0.01 0.08 -0.00***

HHD has no education (1/0) 0.67 0.47 0.52 0.50 0.60 0.49 -0.14***

HHD has primary education (1/0) 0.08 0.27 0.11 0.32 0.10 0.30 0.04***

HHD has secondary education (1/0) 0.18 0.38 0.24 0.43 0.21 0.41 0.06***

HHD has post-secondary education (1/0) 0.06 0.23 0.09 0.28 0.07 0.26 0.03***

HHD has college degree (1/0) 0.02 0.14 0.04 0.19 0.03 0.17 0.02***

Time to drinking water source ≤ 30 min (1/0) 0.88 0.32 0.86 0.35 0.87 0.33 -0.02***

Time to drinking water source 31–60 min (1/0) 0.09 0.29 0.11 0.31 0.10 0.30 0.01*

Time to drinking water source > 60 min (1/0) 0.02 0.15 0.03 0.18 0.03 0.17 0.01**

Time to health clinic ≤ 30 min (1/0) 0.42 0.49 0.57 0.50 0.50 0.50 0.16***

Time to health clinic 31–60 min (1/0) 0.34 0.47 0.23 0.42 0.28 0.45 -0.11***

Time to health clinic > 60 min (1/0) 0.25 0.43 0.20 0.40 0.22 0.42 -0.05***
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In the second part, we examined the role of market access 
as a potential policy instrument in addressing seasonal food 
insecurity in Sierra Leone. The formal approach to quantify 
the relative seasonal effects of market access on food secu-
rity is to estimate a food security model with seasonality and 
market access measures and their interaction term (along 
with other covariates) as explanatory variables. However, 
given the data at hand, including the entire 11 monthly (sea-
sonal) dummies along with five separate categories of time 
to food markets and their interaction terms will result in 
over-parameterization. This will churn out a bunch of regres-
sion coefficients that may have low statistical power and be 
difficult to interpret. To overcome these problems, while 
accounting for the non-linear relationship between market 
access and household diets and food security across seasons, 
we take a more straightforward approach, following Abay 
and Hirvonen (2017), by dividing seasonality and market 
access into two groups each. We categorize the month of the 
interview into the lean season (LS) and non-lean (sufficient) 
season (NL) and market access as close to markets (CM) 
and far from markets (FM). We then estimate the following 
model:

where LSCM, NLCM, and NLFM are seasonality and market 
access interaction terms. LSCM equals 1 if the season of 
interview is lean (that is, June – September, the period of 
most acute food deprivation), and the household is located 
close (or within 60 min distance) to a food market and zero 
otherwise. NLCM takes the value of 1 if the season is non-
lean (that is, harvest and post-harvest months when relative 
food sufficiency exists, October – May), and the household 
is located close to a food market and zero otherwise. NLFM 
equals 1 if the season is non-lean, and the household is not 
close (more than 60 min distance) to a food market and zero 

(3)
Yit =� + �1LSCMit + �2NLCMit + �3NLFMit

+ �Xit + �Di + �T + �it

otherwise. Hence, the reference category covers households 
interviewed in the non-lean season and are located far from a 
food market. As robustness check, similar interaction terms 
are employed when proximity to an all-season road is used 
as the alternative measure for market access. All other vari-
ables remain as previously defined. The β coefficients cap-
ture the seasonal effects of market access on household diets 
and food security relative to the reference category.

Considering seasonal variabilities and location of markets to 
be mostly exogenous to household consumption decisions, the 
ordinary least squares (OLS) technique is utilized to estimate the 
parameters in the models specified above. Concerns for hetero-
scedasticity, which typically affects the analysis of cross-section 
data, are addressed using robust standard errors. The possibility 
that households that are concerned about their food security and 
nutritional wellbeing may relocate to areas with better market 
access raises concern about the endogeneity of the market access 
variable. However, this concern is allayed by the fact that wide-
spread poor transport infrastructure imposes high transportation 
costs and creates relocation difficulties for households seeking 
better dietary and food security outcomes. Also, private land 
markets are absent in Sierra Leone, as lands are mostly acquired 
based on informed consent either through family inheritance or 
by community allocation (Ochiai, 2017). This makes private land 
acquisition highly difficult. As Hirvonen et al. (2017) argued, the 
absence of private land markets suggests that households seeking 
better dietary diversity would have considerable difficulties doing 
so by relocating their families or farms nearer to the markets.

5  Results and discussion

5.1  Descriptive statistics

Table 1 presents the summary statistics of the variables 
employed in the analysis. The results of the test of difference-
between-means are shown in the last column. The descriptive 

1/0 is a binary indicator and equals 1 if yes, and 0 otherwise. SD denotes standard deviation
Source: Own computation based on SLIHS 2011 & 2018
HH stands for household, HHD denotes household head and HHM refers to household member
* p < 0.05; ** p < 0.01; *** p < 0.001

Table 1  (continued)

2011 2018 Pooled

Mean SD Mean SD Mean SD Diff

Pathway variables
Share of gross value of farm output sold (0–1) 0.15 0.26 0.61 0.28 0.33 0.35 0.46***

Sold crops to farm gate buyer (1/0) 0.27 0.44 0.18 0.39 0.22 0.42 -0.08***

HH operates a non-farm enterprise (1/0) 0.18 0.38 0.51 0.50 0.34 0.48 0.33***

HH accessed credit for consumer goods (1/0) 0.25 0.43 0.34 0.47 0.31 0.46 0.09***

Observations, N 6628 6628 13256

479Agricultural seasonality, market access, and food security in Sierra Leone



1 3

results show that, on average, the HDDI increased from 0.75 
in 2011 to 0.86 in 2018. This suggests that the diets of Sierra 
Leonean households have significantly improved, in terms 
of diversity, over the years. As a reflection of increased afflu-
ence, the share of food expenditure significantly declined 
from 0.63 to 0.46 over this period. In particular, the share of 
staple foods in household food expenditure declined, whereas 
that of non-staple foods significantly increased between 2011 
and 2018, showing the growing importance of nutritious, 
non-staple foods in household diets in Sierra Leone. The 

distribution of households across seasons was quite uniform 
in both waves of SLIHS. Market access has also remarkably 
improved, with 79% of households reaching the nearest food 
market within an hour in 2018, relative to 68% in 2011. As 
shown Table 8, there are also suggest significant variations 
in these across seasons.

Most households were male-headed, with a mean age of 
about 46 years. Most household heads were monogamously 
married. There was no significant change in these charac-
teristics during 2011–2018, except for a 2% increase in the 

Table 2  Effects of monthly 
seasonality on household 
dietary diversity and food 
security

OLS estimation. HHDI is the Berry index of household dietary diversity. FDSH is the share of food 
expenditure in total consumption expenditure. NSTASH is the share of expenditure on non-staple foods 
in the household food budget. CSI is the (log of) coping strategy index, and HHS is the household hunger 
scale. The omitted category is December. The control variables are provided in Table 1. Robust standard 
errors in parentheses
p < 0.10; ** p < 0.05; *** p < 0.01

Dietary diversity Food security

(1) (2) (4) (5) (6)

HDDI NSTASH FDSH CSI HHS

January 0.019*** -0.005 -0.064*** 0.446*** 0.357***

(0.003) (0.006) (0.008) (0.084) (0.066)
February 0.014*** -0.020*** -0.032*** 0.388*** 0.260***

(0.003) (0.006) (0.007) (0.078) (0.064)
March 0.004 -0.015** -0.009 0.310*** 0.133**

(0.003) (0.006) (0.007) (0.076) (0.061)
April -0.006* -0.026*** 0.002 0.143* 0.090

(0.003) (0.006) (0.007) (0.078) (0.058)
May -0.011*** -0.029*** 0.005 0.125 0.134**

(0.003) (0.006) (0.007) (0.079) (0.061)
June -0.017*** -0.036*** 0.019*** 0.203*** 0.142**

(0.003) (0.006) (0.007) (0.077) (0.060)
July -0.003 -0.046*** 0.016** 0.159** 0.146**

(0.003) (0.006) (0.007) (0.078) (0.059)
August -0.009*** -0.028*** 0.033*** 0.291*** 0.227***

(0.003) (0.006) (0.007) (0.075) (0.058)
September -0.013*** -0.041*** 0.044*** 0.098 -0.047

(0.003) (0.006) (0.007) (0.079) (0.058)
October -0.012*** -0.033*** 0.029*** 0.271*** 0.181***

(0.003) (0.006) (0.007) (0.074) (0.057)
November -0.005 -0.011* 0.005 -0.159** -0.020

(0.003) (0.006) (0.008) (0.077) (0.059)
Constant 0.767*** 0.394*** 0.799*** 2.118*** 1.582***

(0.011) (0.018) (0.021) (0.397) (0.316)
Controls Yes Yes Yes Yes Yes
District fixed effects Yes Yes Yes Yes Yes
Year fixed effects Yes Yes Yes n/a n/a
N 13122 13122 13122 6624 6624
R2

adj 0.46 0.136 0.37 0.300 0.194
F-test for months 26.30 12.69 38.85 9.30 6.86
F(p-value) (0.00) (0.00) (0.00) (0.00) (0.00)
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Table 3  Effects of farming 
seasons on household dietary 
diversity and food security

OLS estimation. See notes beneath Table 2. Robust standard errors in parentheses * p < 0.10, ** p < 0.05, *** 
p < 0.01. The reference category is the harvest season (October–January)

Dietary diversity Food security

(1) (2) (3) (4) (5)

HDDI NSTASH FDSH CSI HHS

Panel A: National
Post-harvest season -0.003* -0.010*** -0.000 0.106*** 0.043

(0.002) (0.003) (0.003) (0.040) (0.032)
Growing/lean season -0.012*** -0.026*** 0.039*** 0.023 -0.026

(0.002) (0.003) (0.003) (0.040) (0.031)
Constant 0.741*** 0.549*** 0.621*** 1.680*** 1.273***

(0.003) (0.005) (0.006) (0.095) (0.084)
Controls Yes Yes yes yes Yes
District fixed effects Yes Yes yes yes Yes
Year fixed effects Yes Yes yes n/a n/a
N 13,256 13,256 13,256 6628 6628
R2

adj 0.415 0.073 0.300 0.209 0.137
F-test for seasons 32.22 42.65 95.61 4.03 2.33
F(p-value) (0.00) (0.00) (0.00) (0.018) (0.097)
Panel B: Rural
Post-harvest season 0.001 -0.008** 0.014*** 0.026 0.032

(0.002) (0.004) (0.005) (0.049) (0.046)
Growing/lean season -0.009*** -0.036*** 0.056*** 0.149*** 0.044

(0.002) (0.004) (0.005) (0.049) (0.045)
Constant 0.732*** 0.549*** 0.622*** 1.617*** 1.129***

(0.003) (0.006) (0.008) (0.118) (0.102)
Controls Yes Yes yes yes Yes
District fixed effects Yes Yes yes yes Yes
Year fixed effects Yes Yes yes n/a n/a
N 7591 7591 7591 3337 3337
R2

adj 0.397 0.105 0.347 0.188 0.116
F-test for seasons 9.86 63.19 82.84 5.12 0.53
F(p-value) (0.00) (0.00) (0.00) (0.001) (0.589)
Panel C: Urban
Post-harvest season -0.001 -0.012** -0.034*** 0.200*** 0.038

(0.002) (0.005) (0.005) (0.065) (0.046)
Growing/lean season -0.004** -0.006 -0.003 0.020 -0.047

(0.002) (0.005) (0.005) (0.061) (0.043)
Constant 0.761*** 0.558*** 0.588*** 1.754*** 1.481***

(0.004) (0.009) (0.011) (0.156) (0.143)
Controls Yes Yes yes yes Yes
District fixed effects Yes Yes yes yes Yes
Year fixed effects Yes Yes yes n/a n/a
N 5665 5665 5665 3291 3291
R2

adj 0.352 0.044 0.153 0.157 0.132
F-test for seasons 2.62 3.25 28.63 6.08 1.94
F(p-value) (0.073) (0.039) (0.000) (0.002) (0.144)
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proportion of divorced, separated, or widowed household 
heads. Islam remained the dominant religion of household 
heads. Although it remains unacceptably low, literacy rates 
improved in 2018, with about 15% decline in the share of 
household heads who had no formal education from 67% 
in 2011. This is seen in the significant increments in the 
proportions of households attaining primary and secondary 
education. Attainment of post-secondary and college educa-
tion remains undesirably low.

In terms of livelihoods, agriculture is the primary source 
of employment for household heads, although its impor-
tance declined from 58% in 2011 to 42% in 2018. On the 
contrary, the percentage of household heads engaged in 
waged or salaried employment in public or private sectors 
has significantly increased from 15 to 25% over the same 
period, signifying nascent transformations in the overall 
structure of the Sierra Leonean economy. While ownership 
of agricultural land declined, ownership of livestock and 
possession of some durable assets (generally, of medium 
quality) improved during the study period. With regards to 
access to basic social services, majority of households can 
reach a drinking water source within half an hour, although 
the proportion has fallen by 2% from 88% in 2011. Albeit 
improving, access to health care leaves much to be desired, 
as less than two-thirds of the surveyed households reported 
reaching the nearest health clinic within 30 min by the most 
frequent means of transportation.

Finally, the descriptive results show significant increase 
in commercialization or market participation, measured 
in terms of the share of the value of farm output sold and 
whether the farm output was sold at the farmgate or not. 
The proportion of households operating a non-farm enter-
prise as well as those who accessed consumer credit also 
improved significantly over the period. These intermediary 
variables are further examined to identify the potential path-
ways through which market access contributes to overcom-
ing seasonal fluctuations in household dietary diversity and 
food security.

5.2  The effects of seasonality on dietary diversity 
and food security

Reported in Tables 2 and 3 are the regression results from 
the estimation of Eq.  (1) with seasonality measured by 
monthly dummies and farming seasons respectively. These 
results demonstrate the extent to which seasonality affects 
household dietary diversity and food security in Sierra 
Leone, after controlling for the influence of several factors. 
The results of Wald tests for the joint significance of the 
seasonal variables are presented below both tables. As evi-
denced by the test results in Table 2, the null hypothesis that 
all seasonal dummies are simultaneously zero is rejected at 
1 percent level in all models. This suggests that seasonality 

exerts significant variations in household dietary diversity 
and food security in Sierra Leone.

By and large, we observe that closeness to market (in 
Table 4) or better road access (Table 5) improves both die-
tary diversity and food security in the lean season as well as 
non-lean season. Model 1 shows that, in the lean season, the 
HDDI is 0.01 units (Panel A) higher for households with bet-
ter market (and road) access than distant households. These 
results are also true for both rural and urban households 
(Panels B and C), although the effect is larger and stronger 
for urban households, reflecting their relatively better con-
nectivity to market centres than rural dwellers. Overall, these 
results suggests that households dwelling near food markets 
(or roads) consume more varied diets during the lean season 
than households residing farther away from food markets 
during the same season. Albeit small, the coefficients are 
significant at the conventional error levels, providing evi-
dence that enhancing access to (food) markets can contribute 
significantly to reducing seasonal hunger and its associated 
adverse dietary adjustments.1

The estimated parameters of models 1–2 in Table 2 show 
that household diets were significantly better or more diverse 
in January and February compared to December. This may 
be most probably due to improved food availability from 
harvest and New Year festivities. In terms of magnitude, the 
results show that HDDI was 0.019 units (model 1) signifi-
cantly higher in January than in December, all other things 
being equal. Similarly, it was 0.014 units (model 1) higher in 
February than in December, albeit it declined from its level 
in January. From thence, food diversity declined throughout 
the rest of year (relative to December) as the lean season 
approaches. June appears to be the worst, with 0.017 units 
(model 1) decline HDDI. As shown in model 2, the general 
decline in dietary quality is reflected in households cutting 
back the share of food expenditure on micronutrient-rich, 
non-staple foods (such as fish, meat, dairy, fruits, and veg-
etables) in months other than December. Although it remains 
relatively low compared to December, the negative effects 

1 Abay and Hirvonen (2016) reported that children located in Ethio-
pian villages with better market access enjoy more diverse, consum-
ing 0.73 food groups more during the lean season, and 0.71 addi-
tional food groups during the sufficient/non-lean season (compared 
children residing farther away from food markets during the lean 
season). In the case of Malawi, Koppmair et  al. (2016) reported 
that one additional hour of walking time to district markets low-
ers household, maternal and children’s dietary diversity by 0.207 
– 0.265 food groups. In their cross-country study (covering Indone-
sia, Ethiopia, Kenya and Malawi), Sibhatu et  al. (2015) also found 
that household dietary diversity improves by 0.001 food groups for 
every 1 km reduction in market distance. While these effect sizes may 
seem small, the role of markets in improving nutrition remains robust 
across various studies and improving market access for subsistence 
farms seems to be a more promising developing strategy (Sibhatu & 
Qaim, 2018).
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Table 4  Interactive effects of market access and seasonality on household dietary diversity and food security

OLS estimation. See notes to Table 3. LSCM equals 1 if lean season and close to food market and zero otherwise; NLCM (NLFM) equals 1 if 
non-lean season and household is close to (far from) from the food market and zero otherwise. The reference category is lean season and far 
from the market (LSFM). FE denotes fixed effects. The controls are listed in Table 1. Robust standard errors in parentheses
*  p < 0.10; ** p < 0.05; *** p < 0.01

Dietary diversity Dietary diversity by source Food security

(1) (2) (3) (4) (5) (6) (7)

HDDI NSTASH Purchased HDDI Own food HDDI FDSH CSI HHS

Panel A: National
LSCM 0.010*** 0.024*** 0.022*** -0.007 -0.007 -0.378*** -0.163***

(0.003) (0.004) (0.003) (0.011) (0.005) (0.056) (0.058)
NLCM 0.023*** 0.040*** 0.045*** -0.016 -0.036*** -0.264*** -0.112**

(0.003) (0.004) (0.003) (0.010) (0.005) (0.053) (0.056)
NLFM 0.013*** 0.028*** 0.040*** -0.034*** -0.045*** -0.330*** -0.094

(0.003) (0.004) (0.004) (0.011) (0.006) (0.057) (0.060)
Constant 0.750*** 0.341*** 0.695*** 0.712*** 0.822*** 2.739*** 1.906***

(0.011) (0.018) (0.013) (0.049) (0.021) (0.387) (0.319)
Controls Yes Yes Yes Yes Yes Yes Yes
District FE Yes Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes n/a n/a
N 13122 13122 13122 6508 13122 6624 6624
R2

adj 0.452 0.134 0.469 0.217 0.356 0.294 0.187
Panel B: Rural households
LSCM 0.005* 0.012*** 0.011*** -0.025** 0.004 -0.448*** -0.153**

(0.003) (0.004) (0.004) (0.012) (0.006) (0.065) (0.065)
NLCM 0.017*** 0.046*** 0.043*** -0.023** -0.035*** -0.265*** -0.098

(0.003) (0.004) (0.003) (0.011) (0.006) (0.057) (0.060)
NLFM 0.012*** 0.028*** 0.040*** -0.035*** -0.042*** -0.320*** -0.088

(0.003) (0.004) (0.004) (0.011) (0.006) (0.059) (0.061)
Constant 0.725*** 0.401*** 0.669*** 0.633*** 0.789*** 1.563*** 1.169***

(0.017) (0.024) (0.019) (0.066) (0.030) (0.492) (0.443)
Controls Yes Yes Yes Yes Yes Yes Yes
District FE Yes Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes n/a n/a
N 7513 7513 7513 7513 7513 3337 3337
R2

adj 0.422 0.129 0.419 0.089 0.364 0.252 0.157
Panel C: Urban households
LSCM 0.015** 0.027* 0.034*** 0.056* -0.027* -0.134 -0.336

(0.008) (0.016) (0.009) (0.032) (0.015) (0.242) (0.229)
NLCM 0.022*** 0.026 0.041*** 0.022 -0.034** -0.056 -0.285

(0.008) (0.016) (0.009) (0.032) (0.015) (0.242) (0.228)
NLFM 0.004 0.014 0.029*** 0.026 -0.039** -0.320 -0.068

(0.009) (0.018) (0.010) (0.037) (0.019) (0.309) (0.277)
Constant 0.784*** 0.368*** 0.739*** 0.830*** 0.792*** 4.331*** 3.664***

(0.016) (0.038) (0.017) (0.078) (0.033) (0.605) (0.462)
Controls Yes Yes Yes Yes Yes Yes Yes
District FE Yes Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes n/a n/a
N 5609 5609 5609 5609 5609 3287 3287
R2

adj 0.404 0.150 0.435 0.176 0.278 0.241 0.188
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Table 5  Interactive effects of road access and seasonality on household dietary diversity and food security

OLS estimation. See notes to Table 3. LSCMR equals 1 if lean season and close to all-season road and zero otherwise; NLCR (NLFR) equals 1 
if non-lean season and household is close to (far from) from the road and zero otherwise. The reference category is lean season and far from the 
road (LSFR). FE denotes fixed effects. The controls are listed in Table 1. Robust standard errors in parentheses
*  p < 0.10; ** p < 0.05; *** p < 0.01

Dietary diversity Dietary diversity by source Food security

(1) (2) (3) (4) (5) (6) (7)

HDDI NSTAPSH Purchased HDDI Own food
HDDI

FDSH CSI HHS

Panel A: National
LSCR 0.009*** 0.010*** 0.010*** -0.025** -0.010* 0.018 -0.081

(0.003) (0.004) (0.004) (0.011) (0.005) (0.068) (0.064)
NLCR 0.007** 0.027*** 0.035*** -0.035*** -0.040*** 0.028 0.111*

(0.003) (0.004) (0.004) (0.011) (0.005) (0.067) (0.062)
NLFR 0.002 0.030*** 0.037*** -0.037*** -0.044*** -0.069 -0.001

(0.003) (0.004) (0.004) (0.012) (0.006) (0.073) (0.065)
Constant 0.757*** 0.361*** 0.715*** 0.706*** 0.818*** 2.424*** 1.805***

(0.011) (0.018) (0.012) (0.048) (0.021) (0.390) (0.316)
Controls Yes Yes Yes Yes Yes Yes Yes
District FE Yes Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes n/a n/a
N 13187 13187 13187 13187 13187 6628 6628
R2

adj 0.452 0.132 0.468 0.217 0.357 0.290 0.187
Panel B: Rural
LSCR 0.015*** 0.001 0.001 0.037*** 0.001 -0.037 -0.124*

(0.003) (0.004) (0.004) (0.012) (0.006) (0.073) (0.068)
NLCR 0.004 0.030*** 0.033*** -0.042*** -0.040*** 0.019 0.115*

(0.003) (0.004) (0.004) (0.012) (0.006) (0.072) (0.065)
NLFR 0.000 0.031*** 0.035*** -0.036*** -0.041*** -0.000 0.028

(0.003) (0.005) (0.004) (0.012) (0.006) (0.077) (0.066)
Constant 0.724*** 0.406*** 0.675*** 0.605*** 0.792*** 1.365*** 1.156***

(0.017) (0.024) (0.019) (0.066) (0.030) (0.503) (0.447)
Controls Yes Yes Yes Yes Yes Yes Yes
District FE Yes Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes n/a n/a
N 7544 7544 7544 7544 7544 3337 3337
R2

adj 0.424 0.126 0.418 0.090 0.364 0.242 0.157
Panel C: Urban
LSCR 0.019** -0.028* 0.007 0.096** -0.051** 0.426* 0.119

(0.007) (0.017) (0.009) (0.049) (0.020) (0.248) (0.257)
NLCR -0.012* 0.027 0.001 -0.126*** 0.039* -0.334 -0.065

(0.007) (0.017) (0.009) (0.049) (0.020) (0.248) (0.256)
NLFR -0.016* 0.024 -0.003 -0.126** 0.059** -0.701** -0.058

(0.008) (0.019) (0.010) (0.051) (0.023) (0.274) (0.283)
Constant 0.796*** 0.394*** 0.769*** 0.889*** 0.780*** 4.164*** 3.358***

(0.013) (0.034) (0.014) (0.071) (0.031) (0.550) (0.393)
Controls Yes Yes Yes Yes Yes Yes Yes
District FE Yes Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes n/a n/a
N 5643 5643 5643 5643 5643 3291 3291
R2

adj 0.405 0.150 0.434 0.177 0.280 0.242 0.187
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of October and November on household dietary diversity 
become smaller and weaker as diverse foods become more 
available and accessible during the harvest season.

Turning to household food security, the results in model 
3 show that the months of January and February are associ-
ated with significantly lower food share of total consump-
tion expenditure (a proxy of income): -0.064 and -0.032 
respectively. This signifies that the households spent sig-
nificantly less on food as they become richer and more food 
secure, potentially from lower food prices and increased 
food availability as well as cash incomes during these har-
vest months. However, the effect of seasonality on the food 
share of household consumption expenditure tends to be 
positive as households approach the lean months. The posi-
tive and statistically significant effects of the seasonal dum-
mies for June through October on the food share of total 
household expenditure suggests heightened food insecurity 
over this period, during which food supply becomes lim-
ited, food prices hit the roof, and effective purchasing power 
and other means of accessing food diminish considerably. 
The resultant negative dietary changes are previously seen 

in significantly lower dietary diversity and share of food 
expenditure on non-staple foods (models 1–2).

Although they remain significantly higher compared to 
December, the models 4 and 5 show a general decline in 
the effects of seasonal variables on CSI and HHS through-
out the year. In particular, the effect size of seasonality on 
both food insecurity indicators declined consistently from 
January to May, fluctuated from June to October, before 
resuming the downward trend as the lean (food-deficit) 
season gives way to the harvest (food sufficient) period. 
Out of eleven, the coefficients of eight monthly dummies 
are positive and statistically significant in models 4 and 
5, demonstrating that Sierra Leonean households remain 
vulnerable to food insecurity throughout the year, even 
in the harvest months. This may compel households to 
adopt severe coping strategies – including limiting dietary 
frequency frequently, quality and quantity – to deal with 
short-term food inadequacy.

These results are generally consistent with those reported 
in Table 3, with seasonality captured by agricultural season 
dummies. At the national level, we find that both dietary 

Table 6  Potential pathways 
linking market access to 
improved food security

A household is considered to be close to the market if the time to the nearest market is 60 min or less. 
Results in column 1 are based on OLS estimation, and those in columns in 2–4 are probit estimations. See 
Table 1 for a list of control variables. Robust standard errors in parentheses
*  p < 0.10; ** p < 0.05; *** p < 0.01

(1) (2) (3) (4)

Commercialization 
index

Sold produce 
at

farmgate

Operates a non-
farm enterprise

Obtained credit 
for consumer 
goods

Panel A: Market access
Close to market 0.022*** -0.186* 0.364*** 0.298***

(0.008) (0.098) (0.077) (0.094)
Constant 0.769*** -1.772* -5.209*** 0.278

(0.064) (0.926) (0.391) (0.633)
Controls Yes Yes Yes Yes
District FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
N 4980 4016 13187 4418
Panel B: Interacting seasonality & market access
LSCM 0.017 -0.156** 0.316*** 0.267***

(0.012) (0.077) (0.061) (0.078)
NLCM 0.019* 0.101 0.187*** 0.155**

(0.010) (0.072) (0.063) (0.078)
NLFM 0.046*** 0.037 0.319*** 0.282***

(0.011) (0.077) (0.060) (0.076)
Constant 0.754*** -1.110** -3.109*** -0.003

(0.065) (0.520) (0.228) (0.383)
Controls Yes Yes Yes Yes
District FE Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
N 4980 4016 13187 4418
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diversity and food security deteriorate during the post-
harvest and growing (lean) seasons, relative to the harvest 
season. The negative effects of post-harvest and lean sea-
sons on household diets and food security are jointly sig-
nificant in all models of panel A. This is shown by the F 
statistics and its p-values, which suggest a rejection of the 
null hypothesis that both seasons jointly have no significant 
effect on food consumption in Sierra Leone.

As evidenced by the magnitude of the coefficients in 
panel A of Table 3, the largest decline in dietary quality 
(models 1–2) occurs during the lean season, the period of 
most acute food shortage. In particular, the lean season is 
associated with 0.012 units (model 1) decline in dietary 
diversity and 0.026 units (model 2) reduction in non-staple 
share of the food budget, compared to the harvest season. 
Dietary quality also declines during the post-harvest sea-
son, but by smaller margins compared to the hunger season. 
While the growing/lean season is also significantly associ-
ated with higher shares of food expenditure (model 3), we 
do not find its effects on other food insecurity indicators 
statistically to be significant (models 4–5). Nonetheless, as 
shown by the Wald test results, both seasonal dummies are 
jointly significant in explaining the variations in the food 
security variables over the year.

In terms of locality, the results in panels B and C (Table 3) 
generally reveal that seasonality is more pronounced among 
rural households than urban residents. The coefficients of the 
seasonal variables are (absolutely) larger and more statisti-
cally significant for rural households than urban households. 
This portrays that agricultural seasonality may induce con-
siderable fluctuations in the dietary diversity and food secu-
rity of rural households than urban households. This is not 
surprising because rural livelihoods are largely agricultural-
based and strongly intertwined with the seasonal dynamics 
of agricultural production. Compared to the harvest season 
(base category), the results in panel B suggest that rural 
households surveyed during the lean season experienced 
significant reductions in dietary diversity, and the share of 
non-staple foods (models 1–2), as well as significant incre-
ments in food insecurity (models 3–4). The estimated coef-
ficients are statistically significant, indicating that the hunger 
season is an important contributor to low dietary diversity 
and high food insecurity in rural areas. This finding is con-
sistent with Sibhatu and Qaim (2017) who reported that the 
dietary diversity of rural households in Ethiopia decreases 
significantly during the growing season, mainly due to lower 
availability from subsistence production.

With respect to urban areas, the results in panel C provide 
mixed and non-robust evidence of the effects of farming 
seasons on dietary diversity and food security. What is worth 
noting, however, is the general lack of statistical significance 
of the effects of the lean (growing) season on these welfare 
outcomes. This indicates that increased food insecurity in 

Sierra Leone during this time of the year may be more of 
a rural occurrence than an urban one. A possible reason is 
that urban households, which are less dependent on sub-
sistence farming for foods, may have stable access to food 
from local and international markets because of their better 
connectivity.

These results highlight the importance of seasonality 
in shaping the dietary quality and food security, particu-
larly in agrarian settings. The results reveal that household 
dietary diversity and food security in Sierra Leone primar-
ily follow the regular patterns of agricultural production 
– deteriorating significantly during the preharvest months 
and improving markedly during harvest and immediate 
postharvest months. This finding is consistent with fluc-
tuations in food consumption patterns over the agricul-
tural cycle in Mozambique (Handa & Mlay, 2006). In a 
related study, Chirwa et al. (2012) examined household 
consumption expenditure in Malawi. They showed that the 
incidence of poverty in Malawi is significantly affected by 
seasonality, with estimated poverty rates likely to be higher 
during the hunger season than in the post-harvest season.

5.3  The role of market access in mitigating seasonal 
food insecurity

The results presented in the previous section demonstrate 
that household diets and food security are subject to sig-
nificant seasonality – with no consideration for market 
access. The extent to which households have access to or 
are engaged in markets is vital for food security in all of 
its dimensions – availability, accessibility, utilization, and 
stability. In this section, we analyse the interaction effects of 
market access and seasonality on household dietary diver-
sity and food security. Given that insufficient food access 
constitutes one of the most important underlying causes of 
malnutrition, this analysis is pertinent for policies aimed at 
smoothing food consumption within the year and reducing 
vulnerability to seasonal food insecurity.

Table 4 reports the results based on Eq. (3), which relates 
several indicators of household dietary diversity and food 
security to seasonally-defined market access variables and all 
the controls included in previous models. Panel A reports the 
results at the country level, whereas Panels B and C present 
sub-sample results by area of residence. The reference group 
consists of households surveyed in the lean season and located 
far from the food market (LSFM). The magnitude of seasonal 
changes in dietary diversity and food security with respect to 
the degree of market access are captured by the coefficients 
of LSCM, NLCM, and NLFM. Similar results are reported in 
Table 5 using proximity to an all-season road as an alternative 
indicator of market access. The results are generally consistent 
with findings in Table 4. However, the discussion in the remain-
der of this section is focused on our preferred results in Table 4.
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Unsurprisingly, compared to the base category, the 
non-lean season indicators are associated with signifi-
cantly higher dietary diversity (models 1–2), irrespective 
of proximity to markets. This result may be explained by 
the increased availability of diverse nutrient-dense foods 
(at affordable prices) during the non-lean season. However, 
it is interesting to note that, the effect sizes of NLCM are 
generally larger than those of NLFM across the different 
specifications. This suggests that even in the non-lean season 
households that have better access to markets enjoy more 
diverse diets than those with poorer access. These results 
highlight the importance of better market access in prevent-
ing drastic reductions in dietary quality at certain times of 
the year, resulting particularly from the seasonal dynamics 
of agricultural production.

Models 3–4 in Tables 4 and 5 demonstrate that market-
purchased foods contribute significantly to higher dietary 
diversity than from own-produced food in both lean and 
non-lean seasons. For instance, the results from models 3 
in Table 4 show that during the lean season, the HDDI of 
purchased foods is 0.022 units (model 3, panel A) higher for 
households (0.011 for rural and 0.034 for urban households) 
near food markets than households isolated from markets. 
This result also holds in the non-lean season, considering the 
positive difference between the coefficients of NLCM and 
NLFM in models 3: nearness to food markets increases the 
diversity of purchased foods. On the other hand, the inter-
action effects of seasonality and market access on dietary 
diversity from subsistence production (models 4) are nega-
tive, indicating that market access has a limited impact on 
household dietary diversity and food security through the 
subsistence pathway. This may be due to limited productiv-
ity and availability of diverse foods from own production. 
Because of this, subsistence production alone cannot make 
available the needed diverse foods in sufficient quantities for 
improved food and nutrition security throughout the year.

With respect to food security, LSCM is associated with 
reduction in the FDSH, CSI and HHS (models 5–7 in 
Table 4). At the country level (panel A), the coefficients are 
rightly and signed strongly significant (except for model 5), 
indicating the being closer to markets is associated with bet-
ter food security outcomes during the lean season than being  
farther away (in same season). Models 6–7 of panels B and 
C show that food security enhancing effects of better market  
access during the lean season statistically stronger for rural 
households than urban households. These results demon-
strate that, during the lean season, households that have bet-
ter access to markets experience significantly less (severe) 
hunger and adopt less harmful coping strategies in the face 
of short-term food deprivation. As one would expect, dietary 
diversity food security also improves during the non-lean 
season with proximity to food markets. This is evidenced by 
mostly positive effects of NLCM and NLFM on the dietary 

diversity measures (models 1–3) and negative effects on the 
food insecurity measures (models 5–7). For rural households 
in particular, the results are largely significant, indicating 
that improved access to food markets can be instrumental in 
preventing seasonality-induced reductions in dietary quality 
as well as shortfalls in food access and its attendant use of 
severe coping strategies in rural areas, where the burdens 
of food insecurity and malnutrition are heaviest. With most 
households sourcing majority of their foods from markets, 
the results suggest that, by increasing availability and access 
to a variety of foods throughout the year, improved market 
access has the potential of mitigating seasonal fluctuations 
in household diets and food security. These findings are also 
consistent with recent studies that underlined the important 
role of markets for smallholder diets and nutrition (Muthini 
et al., 2020; Sibhatu & Qaim, 2018; Usman & Callo-Concha, 
2021).

5.4  Exploring potential pathways

The results presented in the previous section suggest that 
closeness to markets holds significant potential to mitigate 
seasonal fluctuations in dietary diversity and food security. 
The results in Table 6 explore the potential pathways that 
could underlie this finding. Market participation is measured 
by the crops commercialization index and an indicator of 
whether or not the household sold at the farmgate (models 
1–2). Access to off-farm incomes is captured by whether or 
not any household member operates a non-farm business 
enterprise (model 3). Lastly, the access to credit pathway is 
examined in model 4.

The results show that rural households with better market 
access are associated with a significantly higher level of com-
mercialization and lower propensity to sell at the farmgate. 
As discussed above, the literature has shown that transac-
tion costs decline, and relative market prices improve, with 
reductions in travel time or distance between production and 
exchange locations (Fafchamps & Hill, 2005; Renkow et al., 
2004). This improves the profitability of transporting and 
selling their output at the nearest market, instead of selling 
them at lower prices at the farmgate (Fafchamps & Hill, 
2005). The results in Panel B reveal that the effect of prox-
imity to markets on commercialization is strongest in the 
non-lean seasons when rural farm households greatly need 
to reach markets to sell their produce.

The results also disclose that households located in areas 
with better market access also have a higher propensity of 
engaging in off-farm economic ventures than isolated house-
holds (model 3). This may be because households in remote 
areas have limited access to thicker markets – with many 
buyers and sellers – which render the operation of non-farm 
enterprises less economically viable. From a food security 
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perspective, operating off-farm enterprises provides house-
holds with an alternative source of income, with which they 
can bridge deficits in household food supplies, especially 
in the lean season. The presence of an off-farm source of 
income in the household is associated with more diverse 
diets and less seasonal variation in consumption over the 
year in Mozambique (Handa & Mlay, 2006).

Lastly, closeness to markets is found to be strongly asso-
ciated with the likelihood of getting credit for consumption 
purposes. Most Sierra Leonean households obtain credit 
from families, friends, and neighbours. However, market 
traders, being the second most important source of credit 
(Statistics Sierra Leone, 2019a), are also instrumental in 
easing financing constraints on households and improving 
food security. In the face of limited or non-existent credit 
from formal financial institutions, access to (output) mar-
kets can contribute to improved food security by connect-
ing financially-constrained households to market traders, 
who offer credits in the form of cash, foods, or inputs. As 
shown by the results in model 4, this can enable households 
to bridge short term or seasonal food shortages. These 
results are also consistent with findings in other studies. 
For instance, Schrieder and Heidhues (1995) have shown 
that access to production and consumption credits has a 
positive and significant impact on rural households’ food 
security in Cameroon. Annim and Frempong (2018) have 
also shown that access to credit contributes to the con-
sumption of diversified diets in Ghana.

6  Conclusions

This study examines the role of seasonality in shaping 
household dietary diversity and food security over the 
agricultural production cycle in Sierra Leone. The analy-
ses of household consumption patterns over the year and 
agricultural seasons, using the 2011 and 2018 SLIHS 
datasets, reveal that seasonality exerts considerable 
fluctuations in the dietary diversity and food security of 
Sierra Leonean households. We find that household diets 
and food security primarily follow the regular patterns 
of agricultural production: improving during the harvest-
ing season and worsening in the post-harvest period. We 
find that rural households are most vulnerable to food 
insecurity during the lean season, when nutritionally-
damaging coping strategies are usually deployed. From 
a public policy standpoint, the study demonstrates that 

proximity to food markets holds beneficial effects of 
mitigating the seasonality in household dietary quality 
and food security. In particular, we find that households 
with better market access consume more diverse diets and 
are more food secure throughout the year than remoter 
households. The results also show that nearness to food 
markets facilitates all-year-round access to and intake of 
nutritious non-staple food groups (including meats, fish 
and seafood, dairy, legumes, and vegetables). Lastly, the 
results reveal that closeness to markets can smoothen 
seasonal fluctuations in household dietary diversity and 
food security by enhancing commercialization, access to 
off-farm income-generating opportunities, and access to 
credit – all of which are important in bridging short-term 
household food deficits.

A key policy implication of these findings is that foster-
ing access to markets and integration for remoter house-
holds can significantly reduce vulnerability to seasonal 
food insecurity and avert the use of deleterious coping 
strategies. The reason is that, in a country where house-
holds predominantly source their foods from markets, 
poor market access significantly reduces food access and 
availability by impeding the cost-effective movement of 
foodstuffs from surplus areas to deficit areas. More dis-
tant markets are associated with higher production costs 
and lower profitability (and income) for sellers and higher 
transportation costs and food prices (lower effective pur-
chasing power) for buyers, all of which exacerbate sea-
sonal fluctuations in food availability and access at both 
local and national levels. In Sierra Leone, markets are not 
well-integrated, as majority of households live in com-
munities with no functional market, and have to travel 
over an hour to reach the nearest market. Poor road con-
ditions severely inhibit physical access to markets. Most 
Sierra Leonean communities are served by dirt or feeder 
roads, which become impassable during the rainy (and 
lean) season, when food shortage is rife, and households 
gravely need to reach markets to purchase and sell food 
items. Lengthy distances to roads and markets do worsen 
not only the energy and time burden on households but 
also their already precarious food and nutrition security 
situation. Hence based on the results, we conclude that 
development strategies aimed at strengthening market 
access through improved market infrastructure and roads 
can significantly contribute to year-long food consumption 
smoothing, improved dietary diversity, and overall food 
and nutrition security in Sierra Leone and Africa at large.
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Appendix

Table 7  Description of variables

Variables Measurement description

Dietary diversity & food security indicators
HH dietary diversity index, HDDI (0–1) Berry index of dietary diversity based on the shares of food groups in total food 

expenditure
Purchased HDDI Simpson diversity index or Berry index to measure dietary diversity based on the 

shares of food groups in purchased food expenditure
Own food HDDI Berry index of dietary diversity based on the shares of food groups in own produced 

food expenditure
Share of food in HH consumption exp Total food expenditure divided by total consumption expenditure
Share of staple foods exp. in the food budget Total food expenditure on cereals, and roots and tubers divided by total food expendi-

ture
Share of non-staple foods exp. in food budget Total expenditure on non-staple foods (meat, fish, fruits, vegetables, dairy, legumes, 

and oils) divided by total food expenditure
Coping strategy index Weighted sum of the frequency (days) of a household adopting five pre-determined 

coping strategies (when faced with having not enough food or money to buy food) 
during the seven days preceding the survey, with their respective severity values as 
weights. Based Maxwell and Caldwell (2008) the coping strategies (and their severity 
weights) are (i) rely on less preferred or less expensive foods (1); (ii) borrow food or 
rely on help from friends or relatives (2); (iii) limit portion size at mealtimes (1); (iv) 
restrict consumption by adults in order for small children to eat (3); and (v) reduce the 
number of meals eaten in a day (1)

Household hunger scale (0–6) An experienced-based household food deprivation scale. It is based on the frequen-
cies of a household experiencing the following related conditions during the 4 weeks 
/ 30 days preceding the survey: (i) there was ever no food to eat of any kind in the 
household because of lack resources to get food; (ii) respondent or any household 
member going to sleep at night hungry because there was not enough food; (iii) 
respondent or any household member going a whole day and night without eating 
anything at all because there was not enough food (Ballard et al., 2011)

Seasonality & market access
Post-harvest season (February–May) (1/0) Equals 1 if the household was interviewed during February to May, and 0 otherwise
Lean & growing season (June–September) (1/0) Equals 1 if the household was interviewed during June to September, and 0 otherwise
Harvest season (October–January) (1/0) Equals 1 if the household was interviewed during October to January, and 0 otherwise
Close to food market (or road) (= 1 if time is ≤ 60 min) Equals 1 if it takes the household 60 min or less to reach the nearest food market (or 

all-season road) using the most frequent means, and 0 otherwise
Lean & close to food market (or road) (1/0) Equals 1 if the household was interviewed during lean season and dwells close to food 

market (or road), and 0 otherwise
Lean season & far from food market (or road) (1/0) Equals 1 if the household was interviewed during lean season (June–September) and 

lives far from food market (or road), and 0 otherwise
Non-lean season & close to food market (or road) (1/0) Equals 1 if the household was interviewed during non-lean season (February-May and 

October-January), and dwells to food market (or road), and 0 otherwise
Non-lean season & far from food market (or road) (1/0) Equals 1 if the household was interviewed during non-lean season (February-May and 

October-January) and dwells far from food market (or road), and 0 otherwise
Control variables
HHD is male (1/0) Equals 1 if the household head is a male, 0 otherwise
Age of HHD (years) Age of household head in years
HHD in monogamous marriage (1/0) Equals 1 if the household head is in a monogamously marriage, 0 otherwise
HHD in polygamous marriage (1/0) Equals 1 if the household head is in a polygamous marriage, 0 otherwise
HHD is divorced, separated or widowed (1/0) Equals 1 if the household head is divorced, separated or widowed, 0 otherwise
HHD is never married (1/0) Equals 1 if the household head has never married, 0 otherwise
No. of HHM aged 0–14 years Number of household members aged 0–14 years
No. of HHM aged 15–64 years Number of household members aged 15–64 years
No. of HHM aged over 64 years Number of household members above 64 years
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Table 7  (continued)

Variables Measurement description

HHD is waged/salaried employee (1/0) Equals 1 if the household head is a waged/salaried employee, 0 otherwise
HHD is employed in agriculture (1/0) Equals 1 if the household head is employed in the agriculture sector, 0 otherwise
HHD is employed in non-agriculture (1/0) Equals 1 if the household head is employed in the non-agriculture, 0 otherwise

HH owns any livestock (1/0) Equals 1 if the household owns any livestock, 0 otherwise
HH owns any agricultural land (1/0) Equals 1 if the household is owns any agricultural land, 0 otherwise
HH wealth index (0–100) Asset-based wealth index from principal component analysis
HHD is Christian (1/0) Equals 1 if the household is a Christian, 0 otherwise
HHD is Muslim (1/0) Equals 1 if the household is a Muslim, 0 otherwise
HHD has other or no religion (1/0) Equals 1 if the household is has other or no religion, 0 otherwise
HHD has no education (1/0) Equals 1 if the household has no formal education, 0 otherwise
HHD has primary education (1/0) Equals 1 if the household obtained only primary education, 0 otherwise
HHD has secondary education (1/0) Equals 1 if the household obtained only secondary, 0 otherwise
HHD has post-secondary education (1/0) Equals 1 if the household obtained post-secondary education, 0 otherwise
HHD has college degree (1/0) Equals 1 if the household obtained a university degree, 0 otherwise
Time to drinking water source ≤ 30 min (1/0) Equals 1 if time to drinking water source is 30 min or less, 0 otherwise
Time to drinking water source 31–60 min (1/0) Equals 1 if time to drinking water source is between 31 and 60 min, 0 otherwise
Time to drinking water source > 60 min (1/0) Equals 1 if time to drinking water source is more than 60 min, 0 otherwise
Time to health clinic ≤ 30 min (1/0) Equals 1 if time to health clinic is 30 min or less, 0 otherwise
Time to health clinic 31–60 min (1/0) Equals 1 if time to health clinic is between 31 and 60 min, 0 otherwise
Time to health clinic > 60 min (1/0) Equals 1 if time to health clinic is more than 60 min, 0 otherwise
Pathway variables
Share of gross value of farm output sold (0–1) Value of food and cash crops sold divided by the total value of food and cash crops 

produced during the 12 months prior to the survey
Sold crops to farm gate buyer (1/0) Equals 1 if any household member sold any crops/farm produce at the farm gate during 

the previous agricultural season, 0 otherwise
HH operates a non-farm enterprise (1/0) Equals 1 if any household member operates and/or earns income from non-farm busi-

ness venture in the past 12 months, 0 otherwise
HH accessed credit for consumer goods (1/0) Equals 1 if any household member obtained credit (cash or in-kind) for consumption 

purposes, 0 otherwise
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Table 8  Summary statistics of 
dietary diversity, food security 
and market access indicators by 
season

The figures are mean values. Standard deviations are in parenthesis
Source: Own calculations based on SLIHS 2011 & 2018
**, *** indicate statistical significance at 1% and 5% respectively based ANOVA test for difference in 
means across seasons

Total Post-harvest Growing/lean Harvest F-test
Panel A: SLIHS 2011 Feb-May Jun-Sept Oct-Jan

HDDI 0.750 0.751 0.739 0.762 28.52***

(0.099) (0.096) (0.104) (0.095)
NSTAPSH 0.478 0.479 0.454 0.505 71.16***

(0.143) (0.142) (0.136) (0.146)
Purchased HDDI 0.732 0.737 0.711 0.749 64.85***

(0.112) (0.108) (0.120) (0.103)
Own food HDDI 0.724 0.739 0.704 0.731 7.08***

(0.335) (0.329) (0.338) (0.337)
FDSH 0.627 0.627 0.645 0.604 30.40***

(0.175) (0.173) (0.174) (0.176)
Close to market 0.675 0.612 0.668 0.760 54.79***

(0.468) (0.487) (0.471) (0.427)
Close to road 0.754 0.723 0.755 0.792 13.62***

(0.431) (0.448) (0.430) (0.406)
N 6628 2349 2322 1957
Panel B: SLIHS 2018
HDDI 0.861 0.864 0.858 0.861 5.58***

(0.057) (0.056) (0.058) (0.056)
NSTAPSH 0.450 0.451 0.449 0.451 0.27

(0.123) (0.117) (0.129) (0.122)
Purchased HDDI 0.854 0.856 0.846 0.861 28.62***

(0.066) (0.076) (0.062) (0.059)
Own food HDDI 0.755 0.719 0.801 0.746 41.60***

(0.305) (0.322) (0.290) (0.296)
FDSH 0.456 0.433 0.485 0.451 61.56***

(0.161) (0.150) (0.158) (0.170)
CSI 7.979 8.522 7.623 7.794 7.26***

(8.329) (8.739) 7.904) (8.301)
HHS 1.172 1.220 1.147 1.149 3.02**

(1.134) (1.180) (1.100) (1.119)
Close to market 0.790 0.768 0.824 0.777 11.83***

(0.408) (0.422) (0.381) (0.416)
Close to road 0.820 0.794 0.859 0.807 17.67***

(0.384) (0.405) (0.348) (0.395)
N 6628 2203 2210 2215
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