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Abstract: This study investigates the impact of seasonality within the debate on nutrition-sensitive
agriculture focusing on rural Lake Naivasha Basin in Kenya, which presents an interesting case study
of the food system in East Africa. Seasonality shapes food and nutrition security in sub-Saharan Africa,
dominated by a rain-fed system; however, lack of monthly data hampers understanding. Using mixed
methods, this study constructs a monthly dataset of a representative sample of households from
February 2018 to January 2019. A fixed-effects analysis highlights the association between three
pathways from agriculture to nutrition while controlling for the hunger and harvesting seasons by
crop. Supported by qualitative information from focus groups, the results suggest that seasonality
is an important dimension of the agriculture–nutrition link and promote understanding of the
complexity of the pathways suggested by the literature, including the association between crops and
dietary diversity, with relevant policy implications.
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1. Introduction

A growing number of governments, donor agencies, and development organisations are
recognising nutrition-sensitive development as a key approach to improve food and nutrition
security [1]. In this context, agriculture makes a vital contribution, especially in sub-Saharan Africa
where a large part of the population depends on the sector as a major source of food and livelihood.
Nutrition-sensitive agriculture is a food-based approach to the development of the sector that seeks to
maximise agriculture’s contribution to nutrition, going beyond food production to address underlying
and basic causes of malnutrition [2].

At the global level, the United Nations’ 2030 Agenda for Sustainable Development [3] has
recognised this role of the agricultural sector with the Zero Hunger Challenge. At the regional
level, a growing number of initiatives, such as the Comprehensive Africa Agriculture Development
Programme Investment Plans, support nutrition-sensitive agriculture in sub-Saharan African
countries [4,5]. Moreover, an extensive body of literature that links agriculture to food and nutrition
security has also developed in recent years. However, while there is consensus on the conceptual
frameworks that identify the multiple pathways by which agriculture can affect nutrition, empirical
evidence remains weak and presents several gaps [6]. This evidence would be of special importance
when seeking a strategy to improve food security.

Our study covers some of the gaps in the available empirical studies. Among them, one of the
most important is the need for a longitudinal design [7,8]. The majority of studies use cross-sectional
data. Therefore, results may be over- or underestimated due to confounding bias. The inclusion of
time-variant factors is especially important in sub-Saharan countries where seasonality shapes food

Sustainability 2019, 11, 6223; doi:10.3390/su11226223 www.mdpi.com/journal/sustainability

http://www.mdpi.com/journal/sustainability
http://www.mdpi.com
https://orcid.org/0000-0002-6114-6826
http://www.mdpi.com/2071-1050/11/22/6223?type=check_update&version=1
http://dx.doi.org/10.3390/su11226223
http://www.mdpi.com/journal/sustainability


Sustainability 2019, 11, 6223 2 of 19

and nutrition security [9,10]. In these countries, most crops are grown using a rain-fed agricultural
system while irrigation is limited to a small minority of households. Moreover, children experience
food shortage and decline in caloric consumption during the lean season [10,11]. There is also evidence
of an increase in household dietary diversity during the hunger season and of considerable variability
in dietary diversity between the post- and pre-harvesting periods [12,13]. Despite these studies,
the evidence on nutrition-sensitive agriculture generated from panel data is scant and, to the best of our
knowledge, no empirical investigations use monthly data. The scant panel models in the literature refer
to rounds administered over a one-year period and very few consider the pre- and post-harvest periods.
These studies do not reflect the household situation throughout the year. On the other hand, the pre-
and post-harvest studies select the seasons based on the most important staple food produced; as such,
they neglect the role of other food items in food and nutrition security. Therefore, the association of
food and nutrition security with increasing food production diversity and availability over the year is
not fully investigated, thereby resulting in loss of important information for redesigning policies and
interventions related to food security.

This study attempts to uncover these areas and to present a more accurate investigation of the
pathways that link agriculture to the household food consumption status based on a panel data with
monthly observations over a period of a year. Our observational study aims to unveil or confirm
associations between three of the pathways through which agriculture affects nutrition as hypothesized
by the literature, namely food, income, and women’s empowerment, while controlling for two types of
seasonality, that is, the hunger season and the harvesting season by crop.

The fixed-effect model used in this study also addresses potential endogeneity problems arising
from two unobserved issues: the possible time-constant heterogeneity across observations and
time-varying factors that affect all households similarly [14]. Cross-sectional studies do not consider
these problems with possible estimation bias.

Our mixed-methods research includes the construction of a rare monthly dataset, comprising
a statistically representative sample of 606 households from February 2018 to January 2019 in the
lower and middle basin of Lake Naivasha in Kenya, and integrated with qualitative information
collected through focus group discussions. The rural area surrounding Lake Naivasha offers an
interesting case study because it presents the features of the food system promoted in East Africa:
market-based commercial agriculture in areas where poverty and food insecurity are widespread
and where agriculture is the major source of food and livelihood for the population [15]. In the Lake
Naivasha Basin, a dominating large floriculture sector coexists with a system of smallholder farms,
mainly owned by Kenyans, which produces vegetables for the local market with low technology [16].

Therefore, this study, while contributing to the general literature on nutrition-sensitive agriculture,
is a useful case study on an under-researched area of the food system. Moreover, this level of
investigation, which is rarely undertaken by empirical studies, is of specific importance for policymaking.
As noted by Ruel et al. [5], the local context plays a key role in understanding pathways from agriculture
to nutrition due, for example, to the influence of diversity in the local market on these transmission
channels, an aspect that the majority of the literature refers to as country-level masks.

The structure of the paper is as follows. Section 2 presents the theoretical framework adopted and
the variables selected. Section 3 illustrates the methodology used for data collection and estimation.
Section 4 presents and discusses results. Section 5 concludes.

2. Theoretical Framework and Variable Selection

The literature agrees that agriculture affects nutrition as a source of food and income, an influencer
of food prices, and an entry-point for enhancing women’s empowerment [17]. Figure 1 provides a
representation of these pathways using the theory of a change map. The pass-through channels have
been adapted to better reflect the focus of our analysis and the boxes shaded in grey represent the
impacts and outputs investigated in this study.
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Figure 1. Conceptual framework of the pathways and links between agriculture and nutrition outcomes.
Source: adapted from [18].

Our study focuses on three pathways suggested by the literature. The first considers agriculture
as a direct source of food at the household level. This is the path whereby food access is driven
by own production primarily due to market imperfections. The non-separability of production
and consumption decisions due to the incompleteness of markets also creates the potential for farm
productive assets to have a direct dietary impact on nutrition [19]. For this reason, this group of variables
has also been included in our analysis. Next, food production sale on the market is an alternative
use. Therefore, the second pathway we considered focuses on agriculture as an indirect source of
household food and nutrition-relevant non-food expenditure (i.e., health and education) via the income
effect from the sale of commodities produced or wages earned. The third transmission pathway links
household access to food to women’s empowerment due to farm and non-farm employment, through
expenditure on food and non-food items.

As previously mentioned our empirical analysis includes seasonality in terms of the effects of
the hunger season and harvesting season on food access. This is a new element introduced in the
consolidated theoretical approach by our study, and is justified based on its effects on the different
pathways from agriculture to nutrition.

Based on these considerations, we selected the Food Consumption Score (FCS) as the impact
variable and the eight categories of explanatory variables are listed in Table 1 with their descriptive
statistics. All variables are time-variant.

Table 1. Descriptive statistics of variables.

Variable Mean Standard Deviation Minimum Maximum

Food Consumption Score (FCS) 74.626 15.559 6 112

Crop production

Number of crops harvested 1.513 1.278 0 7

Household agricultural assets

Production assets index 0.001 0.855 −1.117 3.218
Input use 0.109 0.311 0 1
Savings 0.110 0.314 0 1

HH size (adult equivalent) 2.126 0.804 1 5
HH Dependency ratio 39.708 29.301 0 100

Age 48.040 16.407 16 94
Gender 0.303 0.459 0 1
Literacy 0.881 0.323 0 1

Marital status 0.645 0.478 0 1
Health status 0.145 0.352 0 1
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Table 1. Cont.

Variable Mean Standard Deviation Minimum Maximum

Use of crop production

Self-consumption 0.091 0.222 0 6
Market access 0.101 0.651 0 33.333

Market access Maize 0.020 0.155 0 11.111
Market access Beans 0.022 0.419 0 29.167

Market access Potatoes 0.010 0.068 0 4.167
Market access Other crops 0.013 0.072 0 1.000

Total income

Income first quantile 0.200 0.400 0 1
Income second quantile 0.199 0.399 0 1
Income third quantile 0.200 0.400 0 1

Income fourth quantile 0.199 0.399 0 1
Income fifth quantile 0.199 0.399 0 1

Non-farm income

N. HH members employed in
off-farm agric. sectors 0.565 0.719 0 4

N. HH members employed in
off-farm non-agric. sectors 0.564 0.786 0 5

Women’s empowerment

N. women employed in off-farm
agric. Sectors 0.699 0.704 0 4

N. woman employed in off-farm
non-agric. Sectors 0.791 0.773 0 5

Use of income

Log food expenditure 6.542 1.078 0 11.135
Log non-food expenditure 7.222 0.975 0 11.861

Price index 67.024 14.754 10 152.857

Seasonality

Hunger season 0.25 0.433 0 1
Maize harvesting 0.204 0.4032 0 1

Potatoes harvesting 1.465 0.353 0 1
Beans harvesting 0.259 0.438 0 1

Other crops harvesting 0.903 1.125 0 1

Note: HH = household. Source: author’s elaboration based on primary sources of data.

The literature frequently uses household dietary diversity score measures as the outcome variable
to assess the nutritional adequacy of agricultural pathways. Empirical evidence on the positive
association between dietary diversity and a high-quality diet supports the appropriateness of these
indicators [20]. A large number of studies define dietary diversity as the number of different food
groups or items over a given recall period. However, these measures present many limitations.
Compared to a food-group based indicator, a food-item-based dietary diversity indicator tends to
be a weaker predictor of nutritional adequacy [14]. The food items count increases with the increase
in the number of foods consumed even when they are of the same food groups and particularly of
the micronutrient-poor food groups, therefore, adding little nutritional value to the diet. In addition,
both the food group-based and food item-based indicators do not capture differences in the distribution
of consumption because food groups or items are all equally weighted [21].

To overcome these problems, our study employs the FCS as the outcome variable, based on
7-days recall data. The FCS is a composite indicator, which combines data on dietary diversity, food
frequency, and relative nutritional importance [22]. Therefore, it is a more accurate proxy of the
usual calorie content of the household diet pattern. Following the World Food Programme (WFP)
protocol [23], we classified the food items consumed at the household level into eight food groups.
Next, we multiplied the consumption frequency of each of these by a standard weight based on the
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specific energy, protein, and micronutrients provided. Finally, we computed the household FCS by
summing up these values. Following Jones et al. [24], we used the continuous FCS variable instead of
the standard three-level categorical variable. This choice allowed us to prevent data loss.

The FCS has some limitations that need to be highlighted in nutrition-sensitive agriculture analysis
for a correct interpretation of results. Validation studies have demonstrated that the FCS is associated
with household caloric availability [25,26], but it has not been validated against the adequacy of
macronutrients or micronutrients [8]. Therefore, it should be interpreted with caution as an indicator
of nutrition security. Moreover, as indicated in Sassi [22], by aggregating household-level data, the FCS
does not capture intra-household food consumption; therefore, it is not an appropriate measure for
interventions targeting individual nutrition security, especially of the vulnerable categories including
women and children.

Explanatory Variables

As the literature recognises the positive association between crop diversification and nutrition
diversity [5], the first set of explanatory variables used in our analysis includes the number of crops
harvested by household and month and its squared value to capture a possible non-linear association
between agricultural diversity and the FCS. We could not use the other measures of crop diversification
suggested by some studies, such as the Simpson Diversity Index or the Ogive Index, because of the
difficulty in estimating the amount of land used per crop. Specifically, the investigated area makes
widespread use of multiple cropping systems. Therefore, it was not possible to isolate the information
on land use by crop. However, recent studies show the consistency of the simple count measure of
farm diversification with the alternative measures of farm diversity [21,27,28].

The second group of variables adopted includes the households’ agricultural assets, in terms of
a productive assets index, input use, intangible productive assets, and human capital endowment.
We first used the polychoric principal components analysis (PCA) to compute the productive assets
index. The questionnaire design comprised interviewing relevant stakeholders to validate its individual
parts. Regarding production activities, the stakeholders suggested including small stocks (such as
goats), ploughs, small businesses, hoes, granaries, and oxcarts as assets. We included all these items in
the polychoric PCA after confirming the sampling adequacy. To this end, we first applied the Bartlett
test of sphericity and obtained a p-value of 0.000, indicating the validity of the technique adopted.
The Kaiser–Meyer–Olkin test of sampling adequacy yielded a value of 0.586 and confirmed this result.
Finally, the determinant of the correlation matrix was 0.7, suggesting that not all correlations equal 0.

A second variable in the category of households’ agricultural assets is input use, which is a
dummy variable that takes on values 0 or 1 to indicate the absence or presence of agricultural factors of
production, respectively, such as seeds, pesticides, fertilisers, and other inputs. Next, we represented
the intangible productive assets by the variable savings, computed as a dummy variable that is equal
to 1 if the household saves money and 0 otherwise.

Following the literature, we first included among the human capital endowment components the
gender, marital status, age, and literacy of the household head [27]. The gender and marital status of the
household head capture possible greater barriers to assets and income faced by female-headed
households and households with an unmarried head, in comparison to the other households.
We constructed the household head’s gender as a dummy variable that equals 1 if the head is
male and 0 if the head is female. Additionally, we created an artificial variable for the household head’s
marital status, which equals 1 if the household head is married and 0 if the head is single, divorced,
separated, or widowed.

We used the age in years of the household heads as a proxy of their experience in agriculture,
and literacy as a proxy for their attitude being more innovative. We introduced a dummy variable
equal to 1 if the household head was literate and 0 otherwise to represent literacy. We considered as
literate a person aged 15 and over who declared being able to read and write regardless of his/her level
of education.
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In the human capital endowment category, we also included two other variables to capture
labour availability within the household, which is especially important in the labour-intensive farming
systems typical of rural African areas. The first variable considered was the adult equivalent household
size, taking reference from the scale proposed by [29], namely the ‘OECD-modified scale’, to compute
this variable. Accordingly, we assign a value of 1 to the household head, 0.5 to each additional adult
member, and 0.3 to each child. Next, the values associated with each household member are aggregated
to compute the adult equivalent household size.

The second indicator adopted was the household dependency ratio, computed as the number
of members who declared themselves to be unemployed and hence, dependent on the working
population, that is, those who declared that they were employed in the specific month under
investigation. Using this indicator instead of the proportion of the population not in the workforce
over the working age population is more appropriate for the monthly-based investigations conducted
in the African context. In fact, it facilitates capturing the effect of specific phenomena such as casual
and child labour.

As suggested by the literature, the health of family members may affect farm productivity [30].
For this reason, as the last variable in the category of human capital endowment, we introduced
household health status as a dummy explanatory variable that takes on a value of 0 or 1 to indicate the
absence or presence of at least one member with a permanent/chronic disease or health problem.

As far as crop use is concerned, we included in our analysis a crop self-consumption index to
capture the pathway that considered agriculture as a direct source of food. We calculated this index as
a share of the amount of crops consumed over those produced.

Similarly, we measured the market access for crops produced as a share of the total amount of
crops sold over the quantity of crops produced. We used this index based on several considerations.
First, several studies show that commercialisation, especially of smallholder farmers, is determined
by market participation [31,32]. Therefore, farm commercialisation is a more appropriate variable to
assess the pathways between crops and nutrition than the proxy variables traditionally used in the
literature, such as the measures of distance to a major road or population centre or the ownership of
transportation means, which indicates only the potential access to markets. We also distinguished
between the market access of the most high-value crops, that is, maize, potatoes, and beans, and of
the other crops including the remaining local crops. This latter category, comprising almost 20 crops,
includes a large number of cereals, pulses, and vegetables. However, households produce a limited
number of them. We measured the market access for these categories of crops through an index
computed as the amount of the single crop sold over its production.

The literature suggests that agricultural commercialisation is more important than crop
diversification for improving nutrition and dietary diversification [28]. To account for this possible
effect, we included the interaction between the number of crops harvested and market access.

Concerning income, we considered total income and non-farm income. For total income, we used
the natural logarithm of total expenditure on both food and non-food items in Kenyan shillings (KSh)
per adult equivalent and disaggregated it into quantiles to distinguish five different categories of
households: the very poor, poor, middle, rich, and very rich. We created an artificial variable for each
quantile of household income per adult equivalent with the very rich as the base category. The total
expenditure in KSh per adult equivalent was disaggregated in food and non-food expenditure and used
in the natural logarithm. In the category use of income, we also included the price index computed at
the household level and based on the food expenditure.

As the literature recognizes income from non-farm activities as an important source of household
diet diversification, we constructed two proxy variables. The former is the number of household
members employed in off-farm agricultural sectors (crop, fishing, and livestock) while the second
counts the number of household members employed in the off-farm non-agricultural sectors (including
floriculture).
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We created the same variables only counting the female components of the household as a proxy
of women’s empowerment. In some studies, women empowerment is measured using gender in
decision-making on food purchases. However, in our case, in almost all households, women decide on
food purchasing; therefore, we did not include this variable given the lack of variability across units
and over time.

Next, we consider the seasonality variables. Hunger season is a dummy variable taking a value of
1 in the months March, April, and May and 0 otherwise. The Ministry of Agriculture of the Nakuru
District provided us with this information. We also verified the association between the household FCS
and the harvesting season of maize, potatoes, beans, and other crops. For each household, we created
an artificial variable equal to 1 when the household harvested the specific crop and 0 otherwise.

3. Data Collection and Estimation Methodology

Our mixed methods research involved data collection through a survey with quantitative and
qualitative questions and focus group discussions. The triangulation of this information allowed us to
better identify and understand several aspects of the investigated phenomena.

The data collection was based on a questionnaire submitted on a monthly basis from February
2018 to January 2019 in the rural lower and middle basin of Lake Naivasha in Kenya. We validated it
using the stakeholders from the National Drought Monitoring Authority of the Kenya National Bureau
of Statistics (KNBS) in the Nakuru County Office, Ministry of Agriculture Naivasha Sub-county Office,
university staff, and a group of enumerators. An expert linguist translated the questionnaire into
Kiswahili and Kikuyu, the two most important vernacular languages.

We articulated our survey using the steps suggested by Chocran [33], paying special attention to
sample selection and degree of precision. Referring to the methodology adopted by the Kenya National
Bureau of Statistics (KNBS) for the selection of the households [34], we selected 606 of the 28,939
households as representative of the rural area of the sub-counties of Gilgil and Naivasha. This number
was computed using Cochran’s [33] formula. According to Cochran’s formula, our sample size should
include 588 households. Nonetheless, we preferred a higher number of observations (i.e., 606) to avoid
a possible reduction of the sample below the representative level due to events such as household
migration to other areas or relocation to the floriculture sector for employment purposes. In Cochran’s
formula, we used 1.96 as the critical value of the desired confidence level corresponding to a level of
confidence of 95 percent. In other words, we accepted a 5 percent probability of error in our estimates.
Moreover, we selected a desired margin of error of 4 percent.

The KNBS of Nakuru supported the process of household mapping based on their household
clusters in order to select a statistically representative sample.

We used an interviewing process in which the interviewer reads a standard set of questions with
no discretion. We adopted the Open Data Kit for data collection through mobile devices. We selected
the enumerators among the staff of the KNBS of Nakuru and students of the Nairobi University.
We trained them and used them to pilot the questionnaire.

Among others, we included in our questionnaire two qualitative questions concerning the
perception of the three most important food insecurity and poverty problems in the village. Additionally,
we further developed the qualitative part of our research by organising seven focus group discussions,
one for each of the clusters in which the investigated area is organised (Kiburuti, Leleshwa, Ngano-Ini,
Gathengera, Lower Nyamathi, Tumaini, and Kanjogu). This qualitative research technique allowed us
to obtain in-depth information about the results achieved in the quantitative analysis. Each group
comprised a balanced number of elderly women, elderly men, adult women, and adult men, with eight
members in all in each group. We also interviewed the community leaders of each cluster separately.

Based on the data collected, we estimated eight individual-specific effects models for the dependent
variable FCS. The basic specification is given by the following estimation equation:

FCSit = αi + xitβ+ εit (1)
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where i refers to the household, t refers to the month, xit denote the regressors and β their respective
coefficients, αi are the random individual-specific effects, and εit is the idiosyncratic error term.
The Hausman test, reported for all estimates in the Results section, suggested a fixed-effect model for
the αi. Therefore, our models allowed αi to be correlated with the regressors while assuming xit was
uncorrelated with the idiosyncratic error. These estimates used cluster-robust standard errors.

Concerning regressors, we started from a basic model in which we used the number of crops and
its squared value, the price index as representative of the use of income, all the selected variables in the
group of household agricultural assets, use of crop production, total income, non-farm income, and the
hunger season to control for seasonality. In the second model, we disaggregated market access by
crop. In the third model, the variables in the group use of income replaced the income quantiles in the
basic model while in the fourth model, we substituted non-farm income in the basic model with the
women’s empowerment variables. The other four models investigate the harvesting seasons whereby
we supplemented the basic model with the harvesting season of maize, beans, potatoes, and other
crops instead of the hunger season.

4. Results and Discussion

Table 2 shows the results of the first four models while Table 3 includes the harvesting season by
crop in Model 1.

Table 2. Fixed effects analysis of determinants of household FCS: Models 1–4.

Variable Model 1 Model 2 Model 3 Model 4

Crop production

Number of crops harvested 3.460 ***
(0.536)

3.429 ***
(0.445)

3.433 ***
(0.529)

3.577 ***
(0.539)

Number of crops harvested squared −0.691 ***
(0.128)

−0.660 ***
(0.110)

−0.693 ***
(0.127)

−0.705 ***
(0.129)

HH agricultural assets

Production assets index 1.159 **
(0.500)

1.149 ***
(0.396)

0.955 *
(0.491)

1.212 **
(0.501)

Input use −1.231 *
(0.687)

−1.242 **
(0.543)

−1.428 **
(0.685)

−1.162 *
(0.687)

Savings 3.273 ***
(0.646)

3.287 ***
(0.587)

2.961 ***
(0.644)

3.257 ***
(0.649)

HH size adult equivalent −1.790 **
(0.754)

−1.706 ***
(0.621)

−1.627 **
(0.714)

−1.208
(0.763)

Dependency ratio 0.043
(0.027)

0.042 *
(0.023)

0.044 *
(0.026)

0.031
(0.027)

Age 0.156
(0.227)

0.162
(0.227)

0.200
(0.235)

0.151
(0.223)

Age squared −0.003
(0.002)

−0.003
(0.002)

−0.003
(0.002)

−0.003
(0.002)

Gender −1.941
(2.438)

−1.956
(1.517)

−1.938
(2.377)

−2.328
(2.401)

Literacy 4.622 ***
(1.156)

4.629 ***
(0.970)

4.511 ***
(1.124)

4.625 ***
(1.151)

Marital status 0.516
(1.197)

0.519
(1.051)

0.410
(1.200)

0.478
(1.206)

Health status −4.112 ***
(0.711)

−4.043 ***
(0.547)

−4.409 ***
(0.701)

−4.186 ***
(0.714)
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Table 2. Cont.

Variable Model 1 Model 2 Model 3 Model 4

Use of crop production

Self-consumption −1.647 **
(0.763)

−1.733 **
(0.745)

−1.606 **
(0.761)

−1.612 **
(0.761)

Market access 2.951 *
(1.575)

2.812 *
(1.568)

2.917 *
(1.571)

Market access maize 6.487 ***
(1.227)

Market access beans 2.450 **
(0.854)

Market access potatoes 2.776
(2.755)

Market access other crops −1.334
(2.512)

Market access * Number of crops harvested −1.040 **
(0.528)

−0.638 **
(0.249)

−1.001 *
(0.525)

−1.024 *
(0.525)

Total income

Income first quantile −6.718 ***
(0.711)

−6.741 ***
(0.606)

−6.792 ***
(0.712)

Income second quantile −3.420 ***
(0.621)

−3.416 ***
(0.553)

−3.402 ***
(0.622)

Income third quantile −2.360 ***
(0.567)

−2.332 ***
(0.517)

−2.363 ***
(0.567)

Income fourth quantile −1.544 ***
(0.530)

−1.526 ***
(0.493)

−1.552 ***
(0.530)

Non-farm income

N. HH members employed in
off-farm agricultural sectors

2.433 ***
(0.489)

2.436 ***
(0.427)

2.141 ***
(0.477)

N. HH members employed in
off-farm non-agricultural sectors

2.573 ***
(0.527)

2.607 ***
(0.424)

2.230 ***
(0.511)

Women’s empowerment

N. women members employed in
off-farm agricultural sectors

0.936 **
(0.404)

N. women members employed in
off-farm non-agricultural sectors

1.253 ***
(0.394)

Use of income

Log food expenditure 1.842 ***
(0.275)

Log non-food expenditure 1.837 ***
(0.290)

Price index 0.015
(0.014)

0.015
(0.012)

0.013
(0.014)

0.014
(0.014)

Seasonality

Hunger season −3.695 ***
(0.408)

−3.632 ***
(0.381)

−3.475 ***
(0.403) ***

−3.772 ***
(0.411)

_cons 70.091 ***
(5.739)

69.559 ***
(6.957)

40.208 ***
(6.867)

71.641 ***
(5.732)

Sd of residuals and variance

sigma_u 9.689 9.630 9.727 9.518
sigma_e 11.964 11.915 11.825 11.986

Rho 0.397 0.395 0.404 0.388
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Table 2. Cont.

Variable Model 1 Model 2 Model 3 Model 4

F-statistic test

F 16.64 *** 23.33 *** 18.230 *** 15.650 ***
R-sq

Within 0.083 0.087 0.100 0.080
Between 0.098 0.105 0.100 0.113
Overall 0.084 0.089 0.093 0.090

Hausman specification test

Hausman
chi2 106.67 *** 198.27 *** 148.99 *** 98.28 ***

* p-value < 0.10 ** p-value < 0.05 *** p-value < 0.01 (robust standard error). Source: author’s elaboration based on
primary sources of data.

Table 3. Fixed effects analysis of determinants of household FCS: Models 5–8.

Variable Model 5 Model 6 Model 7 Model 8

Crop production

Number of crops harvested 2.002 ***
(0.499)

3.228 ***
(0.523)

1.689 ***
(0.530)

4.910 ***
0.527

Number of crops harvested squared −0.341 ***
(0.117)

−0.672 ***
(0.128)

−0.446 ***
(0.126)

−0.383 ***
(0.122)

HH agricultural assets

Production assets index 1.197 **
(0.489)

1.457 ***
(0.500)

1.441 ***
(0.500)

1.264 **
(0.499)

Input use −2.341 ***
(0.642)

−3.627 ***
(0.661)

−1.743 ***
(0.645)

−1.093 *
(0.659)

Savings 3.319 ***
(0.644)

3.115 ***
(0.639)

3.208 ***
(0.646)

3.246 ***
(0.647)

HH size adult equivalent −1.286 *
(0.747)

−2.358 ***
(0.765)

−2.045 ***
(0.760)

−1.397 *
(0.751)

Dependency ratio 0.039
(0.026)

0.049 *
(0.027)

0.501 *
(0.027)

0.044 *
(0.267)

Age 0.107
(0.241)

0.238
(0.225)

0.181
(0.238)

0.108
(0.248)

Age squared −0.002
(0.002)

−0.004 *
(0.002)

−0.003
(0.002)

−0.002
(0.002)

Gender −1.740
(2.374)

−2.179
(2.473)

−1.969
(2.390)

−1.800
(2.369)

Literacy 4.501 ***
(1.139)

4.887 ***
(1.168)

4.368 ***
(1.158)

4.306 ***
(1.139)

Marital status 0.581
(1.180)

0.591
(1.203)

0.545
(1.200)

0.614
(1.185)

Health status −3.516 ***
(0.700)

−4.127 ***
(0.702)

−3.964 ***
(0.695)

−3.721 ***
(0.697)

Use of crop production

Self-consumption −0.809
(0.812)

0.274
(0.962)

−2.427 ***
(0.749)

−3.645 ***
(0.810)

Market access 1.766
(1.100)

2.837 *
(1.683)

2.618 *
(1.514)

2.385 *
(1.235)

Market access * Number of crops harvested −0.578
(0.381)

−0.936 *
(0.554)

−0.918 *
(0.505)

−0.875 **
(0.434)
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Table 3. Cont.

Variable Model 5 Model 6 Model 7 Model 8

Total income

Income first quantile −7.007 ***
(0.703)

−6.595 ***
(0.724)

−6.683 ***
(0.712)

−6.989 ***
(0.707)

Income second quantile −3.354 ***
(0.618)

−3.098 ***
(0.621)

−3.245 ***
(0.627)

−3.477 ***
(0.630)

Income third quantile −2.222 ***
(0.560)

−2.137 ***
(0.566)

−2.203 ***
(0.570)

−2.268 ***
(0.571)

Income fourth quantile −1.503 ***
(0.531)

−1.504 ***
(-0.531)

−1.453 ***
(0.536)

−1.451 ***
(0.540)

Non-farm income

N. HH members employed in
off-farm agric. Sectors

2.468 ***
(0.483)

2.505 ***
(0.502)

2.372 ***
(0.481)

2.344 ***
(0.478)

N. HH members employed in
off-farm non-agric. Sectors

2.635 ***
(0.525)

2.902 ***
(0.542)

2.617 ***
(0.524)

2.524 ***
(0.520)

Price index 0.015
(0.014)

0.014
(0.014)

0.017
(0.014)

0.012
(0.014)

Seasonality

Maize harvesting
Season

5.972 ***
(0.385)

Potatoes harvesting
Season

−2.428 ***
(0.685)

Beans harvesting
Season

4.939 ***
(0.457)

Other crops harvesting
Season

−3.579 ***
(0.268)

_cons 68.619 ***
(6.053)

68.423 ***
(5.751)

68.858 ***
(6.049)

69.395 ***
(6.260)

Sd of residuals and variance

sigma_u 9.605 9.776 9.491 9.550
sigma_e 11.827 12.004 11.905 11.844

Rho 0.397 0.399 0.389 0.394

F-statistic test

F 23.77 *** 14.310 *** 18.220 *** 21.29 ***

R-sq

Within 0.100 0.073 0.088 0.097
Between 0.107 0.091 0.119 0.112
Overall 0.098 0.075 0.097 0.100

Hausman specification test

Hausman
chi2 197.66 *** 169.61 *** 166.13 *** 182.10 ***

* p-value < 0.10 ** p-value < 0.05 *** p-value < 0.01 (robust standard error). Source: author’s elaboration based on
primary sources of data.

Based on the ρ value, around 4 percent of the variance is due to differences across panels.
The F-statistic tests whether all the coefficients in the model differ from zero. As its p-value is less
than 0.05 in all our models, we reject this hypothesis. Therefore, all models are statistically significant.
According to the R-squared values, the Model 3 estimators best explain the within variations (R2 = 0.100)
while the Model 7 estimators best explain the between variations (R2 = 0.119). The Hausman test
indicates that our fixed effect models provide consistent estimates as compared to the same estimations
conducted with a random effects model. While all estimated parameters have the expected sign,
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not all are statistically significant. The majority of these estimators belong to the human capital
endowment category.

Following Romeo et al. [21], we run our models with stepwise exclusion of the control variables
that we considered relevant in the model specification. Removing these variables, the remaining
associations with our dependent variable remained statistically significant thereby proving overall
model robustness.

4.1. Crop Diversification

According to our results, the increase in the number of crops over time improves the household
FCS up to a number of 2.5 crops and decreases this score thereafter. Therefore, our study confirms the
inverse U-shaped relationship found in some studies exploring the association between agricultural
and diet diversity [35,36]. As argued by Sibhatu et al. [35], a possible explanation for this trend lies in
the forgone income from firm diversification beyond the optimal level. Our monthly data suggests a
more articulated explanation of this relationship.

Figure 2 compares the average household FCS with the average number of crops harvested by
household over the analysed period. From the figure, we can observe that the households in our sample
use crop diversification during the months of relatively low levels of food insecurity (from March to
June). This is a well-known trend in the literature, as suggested, for example, by Becquery et al. [13].

 

12 

0.100) while the Model 7 estimators best explain the between variations (R2 = 0.119). The Hausman 
test indicates that our fixed effect models provide consistent estimates as compared to the same 
estimations conducted with a random effects model. While all estimated parameters have the 
expected sign, not all are statistically significant. The majority of these estimators belong to the human 
capital endowment category.  

Following Romeo et al. [21], we run our models with stepwise exclusion of the control variables 
that we considered relevant in the model specification. Removing these variables, the remaining 
associations with our dependent variable remained statistically significant thereby proving overall 
model robustness. 

4.1. Crop Diversification 

According to our results, the increase in the number of crops over time improves the household 
FCS up to a number of 2.5 crops and decreases this score thereafter. Therefore, our study confirms 
the inverse U-shaped relationship found in some studies exploring the association between 
agricultural and diet diversity [35,36]. As argued by Sibhatu et al. [35], a possible explanation for this 
trend lies in the forgone income from firm diversification beyond the optimal level. Our monthly data 
suggests a more articulated explanation of this relationship.  

Figure 2 compares the average household FCS with the average number of crops harvested by 
household over the analysed period. From the figure, we can observe that the households in our 
sample use crop diversification during the months of relatively low levels of food insecurity (from 
March to June). This is a well-known trend in the literature, as suggested, for example, by Becquery 
et al. [13]. 

 

Figure 2. Average FCS and average number of crops produced by household (February 2018 to 
January 2019). Source: author’s elaboration based on primary sources of data 

However, Figure 3 adds other important information for the understanding of the 
aforementioned effect. It shows the number of households harvesting the three most important crops, 
namely maize, beans, and potatoes, and the group of other crops.  

Figure 2. Average FCS and average number of crops produced by household (February 2018 to January
2019). Source: author’s elaboration based on primary sources of data.

However, Figure 3 adds other important information for the understanding of the aforementioned
effect. It shows the number of households harvesting the three most important crops, namely maize,
beans, and potatoes, and the group of other crops.
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The peak in the harvesting of the considered crops causes four consecutive waves due to the
existence of only one main production season for the staple crops comprising maize, beans, and potatoes.
At the beginning of the period analysed, when FCS is at its lowest and maize, beans, and potato
production is very limited or absent, crop diversification towards the other crops starts and lasts until
the mid-potato harvesting period. After the peak in potato harvesting, beans gathering commences
with an improvement in the household food status, which further improves at the beginning of the
maize-harvesting season. With beans harvesting, diversification towards other local crops reduces.
According to the interviewed respondents, households use a part of the income earned from selling
maize and beans to diversify their diet.

The estimation of the harvesting seasons provided in Table 3 captures these dynamics, with maize
and beans as the only crops that are positively associated with the household FCS while potatoes and
other crops are negatively associated with this score.

Therefore, crop diversification towards the local crops, even if important, is inadequate to support
an improvement in FCS. The estimated coefficient for the hunger season confirms this observation.
During this period, the FCS is between approximately 3.5 to 3.8 points lower than in the other periods.

4.2. Use of Crop Production

According to the literature, given a non-linear association between agricultural diversity and
FCS, a household can improve its FCS through consumption from own production or by using the
income from selling crops to purchase more diverse and better quality food. Based on our estimates,
the household’s self-consumption orientation is negatively associated with the FCS. This is because the
share of consumption of one’s own production reaches its maximum value during the hunger season
and immediately thereafter. During the focus group discussions, interviewed participants declared
that, during this period, they produce local food crops mainly for subsistence and hence, have little
possibility to sell their produce. The dependence on the market for purchasing food items is high
during this period. They also observed that income from selling these local crops is limited and less
profitable especially when compared with maize and beans, grown mainly for commercial purposes.
Moreover, during the period investigated, the Lake Naivasha basin has suffered from drought that
has further compromised productivity, especially of the majority of small farmers with a very limited
access to the lake as source of irrigation [16].

This situation, justifies the positive, even if statistically weak, relationship between the level of
commercialisation and FCS also found in the literature [7]. However, the importance of the household’s
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maize market followed by beans market orientation for food security emerges, introducing in our
estimated model the market access by crop (Model 2). Therefore, in our case, this association has
a strong seasonal component. Our focus group discussions further confirm that farmers sell maize
and beans immediately after the harvest, when prices are low, due to a lack of crop storage facilities.
Moreover, most of these high-value crops are sold to middlemen or traders; only a small proportion
reaches the local markets.

Another interesting aspect highlighted by our analysis is the statistically significant association
between the interaction term (market access*number of crops harvested) and FCS. The estimated
negative sign of this variable suggests that household farm commercialization reduces the importance
of farm diversity in increasing household FCS. As explained above, this is the result of a diversification
strategy linked to the absence of maize and beans outside their production period.

4.3. Income and Food and Non-Food Expenditure

As expected, in the rural Lake Naivasha basin, wealth is a key determinant of food security status
thereby confirming the evidence presented in the literature [21]. Households in the bottom quantile of
the consumption expenditure distribution have almost a six point lower FCS, on average, compared to
households in the wealthiest quantile. This gap reduces significantly at higher income quantiles.

According to our results, off-farm income has important implications for food security; the number
of household members employed in off-farm activities is positively associated with FCS, regardless
of their specific sectors of employment. For every additional member employed in the off-farm
agricultural or non-agricultural sector, the FCS increases by more than 2 points. However, the strength
of this positive association weakens if female household members are in off-farm employment with
corresponding estimated coefficients of 0.936 and 1.253 for off-farm employment in the agriculture
and non-agriculture sectors, respectively. A possible explanation for this lower coefficient suggested
during our focus group discussions is the fact that women are generally involved in the lower paid
sectors. Moreover, the gender pay gap reflects the inequalities between the wages of male and female
employees in all sectors.

The focus group discussions confirmed the ‘push’ and ‘pull’ factors motives for households to
diversify income as suggested by Barret et al. [37]. In the investigated area, households adopt income
diversification strategies as a self-insurance tool and as a means to reduce consumption risks, especially
during the hunger season or when the agricultural sector does not absorb the labour force. During
these periods, household members search for casual jobs, especially in the floricultural sector. Casual
labour is of special importance because it allows supporting household livelihood when farmers are
waiting for their crops to mature and agricultural labour is not required, as well as to avail of the labour
force when it is necessary for agriculture.

Figure 4 clearly depicts this situation. It shows the average number of household members
employed in non-farm agricultural and non-agricultural sectors by month. The peak in the household
members employed in the agricultural sector is during the planting season in March and April, the
weeding period at the end of April and beginning of May, and the maize-harvesting season in October
and November. In other periods, labour demand in the agricultural sector is limited and livelihood
depends mainly on casual labour outside this sector, especially in the floricultural sector. However, we
note that, despite the floricultural sector providing at least the compulsory minimum salary to casual
workers, the adult equivalent computations suggest that it is often below the food poverty line.
Therefore, agricultural income compensates for this gap, making this activity strategic for household
food security.

In some cases, we note that off-farm jobs relate to the realisation of strategic complementarities
between crop production and other activities such as small businesses or shops. While this short
value-chain has a high potential to positively affect household income, currently it remains underutilised.
During the focus group discussions, participants declared their lack of ability to set up a business as
one of the major constraints in performing to their full potential.
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4.4. Household Agricultural Assets

Our analysis confirms the positive role of households’ agricultural assets on food security found
in the literature (see, for example, [38,39]). In the investigated area, the average effect over time of
intangible capital and literate head is strongly statistically and positively associated to FCS within
households. Households that save have an FCS that is around three points higher than those that do
not. Similarly, when the head is literate, the household FCS is four points higher than when the head is
illiterate. For illiterate workers, access to better-paying jobs is constrained. By contrast, most educated
workers can further diversify their income in sectors such as merchant and trade, and transport and
services, where they can even develop their own small businesses.

Labour availability within the household, measured by the household size per adult equivalent,
is also statistically significant and positively associated with the household FCS. Given this result,
the negative and strongly statistically significant association of health status to household FCS is
unsurprising. This relationship is linked to the seasonal dynamic of health problems. According to our
data, health issues are relevant in the Lake Naivasha Basin where almost 20 percent of all households
have at least one member with a chronic disease and around 30 percent of them have at least one
member who is affected by a transitory health problem during the period from February to April,
representing the long rainy season, against the almost 3 percent in the period from November to
January. When households have members with a health problem, their FCS reduces by around four
points. In a labour intensive system such as that prevailing in the investigated area, during the focus
group discussions, all participants highlighted that the effect of a health problem on food security is
accentuated by the loss of the work force and related income. Moreover, when sick individuals need to
be hospitalised, the cost of the health services is relatively much higher than their income such that
they often reduce food expenditure, with a corresponding deterioration in their diet quality.

Concerning production assets, the specific index result is statistically significant and positively
correlated to household FCS while input use presents a negative sign. During our focus group
discussions, we designed the seasonal and crop calendar for the investigated area. According to the
collected information, the main sowing season is from March to May when FCS is relatively low, with a
second sowing season in October and November, but subject to rain. As shown in Figure 5, during the
main sowing season, input use is at its peak.
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Therefore, the direction of the association does not suggest a reduction in the use of inputs to
improve household FCS; it is a result of the overlapping sowing and hunger seasons. However, the main
sowing season is during the period when households’ food security status is most vulnerable and
fragile; they depend on the market for food and need to invest capital in the agricultural sector in
this period.

5. Conclusions

Our study investigated the role of seasonality within the debate of nutrition-sensitive agriculture
considering the pathways of food, income, and women’s empowerment, through which the sector
affects nutrition in the specific case of the rural Lake Naivasha Basin. In all the forms introduced in
our analysis, seasonality emerged as an important dimension for understanding the link between
agriculture and nutrition, adding to the literature in several ways.

First, the literature suggests that the production of a wider range of food groups can improve
food security through a more diversified diet. We noted that this problem is more complex in the rural
Lake Naivasha Basin and involves both the typology of crops produced over the year and how these
are used by the households. These features also explain the inverse U-shaped association between
crop diversity and household FCS over the year. In the investigated area, the FCS improves when
households harvest and partly sell maize and beans. Before this period, crop diversification towards
local species is primarily a survival strategy and the households mainly consume what they produce.
However, local crop diversification and self-consumption are not enough to guarantee a nutritional
status level that is comparable to that during the maize- and beans-harvesting season. This situation
suggests the need to overcome the policy dilemma highlighted by Devereux and Loughurst [40] and
to design an effective combination of interventions aimed at boosting income and consumption in
farming households.

One of the most important determinants of the dual seasonal behaviour of households is the
existence of a dominant rain-fed agricultural system whose negative effects are today exacerbated
by erratic and unpredictable rainfall. Therefore, it is necessary to have an effective and integrated
blue (Lake Naivasha) and green (rain) water-management system to grow a second harvest, increase
the productivity of counter-seasonal sources of food and income, and reduce the risk of loss of food
produce. While there is existing knowledge on how to improve water exploitation, it requires relevant
investment in infrastructure, technology, and environmental safeguard measures. Based on the
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evidence of sub-Saharan Africa, with irrigation farmers usually grow second and often higher-value
crops with positive effects on livelihood and food security [41].

Training farmers in soil and water conservation practices, supporting the introduction of tolerant
varieties, and better exploitation of landscape variability based on improved knowledge of land and
land use, appears to be another key option to strengthen their capacity to adapt to and cope with the
drought season.

Moreover, a guaranteed harvest reduces the risk of technological investments, such as fertilisers,
which can boost productivity [41]. According to our results, technology adoption is a critical issue in the
investigated area because of the overlapping sowing period and the hunger season, when households
depend on the market to purchase food and are not producing lucrative crops. The poorest and
food-insecure households have little opportunities to invest in this direction and deserve specific
pro-poor farm capital allocation especially on a seasonal basis as well as agricultural extension services,
institutions, and regulations to guarantee a supportive environment for technology adoption and
productivity improvement. However, the literature suggests that improved technology may increase
rather than reduce the extent of income seasonality [42]. Therefore, the effects of this process should be
monitored carefully and, in case of negative implications on households’ food and nutritional status,
combined with appropriate consumption smoothing mechanisms [43].

The establishment of a crop storage facility at the local market level and the enhancement of the
markets for local food products are other counter-seasonal strategies with possible positive effects on
food and nutrition security suggested by our analysis. Concerning local products, attention should
be focused on their promotion and marketing with the aim of stimulating the commercialization
of smallholder farmers. More generally, local crops diversification and commercialization can be a
synergistic strategy with a significant and positive impact on household food and nutrition security.

According to our study, household FCS has important interactions with wealth and, in this
context, also with the off-farm income, which is primarily used as a form of safety net in periods when
agricultural labour demand is lacking. This result highlights the importance of accounting for labour
requirements and employment opportunities in the design of nutrition-sensitive agricultural policies
and of linking the sector to social protection.

Training farmers on how to do business is another important result of our analysis. In this
respect, coordination between the floriculture sector and the extension workers can successfully
strengthen farmers’ capacity to adapt and cope with drought and to diversify their production and
income. Some households in our sample reported the need for a larger intervention by agricultural
extension workers to allow them to adopt new methods of farming and to advise them on animal
production. However, the involvement of the private sector is also important. This should go beyond
training to include supervision during the production phases, favouring technological transfer to local
communities. Possible forms of out-grower floriculture or vegetables by smallholder farmers should
be also evaluated.

Another important link for household food and nutrition security is between agriculture and
health. For this purpose, our results suggest integrating access to preventive and curative health
services in the design of agricultural policies for food and nutrition security, with specific attention to
the hunger season.

Our study also indicates the limits of the available data. The importance of agricultural seasonality
for the development of nutrition-sensitive agriculture makes locally contextualised data collection
on a monthly basis a priority. Neglecting the phenomena due to lack of information makes it
challenging to design and monitor the effectiveness of relevant policies and programmes. Moreover, the
intra-household dynamics over a year deserve specific attention in order to understand whether
seasonal dynamics affect individual family members’ nutritional status in different ways and this is
one of the future directions of our investigation.
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