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Abstract

The northeastern SAVA region of Madagascar is the largest vanilla producing area in the world and is flourishing due to a large
global demand for natural vanilla. Although the general socio-economic situation has regionally improved because of high
vanilla prices, little is known about the nutritional status of local vanilla farmers. We used a 12-month longitudinal food survey
to analyze food security, food consumption and nutrient intake of local vanilla farming households (n = 140). Food consumption
data was complemented with baseline, agro-economic, longitudinal and field-plot information to determine factors influencing
food security, and the contribution of protein from Animal Source Food (ASF_protein) to household nutrition using a stepwise
generalized linear model. Results show a high level (74%) of food insecurity and micronutrient deficiency but an acceptable level
of protein intake among surveyed households. Consumption of rice, the principal source of carbohydrates, is stable across the
year. Compared to other regions in Madagascar, local diets are moderately diversified with an acceptable share of ASF_protein
(about 50%). Household size (P < 0.001) and cash income from rice sales (P < 0.001) were the most important factors influencing
the food security index (FSI), while cash crop income (P < 0.01) and number of income sources (P < 0.01) were more important
in the explanation of the dietary share of ASF_protein. Yet, neither livestock ownership nor contracting with vanilla buyers/
exporters did improve food security of the surveyed households. Households who concluded contracts were significantly less
food secure than non-contracting households (P = 0.01) with seasonal fluctuations across the year. Policy implications of our
findings are that, although many actors of the vanilla value chain run social and environmental programs in the SAVA region,
more needs to be done to improve diet quality at household level and strengthen farmers’ resilience to food insecurity.
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1 Introduction

In developing countries, the cultivation of cash crops is seen
as a key strategy by governments and development agencies
to improve food security both at the state as well as the farm
household (HH) level (Achterbosch et al. 2014). Income gen-
erated through cash crop provides farming HHs a means to
save and invest in a more productive farm operation, improves

access to food and HHs’ food security (Achterbosch et al.
2014).

Madagascar’s northeastern (NE) SAVA region is the larg-
est vanilla (Vanilla planifolia Jacks. ex Andrews) producing
area in the world. Since around 2014, rising global demand for
natural vanilla has led to high vanilla prices of which local
farmers benefit (Hänke et al. 2018, in review; Hänke and
Fairtrade International 2019). In fact, prices of cured, black
vanilla have increased from less than US$50 to US$600 be-
tween 2012 and 2018 (Cooks Vanilla 2019; Appendix Fig. 9).
Likewise, the share of socially and environmentally certified
vanilla is rapidly increasing and many companies and NGOs
established sustainability programs in the region, which in-
clude formal education of children, price premiums, support
in income diversification, and rural development programs
(Hänke et al. 2018, in review; Hänke and Fairtrade
International 2019). Recent surveys show that the general
socio-economic situation has improved, e.g. in terms of in-
come, vanilla prices received, education of children, and
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access to electricity (Hänke et al. 2018, in review; Save The
Children 2019; Symrise 2018; Unilever 2016). In terms of
food security, the SAVA region performs better than other
regions in Madagascar, even though malnutrition is still com-
mon here. Estimations show that 40 to 60% of the children
suffer from anemia, underweight and stunting, due to deficient
diets and low food quality (USAID Madagascar 2018; WFP
2016). Recent studies also indicate that not all vanilla farming
HHs have equally benefitted from the vanilla boom, partly due
to high inflation of local food and living costs (Hänke and
Fairtrade International 2019; Llopis et al. 2020). Also, many
vanilla farming HHs reallocate labor to secure vanilla fields as
there is high theft pressure (Hänke et al. 2018, in review;
Neimark et al. 2019).

Livelihood diversification, e.g. through livestock produc-
tion - in addition to cropping - has been shown to improve
well-being (Barrett et al. 2001; Harvey et al. 2014; Neudert
et al. 2015), increase resilience to shocks, and serve as insur-
ance for smallholders in periods of (cash) crop failure
(Hänke and Barkmann 2017). Although the contribution of
animal husbandry to income diversification in the SAVA
region is so-far limited (Kunz et al. 2020), it might have
the potential to enhance HH food security through the access
to fat, protein, vitamins and minerals, and as a source of
high-quality food for children (Adesogan et al. 2020). In fact,
animal source food (ASF) has been hypothesized to have
beneficial effects on child growth (Pimpin et al. 2019), and
a recent meta-analysis by Adesogan et al. (2020) showed that
increasing per capita consumption of meat leads to a de-
crease of the proportion of stunted children in many coun-
tries across the world. In this respect, the World Health
Organization states that ASF are vital to sustainability in
middle to low income countries, where diets are heavily
based on starchy foods; likewise, ASF play a critical role in
improving nutrition, food security, health, and livelihoods
and reducing poverty (WHO 2014).

Contract farming has been identified as another option to
enhance local food security (Mishra et al. 2018; Soullier and
Moustier 2018). With respect to the vanilla value chain in
Madagascar, a recent survey showed that in 2019 about 20%
of all vanilla farmers in the SAVA region were contracted
with vanilla business partners, i.e., exporters, collectors or
preparators (Hänke and Fairtrade International 2019). Such
contracts are used to certify vanilla farmers, for example
through Rainforest Alliance, Fairtrade or Organic labels.
Contracting leads to a substantial shift in the vanilla value
chain with respect to farm-gate prices received, implementa-
tion of sustainability programs and direct support for vanilla
farmers. Such factors might enhance the food security of local
farming HHs through better access to and/or affordability
of food. However, little is known about HHs’ food secu-
rity and food quality in the region, and in particular if the
vanilla boom, as well as contracting schemes, have

improved food security and nutritional status of the local
farming population.

In this contribution we assess the (i) food consumption,
food quality and food security of local vanilla farming HHs
using a high-resolution longitudinal food survey. We mainly
look at the seasonal variation in food consumption and nutrient
intakes, undernourishment levels, dietary diversity, and the die-
tary share of protein from domestic animal source food
(ASF_protein). We analyze (ii) factors determining food security
and intake of ASF_protein by combining the food survey with
other data sources, namely baseline, market and agro-economic
surveys that covered the sameHHs.We thereby hypothesize that
(1) the higher the income from vanilla sales, the higher a HH’s
food security; (2) vanilla farmers with diversified income gener-
ating activities are more food-secure than specialized HHs; (3)
HHs engaged in livestock production consume a higher share of
ASF_protein than HHs not keeping animals.

2 Materials and methods

2.1 Study area and sampling design

The SAVA region lies in tropical NE Madagascar and is the
largest vanilla producing area in the world (SVI 2019). Its
name is an abbreviation of the districts Sambava, Antalaha,
Vohemar and Andapa (see Fig. 1) that constitute the region.
The area experiences a humid-tropical climate with an average
annual temperature of 24.7 °C and an average yearly precip-
itation of 2409 mm (Weather Sparks 2020). The rainy season
falls between December and April. The majority of the popu-
lation (91%) are famers but raising livestock is also common,
with 71% of HHs owning chicken and 43% owning zebus
(Hänke et al. 2018, in review). However, livestock production
is weakly professionalized (Kunz et al. 2020). Vanilla is by far
the most important cash crop in the region and 83% of the
HHs practice vanilla farming, but there are also other cash
crops such as cloves, pepper, coffee, cocoa as well as rice
(ibid). Subsistence crops mainly include rice, tubers (yams,
cassava and sweet potato), and beans and pulses. Tropical
fruits such as mangos, jackfruit, litchis and pineapple are
abundant but only seasonally available. In the SAVA region,
food availability is seasonal due to only one rainy season. The
lean season typically occurs from January to April, yet, local
farmers hardly stock rice and other foods as annual production
is often insufficient (Hänke and Fairtrade International 2019;
FAO et al. 2019). During the lean season food prices can
increase considerably on local markets (Hänke and Fairtrade
International 2019).

The study was embedded in the Diversity Turn research
project (https://www.uni-goettingen.de/en/529181.html),
which focuses on the vertical integration of vanilla
farmers through contracts/certification schemes as well as
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on social diversity and poverty (Hänke et al. 2018, in
review). In 2016, key informant interviews were conducted
to define the core vanilla growing area within the SAVA
region, also called the “vanilla triangle” (Fig. 1). From this
region most vanilla is sourced and a high prevalence of
contract farming arrangements (CFAs) between vanilla
buyers and farmers were found, usually complemented by
certification schemes such as Fairtrade, Organic,
Rainforest Alliance and others (Hänke et al. 2018, in
review). Within the vanilla triangle, selection of sample
villages and HHs for the Diversity Turn Baseline Survey
(DTBS, n = 1800 HHs, Hänke et al. 2018, in review) was
based on a stratified random approach accounting for an
even distribution of differently sized villages (n = 60)
across the region. Due to logistic constraints, the limit of
the study area was set to villages located at maximum
10 km away from primary (paved) and secondary (non-
paved) roads so that all villages were accessible within
one day from Sambava, Andapa or Antalaha (Hänke
et al. 2018, in review; Fig. 1). Comparing the pre-survey
data by Hänke et al. (2018, in review) to official data
(CREAM 2014) and latest election lists used in Hänke
et al. (2018, in review), it was estimated that about 10 to

20% of the regional population was excluded by this sam-
pling strategy (Kunz et al. 2020).

The present food consumption survey was based on a sub-
sample of 140 HHs from the DTBS sample, likewise selected
according to a stratified random approach. First, one village
from each of five village-size strata was selected, for villages
with and without vanilla contracts, respectively. In each of the
10 villages (5 contracted 5 non-contracted), 14 vanilla grow-
ing HHs were randomly selected from lists that we received
(Appendix Table 4, see Hänke et al. 2018, in review for more
details). In consequence, the following groups were distin-
guished in this study:

– Contracted HHs: Contracted HHs are those having a con-
tract with a collector, exporter or another business partner,
usually with trading conditions beyond spot markets;

– Non-contracted HHs: Non-contracted HHs do not have
any contract and mostly depend on the informal vanilla
spot market (Hänke et al. 2018, in review).

In addition, theMultidimensional Poverty Index (MPI) was
calculated for the HHs, which covers three dimensions: edu-
cation, health and living standard. The MPI takes a value

Fig. 1 Study area within the SAVA region, NEMadagascar, showing the
60 villages where the baseline survey was conducted (Hänke et al. 2018,
in review), and the 14 villages selected for the food consumption survey.

Sources: Forest cover: Vieilledent et al. (2018); Road, rivers and bound-
aries: World Bank (2010); Marojejy National Park: UNEP-WCMC and
IUCN (2018)

983Food security and food quality among vanilla farmers in Madagascar: the role of contract farming and livestock keeping



between 0 and 1, and a HH is defined as multidimensionally
(MD) poor if its MPI is ≤0.33 (Alkire et al. 2014, see Table 1).

2.2 Food consumption survey

2.2.1 Household food consumption survey

To assess the food security and consumption of the local va-
nilla farming households, we captured food groups and quan-
tities that HHs consumed over a 12-month period (July 2018 –
June 2019) through a longitudinal food survey (n = 140). To
this end, pictograms of food groups were designed with the
support of a local arts teacher. They represented different food
items expressed in local units and were grouped as follows
(Appendix Table 5): cereals (rice, maize), tubers (yams, sweet
potatoes and cassava), pulses (beans, peas, lentils), vegetables
(carrots, tomatoes, onions), fruits (mainly jackfruit, mangoes,
litchis, pineapple), beef, pork, chicken, other poultry, milk,
yogurt, eggs, bushmeat (mainly lemur, wild pig), wild poultry
(birds, guinea fowl), fish and crustaceans, and luxury bever-
ages (beer and sodas). The survey had a pre-test phase of
4 weeks and a final feedback round with the participating

HHs in June 2018 before the start of the survey. Food groups
that were rarely mentioned or consumed in very small
amounts, such as oil, fat, and sugar were not included in the
final pictograms. Also food groups of little nutritional value
such as sweets, condiments and spices are often excluded in
the calculation of alternative dietary diversity indicators (cf.
Sibhatu and Qaim 2017) and were thus ignored.

Throughout the 12-month survey period, printout tables
with the pictograms were filled in by the participants over
one full week (7 days) per month to capture daily but also
monthly food consumption of the entire HH (food items and
quantities consumed). Thus, per household, food consump-
tion data of 84 full days was acquired during the 12-month
period. Dietary requirements (in kcal) were calculated for each
HH (based on age group and gender of each HH member, as
recorded in the DTBL.

To estimate quantitative consumption, the following local-
ly common units were used: kilograms for fish and meat,
kapoky (a pot of 100 ml) for rice, beans and peas, and pieces
for tubers, vegetables, fruits, fish and eggs. The filled-in forms
were collected bi-weekly by four research assistants and one
supervisor, and data was entered into a database using tablet

Table 1 Composition of the households (n = 104) covered by the 12-month food consumption survey in the SAVA region, north-eastern Madagascar

Variable Mean SD

Household size (n) 5.25 2.44

Age HH head (years) 49.58 13.09

Years of schooling, HH head 6.28 3.85

Men_equal/older_18 (n) 1.33 0.57

Women_equal/older_18 (n) 1.21 0.49

Boys_younger_18 (n) 1.32 0.56

Girls_younger_18 (n) 0.72 0.34

Full time adult equivalents (FTE, n)* 2.54 1.13

Multidimensional Poverty Index (MPI) characteristics % in

sample

Relative

weight

Education Years of
schooling

No household member has completed five years of schooling. 15.10 1/6

Child school
attendance

Any school-aged child is not attending school up to the age at which they would have to. 7.50 1/6

Health Child mortality Any child has died in the household. 8.30 1/6

Nutrition* Any adult or child, for whom there is nutritional information, is malnourished. * 1/6

Living
standard

Electricity The household has no electricity at home. 35.19 1/18

Improved
sanitation

The household’s sanitation facility is not improved (according to MDG guidelines),
or is improved but shared with other households.

66.70 1/18

Safe drinking
water

The household does not have access to safe drinking water (according to MDG guidelines),
or safe drinking water is more than a 30-min roundtrip walk from home.

0.00 1/18

Flooring The household has a dirt, sand or dung floor. 79.60 1/18

Cooking fuel The household cooks with dung, wood or charcoal. 100.00 1/18

Assets The household does not own more than one radio, TV, telephone, bike, motorbike,
refrigerator, and does not own a car or truck.

32.40 1/18

(*) Full time adult equivalent is the number of active members engaged in agricultural activities in the household, who, depending on age and activity, are
converted to full-time work equivalents according to ILO (2011)
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computers. Local units were subsequently converted to stan-
dardized units (kilogram, liter) using locally established con-
version factors (Hänke and Fairtrade International 2019).

2.2.2 Food seasonality survey

To establish a comprehensive list of all food items con-
sumed and their availability throughout the year
(Fig. 2), a complementing survey on food seasonality
was conducted between July and September 2019. In
three different zones of the study region (Andapa,
Sambava and Antalaha, see Fig. 1), 10 HHs each were
asked to list all food items that were previously
depicted as food groups in the pictograms and their
seasonal availability. The three zones were selected such
that the different microclimatic zones within the SAVA
region were represented (UPDR 2003). In addition, the
harvesting period of important crops (paddy rice, upland
rice, vanilla) was also discussed to serve as reference
for the seasonal food calendar. The official vanilla har-
vest dates are set by the local government and depend
on the blooming of vanilla plants. The vanilla harvest
dates differ by not more than four weeks between

Sambava, Antalaha and Andapa. However, due to high
risk of theft of vanilla from the plantations, many
farmers harvest their vanilla immature (Hänke et al.
2018, in review).

2.3 Food security and dietary indicators

Given the multidimensional nature of food security, practi-
tioners and policy makers have recognized the need for a
variety of means to measure it (FAO 2013). The main aim
of this study was to assess the food security, the diet quality
and the amount of calories, protein and vitamins consumed by
the local vanilla farming HHs. For this, a variety of food
security indicators were used: Household Food Security
Index (FSI) was used to determine the food security status of
a household; Household Dietary Diversity Score (HDDS) was
used to determine the ability of a household to access a variety
of foods (in a snapshot form); FoodConsumption Score (FCS)
was used to capture the usual food consumption of the HH;
nutrient intakes were calculated to better understand the im-
plications of the various indicators for actual consumption of
specific macro and micronutrients.

Fig. 2 Seasonal availability of selected food groups (showing only frequently consumed foods in each season), harvest of paddy rice, upland rice, and
vanilla in the SAVA region, NE Madagascar, as determined in a food seasonality survey in 2019
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2.3.1 Food security index (FSI) and nutrient intake

To estimate a HH’s food security index (FSI), the mean calo-
ric energy intake of each HH was calculated as follows (Etea
et al. 2019; Noromiarilanto et al. 2016):

FSI i ¼ Y i=Ei

where FSIi is the food security index of the i-th HH which is
≥1 for a “food secure” HH and takes a value <1 for a “food
insecure”HH.Yi is the daily calorie intake of i-th HH and Ei is
the daily calorie requirement of the i-th HH. The actual daily
HH calorie supply was estimated based on HH consumption
data. The recommended daily calorie intake in Madagascar is
2133 kcal per capita (FAO and UPDR 2000). Given the dif-
ferent calorie requirements of different HHmembers, the latter
were clustered into three gender and age groups and the aver-
age daily calorie requirements of each group were converted
into adult equivalents (Appendix Table 6).

The daily HH calorie requirement (Ei) was calculated as:

Ei ¼ N i � R

where Ni represents the total number of persons in i-th HH
converted into adult equivalents (Table 2), and R is the rec-
ommended daily calorie intake. To assess the food security
per HH, mean FSI values were calculated per HH for the
sampled period.

In order to calculate nutrient intake, we created lists of the
nutrient composition (Appendix Table 7) of all foods includ-
ing: energy, protein, fat, carbohydrates, vitamin A and vitamin
E using existing online food composition tables, FAO Food
Balance Sheets and other relevant studies (FPSRAG 2015;
Golden et al. 2019; Leung 1968; MacLean and Warwick

2003). If we were unable to retrieve precise information on a
specific food, e.g. local varieties of beans or wild meat, a
weighted average of nutrient values from similar foods was
used (based on the same references). Furthermore, we com-
bined results of our seasonal food survey with food consump-
tion data to derive the season-specific nutrient intake. Finally,
a HH’s nutrient intake was calculated by multiplying the daily
food quantities consumed (kg) with their nutritional values (in
kcal, g, mg or μg per kg).

To assess the share of protein intake from domestic ASF,
the average protein content of the food groups of domestic
meat (beef and pork), poultry, dairy products (milk and yo-
gurt), and eggs was summed up and the share of ASF_protein
calculated as percentage of the total amount of protein con-
sumed by the HH (Workicho et al. 2016).

2.3.2 Household dietary diversity score (HDDS) and food

consumption score (FCS)

Diet diversity indicators, such as Household Dietary Diversity
Score (HDDS) and Food Consumption Score (FCS), are often
used to indicate food security in terms of both availability and
access to food at the HH level (Headey and Ecker 2013; Ruel
2003). They are considered as a qualitative measure of food
consumption that reflects household access to a variety of
foods, and also serve as proxy for nutrient adequacy of the
diet of individuals. While validation studies have demonstrat-
ed that FCS and HDDS are highly correlated, they can be used
interchangeably as a measure of household-level diet diversity
(HDDS) and as a validated proxy for energy sufficiency
(Maxwell et al. 2013).

HDDS measures the number of food groups consumed by
the HH and categorizes food items into the following 12

Table 2 Results from pairwise-t-test of selected socioeconomic and food security indicators between contracted and non-contracted vanilla farming
households in the SAVA region, north-eastern Madagascar

Parameters Group of vanilla farming households t-Test

Contracted Non-contracted t-value p value

Mean SD Mean SD

Socio-economic TLU 0.47 0.62 0.81 1.30 −1.308 0.201

Vanilla income (MGA) 4,868,300 6,288,065 2,316,450 6,488,584 1.750 0.091

Income from rice sales (MGA) 96,183 148,984 293,133 580,259 −1.761 0.089

MPI 0.25 0.09 0.24 0.07 0.758 0.455

Food security indicators FSI 0.64 0.22 0.83 0.33 −2.682 0.012

HDDS 6.86 0.58 6.86 0.56 0.047 0.963

FCS 44.29 5.26 45.31 4.91 −0.88 0.384

Protein_ASF 45.22 9.30 45.63 7.58 −0.20 0.840

Abbreviations: TLU = Tropical Livestock Unit, FSI=Household Food Security Index, HDDS=Household Dietary Diversity Score, FCS=Food
Consumption Score, Protein_ASF = share of protein from Animal Source Foods, MPI =Multidimensional Poverty Index, MGA =Malagasy Ariary
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groups (FAO 2011): cereals, roots and tubers, pulses, vegeta-
bles, fruits, meat, dairy products, eggs, fish, beverages, sugar
and sweets, oils and fat (Appendix Table 8). In our calculation
of HDDS per sampling period of 7 days, we used 10 food
groups excluding sugar and sweets as well as oils and fat.
HDDSwas calculated as follows: a HH that consumed a given
food group at least once a week was scored as 1, irrespective
of consumption frequency, and HDDS was constructed as the
sum of numbers of food groups consumed per week. In the
current sample, the minimum and maximum HDDS were 1
and 10, respectively. A higher score indicates higher diet di-
versity, as more food groups were consumed. The scores were
used to define three diversity categories with HDDS <4.5
representing “low dietary diversity”, 4.5 to 6 “medium dietary

diversity” and ˃6 “good dietary diversity” (Wiesmann et al.
2009).

Food Consumption Score (FCS) was computed by using
slightly different categories (Appendix Table 8) and applying
weights to the “nutrient density” of each of the following
seven food groups (food weight in parenthesis): vegetables
(1); fruits (1); staples (2); pulses (3), meat, fish and eggs (4);
dairy products (4); sugar (0.5). The food group of oils and fats
(0.5) was not sampled in our food survey. The FCS was cal-
culated bymultiplying the amount of days in a week that a HH
consumed a given food group by the food group’s weight, and
finally summing these values. Generally, FCS can range from
0 to 112, whereby scores of ≤21 are considered “poor”, scores
between 21.5 and 35 are “borderline” and score of ˃35 are
“acceptable” (Vhurumuku 2014).

2.4 Covariates

Data used in this study originate predominantly from the lon-
gitudinal food consumption survey. However, we also incor-
porated information from other surveys that were conducted
with the same HHs:

2.4.1 Diversity turn baseline survey (DTBS)

The DTBS (Hänke et al. 2018, in review, n = 1800) served as
a preliminary overview of HH involvement in cash- and sub-
sistence cropping as well as livestock keeping. Moreover, the
survey covered a range of socio-economic variables such as
HH size, years that the HH head was living in the village, age
and education level of the HH head, income sources, existence
of a vanilla contract, livestock ownership and other variables
that were used in the present study. The livestock ownership
variable, Tropical Livestock Unit (TLU), was calculated as the
total number of livestock owned by the HH, using the follow-
ing livestock conversion factors: one zebu = 0.7, one
goat/sheep = 0.1, one pig = 0.20 and one poultry = 0.01
(Jahnke et al. 1988).

2.4.2 Longitudinal agro-economic survey and recall survey

The longitudinal survey (Andrianisaina et al. forthcoming,
n = 140) was conducted between September 2017 and
September 2018. Here, tables with pictograms were filled in
daily by the respondents and collected bi-weekly by research
assistants. Parameters included were:

a) Household labour input concerning all vanilla-related
agricultural activities;

b) Income from vanilla (green and black), rice (income from
rice sales only, home consumption not included) and veg-
etable production;

c) Income from cash crops other than vanilla (e.g. coffee,
cocoa, cloves, ginger);

d) Income from non-timber forest products (NTFPs: honey,
medicinal plants, wild fruits);

e) Expenditures for health and education.

The recall survey (n = 140) was conducted between
January and March 2019 and covered some of the variables
included in the longitudinal survey but also included questions
on changes in the HH structure over time, on vanilla sales,
vanilla theft, harvest of other crops, other income sources and
agricultural inputs used for vanilla and rice production.

2.4.3 Field survey and measurements

Rice and vanilla plot sizes of 140 HHs were measured in-situ
using GPS devices during June to August 2019. To do this,
farmers walked together with research assistants along the
borders of the respective fields. In addition, self-reported har-
vests of vanilla and rice in the year 2018 were collected
through a semi-structured questionnaire.

2.5 Statistical analysis

Data was firstly cleaned by identifying and removing invalid
data points and extreme outliers that might bias the results.
Statistical analyses were performed in R.3.6.0. (R Core Team
2013). We computed stepwise generalized linear models,
using the model fitting glmulti package (Calcagno and de
Mazancourt 2010), in order to analyze the influence of
socio-economic factors on HH food security and the share of
ASF_protein in the diet. Glmulti package is an automated
model selection tool, building all possible models and analyz-
ing their possible pairwise interactions (Calcagno and de
Mazancourt 2010). Akaike Information Criteria (AIC) was
used to select the best model during the procedure of “forward
and backward steps” and the threshold of each factor on the
model was set at ∝ = <0.05. Prior to the analysis, we explored
the distribution, variability and correlation between all food
security indicators used in this study. In the final food security
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models, only share of ASF_protein and FSI were selected
because they represent the qualitative (ASF_protein) and
quantitative (FSI) dimensions of food security. Also, FSI is
essentially based on calorie intake, while the share of
ASF_protein can be used as a proxy measure of diet quality
(INDEEX Project 2018). As our datasets were large, we used
a linear data reduction technique, namely Principal
Component Analysis (PCA), to avoid multicollinearity be-
tween the explanatory variables (cf. Naser and Peel 1998).
Thereby, similar variables were grouped and those with higher
Eigenvalue were selected for the subsequent analysis
(Appendix Table 9).

In addition, a pairwise t-test was conducted to compare
socioeconomic parameters (MPI, vanilla income, rice in-
come, number of livestock) and food security indicators
between contracted HHs and non-contracted HHs.
Moreover, a time series analysis was conducted so as to
capture the seasonal changes and trends over time of FSI
and the share of ASF_protein in diets, thereby comparing
contracted HHs and non-contracted HHs by using
ARIMA models within R software package “fpp2 “(R
Core Team 2013). To do this, data was arranged as time

series of seven days per month spread over a 12-month
period (i.e. 84 time points).

3 Results

3.1 Household characteristics

The composition of the sampled HHs from 10 different vil-
lages in 4 districts is shown in Table 3. After cleaning and
merging the different data sources used, the final sample size
was 104. The average HH size (Mean ± SD) was 5.2 ± 2.4
members and most HHs were headed by a male (79.2%).
The mean age of the HH head was 49.6 years. Concerning
the parameters used to construct the Multidimensional
Poverty Index (MPI, see Table 1), around 7.5% of school-
aged children were not attending school and 8.3% of the sur-
veyed HHs reported that at least one child had died in early
infancy. About 35% of the surveyed HHs did not have elec-
tricity at home, but the majority (67.6%) ownedmore than one
of the following assets - radio, TV, telephone, bicycle, motor-
bike. All HHs used wood as cooking fuel and 79.6% of the

Table 3 Results of the stepwise generalized linear model for the dependent variables food security index (FSI) and share of protein supplied by
domestic animals (ASF_protein) in the diet (average of 12 months) of 104 households in the SAVA region, north-eastern Madagascar*

FSI Share of ASF_protein in diet

Coefficients Estimate SE t-value p value Estimate SE t-value p value

(Intercept) 1.07 0.08 12.95 <0.001 0.38 4.27 8.91 <0.001

Vanilla contract −0.07 0.03 −1.92 0.05 – – – –

HH size −0.07 0.01 −9.50 <0.001 0.29 0.32 0.91 0.358

Age of HH head 0.01 0.01 0.90 0.321 0.02 0.07 0.31 0.752

Rice income 1.7 (10−7) 0.4 (10−7) 4.04 <0.001 – – –

Wild meat
consumption

−0.54 0.03 −1.53 0.12 – – – –

Number of income
sources

– – – – 1.06 0.34 3.12 <0.01

Cash income – – – – 2.9 (10−5) 0.95 (10−5) 3.10 <0.01

Rice harvest – – – – 0.01 0.01 0.59 0.555

Field size 1.295 1.17 1.11 0.272

Model FSI~1+V_con + HH_size + HHH_age+R_INC+W_meat ASF_protein~1+HH_size + HHH_age+N_REV + C_INC+R_HRV
+Field_size

Log Likelihood 39.35 −259.20

AIC −63.44 536.46

BIC −46.76 553.36

Model (Sig.) <0.001 0.003

Best model selectionwas based onAI criterion; Abbreviations: ASF (animal source food; in this table, only food from livestock is included in ASF, while
wild meat is treated as independent variable), V_con (vanilla contract), HH_size (household size), HHH_age (age of household head), R_INC (rice
income),W_meat (wild meat), N_REV (number of income sources, C_INC (cash income other than vanilla), R_HRV (rice harvest in “daba”, a local unit
with 1 daba ≈15.24 kg), V (vanilla), Field_size (combined size of all fields of the HH in ha). Monetary unit: all income factors are expressed inMalagasy
Ariary

*This table does not attempt to compare “FSI” and “Share of ASF_protein” since both represent different dimensions of food security and were also
calculated differently (see methods part)
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surveyed HHs did not have a cemented floor in their home
(Table 1).

3.2 Household food security and seasonal trend

The average food security index of the sampled HHs (Mean ±
SD) was 0.77 ± 0.27. The recommended daily calorie intake
per capita (see Section 2.3.2: 2133 kcal day−1) was only met
by 26% of the HHs with a mean FSI of 1.14 ± 0.19. With an
average FSI of 0.65 ± 0.19, the remaining 74% of the HHs did
not meet this threshold value.

Looking at seasonal patterns of the FSI across all sampled
HHs (Fig. 3), there were decreases in FSI around August–
October, in January and March with lowest average FSI value
of 0.70. Ignoring the small drop in March, FSI peaked from
November to April with an average of 0.86 for all HHs,
whereby highest FSI values coincided with the rainy season
and paddy rice harvest (Fig. 2).

When comparing food security parameters between
contracted and non-contracted HHs, the contracted HHs
were found to be less food secure (P = 0.012) than the non-
c o n t r a c t e d o n e s ( T a b l e 2 ) . C on c e r n i n g t h e
socioeconomic parameters, contracted HHs had, on average,
more vanilla income but less rice income, and owned less live-
stock than non-contractedHHs; however, no statistical significant
differences existed between the two groups for these variables.

The results of the time series analysis (Fig. 4 and Appendix
Table 10) showed the presence of stationary (i.e. regular) sea-
sonal fluctuations every four months (number of lags = 4 for
all models), especially for FSI models. Although all models
presented seasonal fluctuations, none of them depicted a de-
cisive trend (i.e. neither an increase nor a decrease over time,
Mann-Kendall-test P > 0.05 for all variables). The time series

plots (Fig. 4 and Appendix Fig. 10) indicate that seasonal
changes in FSI were slightly more pronounced for contracted
HHs than for non-contracted ones. Concerning the share of
ASF_protein, both HH groups showed strong seasonal fluctu-
ations but again without decisive trends.

3.3 Household nutrient intake

Nutrient compositions were used to calculate the average
energy and nutrient intake across the sampled period
(Fig. 5). The average daily energy intake for all HHs was
1717.26 ± 876.89 kcal d−1 per adult equivalent and the pattern
showed a trend similar to the FSI, with two lows occurring in
October (1522.13 kcal d−1 capita−1) and in March
(1744.73 kcal d−1 capita−1). The highest energy intake values
were found in December, February and April, with an average
of 1852.28 kcal d−1 capita−1. This trend was, however, not
prevalent in the intake of carbohydrates (average intake of
all HHs: 236.07 ± 14.59 g d−1 capita−1), where a sharp drop
in intake was found in December (206.98 g d−1 capita−1) com-
pared to the rest of the year, with the highest values occurring
in July (254.16 g d−1 capita−1). Cereals (mainly rice) provided
about 57% of the total energy consumed, and 68% if com-
bined with roots and tubers (mainly cassava and yams).
Approximately 26% of the total energy intake originated from
domestic ASF.

The daily total protein intake, expressed in grams per day per
person (average for all HHs: 79.77 ± 8.71) did not present huge
variations across the year, except that peaks occurred in February
and in April (95.15 and 89.80, respectively). About 50% of the
total protein intake came from domestic ASF, with an overall
average of 40.32 ± 6.12 g d−1 capita−1. The second most impor-
tant source of protein was fish (11.9%), whereas bush meat pro-
vided less than 1 % of total protein intake in the study period.

The intake of fat (46.32 ± 6.10 g d−1 capita−1) did not show
a particular trend but a sudden increase of fat intake occurred
in December (71.63 g d−1 capita−1). In contrast to this, vitamin
A and vitamin E intake (302 ± 60.42 μg d−1 capita−1 and 4.75
± 0.84 mg d−1 capita−1) varied greatly across the year with
different patterns as compared to FSI, energy and protein in-
take (Fig. 5b). While the variation of vitamin A consumption
was more pronounced than that of vitamin E, the highest peak
for both appeared between November and December
(402.33 μg d−1 capita−1 and 6.21 mg d−1 capita−1) and the
lowest values were found in October (190.31 μg d−1 capita−1

and 3.75 mg d−1 capita−1).

3.4 Household dietary diversity and seasonal
variation of food consumption

Across the ten relevant food groups, HDDS ranged from
4.9 to 9.0, with a mean HDDS of 6.92 ± 0.7 and little
variation throughout the year (Fig. 6). Of all HHs, 96.7%

Fig. 3 Monthly variation of the average food security index (FSI) of 104
households included in the food security survey in the SAVA region, NE
Madagascar (July 2018–June 2019). Dots depict monthly means, error
bars depict one SE
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had a HDDS >6 and thus a good dietary diversity (see
Section 2.3.2). FCS ranged from 27 to 75 (46.2 ± 6.9), with
97.5% of the sampled HHs showing an acceptable food
consumption. FCS showed a more pronounced seasonal
variation than HDDS, with a peak in December and lowest
values in March and October.

The seasonal variation of the averaged weekly frequency
of consumption of food groups is presented in Fig. 7. Rice
was consumed daily throughout the year (6.9 times per
week on average) while roots and tubers were consumed
1.2 times per week, on average. Domestic ASF were con-
sumed 3 times a week, whereby meat was the most

frequently (1.6 times) and dairy (0.5 times) the least fre-
quently consumed ASF. Bush meat was consumed less than
once a week (0.06) and the least frequently consumed food
group. Rice consumption was stable throughout the seasons,
whereas the consumption of fruits and vegetables dropped
substantially in March and in October, with highest frequen-
cies recorded at the end of the year (November–December),
that is, during the rainy season when fruits are abundant (Fig.
2). Almost all food groups followed this trend but differed in
the degree of variation. An exception were roots and tubers of
which consumption peaked in July and was low in
November–December.

Fig. 4 Time series plots for contracted households (a = FSI, c = share of
ASF_protein) and non-contracted households (b = FSI, d = share of ASF_
protein) in NE Madagascar during a 12-month period (July 2018–June

2019). ASF: animal source food; FSI: Food Security Index; HHs: house-
holds; Time on x-axes is expressed as month/year

990 Andriamparany J.N. et al.



Fig. 5 Seasonal variation of the daily intake of (a) energy, (b) protein, (c)
carbohydrates, (d) fat, (e) vitamin A, and (f) vitamin E per person (July
2018–June 2019) as determined in the food consumption survey with n =

104 households in the SAVA region, NE Madagascar. Dots depict
monthly means; error bars depict one SE; please note the different scaling
of y-axes

Fig. 6 Seasonal variation of (a) Household Dietary Diversity Score
(HDDS) and (b) Food Consumption Score (FCS) of 104 households
covered by the food consumption survey in the SAVA region, NE

Madagascar (July 2018–June 2019). Dots depict monthly means; error
bars depict one SE; please note the different scaling of y-axes
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3.5 Factors influencing household food security and
share of ASF_protein in diets

Table 3 presents the results of the stepwise generalized linear
model (SGLM) for the food security index (FSI) and protein
intake from domestic animals (ASF_protein).

The overall significance of the AIC selected models was
P < 0.001 for FSI and P = 0.003 for the protein contribution of
ASF. HH size (P < 0.001) and cash income from rice sales
(P < 0.001) were the most significant factors influencing FSI
of vanilla farming HHs, with smaller HHs and HHwith higher
cash from rice being more food secure. Equally, number of
income sources other than vanilla (P < 0.01) and cash-crop
income other than vanilla (P < 0.01) significantly increased
the share of ASF_protein intake in consumed foods. Having
a vanilla contract was negatively associated with FSI (P = 0.05).
The number of tropical livestock units (TLU) a HH pos-
sessed was not selected in the final SGLMs, neither for FSI
nor for ASF_protein share. Still, the relative importance of

this and other variables for each model is presented in
Fig. 8.

4 Discussion

Our results suggest that despite the current high vanilla prices,
the majority of vanilla farmers in the SAVA region struggle in
terms of food security and adequate food quality. During
the survey period, their daily food intake was insufficient,
particularly in terms of energy, vitamin A and vitamin E, low
in terms of fat but sufficient in terms of protein and carbohy-
drates (largely from rice). However, neither the possession of
livestock nor concluding a contract with vanilla buyers/
exporters significantly improved vanilla farmers’ food securi-
ty. However, our results suggest that smaller HHs, HHs with
multiple income sources, and HHs who could sell rice surpluses
and cash crops other than vanilla were significantly more food
secure (FSI) and had an improved diet quality (share of

Fig. 7 Weekly frequency of
consumption of major food
groups (a) Cereal, Fruits &
vegetables, Pulses, Roots and
tubers, and (b) Domestic ASF,
Fish, Wild meat, by 104
households covered by the food
consumption survey (July 2018–
June 2019) in the SAVA region,
NE Madagascar. ASF: animal
source food
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ASF_protein in the consumed food). The nutritional status of the
majority of our sampledHHswas in fact unsatisfactory, whereby
the different indicators used revealed different facets of the HHs’
food consumption, which are discussed in the following.

4.1 Food security status

Despite the vanilla boom, the large majority of smallholder
vanilla farmers in the SAVA region were not able to provide
sufficient food for their families. The analysis of food secu-
rity indicators revealed that the FAO/WHO recommended
minimum daily energy intake was not met by 74% of the
sampled HHs. Nevertheless, the HHs had a relatively diver-
sified portfolio of food items and an acceptable food con-
sumption level, based on HDDS thresholds (FAO 2011) and
FCS thresholds (WFP 2008). Diets were dominated by

cereals (rice), with a low consumption of fat-rich and
nutrient-dense food groups.

The level of undernutrition that we determined here is similar
to what the National Nutrition Office (ONN) modelled for the
overall SAVA region, where 80% of all HHs could not meet the
staple-adjusted nutritious diet threshold in 2016 (WFP and ONN
2016). On the other hand, a study byAssefa (2018), conducted in
six regions of Madagascar, found that 88.7% of all Malagasy
HHs were food insecure, which is a higher share than the rate
of food insecurity for our surveyed HHs. The sampled vanilla
farmers might be slightly more food secure than HHs in other
regions of Madagascar because of relatively high cash earnings
during the current vanilla boom. Indeed, as is detailed below
(Section 4.4), cash earning predicts food security and protein
intake.

As far as the dietary diversity indicators are concerned, the
HHs’ average FCSwas higher than the mean FCS reported for
the SAVA region in 2011 (WFP and UNICEF 2011) and for
other parts of NE Madagascar (Golden et al. 2019). On a
national level, the average FCS determined in the present
study is similar to the FCS reported for the “food secure”
group of Malagasy HHs (WFP 2009). According to the
WFP (2009), the “food secure” HHs had a higher purchasing
power than other HHs, which is also the case for the vanilla
producing HHs in the SAVA region. However, living costs,
and particularly food prices, are currently much higher in the
SAVA region than in other parts of Madagascar (Hänke and
Fairtrade International 2019;Wageindicator 2020).Moreover,
while most food security studies report that the Malagasy diet
is characterized by a low energy intake and is poorly diversi-
fied, the mean HDDS of our sample HHs suggests satisfactory
dietary diversity. Yet, since dietary diversity reflects a snap-
shot of the economic ability of HHs to access a variety of
foods (FAO 2011), the current vanilla price boom may only
provide temporal superiority of local vanilla farming HHs
compared with “average Malagasy HHs”.

On the other hand, although the dietary diversity indicators
for the vanilla farming HHs (HDDS, FCS) pointed to a better
situation than in other parts of Madagascar, when comparing
results across studies one needs to pay attention to the differ-
ent approaches used (e.g. recall period, construction of the
index) for measuring dietary diversity (FAO 2011; Kennedy
et al. 2011). In the current study, HDDS was computed as the
mean weekly HDDS across a period of 12 months and was
based on 10 food groups. Due to the humid-tropical climate of
the SAVA region, diverse foods are available on markets
(Save The Children 2015), and many crops are grown,
intercropped or mixed with staple and cash crops (Hänke
et al. 2018, in review; Zaehringer et al. 2015). However, they
are highly seasonal (see Fig. 5) and access to food goes be-
yond food availability, since factors such as lack of assets,
purchasing power and food prices are also relevant (Burchi
and deMuro 2016). Also, dietary diversity indicators are often

Fig. 8 Model-averaged importance of independent variables tested in the
FSI-model (a) and in the ASF_protein model (b). Variables with a great
weight receive a high importance value for the model. Abbreviations:
HH_size (household size), R_INC (cash income from rice sales),
HHH_age (age of household head), V_CON (vanilla contract), W_meat
(wild meat), C_INC (cash crop income other than vanilla), TLU (tropical
livestock unit), N_REV (number of income sources), V_INC (vanilla
income), MPI (multi-dimensional poverty index), Field_size (combined
size of all fields of the HH in ha), R_HRV (rice harvest in “daba”, a local
unit with 1 daba ≈15.24 kg). Monetary unit: all income factors are
expressed in Malagasy Ariary (MGA)
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used to take a rapid time-sensitive decision (e.g. targeting food
rations in emergency situations). For this reason, they are of-
ten criticized as being oversimplified and hiding important
nutritional details of the diets (Jones et al. 2013; Ruel et al.
2012). Therefore, other indicators such as nutrient intakes
were also computed in the present study.

Overall, results obtained for the various food security indi-
cators (FSI vs HDDS and FCS) are partly contradictory; this is
not unusual since they measure different aspects of food se-
curity (cf. Hirvonen et al. 2016; Huang et al. 2015). The pro-
portion of food secure people measured by FSI was much
lower than that measured by FCS and derived from the pro-
portion of HHs considered to have a diverse diet (HDDS),
which underlines the need for applying various indicators to
capture different dimensions of food security (Coates 2013;
FAO 1996).

4.2 Nutritional status and diet quality

The survey revealed an insufficient intake of calories, a high
intake of carbohydrates (rice), a sufficient intake of protein, a
low fat and a very low vitamin A and E intake of the respon-
dent HHs. This is in agreement with what can be expected for
typical Malagasy diets (Ravaoarisoa et al. 2018, Shiratori and
Nishide 2018). Indeed, one of the major hunger challenges
identified by the Malagasy government and NGOs are the
poor nutritional characteristics ofMalagasy diets (WFP 2019).

Still, the average nutrient intake by the sampled HHs was
slightly higher than values reported from other regions of
Madagascar. For instance, although a generally low energy
intake was determined in our study as well as in another study
from NE Madagascar (Golden et al. 2019), the average energy
intake of 1717 kcal d−1 per personwas higher than the 1426 kcal
d−1 reported by Golden et al. (2019). A possible reason is that
the study of Golden et al. (2019) was conducted at the edge of
the Makira National Park, with a weak transport infrastructure,
while our HHs were sampled at maximum 10 km away from
main or dirt roads. Although vanilla and other cash crops (cof-
fee, cloves, cocoa, pepper) are also produced in other parts of
NEMadagascar, the SAVA region has a better local infrastruc-
ture and the location of our sampled HHs provided them better
access to markets and thus to a higher variety of foods.

Moreover, the share (68%) of starchy foods (roots, tubers
and rice) in the food consumed by the studied HHs was lower
than the 80% share reported for entire Madagascar (Arimond
et al. 2011). This indicates an improved diet when considering
the WHO/FAO recommended 55–75% share of carbohy-
drates for nutritional balance (WHO and FAO 2003). Since
the sampled households were situated within the “vanilla tri-
angle” where most of Madagascar’s vanilla is produced, the
improved intake of calories and carbohydrates might be a
result of vanilla sales.

With 32.3 to 71.6 g d−1 per person, the average intake of fat
was slightly below the recommended daily quantity of fat for a
physically active person (Institute of Medicine 2005) but was
higher than the fat intake of HHs surveyed by Golden et al.
(2019). One reason might be the sudden increase of fat intake
at the end of the year (November–December; see Fig. 7)
through the consumption of fat-rich food. Most likely this
was due to the high purchasing power from (vanilla) sales
combined with week-long Christmas and NewYear festivities
that are traditionally related to high meat consumption.

The average protein intake per person was relatively high
compared to the rest of Madagascar (Golden et al. 2019; WFP
and ONN 2016). This could have been driven by the high
consumption of ASF_protein that exceeded the average supply
of animal protein reported for Madagascar (10 g d−1 per person,
average of 2011–2013, FAOStat 2019, http://www.fao.org/
faostat/en/#country/129). In fact, sufficient protein intakes are
regularly reported for Malagasy diets but vary considerably
across regions (Lapenu et al. 2000). Here, surveyed HHs might
have had enough purchasing power – due to vanilla income –
and therefore regularly consumed high quality foods such as
ASF and fish. Furthermore, many vanilla farmers keep live-
stock themselves (Kunz et al. 2020).

On the contrary, the intake of micronutrients (vitamin A
and vitamin E) was greatly deficient throughout the year due
to insufficient consumption of nutrient-dense foods (vegeta-
bles and fruits). The intake of vitamin A by the sampled HHs
did not even meet half of the recommend daily intake of
Retinol Activity Equivalents (RAE), which is about 900 μg
d−1 per person (Trumbo et al. 2001). Deficiency in vitamin A
is leading to a reduced vision, impaired immunity and children
are less likely to recover from common diseases such as diar-
rhea. In fact, deficiency in vitamin A, followed by calcium
deficiency, is one of the most frequent micronutrient deficien-
cies in Madagascar (Shiratori and Nishide 2018). About 62%
of the average vitamin A intake of the sampled HHs came
from fruits and vegetables and only 29% from ASF (mostly
eggs, yoghurt and milk). Fruits and vegetables are essential
sources of vitamin A, however, their availability is highly
seasonal (see Fig. 5). Since the SAVA region is isolated from
other parts of Madagascar, food transportation is expensive
and risky. In addition, the continuously high vanilla prices
lead to regional inflation, which impacted living costs and
local food prices, in particular of nutritious foods (Hänke
and Fairtrade International 2019; Llopis et al. 2020). In con-
sequence, the population predominately relied on starchy sta-
ple foods of lower nutritional value, which cost less per calorie
but put humans at risk of micronutrient deficiencies (Darmon
and Drewnowski 2015). A study by Save the Children (2015)
in the SAVA region reported that the cost of a nutritious diet is
approximately 3.6 times greater than that of the “energy only
diet”, which is largely adopted by the local vanilla farming
population. Despite the key role of starch as the major source
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of calories in human nutrition, consumption of large quantities
is linked to diseases such as diabetes (Bao 2017; Edwards and
Warren 2019). A common image in the SAVA region are
“rice bellies”, particularly among children, that are caused
by a lack of protein, mineral and vitamin consumption and
indica te severe malnour i shment a l so known as
“Kwashiorkor” (Kimutai et al. 2009).

While food access is an important factor for an adequate
diet, other factors such as food choice, cultural habits, educa-
tion and awareness about nutritious foods are also important
(Chakona and Shackleton 2019; Wardle et al. 2000).
Although vegetables and other greens are consumed in
Madagascar, their quality and the quantity balance between
food groups are mostly based on habits and cultural choices,
and they can vary across regions. For instance, according to
our HDDS results based on the FAO thresholds (Wiesmann
et al. 2009), almost all HHs consumed a sufficiently diverse
diet. However, Malagasy dishes are mainly composed of rice
and very small quantities of non-starch foods such as toma-
toes, onions, beans or meat. Thus, even if a diet is classified as
“diverse” through HDDS - since many food groups are con-
sumed on a weekly but not daily basis - the nutritional value of
the food consumed is not necessarily represented accurately
by this indicator as quantities are not considered.

Regarding food choices, factors such as food costs, avail-
ability, health concerns (cleanness of food), and energy den-
sity (starchy foods) were more important than diet diversity
for the rural population in Madagascar (Farris et al. 2019;
Rakotosamimanana et al. 2014). Likewise, another
Malagasy study argued that, although greens such as cassava
leaves are perceived as having negative effects on health, they
are widely consumed because they are cheap, enjoyed by chil-
dren and satiating (Rakotosamimanana et al. 2015).

Concerning nutritional knowledge, a study conducted in
the Malagasy Anosy Region showed that women possessed
only very basic nutritional knowledge, which constitutes an
important barrier to improved nutrition (Dell 2009). Indeed,
enhancing nutritional knowledge and awareness, especially
among women, improves the quality of family diets and in
particular children’s nutrient intakes (Alkerwi et al. 2015).
Hence, promoting region-specific nutritional programs that
especially target women and children could significantly im-
prove the quality of Malagasy diets.

4.3 Seasonal variation

Seasonality is playing an important role in the availability of
foods (quantity and quality) in Madagascar, mainly due to its
highly variable zonal climates with major implications for
food production systems (Harvey et al. 2014). The lean season
in Madagascar generally occurs at the beginning of the rainy
season (around November/December) before the rice harvest
and extends until March (Harvey et al. 2014), during which

calorie consumption falls and composition of food consumed
also changes as HHs reduce rice consumption and substitute
secondary foods such as root and tubers (Dostie et al. 2002).
The nutritional effects of seasonal variation in food availabil-
ity are particularly important in contexts where people’s con-
sumption depends on their agricultural production
(Ravaoarisoa et al. 2019).

In the results of our time series analysis, decreasing fluctu-
ations of FSI were observed just before the end of the year (i.e.
November) until January, with a stronger decrease for
contracted HHs compared with non-contracted HHs. This
strong effect of the lean season on contracted vanilla HHs
may come from the fact that those HHs mainly produce va-
nilla (see Table 2), i.e., their main income is earned once a
year at the end of the vanilla season (June to August), and they
may lack other income sources that might buffer expenses
throughout the year (Zhu 2018). Furthermore, non-
contracted HHs were producing more rice than the contracted
HHs (see Table 2). Therefore, contracted HHs might be more
sensitive to seasonal changes in food availability and/or price
(lean period, shocks) than non-contracted HHs.

In general, the values of most measured nutrient intakes
(energy, protein, vitamins and fat) and food security indicators
(FSI, HDDS, FCS) were highest in December as compared
with other months. This is in accordance with the findings of
Golden et al. (2019) who were also studying the NE part of
Madagascar and reported a general increase of nutrient intake
in the hot/rainy season (around December). The increase in
energy intake at the end of the year is predominantly linked to
the harvest and availability of paddy rice in November/
December, while the festive season (Christmas, New Year)
only provides a secondary explanation.

A general decrease in food security indicators and in nutrient
intakes was observed during August until October, followed by
a small drop in March, but the extent largely differed between
indicators: FSI, energy, carbohydrate, protein and fat intake
showed similar trends and were more stable compared to the
intake of micronutrients (vitamins A and E). This similarity
may come from the fact that all of these categories point to
macronutrients and their intake is often associated with energy
supply (Institute of Medicine 2005; Tremblay et al. 1991).

In our study, the consumption of rice was stable across the
year while that of roots and tubers, fruits and vegetables varied
substantially (see Fig. 7). Rice is themost important food for the
Malagasy population and is socio-culturally strongly linked to
Malagasy beliefs (Hume 2005). However, although dietary
preferences and consumption patterns are influenced by cultural
values, inequalities persist between regions, whereby rice pro-
duction, HH income and purchasing power also play an impor-
tant role (Herrador et al. 2015). In the second part of
Madagascar’s lean season (January and February, in some re-
gions until April) a strong decrease in calorie consumption of
HHs was observed by Dostie et al. (2002). In our sample, this
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second decrease was also observed for the indicators FSI and
energy intake, but with only a slight decrease around March.
Here, the relatively stable rice consumption of our sample HHs
seems to have prevented a major subsistence food shortage and
the occurrence of a severe “lean season” phenomenon. This
might be due to the high production of rice in the region, espe-
cially in the Andapa basin termed “rice bowl” of NE
Madagascar (Laney and Turner 2015), but could also be linked
to the improved purchasing power the vanilla farming HHs.

In contrast, the variation in micronutrient intake (vitamin A
and E) was more pronounced and showed several low peaks.
The main reasons are the variation in rainfall, temperature, agri-
cultural cycles and associated food availability in the SAVA
region. For instance, a strong drop in vitamin A intake was ob-
served in October, whereby the decrease started already in
August, the coolest month in this region but also across
Madagascar. Vitamin A-rich foods are mostly leafy vegetables
and fruits and their availability is highly seasonal (Ravaoarisoa
et al. 2018). Another key factor affecting local food availability in
Madagascar are climate shocks such as cyclones and floods,
causing physical damage to crop fields, vanilla plantations, roads,
and houses. The SAVA region bears the highest risk for natural
disasters in Madagascar (Le Bellec 2018). In 2017 the cyclone
ENAWO destroyed vanilla and agricultural fields and left many
people homeless (Probst et al. 2017). This had an impact on
vanilla and crop production in the area and might have affected
food availability and access even during the study period.

4.4 Factors influencing food security and
consumption of ASF

Studies analyzing factors that determine rural HHs’ food security
in developing countries point to land holdings, livestock owner-
ship, education, HH income from agriculture, soil fertility and
off-farm income as the most important factors (Gebre-Selassie
2005; Mango et al. 2014; Negatu 2004). In our analysis, the
most significant factors influencing FSI were HH size and cash
income from rice. On the contrary, consumption of ASF was
determined by the number of income sources as well as overall
cash crop income. These findings are in line with other studies
conducted in Madagascar (Assefa 2018; Noromiarilanto et al.
2016; Ravaoarisoa et al. 2018), as well as in other African coun-
tries (Nkomoki et al. 2019; Shone et al. 2017), where HH size,
cash crop income and “other income sources” were among the
factors significantly influencing the food security of rural HHs.

Larger HH sizes are often associated with a negative food
security status as it increases food expenditures and competi-
tion for limited resources (De Cock et al. 2013; Ahmed et al.
2017), which is in line with our findings. Also, in rural
Madagascar there is a trend of “the larger the HH, the poorer
the HH” (World Bank 2017). Nevertheless, although HH size
was negatively associated with FSI, larger HHs might offer

more agricultural labor force if the HH members are in an
agriculturally productive age.

Subsistence agriculture is often discussed as an important
factor for HH food security as it helps to mitigate high food price
inflation and other shocks (Sibhatu and Qaim 2017).While most
of the surveyed HHs spent a great share of their total food ex-
penses on rice, those who were able to produce and sell surplus
rice were significantly more food secure (FSI), particularly when
considering that the SAVA region currently faces a high inflation
of food costs through the vanilla boom (Llopis et al. 2020). In a
recent survey in Madagascar’s vanilla triangle, about 90% of
vanilla farmers listed rice as an important subsistence crop and
only around 40% as a cash crop (Hänke et al. 2018, in review).
Although some of the vanilla farmers primarily cultivated rice
and vanilla was only their second crop in terms of labor and cash
invested (Andrianisaina et al. forthcoming), the lower rice pro-
duction of the contracted HHs compared to the non-contracted
HHs might in parts explain their lower food security status. In
fact, HHs producing more staple food than they consume were
found to be less vulnerable to food price shocks and, consequent-
ly, more food secure (de Janvry and Sadoulet 2011).

Consumption of nutritious foods, calories and protein often
depends on income inMadagascar (Lapenu et al. 2000), where-
by higher income is often linked to higher consumption of
protein rich (ASF) foods (Angeles-Agdeppa et al. 2019;
Thang and Popkin 2004). This supports the determined impor-
tance of income and number of income sources as the prime
determinants of ASF consumption in the sampled HHs.

Surprisingly, having a vanilla contract (with buyers and/or
exporters) was negatively associated with FSI (P = 0.05).
According to the initial baseline survey (DTBL) of our research
project (Hänke et al. 2018, in review), contracted HHs produce
and sell significantly more vanilla, and own larger vanilla plots
compared with non-contracted HHs, which was also applying
to our sample (see Table 2). This negative association might be
due to the fact that income of contracted HHs stems mainly
from vanilla, which is highly seasonal, whereas additional com-
pensating incomes are lacking (see Section 4.3). Yet, the vanilla
boom lead to a volatile spending practice in the SAVA region
(e.g. beer, smartphone, “khat” Catha edulis), where farmers
who did not know how to ride a bicycle bought fancy bicycles
(Zhu 2018). Thus, vanilla farmers tend to convert vanilla cash
quickly into valuable items (houses, solar panels, TVs and mo-
torbikes…), with little consideration for longer-term savings or
true investments (ibid). On the other hand, vanilla income was
not selected in the final stepwise GLM models, neither for FSI
nor for the contribution of ASF_protein to household nutrition.
Likewise, our results showed that vanilla income between
contracted and non-contracted HHs was not significantly differ-
ent (t-Test, P = 0.091). Here, the fact that vanilla income is not
significant as distinction between household groups is also an
important result for the vanilla sector in the SAVA region, but
the underlying reasons need further investigation.
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While inability to equilibrate income and expenditure peaks
increases the risk of food insecurity during lean seasons, e.g. in
Bangladesh (Khandker 2009), income diversification has been
reported to have positive effect on food security (Owusu et al.
2011). As explained earlier, contracted vanilla HHs that own
more – and larger - vanilla plots than non-contracted farmers
(Hänke et al. 2018, in review) may not dispose of the necessary
time, labor or knowledge to diversify their income. Also, given
the current high prices, vanilla theft has increased dramatically
in the SAVA region (Hänke et al. 2018, in review; Neimark
et al. 2019) and many farmers reallocate agricultural labor and
substantial amounts of money to protect their harvest (Llopis
et al. 2020). In this way, vanilla farmers become increasingly
dependent on vanilla and are more vulnerable to shocks such as
theft or vanilla price drops. Therefore, it may not per se be the
fact of having a vanilla contract that negatively impacts FSI but
the effect of associated factors, such as too strong focus on
vanilla, no time to invest in other activities, time needed to
secure vanilla fields, low subsistence crop production, and lack
of additional income during the year.

Although livestock production did not significantly influ-
ence food security, animal husbandry is important for income
diversification and as a source of high-quality protein. ASF
have been described by the World Health Organization as a
high-quality nutrient-rich food for children and vital in im-
proving nutrition, food security and health (Adesogan et al.
2020). ASF consumption contributes substantially to diet
quality but its limited availability and relatively high price is
restricting its consumption in low-income countries like
Madagascar (Adesogan et al. 2020; Murphy and Allen
2003). Several studies discussed the importance of meat con-
sumption for an improved diet quality of rural Malagasy peo-
ple, showing that bushmeat consumption is an important
source of protein and vitamin A (Merson et al. 2019; Reuter
et al. 2016). In the present study, however, bushmeat con-
sumption did not significantly improve food security of vanil-
la farming HHs. One reason could be the low share of
bushmeat in the consumed foods, which may be linked to
our sampling approach (primary forests are far away). On
the other hand, improving access to ASF reduces hunting
pressure on wild animals (Merson et al. 2019).

4.5 Limitations of the study

There are several limitations to the present study that may have
influenced the results. First, calculation of the Food Security
Index (FSI) and nutrient intakes (per person per day) requires
several steps and conversion errors can easily occur (Carletto
et al. 2013). For instance, the exact number of persons who
shared a meal might sometimes have been different than the
initially recorded HH size. The study design did not allow for
intra-household comparison of food consumption of individual
members or member groups. We assumed that food was shared

equally between all family members, depending of course on
the members’ age and gender. However, there is evidence, e.g.
from India, that this is not necessarily the case (Fiedler and
Yadav 2017). Nevertheless, the amount of foods lost and con-
sumed away from home was considered low in our case, be-
cause when working in the fields people are cooking and eating
their own food in the evening (this option was represented in
the pictograms) or they come back home for the lunch.

Furthermore, the conversion from local units (e.g. pieces)
to international units (e.g. kilogram) might have introduced an
over- or underestimation of food intake as local units some-
times show large variability, and limiting our sample to HHs
located not more 10 km away from primary and secondary
roads may challenge the representativeness of HHs living in
very remote areas in the SAVA region. Kunz et al. (2020)
estimated that around 10–20% of the local population was
excluded from the DTBS, which also applies to subsequent
surveys relying on its stratification approach. This bias may
have been reinforced by the fact that we compared contracted
to non-contacted vanilla farmers, and vanilla companies pur-
posefully decide on where to source vanilla (Hänke et al.
2018, in review). Hence, as stated above, some results such
as the low consumption of bushmeat, might be linked to this
sampling bias. Including HHs located far from main and sec-
ondary roads (i.e. at forest edges), and a more detailed intra-
household analysis of food consumption would have been
needed to reduce eventual errors and bias in the results.

Beyond being location specific, the insights from this study
are also time-specific: The survey focused on vanilla producing
households and was conducted during a period of exceptionaly
high vanilla prices (Cooks Vanilla 2019; Appendix Fig. 9). Not
all of its results might therefore be representative for periods of
e.g. low level prices of this commodity.Moreover, one needs to
be careful with respect to comparing our results to other parts of
the country and keep the outstanding context in mind.

4.6 Policy dimensions and recommendations

This section addresses our main findings and their implications
for policies and programs to improve nutrition and strengthen
the food security of vanilla faming HHs in the SAVA region.
Despite a huge agricultural potential of the SAVA region and a
high availability of cash from vanilla, the nutritional status of
many vanilla farming HHs is alarming. Also, despite numerous
social and environmental programs established in the region
(Save The Children 2019; Symrise 2018; Unilever 2016), there
is insufficient focus on diet quality and food security of (vanilla)
farming HHs, which both clearly need improvement. Although
there is no “silver bullet” to fight food insecurity and achieve
“zero hunger” for (vanilla) farmers, several tools and mecha-
nisms could improve local diets and food security in the SAVA
region - and thus contribute to achieving the Sustainable
Development Goal 2 (UNDP 2018).
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Unvaried diets primarily based on rice, and insufficient con-
sumption of nutritious food is a major reason for the poor
nutritional value of the HHs’ diets. In Madagascar, the rice hull
is cracked and only the white seed is eaten. Accordingly, the
rice seed contains exclusively carbohydrates while minerals
and vitamins are lost (USDA 2019). Local people claim “If
you don’t eat rice three times a day, you are poor”, which points
to the strong beliefs and customs linked to rice in the Malagasy
culture. There is an urgent need for nutritional education
targeting specific population groups, especially women who
are mainly involved in meal preparations; reaching out to vul-
nerable groups like young (school) children would also be ad-
vantageous. In this regard, increasing awareness of “balanced
and healthy nutritional diets” among women and youth early in
the educational system would help to improve their nutritional
knowledge (Farris et al. 2019; Rakotosamimanana et al. 2014),
and improve infant diets and growth in rural areas (Paul et al.
2012; Shi and Zhang 2011). Healthier dietary habits established
during childhood may be carried into adulthood (Blaylock
1999), which may also reduce the risk of malnutrition and
diet-related diseases in adults. In the SAVA region, such edu-
cation should include specific “eating habit messages” that tar-
get cultural barriers in food choices and promote the consump-
tion of locally available nutritious foods, such as local varieties
of fruits and vegetables. Likewise, many nutritious local varie-
ties of beans and lentils exist and can be easily stored. At the
same time, hill rice cultivation (tavy) is one of the main driving
forces for deforestation in NEMadagascar, particularly through
slash-and-burn agriculture (Styger et al. 2007; Hänke et al.
2018, in review; Zaehringer et al. 2016). Compared to vanilla
agroforests, paddy fields and hill rice plots accommodate weak
levels of biodiversity (Martin et al. 2020a; Martin et al. 2020b).
To avoid such negative impacts of rice cultivation, the system
of rice intensification (SRI) could be an option for hill rice
fields, as this approach showed encouraging ecological and
agronomic outcomes (Stoop et al. 2002). Since SRI has low
adoption rates in Madagascar, mainly explained by high labour
costs (Moser and Barrett 2003) and limited availability of or-
ganic inputs, respective interventions have to take these con-
straints as well as local perspectives into account. On the other
hand, other starchy foods such as roots and tubers could be
promoted - they are cheaper than rice, can be harvested
throughout the year and do not depend that much on rain as
is the case for rice or maize (Dostie et al. 2002; Serpantié and
Toillier 2007). By promoting a diversified basket of starchy
staples, rural development programs could join forces with
conservationists to both improve human nutrition and protect
the unique regional biodiversity.

However, nutritional campaigns alone will not be sufficient
to improve food security of the vanilla farmers. Policy makers,
local institutions, vanilla actors and those involved in nutritional
programs need to ensure that efforts are made to enhance
farmers’ resilience towards food insecurity. Today many

farmers are in a highly vulnerable situation as they almost ex-
clusively rely on vanilla sales. If prices drop, they will earn very
little cash income and have nomeans to fall back on subsistence
crops. As income from vanilla is strictly seasonal, HHs need to
secure their income and balance their expenses throughout the
year in order to access food even during lean season and in
times of shocks. Also, many farmers who produce large quan-
tities of rice lack storing facilities and therefore often sell all rice
directly after harvest when prices are low (Andrianisaina et al.
forthcoming). Some development agencies and NGOs have
started to establish “farmer business schools” in the SAVA
region, which show promising results according to our obser-
vations. However, scientists who have worked in the region
point to the fact that rice fields are considered secure assets
and constitute a socially-sanctioned substitute banking system
(Laney and Turner 2015). Therefore, training in judicious man-
agement of financial resources and at the same time considering
endogenous factors (i.e. cultural and social relations) may have
a positive impact on food security.

Moreover, in times of high vanilla prices, theft and crime are
key constraints to vanilla farmers. Theft pressure prevents vanilla
farmingHHs to invest more cash and labour in subsistence crops
or other activities that may improve their livelihoods. Also, theft
and crime drive planting decisions (Andriatsitohaina et al. 2020)
and negatively affect the quality and yield of vanilla as well as
the farmers´ food security, which may develop into a vicious
cycle. Therefore, policy makers and local communities should
join forces to develop strategies that reduce crime and theft,
enforce law and protect the local population.

5 Conclusions

This study sheds light on the nutritional situation of vanilla
farming households in the SAVA region and disentangles the
multiple factors determining their food security and diet quality.
While the vanilla boom has improved the livelihoods of many
vanilla farmers, the majority of the HHs does not meet the daily
energy requirements for a healthy and a productive life. In
particular vitamin A and vitamin E consumption is greatly de-
ficient, which is a threat to children’s health. Major threats to
food security in the SAVA region are a rice-centered local food
culture and high food price inflation. Due to high vanilla prices,
many farmers exclusively rely on cash income through vanilla,
which enhances their vulnerability to food insecurity.
Diversification of income earning activities through subsistence
crop farming or livestock production can enhance diet diversity
and food security but is hampered by labor availability.
Regional programs that raise awareness, improve nutritional
education of women and youth and promote farming practices
for high-quality local foods should be paired with policy inter-
ventions that reduce vanilla-related crime and theft.
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Appendix 1

Appendix 2

Fig. 9 Average world market
vanilla prices 1999–2019 (black
vanilla). Source: https://www.
cooksvanilla.com/vanilla-market-
report-a-spaghetti-western-
september-2019/

Table 4 Village and household selection for the 12-month food consumption survey in the SAVA region, NE Madagascar

Villages with vanilla contracts Villages without vanilla contracts

N Inhabitants N Villages N Households N Inhabitants N Villages N Households

0–1000 1 14 0–1000 1 14

1001–2000 1 14 1001–2000 1 14

2001–3000 1 14 2001–3000 1 14

3001–4000 1 14 3001–4000 1 14

>4000 1 14 >4000 1 14

Sum 5 70 Sum 5 70
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Appendix 3

Table 5 Pictograms used for the food consumption survey in the SAVA region, NE Madagascar

Lundi Mardi Mercredi Jeudi Vendredi Samedi Dimanche

Vary, tsakotsako, sns

Haninkotrana

Tsaramaso leguoma

Légumes

Voankazo
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Lundi Mardi Mercredi Jeudi Vendredi Samedi Dimanche

Henanomby

Ronono omby

Yaourt Pièces Pièces Pièces Pièces Pièces Pièces Pièces

Henandambo

Akoho

Atody Pièces Pièces Pièces Pièces Pièces Pièces Pièces
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Lundi Mardi Mercredi Jeudi Vendredi Samedi Dimanche

Vorona hafa

Henandia

Vorondia

Laoko sy hazandrano

Zava-pisotso Pièces Pièces Pièces Pièces Pièces Pièces Pièces

THB

COCA
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Appendix 4

Appendix 5

Table 6 Adult equivalent reference scale for different gender and age
groups to assess household food security in the SAVA region, NE
Madagascar

Gender (age) group Equivalent scale

Men (≥18 years) 1

Women (≥18 years) 0.86

Girls and boys (< 18 years) 0.78

Table 7 Nutrient composition of food items used in the calculation of nutrient intakes of the 104 households in the SAVA region, NEMadagascar. List
of food items are from food security (July 2018–June 2019) and food seasonality (September 2019) surveys. All nutritional information is for 100 g of
each food

Food group Food (common name) Food (local name) Energy
(kcal)

Protein
(g)

Fat
(g)

Carbohydrates
(g)

Vit A (retinol
equivalents, μg)

Vit E
(mg)

Cereal Rice Brown rice, boiled 135 3.0 0.80 28.4 0 0.23

Cereal Rice Riz rouge 141 3.4 0.69 28.2 0 0.10

Cereal Maize Tsakotsako legny 96 3.5 1.50 20.9 13 0.09

Roots &
Tubers

Cassava Mahogo 160 1.4 0.30 38.0 0 0.19

Roots &
Tubers

Yams Ovy be (Majola) 134 2.0 0.20 28.9 2 0.49

Roots &
Tubers

Wild yams Ovy dia/Ovy 85.3 2.7 0.20 28.9 2 0.49

Roots &
Tubers

Sweet potato Tsomanga 87 1.1 0.10 24.3 787 5.00

Roots &
Tubers

Taro Sahogno mandady 142 0.5 0.10 34.6 4 2.40

Roots &
Tubers

Taro Sahogno 294 1.9 0.20 26.5 3 2.4

Roots &
Tubers

Breadfruit Soanambo 103 1.1 0.20 27.1 4 1.00

Roots &
Tubers

Banana plantain Fontsy 156 1.2 0.30 31.2 83 0.21

Pulses Peanuts beans Pistaches 333 15.0 22.01 21.2 0 2.58

Pulses Beans Haricot 127 8.7 0.50 22.8 0 0

Pulses Cowpeas Lojo 137 8.6 0.50 22.3 3 0.14

Pulses Lima beans Gros pois 115 7.8 0.38 20.8 0 0.18

Pulses Mung bean Tsiasisa 105 7.1 0.38 19.1 1 0.15

Vegetables Tomato Tomaty 18 0.9 0.20 3.8 42 0.54

Vegetables Palm hearts Hovotra 115 115.0 2.70 0.2 3 0.50

Vegetables Cucumber Cocombre 15 15.0 0.70 0.1 5 0

Vegetables Carrots Karaoty 41 0.9 0.20 9.6 841 0.70

Vegetables Squash vegetables Daboira 20 0.9 0.30 4.3 29 0

Vegetables Onion Tongolo 40 1.3 0.20 9.2

Vegetables Potato Pomme de terre 85 2.0 0.10 17.6 0 0.01

Vegetables Eggplant Aubergine 25 1.0 0.20 5.9 0 1.00

Vegetables Cabbage Laisoa 25 1.9 0.30 5.0 8 0.04

Vegetables General term for greens Anana 37 3.4 0.38 6.5 249 0.92

Fruits Jackfuit Ampalibe 94 1.5 0.30 24.0 15 0
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Table 7 (continued)

Food group Food (common name) Food (local name) Energy
(kcal)

Protein
(g)

Fat
(g)

Carbohydrates
(g)

Vit A (retinol
equivalents, μg)

Vit E
(mg)

Fruits Corossol Corossol 66 1.0 0.30 24.0 0 0.10

Fruits Guava Gavobe 57 1.1 0.40 15.3 60 0.70

Fruits Lychee Letchi 78 0.8 0.40 16.9 0 0.07

Fruits Asian apple Makoba 45 0.6 0.20 10.1 1 0.12

Fruits Pineapple Mananasy 48 0.5 0.10 12.6 3 0

Fruits Mango Manga 65 0.5 0.30 17.0 168 0

Fruits Papaya Vapaza 39 0.6 0.10 9.8 135 1.00

Fruits Orange Raonjy 47 0.9 0.10 11.8 8 0

Fruits June plume Sakoana 92 1.2 6.12 10.2 24 0.96

Fruits Watermelon Vojabo 22 0.4 0.20 7.6 20 0

Fruits Avocado Zavoka 160 2.0 14.70 8.5 7 2.10

Fruits Banana Akondro 89 1.1 0.30 23.0 3 0.10

Meat_Beef Beef Henanomby 209 36.2 7.20 0 0 0.29

Dairy_Milk Milk Ronono 60 3.2 3.30 4.5 28 0.10

Dairy_
Yoghurt

Yoghurt Yogourt 59 10.0 0.40 4.4 0 0.01

Meat_Porc Pork Henandambo 550 28.9 52.70 0 0 0.10

Poultry Chicken Akoho 268 22.0 20 0 35 0.22

Eggs Chicken eggs Atody akoho 245 11.8 21.60 1.0 114 1.30

Eggs Duck eggs Atody 185 12.8 13.77 1.45 194 1.34

Poultry Duck Drakidraky 337 18.9 28.35 0 63 0.70

Meat_wild Greater hedgehog tenrec Sokina 113 14.4 4.38 0 0 0.38

Meat_wild Tailless tenrec Trandraka 107 15.0 4.38 0 0 0.38

Meat_wild Lemur (White-headed
lemur)

Gidro 105 15.6 4.38 0 0 0.38

Meat_wild Lemur (Eastern woolly
lemur)

Gidro 139 23.1 4.38 0 0 0.38

Meat_wild Aye-aye Aye-aye 105 15.6 4.38 0 0 0.38

Poultry_wild Passerine type bird Fody 225 21.5 15.08 0 50 0.43

Poultry_wild Guinea fowl Akanga 158 23.4 6.45 0 28 0.43

Poultry_wild Lesser vasa parrot Boeza 225 21.5 15.08 0 50 0.43

Poultry_wild Dove Tsilengo (Finengo) 213 23.9 13 0 28 0.06

Fish Dried freshwater fish Laoko ranomamy
maina

335 58.6 9.40 0 0 0

Fish Dried shrimp Orana maina
(Makamba)

301 55.8 2.40 13.1 5 7.30

Fish Dried saltwater fish Laoko ranomasina
maina

368 79.8 3.20 0 49 4.00

Fish Freshwater fish Laoko ranomamy
legny

84 14.8 2.30 0 12 2.00

Fish Saltwater fish Laoko ranomasina
legny

98 18.1 2.40 0 0 0

Fish Crab Drakaka 85 13.9 0.67 0.6 18 2.00

Beverage Coca Cola Coca Cola 42 0 0.30 10.0 0 0

Beverage Soda Soda 51 0 0 13.0 0 0

Beverage Sprite Sprite 40 0.1 0 10.0 0 0
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Appendix 6

Appendix 7

Table 8 Construction of food security indicators

Indicator Number of food groups
included in calculation

List of food groups included in calculation

Food Security Index (FSI) 16 All foods from: Cereal, Roots and tubers, Pulses, Vegetables, Fruits, Beef meat, Porc meat,
Chicken meat, Eggs, Other poultry meat, Wild meat including wild poultry, Fish and
other sea/freshwater products, Beverages

Food Consumption Score 7 Staples (cereals, roots and tubers), Pulses, Vegetables, Fruits, Meat
(i.e. beef, pig, poultry)/Fish/Eggs, Dairy products, Beverages

Household Dietary
Diversity Score
(HDDS)

10 Cereals, Roots and tubers, Pulses, Vegetables, Fruits, Dairy, Meat
(red meat and poultry), Eggs, Fish, Beverages

Table 9 Factor reduction with Principal Component Analysis

Factor groups Component value

1 2 3 4

Household classes
Multidimensional Poverty Index (score) 0.95
Multidimensional Poverty Index (yes/no) 0.94
Vanilla contract (yes/no) 0.64
Household head (Male/Female) 0.52

Social status
Age of household’s head −0.76 0.31
Arrival date 0.62 0.43 −0.55
Education 0.58
Marital status 0.54 0.70 0.52
Religion 0.30 −0.66
Household size −0.77 0.52

Fields
Number of fields 0.81 −0.41
Number of crops 0.47 0.58 0.34 −0.49
Rice harvest (daba*) 0.64 0.57
Vanilla harvest (kg) 0.58 0.40 0.60
Number of vanilla plots 0.75 0.51
Vanilla field (ha) 0.84 −0.36
Upland rice field (ha) 0.81
Irrigated rice field (ha) −0.67 0.70
Rice field (ha) 0.62 −0.54 0.52
Field_size (ha) 0.93 −0.30

Income
Cash income (MGA) 0.73 0.39
Forest product income (MGA) −0.31 0.72
Vanilla income (MGA) −0.38 0.60
Rice income (MGA) 0.91

Use of forest products
Collect of wild foods (number of species) 0.92
Use of wild meat (yes/no) 0.92

Livestock
TLU 0.99
Livestock production (yes/no) 0.97
Number of zebu 0.96
Number of chicken −0.48
Number of animal species 0.95

Automatic selection ˃ 0.3; the higher the component value, the better the factor for each component; (*) Rice harvest in “daba”, a local unit with 1 daba ≈15.24 kg;
Monetary units (i.e. income factors) are expressed in Malagasy Ariary (MGA)
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Appendix 8

Table 10 Summary results of times series analysis using ARIMA model for contracted and non-contracted vanilla households in the SAVA region,
north-eastern Madagascar

Indices FSI Share of ASF_protein in diets

Model and parameters Contracted household Non-contracted household Contracted
household

Non-contracted household

Model type ARIMA (0,0,0) (0,0,0) (0,0,0) (0,0,0)

Coef. 0.53 0.62 20.65 16.70

Std.Error 0.02 0.02 2.26 1.55

(σ2) 0.00 0.01 66.85 31.32

Log Likelihood 15.60 14.10 −41.72 −37.17

AIC −27.20 −24.19 87.44 78.34

BIC −26.23 −23.22 88.41 79.31

Z-value 27.60 28.96 9.14 10.80

Pr(>|z|) p=<0.001 p=<0.001 p=<0.001 p=<0.001

Ljung-Box Test, lags=4 Q-stat 3.56 1.05 0.88 2.16

DF 3.00 3.00 3.00 3.00

p 0.31 0.79 0.83 0.54

MAE 0.06 0.06 0.06 6.73

RMSE 0.07 0.07 0.07 7.83

MannKendall 0.54 0.54 0.37 0.95

Number of points used for each model is equal to 84 (i.e. 7 days per month during 12 months)
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