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Abstract 

Background: The prevalence of food insecurity in Mozambique is alarming, despite progress made during the 2010s. 
Several studies apply different proxy indicators of food security (FS) to assess the FS situation. However, these studies 
overlook the factors affecting FS, using only a single data point that results in an incomplete picture of FS. Food secu-
rity is expected to fluctuate, being better and worse than what studies suggest. Using a sample of 296 households to 
assess FS, key drivers conditioning households’ capacity to achieve FS in Gurué District, Central Mozambique, are iden-
tified. Data were collected in the pre-harvest period and during the harvest period to capture relevant interseasonal 
variation of FS. Household FS is assessed using three standard indicators: Household Dietary Diversity Score (HDDS), 
Household Food Consumption Score (HFCS), and Months of Adequate Household Food Provisioning (MAHFP).

Results: Each household was classified into a specific FS status depending on the indicator applied. Generally, most 
households were classified as being severely or moderately food insecure during the pre-harvest season, while dur-
ing the harvest season, medium and high levels of FS predominated. Nevertheless, varying outcomes were found 
depending on the indicator used to assess FS. MAHFP and HDDS are more related to the consumption of farm-
sourced food, while HFCS responds more strongly to purchased food. Gender and age of the household head, geo-
graphic location, size and quality of land, staples production (especially cassava), livestock and crop diversity, as well as 
cash crops had a statistically significant effect on FS indicators.

Conclusions: The study concludes that the decision whether farmers should rely on staple foods production for 
increasing their FS status or specialize on cash crops production to generate income and buy food depends on the 
indicator used to assess FS, since each indicator captures a specific domain of food security. Thus, one central recom-
mendation derived from our results is that policy makers should promote a balance between market-oriented agricul-
ture and subsistence production to achieve FS.
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Background
Nearly 19% of the population in Sub-Saharan Africa 
(SSA) is undernourished [1]. In Mozambique, despite the 
progress made in reducing chronic food insecurity (FI), 
it is estimated at 24% [2] and 42.3% of children under the 
age of 5 are stunted [3]. A study conducted by [4] finds 
that 42–67% of households in Central Mozambique have 
experienced hunger during the pre-harvest period. The 

Open Access

Agriculture & Food Security

*Correspondence:  custodio.matavel@zalf.de
1 Leibniz Centre for Agricultural Landscape Research (ZALF), Eberswalder 
Str. 84, 15374 Müncheberg, Germany
Full list of author information is available at the end of the article

http://orcid.org/0000-0002-3800-7887
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40066-021-00344-3&domain=pdf


Page 2 of 15Matavel et al. Agriculture & Food Security            (2022) 11:7 

prevalence of undernourishment for children under the 
age of 5 in Gurué district, which is also located in Central 
Mozambique, is estimated at approximately 50% [5, 6]. 
Reasons for this include frequently occurring natural dis-
asters [7], climate change [8], and destructive crop pests 
that hindered adequate agricultural production [9]. The 
latter negatively affects livelihoods in multiple ways, since 
approximately 80% of the economically active population 
work in the agricultural sector [10] and, therefore, may 
be at risk of FI. This situation is likely to worsen in the 
context of the COVID-19 crisis [11], potentially trigger-
ing irreversible long-term consequences [12].

Studies on the impacts of FI on people’s well-being 
indicate that it is associated with reduced physical health 
[13], maternal and child underweight [14], poor mental 
health [15], stress [16], as well as high-risk sexual behav-
ior (e.g. in SSA) [17]. It is likely to also negatively affect 
educational outcomes [18] and the ability of mothers to 
adopt exclusive breastfeeding practices [19]. Therefore, 
achieving food security (FS) is necessary and urgent. 
It is prominently acknowledged by the United Nations 
through Sustainable Development Goals 2 and 3 (end 
hunger; ensure good health and well-being, respectively) 
[20]. Nevertheless, persistent food crises in the Global 
South has led many stakeholders, including policy mak-
ers and academics, to redefine the concept of FS. This has 
also resulted in various changes to the approaches used 
by governments and aid organizations to address FI [21].

The debate over the FS concept has evolved from the 
adequacy of country-level food supplies to dietary energy 
adequacy at the household and individual levels, plus, 
currently, consideration of the economic, social, nutri-
tional, and psychological factors [22]. FAO [23] define 
FS as access to an adequate supply of sufficient, safe, and 
nutritious food that meet people’s dietary needs and food 
preferences for an active and healthy life. It involves three 
physical dimensions namely, availability, accessibility, and 
utilization, along with one temporal dimension, stability 
[24].

A critical aspect for strategies to achieve FS is the iden-
tification of food insecure households or individuals and 
the characterization of the nature of their insecurity 
through measurements. This provides the basis for moni-
toring the progress and impact of FS programs [25]. Thus, 
multiple indicators have been proposed and applied as a 
way to identify and monitor those most in need of food 
security interventions. However, these indicators are 
quite heterogeneous [26] and a single measure cannot 
capture all its dimensions [27], thus producing mixed 
results [28]. In Mozambique, for example, several stud-
ies, conducted in different regions and applying different 
proxy indicators of FS, have found different results. Prox-
ies applied include households’ perception of FS [29], 

food expenditures [30, 31], number of calories obtained 
by each household [32], the frequency with which house-
holds have experienced different food access challenges 
[33], and household food insecurity access scale [34].

Furthermore, the literature on FS measurement cat-
egorize FS indicators into two groups, one group uses 
indirect approaches to measure adequacy of food con-
sumption (e.g. dietary diversity and food consumption 
scores), while the other directly measures behaviors and 
lived experiences of household food security (e.g. food 
insecurity experience scale) [22, 35]. Hence, the applica-
tion and the comparison of different FS indicators as well 
as the use of mixed methods are required to holistically 
analyze and describe FS [36]. Moreover, some indicators 
capture only one FS dimension, while others combine 
two or more of these dimensions. Nevertheless, there are 
indicators that are not clear about which FS dimension 
they measure [35] and there is still lack of consensus on 
the effectiveness of most of indicators used to monitor 
the progress of FS [22]. All indicators have strengths and 
weaknesses; thus, one must take into account the trade-
offs while selecting an indicator. The selection of appro-
priate FS indicators should always take into account the 
dimension of food security that is intended to be meas-
ured and if the purpose is to take a more holistic view of 
the food security situation, the use multiple indicators is 
preferable over a single indicator [35, 36].

Mawoko et al. [37] and Fitawek and Hendriks [38], use 
multiple FS indicators to provide a holistic picture of 
FS status at the household-level in different regions of 
Mozambique, including Gurué district, and examined the 
effects of large-scale agricultural investments on house-
hold FS. However, these studies only used data collected 
at one point of time and overlooked other key drivers 
conditioning households’ capacity to achieve FS; thus, 
giving an incomplete picture of FS, which is expected to 
fluctuate to the better or worse than what is shown in 
these studies. In our study, we attempt to close this gap: 
(1) using data collected in the pre-harvest period and 
during the harvest period to capture relevant intersea-
sonal variation of FS; (2) combining three FS indicators 
to capture household access to sufficient food quantity 
(energy), food quality (nutrient adequacy), and stability 
over a one year period; and (3) exploring the underlying 
drivers of FS at household-level in Gurué District, Cen-
tral Mozambique.

Study area
The study was conducted in two villages situated in 
Gurué district: Lioma (15°10′33.3"S 36°48′21.8"E) 
and Mepuagiua (15°46′26.4"S 37°03′38.5"E) (Fig.  1). 
The district is located in the north of Zambézia prov-
ince, central Mozambique, bordering the Republic of 
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Malawi. The total area of Gurué is 565,000 hectares 
and the population is estimated at 431,000 inhabitants, 
which corresponds to 7.7% of total population in Zam-
bézia province and a population density of 76 individ-
uals per   km2 [39]. This area has two seasons: a rainy 
season, with temperatures between 30  °C and 40  °C, 
and a dry season with, temperatures ranging from 
17  °C to 20  °C. The average annual rainfall is about 
1800  mm. The main activities practiced by the popu-
lation are agriculture and animal husbandry (chick-
ens, ducks, and pigs) [39]. The agricultural activities 
occupy a total area of 147,760 ha, of which 10,080 ha 
(7%) are used primarily for large-scale commercial 
production; the remaining 137,680 ha (93%) is used for 
small-scale farming. The majority of the small-scale 
cultivated area is under food crop cultivation, mostly 
maize, cassava, and sorghum [40].

Results
Household characteristics
The majority of households, 71% in Mepuagiua and 80% 
in Lioma, are headed by men. Only 10% of the house-
holds in Mepuagiua have a non-farm income source, 
while in Lioma, 23% of the households practice activi-
ties other than agriculture (Fig.  2). According to the 
results presented in Table 1, the mean age of household 
heads in Mepuagiua (37  years) was higher than that 
of Lioma (33  years) (p < 0.05); nevertheless, in Lioma, 
farmers are better educated (p < 0.001). The mean farm 
sizes are not statistically different and overall crop 
diversity is higher in Lioma (p < 0.001). Moreover, there 
are no statistically significant differences with regard 
to mean household size between both study areas. In 
Mepuaguia, there is more diverse staple foods produc-
tion with dominance of sorghum and very little cash 
crop production (Fig. 3).

Fig. 1 Location map for the study area
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Household food security status
The household FS categories, classified via different FS 
indicators, are shown in Table 2. The majority of house-
holds in Mepuagiua (52%) fall into the low dietary 
diversity category when the HDDS is applied in the pre-
harvest period, whereas in Lioma, the majority (68%) 
has a medium dietary diversity. Only 2% and 1% of the 
households fall within high dietary diversity category in 
Mepuagiua and Lioma, respectively, and, thus, can be 
assumed as food secure in pre-harvest period. However, 
during the harvest period, many households move into 
the high dietary diversity category. In Lioma, the majority 
(50%) present high dietary diversity and only 5% fall into 
low dietary diversity category. In Mepuagiua, households 
also increase their dietary diversity during the harvest 
period, with 45% having medium diet diversity and 37% 
having high diet diversity.

Moreover, results reveal similar trends between both 
study sites with regards to HFCS. The majority of the 

households (88% in Lioma and 89% in Mepuagiua) had 
a poor HFCS (HFCS ≤ 21) in the pre-harvest period. 
However, during the harvest period, the majority of the 
households are categorized as borderline. High food 
insecurity levels were also found with respect to MAHFP 
in the pre-harvest period. The majority of the households 
(65% in Mepuagiua and 71% in Lioma) had less than 5 
MAHFP, while only 3% in Mepuagiua and 8% in Lioma 
were least food insecure. In the harvest period, the level 
of food insecure households decreased to 42% in both 
study sites.

Factors affecting household food security
We used generalized ordered logit models (GOLM) with 
partial proportional odds (PPOM), fitted in Stata with a 
user-written program, gologit2 [41] (see Additional file 1 
for detailed output results). According to the PPOM 
results presented in Table  3, the variable Age violates 
the parallel line assumption in the model fitted for the 
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Table 1 Socioeconomic characteristics of the households in each village

Significant levels: ***1%, **5%, *10%

Variables Mepuagiua (n = 157) Lioma (n = 139) t-test

Average Min Max Sd Average Min Max Sd tCritical p (T ≤ t)

Age of household head 36.9 18 83 14.72 33.2 18 65 10.4 1.969 0.013**

Size of the household 4.89 1 11 2.12 5.2 1 13 2.01 1.968 0.122

Farm size (ha) 1.32 0.2 5 0.85 1.39 0.2 5.5 1.01 1.969 0.565

Livestock diversity 2.73 0 4 0.56 3.06 0 6 1.14 1.971 0.671

Education of household head 4.71 0 10 2.57 5.9 0 16 2.54 1.968  < 0.001***

Crop diversity 3.27 1 9 1.31 3.87 1 9 1.68 1.969  < 0.001***
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dependent variables HDDS and MAHFP, meaning that 
their effect change across equations. The size of house-
hold and season also violates the parallel line assumption 
for HDDS and MAHFP, respectively. Therefore, age, size 
of household, and season have gamma ( γ ) coefficients 
that are statistically significant (p value < 0.05). To obtain 
the coefficient for these variables, γ coefficients must be 
added to beta ( β ) coefficients; for example, the coeffi-
cient of season on the low and medium dietary diversities 

versus high dietary diversity is 4.451 (1.976 + 2.475). The 
two alphas ( α ) represent the intercepts of each cut-off 
points of the logit function.

All variables, except size of household, sorghum pro-
duction, and off-farm income, were statistically signifi-
cant at the 5% of significance level for at least one of the 
FS indicators used in this study (cf. Table  3). The mar-
ginal effects of each explanatory variable for FS indicators 
are presented in Table 4.
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Mepuagiua Lioma

Fig. 3 Percentage (%) of households producing specific crop in each village

Table 2 Percentage of households in each food security category

FS indicators Categories Mepuagiua (n = 157) Lioma (n = 139)

Pre-harvest (%) Harvest (%) Pre-harvest (%) Harvest (%)

HDDS High 2 37 1 50

Medium 46 45 68 45

Low 52 18 31 5

HFC Acceptable 0 1 0 2

Borderline 11 54 12 57

Poor 89 45 88 41

MAHFP Least FI 3 27 8 17

Moderately FI 32 31 21 41

Most FI 65 42 71 42
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Two variables are consistently associated with all three 
FS indicators (p value < 0.05), namely, the season and the 
production of cassava. The three FS indicators used in 
this study are higher during the harvest season and for 
households producing cassava, which can also be seen 
from the negative marginal effects on the lower catego-
ries for all three indicators (cf. Table 4).

Geographic location, quality of land, livestock diver-
sity, and rice production are statistically associated with 
two of the FS indicators (p value < 0.05). Farmers located 
in Lioma are more likely to have a higher HDDS and 
MAHFP, as shown by the negative marginal effects for 
the lower categories and positive marginal effects for 
the higher categories. The higher the quality of land, the 
higher the HDDS and MAHFP. The production of rice 
also increases HDDS and MAHFP. Households with 
higher livestock diversity are more likely to have higher 
HDDS and MAHFP. Nevertheless, crop diversity is statis-
tically and positively related to MAHFP and HFCS.

Size of land is an important factor for ensuring ade-
quate food provision throughout the year but does not 
have any influence on HDDS and HFCS. Gender is neg-
atively associated with HFCS, which is also represented 

by the positive marginal effect for the lower category 
(0.126) and negative for the borderline (−0.125). This 
suggests that female-headed households are more likely 
to have a medium (or borderline) food consumption 
score compared to male-headed households. The age of 
the household head only affects HDDS, while the posi-
tive and negative signs of the marginal effect for the low 
and medium dietary diversity, respectively, indicate that 
the older the head of the household, the lower the dietary 
diversity. The production of maize and cash crops only 
have an effect on HFCS.

Discussion
This study assesses the FS situation during the period 
immediately prior to the harvest and during the harvest 
period. It also deepens the analysis of the key drivers 
conditioning household capacity to achieve food secu-
rity in Gurué district. Three FS indicators categorized 
into three levels were used to the capture multidimen-
sionality and the prevalence of more nuanced patterns of 
FS among the households, which are neglected in those 
studies that sort the households into only two catego-
ries, e.g. food secure and food insecure [42]. Generally, 

Table 3 Estimation results of GOLM

n.a, not applicable; Standard errors are presented in parenthesis; Significant levels: ***1%, **5%, *10%

Variables HDDS MAHFP HFCS

Beta

 Season 1.976 (0.238)*** 1.291 (0.175)*** 3.433 (0.310)***

 Gender − 0.174 (0.210) − 0.078 (0.204) − 0.659 (0.286)**

 Age − 0.026 (0.009)*** − 0.010 (0.008) − 0.008 (0.010)

 Geographic location 2.164 (0.433)*** 1.078 (0.429)** − 0.015 (0.598)

 Size of land − 0.114 (0.102) 0.236 (0.099)** − 0.134 (0.137)

 Quality of land 0.788 (0.283)*** 1.090 (0.298)*** − 0.235 (0.397)

 Maize 0.391 (0.253) 0.315 (0.255) 0.907 (0.368)**

 Sorghum 0.041 (0.278) − 0.024 (0.276) 0.314 (0.385)

 Cassava 1.076 (0.314)*** 0.689 (0.303)** 1.150 (0.431)***

 Rice 0.726 (0.235)*** 0.551 (0.228)** 0.327 (0.305)

 Size of household − 0.077 (0.044)* − 0.045 (0.046) − 0.079 (0.060)

 Off-farm income 0.089 (0.242) − 0.070 (0.242) 0.603 (0.324)*

 Livestock diversity 0.053 (0.016)*** 0.043 (0.014)*** − 0.003 (0.018)

 Education 0.066 (0.038)* 0.043 (0.037) 0.041 (0.052)

 Cash crop 0.116 (0.254) 0.349 (0.259) 0.980 (0.350)***

 Crop diversity 0.152 (0.085)* − 0.204 (0.084)** 0.854 (0.122)***

Alpha

 _cons_1 − 1.470 (0.594)** − 1.8827 (0.579)*** − 6.590 (0.887)***

 _cons_2 − 7.429785 (0.829)*** − 5.148 (0.689)*** − 13.082 (1.210)***

Gamma_2

 Age 0.022 (0.011)** 0.020 (0.010)**

 Size of household n.a 0.129 (0.048)***

 Season 2.475 (0.572)*** n.a
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we observe comparably low dietary diversity and pre-
dominantly poor household food consumption during 
the pre-harvest period and a predominance of house-
holds with medium and high dietary diversity and food 
consumption during the harvest season. This is in line 
with our expectation, as our data were collected between 
February and March, the period when food reserves are 
already scarce, and during the harvest period (May and 
June), when access to farm-sourced food is high [43]. As 
stated by [4], in Mozambique household, food security 
is sensitive to seasonal variations. Therefore, our results 
may represent both the lower and upper margins of FS in 
Gurué district.

It is noteworthy that gender is only associated with 
HFCS. According to the results presented in Table  4, 
female-headed households have higher food consump-
tion scores. Due to the weighting system applied by this 
FS indicator, it responds more strongly to animal prod-
ucts, which are generally purchase in the study area. 
HDDS weights all food groups equally, whereas HFCS 
applies different weights to the different food groups [44]. 
Fish, which is mainly purchased in our study area, have 
the highest weight (4), whereas the farm-sourced veg-
etables and main staple, have a low weight (cf. Table 5). 
Thus, using HFCS may result in the highest food insecu-
rity levels for household relying on farm-sourced food 
items. Although, in general, female-headed households 
are often behind male-headed households with regard 
to FS status [42, 45], behavioral differences between 
women and men result in differences with respect to 
how financial resources are spent in male and female-
headed households [46]. While female decision-makers 
may choose to invest their financial resources in food 
expenditures, male decision-makers may spend their 
financial resources on non-food items. In line with this, 
studies also find that low-income women with children 

are motivated to improve the nutritional quality of their 
families and are more likely to consume a nutritious diet 
[47, 48].

Surprisingly, livestock diversity is statistically signifi-
cant only for HDDS and MAHFP. Since HFCS weighs 
food groups differently, we expected households engaged 
in animal husbandry to have higher HFCS. However, this 
may imply that livestock is not used for own consump-
tion, but rather for commercial and other purposes. 
Moreover, off-farm income did not have a statistically sig-
nificant impact on all FS indicators (Table 4), although it 
is often reported as one of the most important drivers of 
FS [49]. Thus, the results of our study may be in line with 
[50], who suggested that in many regions, poor house-
holds tend to spend their income on non-food items such 
as clothing, household appliances, etc., and not necessar-
ily on more nutritious foods. Notably, the production of 
cash crops has a positive influence on HFCS. This may 
suggest that cash crops are important sources of income 
to purchase non-farm-sourced foods, especially those 
with the highest weights (cf. Table 5). According to [51], 
households with cash crops income can purchase more 
appropriate and nutritious foods, thus being more likely 
to have improved food security. Nevertheless, the fact 
that the production of cash crops has a positive influence 
on HFCS while off-farm income does not, reinforces the 
importance of psychological and behavioral factors on 
household income expenditure and food consumption 
patterns [52]. Perhaps the source of income plays a role in 
the decision whether to invest in food or not.

The effect of age is statistically significant for HDDS, 
suggesting that older farmers have lower dietary diversity 
than younger farmers. This negative relationship between 
age and HDDS is also found in other studies [53, 54]. 
Although aged farmers are, in general, more experienced 
and resource endowed as compared to younger farmers 
[55], they may also be more likely to work fewer hours 
per day during the harvest season compared to younger 
household heads, therefore, losing their ability to diver-
sify the diet [53].

The geographic location of the household is a statis-
tically significant factor of food security. Households 
from Lioma are more food secure according to MAHFP 
and HDDS than those from Mepuagiua. This is partially 
explained by the higher crop diversity in Lioma than 
Mepuagiua, likely contributing to greater dietary diver-
sity. The results indicate that crop diversity is one of the 
main drivers of food security, according to MAHFP and 
HFCS. In line with this, many existing studies demon-
strate the link between crop diversity and FS [56, 57]. 
Another possible explanation is that the percentage of 
households that claim to have “good land quality” is 
higher in Lioma (86%) than in Mepuagiua (74%), even 

Table 5 Food Groups and Item used for HFCS calculations

Food group Food items Weight

Main staples (MS) Maize, Sorghum, Cassava, Rice, Potato, 
Sweet Potato, Bread, noodles, yam

2

Pulses (P) Beans, Cowpeas, Mung bean, Groundnuts, 
Pigeon peas, soybean, Bambara Nuts

3

Vegetables (V) Green leafy veg, Tomato, okra 1

Fruit (F) Any fruit consumed during the seven day 
period

1

Meat/Fish (MF) Beef, poultry, pork and fish 4

Dairy (D) Milk, yogurt and other diary 4

Sugar/honey (SH) Sugar and sugar products, honey 0.5

Fats (Fa) Oils, fats and butter 0.5
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though the local definition of “good land quality” might 
differ. Studies demonstrate that this factor significantly 
affects agricultural productivity [58, 59] and is positively 
associated with MAHFP and HDDS (cf. Table 5).

The size of land only drives MAHFP. According to [60] 
and [61], households with larger farm size can have a 
comparably higher level of production diversify and pro-
duce comparably high quantities of food, therefore hav-
ing a higher probability of being food secure. However, 
in our study area, a large farm size does not necessarily 
result in a higher dietary diversity. Rather, it is an essen-
tial mechanism to ensure that food is quantitatively avail-
able in most months of the year.

Our analysis further indicates that the production of 
the staple food crops, except sorghum, is significantly 
related to at least one of FS indicators. Sorghum is usu-
ally less productive and less marketable than other sta-
ples [62], thus it does not have a significant impact on FS. 
Rice, maize, and cassava are the most consumed crops in 
Mozambique [63]. Cassava ranks first in terms of aver-
age daily caloric intake by households in Mozambique 
(678 kilocalories per capita per day), followed by maize 
(478 kcal per capita per day) and rice (166 kcal per capita 
per day) [64]. According to our results, maize has a posi-
tive relationship only with HFCS, rice is associated to 
MAHFP and HDDS, while cassava is positively related to 
all three indicators. This might indicate that, although all 
food crops play an important role in ensuring at least one 
dimension of household food security, cassava is used 
as both a subsistence crop (ensuring household access 
to calories) and a market crop (allowing households 
to sell surplus and re-invest into other food groups). In 
addition, cassava is a drought-tolerant crop and has a 
low-cost vegetative propagation. Thus, it might improve 
households’ ability to absorb weather-induced failures in 
the production of other staple crops. Maize, however, is a 
seasonal crop, prone to weather shocks such as droughts 
and floods [65]. Moreover, the simple in-ground storage 
and perennial nature of cassava offers a flexible harvest-
ing calendar that enables farmers to adjust harvested 
quantities throughout the year [66]. Likewise, local rice 
is resistant to floods [67] and usually goes through man-
ual processing [68], thus it remains stored for a slightly 
longer period, which increases its availability to the 
households over the year but is less likely to simultane-
ously satisfy the households needs and produce market-
able surplus. Although the staple food crops are mostly 
grown for household consumption [40], maize and cas-
sava are positively related to HFCS. This is because they 
are important sources of marketable surpluses that can 
improve income and the ability to re-invest into other 
food groups [69]. In fact, more than 50% of households 
sell at least a part of the maize they produce. In general, 

however, in our study region, farmers consume approxi-
mately 60% and sell 40% of their agricultural products to 
cover non-food household expenses [62].

The percentage of food secure households differs 
depending on the individual indicator applied (Table 4). 
This underlines that each indicator reflects the eventual 
output of the different FS dimensions (especially avail-
ability, access, and stability) [27]. Maxwell et  al. [28] 
likewise find that different food security measures can 
produce divergent results. Although, HFCS and HDDS 
share a common emphasis on dietary diversity as a 
proxy for household food access and are both correlated 
with total per capita food and non-food expenditures, 
they are not interchangeable [44]. Unlike HDDS, the 
weights applied by HFCS do not reflect per capita calo-
ries intake but rather reflect the quality of the diet [70], 
since including animal source foods, fruits, vegetables, 
and dairy products in the diets increases the intake of 
essential micronutrients [71]. This is an important aspect 
as programs to overcome FI may follow different agri-
cultural production strategies, depending on the indi-
vidual food security indicator applied or weighted most. 
Policies aiming to raise, for example, diet quality would 
promote more market-oriented agriculture with the aim 
of improving HFCS, while an increase of calories intake 
may be achieved when production for own consump-
tion is promoted. Hence, our findings support the idea of 
a fair balance between the production of cash crops and 
crops for own consumption [72]. MAHFP has a recall 
period of 12 months and, thus, it is a useful tool to cap-
ture food stability [73], as it shows households’ ability to 
address vulnerability over the year.

Food utilization is an essential dimension of FS that 
encompasses the nutritional quality of food within 
households and the bioavailability of nutrients in those 
foods. The traditional proxy measure of food utiliza-
tion is the use anthropometric measurements, e.g. 
nutritional status, to understand whether food is allo-
cated equally to all individual household members [35]. 
Nevertheless, our study is conducted at household 
level, thus unable to capture this dimension. There-
fore, it is essential for future research to combine the 
self-reported consumption patterns with some FS out-
comes, i.e., anthropometric measures, to understand 
whether food is allocated equally to all individual 
household members. This generates more complete 
information for policy makers and development agen-
cies. The short recall period applied by HDDS and 
HFCS (7  days) represents another limitation of this 
study, though these indicator are very useful and sensi-
tive enough to show dietary diversity at the household 
level [27].
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Conclusions
In this study, we investigate the FS situation and its 
drivers at the household level in Gurué District, Zambé-
zia province, central Mozambique by applying different 
indicators (HDDS, HFCS, MAHFP). In general, we find 
very critical levels of food insecurity among households 
during the pre-harvest season and relatively high levels 
of food security during the harvest season. However, 
varying outcomes are found depending on the indicator 
used to assess FS. Thus, the decision whether farmers 
should rely on staple foods production for increasing 
their FS status, or specialize in cash crop production 
to generate income and buy food items depends on the 
indicator used to assess FS. For instance, MAHFP and 
HDDS are more related to the consumption of farm-
sourced food, while HFCS responds more strongly to 
purchased food. As such, combining different food 
security indicators is an important strategy to holisti-
cally assess the food security status of the local popula-
tion. In our analysis, we find that gender and age of the 
household head, geographic location, size and quality of 
land, staples production (especially cassava), livestock, 
crop diversity and cash crops are important drivers of 
at least one of FS indicator. Thus, one central recom-
mendation derived from our results is that relevant 
stakeholders can improve FS by promoting a balance 
between market-oriented agriculture and subsistence 
production, as well as by supporting farmers whose 
land is of low quality, e.g., by teaching composting tech-
niques to enhance agricultural productivity. To reduce 
the seasonality of food security, policy makers and rel-
evant agencies must direct their efforts at increasing 
access to irrigation technologies to offset the drought-
related shocks that occur during the dry season.

Methods
Study and sample design
In this study, the purpose is to assess the prevalence 
and the factors associated with FS during the period 
immediately prior to the harvest and during the har-
vest season, thus, a two-wave panel study design is 
used to collect both qualitative and quantitative data. 
Study participants were randomly selected from lists 
provided by the local administrative office and train-
ing records provided by local extension services. Before 
selecting the households, we combined the two lists 
and removed duplicates. The sample size was deter-
mined using the equation by [74]:

where n = sample size; Z = abscissa of the standard nor-
mal curve (Z = 1.96 for 95% confidence); p = proportion 

n =
Z2

∗ p ∗ q

d2
,

of agriculture-based households (0.9 for Lioma e 0.89 
for Mepuagiua); d = error set at 0.05; and q = 1− p . The 
resulting sample sizes are demonstrated in Eq. 2.

where nL = total sample size in Lioma and nM = total 
sample size in Mepuagiua. Nevertheless, one and seven 
additional households were included in the samples 
in Lioma and Mepuagiua, respectively. Thus, the sur-
vey covered 296 households (n = 157 in Mepuagiua and 
n = 139 in Lioma).

Data collection
We use panel data that was collected in two waves 
through a semi-structured household survey question-
naire. The first wave took place in February and March 
2020 and the second wave in May and June 2021. Priority 
was given to household heads as responding individuals. 
Nonetheless, the head of the household was not available 
in 58 (32 in Mepiagiua and 26 in Lioma) and 47 (24 in 
Mepiagiua and 23 in Lioma) of the selected households 
in the first and second waves, respectively. Thus, in these 
households, we interviewed any available adult house-
hold member (> 18  year old). All respondents agreed 
to participate in the survey and signed a consent form, 
translated into the Portuguese language. Through the 
survey, we collected data on household socio-economic 
characteristics and demographics, crop production and 
food consumption patterns focusing on specific FS indi-
cators (HDDS, HFCS and MAHFP). To access the full 
dataset, see Additional file 2.

Indicators of food security
In this study, we select indicators that capture household 
access to sufficient food quantity and quality, namely, 
Household Dietary Diversity Score (HDDS), Household 
Food Consumption Score (HFCS) [35, 75]. The stability 
of FS over a period of 1  year is assessed using Months 
of Adequate Household Food Provisioning (MAHFP) 
[73]. These indicators are detailed in the following 
sub-sections.

Household dietary diversity score (HDDS) The HDDS 
is a proxy measure of household nutrient adequacy 
[76]. It lists the number of different food groups con-
sumed over a given reference period [77], thus captur-
ing dietary quality within a household [76]. Households 
were asked to report the foods (meals and snacks) that 

(1)nL =
1.962 ∗ 0.9 ∗ 0.1

0.052
= 138

(2)nM =
1.962 ∗ 0.89 ∗ 0.11

0.052
= 150,
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they ate or drank during the 7 days prior to the survey to 
capture variability in intake. Subsequently, the food items 
were grouped into 12 food groups, as defined by Ken-
nedy et  al. [78], to calculate the HDDS for each house-
hold: Cereals, fish and seafood, root and tubers, pulses/
legumes/nuts, vegetables, milk and milk products, fruits, 
oil/fats, meat/poultry, sugar/honey, eggs and miscellane-
ous. Values for the food groups were either 1 (consumed) 
or 0 (not consumed). Thus, HDDS is the total number of 
food groups consumed by household members. House-
holds were classified as having low (HDDS ≤ 3), medium 
(HDDS = 4–6), or high dietary diversity (HDDS = 7–12).

Household food consumption score (HFCS) The HFCS 
is a widely applied food security indicator that is cal-
culated using the frequency of consumption of differ-
ent food groups by a household during a 7  days period 
[79]. Household members were asked the question: 
“How many days in the past 7  days prior to the survey 
did the household eat each of the food items presented in 
Table 1?” Following this, the data were grouped into three 
food consumption groups, subsequently combined into 
a composite score using standardized weights (Table 5). 
We created the food consumption groups using standard 
thresholds, classifying a household’s food consumption 
as being poor (HFCS ≤ 21), borderline (HFCS = 21.5–35), 
or acceptable (HFCS > 35) [79]. HFCS is calculated by 
Eq. 3 (respective abbreviations are displayed in the sub-
sequent Table 5).

Months of adequate household food provisioning 
(MAHFP) The MAHFP is an indicator that captures the 
consistency of food availability throughout a 12  months 
period [73]. Respondents were asked to identify in which 
of the last 12 months they had access to sufficient food to 
meet their household needs, jointly defined with villagers 
as the months they could have at least three meals a day. 
Values for each month were either 1 (yes) or 0 (no). There-
fore MAHFP was the total number of months all household 
members could have three or more meals a day. House-
holds were classified as most food insecure (MAHFP ≤ 5), 
moderately food insecure (MAHFP = 6–9), or least food 
insecure (MAHFP = 10–12).

Data analysis
Descriptive statistics
The first step of data analysis was to determine the profile 
of farming activities and the socio-economic characteris-
tics of the study area. We computed basic descriptive sta-
tistics to provide summary statistics of the data. Frequency 

(3)

HFCS =(MS ∗ 2)+ (P ∗ 3)+ V + F + (MF ∗ 4)

+ (D ∗ 4)+ (Fa ∗ 0.5)+ (SH ∗ 0.5)

distributions and percentage were used for categorical vari-
ables. Mean, minimum, maximum, and standard deviation 
were used for continuous variables. Due to the differences 
in sample sizes, Welch’s t test was used to compare the 
means of the two study sites [80].

Generalized ordered logit model (GOLM)
The food security indicators used is this study were cat-
egorized into three levels (cf. Table 2), coded as 0 = lower, 
1 = medium and 2 = higher level. Thus, these indicators 
represent the level of FS in an ordinal scale with the level 
j = 0 being the minimum value of the indicators (low = 0 for 
HDDS; poor = 0 for FCS; most FI = 0 for MAHFCS). For 
such ordinal dependent variables, ordered logit model is 
generally suggested [81]. However, the ordered logit model 
must meet the proportional odds assumption (also known 
as parallel line assumption), such that the coefficients of 
explanatory variables on different levels of the dependent 
variable are the same across different cut points [82], but 
this is usually not the case [41]. In this study, we initially 
applied the ordered probability models, however, the Brant 
test [83] suggested that the parallel line assumption was 
violated, which means that a subset of variables has a vary-
ing coefficient. Thus, to identify the factors that affect the 
different food security indicators, we applied the general-
ized ordered logit models with partial proportional odds 
model (PPOM) for each FS indicator (MAHFP, HFCS, 
and HDDS) using the program gologit2 in Stata [41]. This 
model is already applied in studies assessing factors associ-
ated to food security, e.g., Akbar et al. [84] and Ayele et al. 
[85]. PPOM relaxes the restriction of parallel line assump-
tion, allowing one or more coefficients to differ across 
equations while others can be the same for all equations. 
The general model is presented in Eq. 4.

where Yi is the recorded FS category for household i . 
P
(

Yi > j
)

 is the probability of a household i be in a given 
FS category. j is the number of categories or cut points. 
αj is the regression intercept of each category. m is the 
number of categories of the FS indicators (c.f Table  2). 
Xi1 is the vector of explanatory variables that violate the 
constraint of parallel line assumption. βj1 is a vector of 
regression coefficients that varies across the category. Xi2 
is the vector of the rest of the explanatory variables with a 
vector of regression coefficients β2.

As we intended to have more parsimonious layout to 
easily pinpoint the variables violating the assumptions, 
we used a gamma parameterization (see Additional 

(4)
P
(

Yi > j
)

=
exp

(

αj + Xi1βj1 + Xi2β2
)

1+
[

exp
(

αj + Xi1βj1 + Xi2β2
)] ,

j = 1, 2, . . . ,m− 1
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file 1 for detailed output results), an equivalent form of 
partial proportional odds model proposed by Peterson 
et al. [86]. The model is presented in Eq. 5.

where Ti is the vector of explanatory variables that vio-
late the assumption of proportional odds. β is the effect 
of variables that have the same coefficients for all possible 
pairs of FS categories, while γi is the differential effect of 
the variables on each pair of FS categories and indicate 
the extent to which the parallel regression assumption is 
violated by the variable. Each explanatory variable violat-
ing the parallel line assumption has one β coefficient and 
m− 1 γ coefficients [41]. Thus, if γi = 0 the model would 
reduce to the ordered logit model [87]. The explanatory 
variables used in PPOM and the expected signs are sum-
marized in Table 6. These variables were selected due to 
their potential explanatory power for food security, based 
on prior identified publications.

The age of the household head is a continuous vari-
able that is used as a proxy for farming experience [88, 
89]. Older farmers are assumed to be more experienced 
and resource endowed as compared to younger farm-
ers [55]. Thus, we expect in our study that food security 
increases with age. Education of the household head 
is expected to have a positive impact on FS, as edu-
cated farmers are better able to obtain information on 

(5)
P
(

Yi > j
)

=
exp

(

αj + Xiβ + Tiγi
)

1+
[

exp
(

αj + Xiβ + Tiγi
)] ,

j = 1, 2, . . . ,m− 1

improved agricultural techniques and new economic 
opportunities, thereby increasing their productiv-
ity [90, 91]. Moreover, it is already demonstrated that 
education positively affects FS [92–94]. The knowl-
edge gap and gender differences in access, control, and 
use of assets is a major concern of gender studies in 
agriculture [95, 96]. Therefore, we expect differences 
between male and female-headed households with 
regards to food security status. This is a dummy vari-
able equaling 1 if the household head is male and 0 if 
the household head is female. The size of the household 
is the total number of people that depend and live in a 
household. Although some literature suggests that lager 
households may reflect household labor available for 
agricultural activities [51], we expect households with 
a larger number of people to be less food secure, since 
larger households have a higher burden to feed [61, 88]. 
Geographic location is a dummy variable that is equal 
to 1 for a household located in Lioma and 0 for house-
holds in Mepuagiua. Due to differences in some socio-
economic characteristics, we expect differences in food 
security status between the two villages.

Households with off-farm and cash crop income can 
purchase more appropriate and nutritious foods, thus 
improving food security [97]. As such, we expect these 
households to be more likely to be food secure than those 
without non-farm and cash crops income. These are 
dummy variables that equal 1 for households with non-
farm and cash crops (soybean and/or tobacco) income 
and 0 otherwise. Livestock and crop diversity represent 

Table 6 Explanatory variables used in the regression analysis

a Soybean and tobacco are the major cash crops in the study area

Variable Description Expected 
signs

Age Age of household head in years  + 

Education Numbers of schooling years of household head  + 

Gender Gender of household head (1 = male, 0 = female)  + 

Household size Number of household members −
Extra income Off-farm/non-farm income (1 if yes, 0 if no)  + 

Livestock diversity Number of animal species raised by the household  + 

Location Household location (Lioma = 1; Mepuagiua = 0)  ± 

Farm size Farm size in hectares  + 

Land quality Perception of having good land fertility (good = 1; bad = 0)  + 

Crop diversity Number of crop species produced by the household  + 

Maize Maize production (1 if yes, 0 if no)  + 

Sorghum Sorghum production (1 if yes, 0 if no)  + 

Rice Rice production (1 if yes, 0 if no)  + 

Cassava Cassava production (1 if yes, 0 if no)  + 

Cash  cropsa Soybean and/or Tobacco production (1 if yes, 0 if no)  + 

Season Period of data collection (1 = harvest season, 0 = pre-harvest season)  + 
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the number of animal and crop species raised and pro-
duced by a household, respectively. Livestock ownership 
represents an additional source of subsistence, income, 
and nutritional requirements [88]. Furthermore, several 
studies demonstrate the link between crop diversity and 
FS [54, 56, 57]. Therefore, we expect these variables to 
have a positive relationship with FS.

Farm size is a continuous variable and measured in 
hectares. In this study, we expect households with 
larger farm sizes to have higher probability of being 
food secure, since they can diversify production and 
produce more quantities [60, 61]. Moreover, we expect 
the production of staple foods to be significantly related 
to FS. Staple foods represent the foundation for food 
security and an adequate diet [98]. They are sources 
of marketable surpluses that can improve income and 
the ability to purchase foods other than those pro-
duced within the household [69]. Rice, sorghum, maize 
and cassava were selected in this study, as they are the 
most produced and consumed staple crops in the study 
region. Each staple crop represented a dummy variable 
that equals 1 if the crop was produced by the house-
hold and 0 otherwise. Quality of land is a dummy and 
represent the perception of having good land fertility. It 
is equal to 1 if the household assumes it has good land 
quality and is expected to be positively related to food 
security. The definition of “good” is based on the indi-
vidual farmers’ assessment of their own land. Season is 
an important factor for food security in Mozambique 
[4], thus, we expect an increase of food security during 
the harvest season.
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