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Abstract
Background
Over the years the Government of Malawi has launched several initiatives to improve food security in the country. Despite these efforts there have been limited improvements in food security, raising the spectre of persistently elevated levels of food insecurity. Efforts to reduce food insecurity may involve women who play a central role in the production, processing, preparation and control of vital livestock products for food security. However, women’s ability to achieve food security is limited by their lack of access to productive resources and limited ability to participate in decision-making. The main objective of this study is to estimate the impact of women’s empowerment in household livestock production and marketing decisions on household food security.

Methods
This study uses data from a proportionate random sample of 400 households in two major livestock producing Extension Planning Areas in the Nsanje district to estimate the relationship between women’s empowerment and household food security in rural households in Malawi.

Results
Tobit regression results show that the empowerment of women in the livestock sector, especially in decisions pertaining to agricultural production, nutrition, and income control, improves household food security. In addition, factors such as household income, household size, and the main occupation of the household head play a significant role in ensuring household food security.

Conclusion
The results suggest that nutrition-sensitive programmes should target women’s agency in livestock production and nutrition decisions for improved food security among rural households in Malawi. As part of their food security strategy, Government of Malawi could develop programs to sensitize households on the importance of enhancing women’s agency in agriculture and nutrition decision-making, while also providing targeted income-support for women.
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Background
Food security is an important development priority as evidenced by its inclusion in the 2030 United Nations Agenda for Sustainable Development (UN, 2030). However, food insecurity remains a significant challenge across the world despite efforts by countries to implement strategies to eradicate it and ensure improved nutrition [20]. The percentage of the world’s population affected by severe/moderate food insecurity increased from 23.2% in 2014 to 26.4% in 2019. Furthermore, economic slowdown and interruptions in food value chains following the COVID-19 pandemic have worsened the food insecurity situation. The prevalence of undernourishment (POU) increased to 9.9% in the year 2020 compared to 8.4% in 2019, after remaining constant from 2014 to 2019 [22].
Malawi’s food security is often associated with adequate access to staple food needed for a household to meet the caloric needs of its members [2, 38]. This traditional way of measuring food security misses the importance of quality of dietary intake because it lacks consideration of the intake of nutrient-rich foods, whose consumption are usually in small quantities or not at all, especially in rural areas [35]. Food security is an important priority area for agriculture in the country, while nutrition is still considered a health issue. Furthermore, the country’s previous food security policies only partly addressed food security because of their limited focus on nutrition [2].
Factors such as poor agricultural planning and practices, unreliable rainfall, overdependence on rain-fed agriculture, high levels of extreme poverty and gender inequalities have contributed to food insecurity in Malawi [2]. The country experienced a drop in the occurrence of severe food insecurity among its population from 53.9% in 2014 to 51.8% in 2019. Despite this drop, the figure remains the highest in Sub-Saharan Africa, surpassing the regional average of 24.6% [21, 31]. This situation has no doubt been exacerbated by the COVID-19 pandemic. According to Dzimbiri et al. [17] COVID-19 lockdowns worsened food insecurity in urban areas of Blantyre Malawi by impairing their ability to maintain their livelihoods.
Malnutrition is a major problem in Malawi. Approximately 39% of children below the age of five are stunted and three percent are wasted; the prevalence of stunting is approximately 29.1% [31]. In addition, 63% of children are anaemic [57, 68]. These indicators show that most Malawian diets are not rich in nutrient dense foods and are also lacking in regards to quality and quantity [1, 2]. Much effort is still needed to reduce the prevalence of undernourishment in the population, a figure that has been rising from 17% in 2015 to 18.8% in 2019 [23].
The impacts of food insecurity are felt by people of all ages [34]. Food insecure children have a higher chance of becoming anaemic and tend to recover slowly from illnesses [18]. Furthermore, chronic undernutrition in children is associated with cognitive development problems [20, 36]. Notable effects among food insecure adults include low levels of nutrient uptake and increased physical and mental health problems [42]. Furthermore, food insecure adults experience higher levels of stress, anxiety, and depression, and have a higher risk of chronic diseases [34, 69]. These consequences of food insecurity raise concerns at both the household and national levels.
Livestock farming provides both opportunities and challenges to women in developing countries. They can more easily obtain livestock assets compared to immobile assets such as land [26]. However, women face several challenges in livestock production and marketing. For instance, despite women managing larger herds of livestock than men, they control fewer valuable species and earn less even though they are more commercially-oriented [27, 56]. Furthermore, in instances where they own livestock, they face limited access to marketing opportunities. In addition, they represent the world’s poorest livestock keepers despite being actively involved in livestock farming [26, 56].
Over the years, Malawi has launched multiple initiatives to achieve food and nutrition security. These include the 2005 Farm Input Subsidy programme which was implemented in 28 districts and was aimed at increasing food self-sufficiency for farmers who could not afford the resources to produce maize [15]. Similarly, Malawi participates in the Scaling up Nutrition (SUN) programme, a multi-sectoral approach to addressing malnutrition at the community level [72]. Under SUN, a stunting prevention programme was implemented in the Central region. In addition, the country has been implementing cash transfer programmes since 2006; this is aimed at improving food security through the provision of cash to the poorest 10% of labour constrained households across the country [47]. Recently, the government developed the Multisectoral Nutrition policy, which aims to promote better nutrition for the population through a multifaceted approach involving the government, the private sector and civil society. The National Agriculture Policy (NAP) represents another attempt by the Malawian government to promote food security through increased production of diversified food crops for better nutrition [2].
Despite the government’s food security initiatives, there have only been limited improvements in food security in Malawi, raising concerns among policymakers due to pernicious effects of food insecurity, especially on vulnerable populations [2]. When designing food security initiatives, government should consider women’s role in household food and nutrition decisions. Women play a leading role in food production, processing, and preparation and hence maintain a significant responsibility in ensuring food security in developing countries [19, 39, 65]. They control vital livestock products for food security and are the main food producers [56]. However, their ability to achieve food security is constrained by their lack of access to productive resources and inability to participate in much of the decision-making. Women in developing countries have limited control over productive resources and lack decision making authority [41].
Evidence suggests that increasing women’s access and control over productive resources contributes to the achievement of food security because unlike men, women are more likely to spend their income on food [44, 61]. Furthermore, raising livestock provides an opportunity to empower women because they can have greater access and control of livestock and their products compared to other productive resources [26]. Several strategies have been used to empower women in agriculture. While some have focused on empowerment through resources and achievements such as education levels [37, 53], one empowerment dimension that has received far less attention is agency that involves decision-making processes. Therefore, this study seeks to understand how the empowerment of women in livestock decision-making affects household food security.
Although previous studies have provided evidence that the empowerment of women in livestock is necessary for household food security, no study has been conducted in a Malawian context to investigate this relationship. Furthermore, most of the studies have measured the empowerment of women in the agriculture sector using the Women’s Empowerment in Agriculture Index (WEAI), a commonly used tool for measuring women’s empowerment, agency, and their involvement in the agriculture sector [9]. Despite its reliability in most agricultural contexts, the index pays little attention to livestock-related issues and does not investigate how women’s agency in nutrition affects household food security. This study, therefore, uses the Women’s Empowerment in Livestock Index (WELI). This improved index which not only includes livestock related issues, features an additional empowerment dimension on decisions related to nutrition which might offer important insights on how it is related to household food security [27]. The study used the Household Dietary Diversity Score (HDDS), a measure related to the access and utilisation dimensions of food security, as a proxy for food security.
This study provides answers to the following research questions: Firstly, what is the level of women’s empowerment in livestock-dependent households in rural Malawi? Secondly, what is the status of food security in rural Malawian households? Lastly, how, and to what extent, does the empowerment of women in livestock dependent households affect household food security?
The results provide insights into the role played by women’s empowerment in livestock on household food security. Such results will help government and policymakers to develop more inclusive policies for women’s empowerment and ensure better food security in Malawi and other developing countries. In addition, the results will provide useful inputs for any future private sector and international Non-Governmental Organizations (NGOs) activities that aim to empower women for food security. Lastly, the empirical results obtained from this study will serve as a reliable source of information for researchers of this subject. This study will contribute to the empirical literature on the link between women’s empowerment in livestock and household food security.

Data and methods

                           Study area, sampling and data collection
                        
The study was conducted in the Nsanje district, located in Southern Malawi. This region was selected because of its high levels of food insecurity, particularly when compared to other regions [24]. This district is the one that is worst hit by food insecurity because of frequent floods and droughts [52]. Most rural households keep livestock for food, income and as an important safety net for times of crisis. Livestock offer households a good source of protein. Poultry makes a vital contribution to food security, particularly for vulnerable groups such as women [25]. The second important livelihood activity and main source of income after crop production in the Nsanje district is livestock farming [25].
Nsanje district has five Extension Planning Areas (EPAs): (i) Makhanga, (ii) Magoti, (iii) Mpatsa, (iv) Zunde, and (v) Nyachilenda. The researchers purposively selected two livestock dependent EPAs—Zunde and Mpatsa. In 2017, the Zunde and Mpatsa EPAs had projected populations of 20,938 and 16,277, respectively. The researchers used proportionate random sampling to determine the sample size within these two EPAs and randomly selected households whose livelihoods depend on livestock. In total, the researchers interviewed 400 women (225 from Zunde and 175 Mpatsa). Government extension officers assisted with the selection of households from the EPAs. A structured questionnaire was used to conduct face to face interviews and collect data relating to social and demographic attributes, household food security, and women’s empowerment in livestock production and marketing.

Calculating WELI and HDDS
To understand the level of women’s empowerment in livestock dependent households, the study used the WELI tool. The index was used to examine five out of six dimensions (i) agricultural production decisions; (ii) nutrition related decisions; (iii) income use and control; (iv) resources access and control; and (v) opportunities access and control. The study did not use the workload and control over own time dimension because of time limitations.
The WELI questionnaire was administered to women from households whose livelihood was derived from livestock production in the Nsanje district. The index was computed using the five livestock empowerment dimensions mentioned above. Each of these dimensions has its own indicators as described in Table 1. The first step was to assign equal weights of 1/5 to each of the five dimensions [9]. Secondly, indicator weights were calculated by dividing the weight of the dimension by the number of indicators within each dimension. Dimensions such as income control and use, and resources access and control had three indicators and received a weighting of 1/15 each. Decisions related to agricultural production had a weighting of 1/10 since two indicators were used. Lastly, dimensions such as nutrition related decisions and opportunities access and control received a weighting of 1/5 since each had one indicator [9].Table 1WELI dimensions and weights


	Empowerment dimension
	Dimension weight
	Indicator
	Indicator weight

	Agricultural production related decisions
	1/5
	a. Production decisions input
	1/10

	b. Production autonomy
	1/10

	Decisions related to nutrition
	1/5
	a. Nutrition related decisions
	1/5

	Income control and use
	1/5
	a. Farm income control
	1/15

	b. non-farm income control
	1/15

	c. Expense’s control
	1/15

	Resources access and control
	1/5
	a. Ownership and control over land and crop assets
	1/15

	b. Ownership and control over livestock assets
	1/15

	c. Credit access
	1/15

	Opportunities access and control
	1/5
	a. Membership to influential groups
	1/5


The researchers dropped the workload and control over own time dimension from the initial list of empowerment dimensions because it was deemed less relevant to household food security. It also takes more time and resources to administer. The researchers believe that this omission does not affect the study's outcome.



Computation of the WELI was based on an individual’s responses to questions at the indicator level. At the question level, an individual’s response was assessed to find out if they had achieved a minimum level of empowerment for that specific question. According to Galiè et al. [27], a woman achieves a minimum level of empowerment if she solely makes decisions regarding the livestock or provides input into the decision. A woman was considered adequate on questions related to autonomy in production if she is able to act according to personal values (regarding raising the livestock, marketing and income use) and engaged in activities for personal satisfaction rather than to avoid punishment or please others [9]. Furthermore, the minimum level of empowerment for questions related to resources access and control was based on a woman’s sole/joint ownership and control of land, crop and livestock assets and access to credit. Finally, a woman’s membership in influential groups was necessary to achieve minimum empowerment for questions related to access and control of opportunities [9]. To assess empowerment levels at the indicator level, related dummy variables were coded 1 if a woman achieves minimum level of empowerment and 0 otherwise, and summed up to arrive at the number of questions for which the woman achieved the minimum level of empowerment. Following Galiè et al. [27], this study used the one-third threshold for empowerment at the indicator level. That is, achieving approximately one third of the questions that were included was deemed necessary for indicator adequacy. A value of 1 was then assigned for indicators for which adequacy had been achieved. The values for the indicators were then weighted and totalled to produce the WELI score, which ranges from 0 (least empowered women) to 1 (most empowered women).
The WELI score was computed as below:[image: $${WELI}_{i}={w}_{1} {I}_{1i}+ {w}_{2} {I}_{2i}+\dots + {w}_{d}{I}_{di}$$]

 (1)



[image: $${WELI}_{i}\mathrm{ is}$$] the WELI score for an individual woman i; [image: $${I}_{di}$$] is a dummy variable for adequacy, with code 1 if a woman had indicator adequacy and 0 otherwise.  [image: $${w}_{d}$$] is the weight allocated to indicator d. In the original WELI index, 13 indicator weights add up to 1 [27]. The index applied in this study uses one less empowerment dimension, hence why there are only 10 indicators. Table 1 shows the WELI dimensions, indicators and their associated weights.
HDDS was calculated at the household level using a 24 h recall period, and this variable measures the variety of food groups a household consumes [63]. The questionnaire included twelve food groups; each group was given a score of one (1) if it was consumed by the household and zero (0) if not. The household scores ranged between 0 and 12 [63], with higher HDDS values representing higher food security. As there is no normative data on the ideal levels of household dietary diversity [63], average consumption was used as the threshold for delineating food security classifications. While households that consumed food groups below the average were considered food insecure, those that had consumption at or above the average were considered food secure.

Tobit model of women’s empowerment in livestock on household food security
The study’s primary aim was to examine how and to what extent, the empowerment of women in livestock-dependent households affects the household's food security. The study hypothesized that higher levels of women’s empowerment in decisions relating to livestock would be associated with greater household food security. This study assessed how WELI, a proxy for women’s empowerment, influences household food security.
Tobit regression was used in models involving HDDS, because of the possibility of censoring in the dependent variable. The Tobit model examines the relationship between a censored continuous variable and independent variables [64]. Since the dependent variable was observed on limited range of 0–12, the model was best represented as a doubly censored regression. Both censoring from above and below were evident in this model. Following Greene [33], this study used a doubly censored Tobit regression with HDDS as the dependent variable.
The independent variables included the WELI score and control variables such as the age of the household head, the education level of the household head, household size, the household head's primary occupation, government food security interventions, the gender of household head, the marital status of the household head, and the household's monthly income. Furthermore, the following five-empowerment dimensions were included as sub-variables in separate models; (i) agricultural production decisions, (ii) nutrition related decisions, (iii) income use and control, (iv) opportunities access and control, and (v) resources access and control. Data was analysed using STATA statistical software.


Results and discussion
Descriptive statistics
Table 2 presents the model variables, definitions, means and standard deviations. The age of the household head determines the likelihood of making decisions about or participating in economic activities that affect household food security. Some studies suggest that, in comparison to older household heads, younger household heads have higher labour productivity, and consequently higher wages, both of which contribute to household food security [51]. Others have argued that older household heads are less productive and more reliant on gifts and remittances [29, 74]. Furthermore, older household heads who are retired or have low incomes are more susceptible to food insecurity [7]. Conversely, older household heads may have greater food security knowledge, more farming experience, and better access to farmland, which mean that the farmer is more risk averse and more likely to produce a diversity of food [6]. Age is, therefore, hypothesized to influence household food security. Table 2 shows that the average age for the household head was 45 years. The mean age of 44 for male heads was lower than the mean age of 49 for female household heads. Overall, there were more male household heads (68.75%), compared  to female household heads (31.25%).Table 2Definition of model variables


	Variable
	Variable definition
	 	 
	Interval variables
	 	Mean
	Standard deviation

	Age
	Age of the household head (years)
	45
	16

	Household income
	Household monthly income from both farm and non-farm sources (Malawi Kwacha)
	16,239.5
	18484.8

	Household size
	Number of household members
	5.255
	1.913

	WELI score
	Summation of weighted values for WELI indicators ranging from 0 to 1, indicating least and most empowered women in livestock respectively (index)
	0.354
	0.185

	HDDS
	Food security measure captures the number of food groups consumed within a designated period
	4.163
	2.005


	Nominal variables
	 	Category
	Percentage

	Education level
	Level of education attained by the household head (1 = no formal education, 2 = primary education, 3 = secondary education & 4 = tertiary education)
	1
2
3
4
	25.8
48.0
25.5
0.8

	Occupation
	Main source of income/livelihood activity for the household (1 = crop farming, 2 = livestock farming, 3 = trading; 4 = formal employment/civil service, 5 = piecework)
	1
2
3
4
5
	63.2
23.3
4.8
1.3
7.5

	Gender
	Gender of household head (1 = male, 0 = female)
	1
0
	68.8
31.3

	Marital status
	Marital status of household head (1 = unmarried, 2 = married, 3 = widow/widower, 4 = divorced or separated)
	1
2
3
4
	0.3
71.5
21.3
7.0

	Government food security interventions
	Whether households benefited from any government food security interventions (1 = Affordable Input subsidy programme, 2 = Scaling Up nutrition, 3 = cash transfer, 4 = food for work projects, and 5 = did not benefit) over the past year
	1
2
3
4
5
	10.5
1.0
4.5
0.8
83.3




Education is one of the key determinants of household income and food security because it provides opportunities to access economic resources and enhances an individual's ability to make the right food choices [46]. Unlike uneducated household heads, educated household heads have access to better employment opportunities and higher income as a result of greater productivity [11, 51]. These factors ensure household food security. In addition, education is linked with better management techniques for securing an all-year supply of preferred and diversified food [43]. The majority (74% of household heads), had at least a primary education, with only 26% of household heads having no formal education. Among the group with some level of formal education, approximately 65% had completed primary education, 34% had completed secondary education. Only 1% had completed tertiary education. Overall, male household heads had higher levels of formal education than female household heads. For instance, among household heads who had completed primary education approximately 69% were male; for those with secondary education, nearly 82% were male. These findings agree with the extant literature which shows that women have lower  levels of education than men, particularly in developing countries [45].
The study obtained data on the monthly household income for households in the Nsanje district. Income is an important factor in ensuring household food security because it determines the amount and quality of food that a household can purchase [7, 51, 54]. The overall monthly household income for the sample was MK16,239.50 (US$20.38). This means that the average amount of money available per person to cater for the daily cost of food, clothing and shelter was approximately $0.14/person/day ($20.38/5(avg household size)/30 days). These findings show that a majority of households in the district were living well below the poverty line of $1.90 [71] at the time the study was conducted. Overall, the total monthly income of MK16,988.36 (US$21.32) for male-headed households was not significantly higher than the total monthly income of MK14,592.00 or US$18.31 for female-headed households. The study also examined monthly income across households that indicated crop and livestock farming as their main occupation. The results show that the average monthly income for households whose main occupation was livestock farming (MK 17,797.94/US$22.33) was significantly higher compared to those engaged in crop farming (Mk 14,401.95/US$ 18.07). The Nsanje district is prone to floods and dry spells, both of which contribute to low yields and income obtained from crop sales [32]. In times of distress or food insecurity, households can sell livestock year-round and as the need arises; in contrast, crop farming is mostly seasonal.
Most household heads were engaged in crop farming (63.25%), followed by livestock farming (23.25%). Only a few household heads (1.25%) were formally employed, with 7.5% depending on piecework for their income. Of the total number of households in the sample, the proportion of male household heads involved in crop farming whether as a main or secondary activity was approximately 65%, while those involved in livestock farming as a main activity or secondary activity was 22.5%. However a higher proportion of female-headed households (24.80%) considered livestock farming to be their main occupation compared to male headed households (22.55%). Having farm and non-farm income sources reduces the likelihood of a household becoming food insecure. In addition, non-farm income sources provide a diversified livelihood strategy thereby reducing the risk of food insecurity [60].
Marital status is believed to influence household food security. Acquiring a higher level of food security is a likely outcome among married household heads because male partners have better opportunities to access productive assets [12]. Furthermore, households with couples might pool resources together and generate more income compared to single-headed households [66]. Most household heads in the Nsanje district were married (71.50%). While around 21.25% were widowed, only approximately 7% were divorced or separated. There were more male household heads (94.18%) in the married category compared to female heads (21.6%) in the same category. The majority of the female households heads were widowed (85.9%) compared to male household heads (14.11%).
The average household size for the sample was five persons per household, which is higher than the national average (4) for rural areas in Malawi [57]. On average, male-headed households had larger households (5 members) compared to female-headed households (4 members). The differences in household size between male and female headed households were statistically significant (see Appendix Table 7), an indication that the number of household members is greater for male-headed households than female headed households. Household size is an important determinant of household food security because it signifies the level of food requirements by members of the household. A larger household requires more food and it influences the choice and amount of food that can be consumed in the household [16]. In most circumstances, pressure is created on household food security with increases in food and non-food expenditures [49]. However, larger households might indicate the availability of productive labour that can be used to achieve household food security [50].
The main government food security and nutrition interventions include the Affordable Farm Input Subsidy Programme (AFIP), Scaling UP Nutrition Programme (SUN), Cash Transfer Projects, and Food for Work. Very few of the participating households (17%) benefited from these interventions. Only 10.50% of the households were beneficiaries of the AFIP. Of the total households that were beneficiaries of these interventions, only 4.50% and 1.5% benefited from cash transfer and food for work programmes, respectively. A very small percentage had benefited from SUN (0.50%). Among that small cohort of beneficiary households, approximately 71% were food secure. These results suggest that such programmes have increased food security and should thus be targeted to households that are vulnerable to food insecurity.

Level of women’s empowerment in Malawian households
A woman is considered to have achieved a minimum level of empowerment if she has adequacy in 80% or more of the weighted indicators [9]. The average WELI score for the women in Nsanje was 0.3. This empowerment score implies that on average most women in the Nsanje district have achieved adequacy in only three of the 10 empowerment indicators. Approximately 0.75% of women in the Nsanje district scored 0.8; that is, they were adequate in 80% of the weighted indicators. In addition, 3% had a WELI score of 0; that is, they did not achieve adequacy in any weighted indicator. Furthermore, 17.75% of the women had a WELI score lower than 0.1. Similar observations have been made in Tanzania where only 2% of the women had a WELI score of 0.8; most had a score that fell between 0.3 and 0.4 [28]. These findings indicate that the empowerment levels of women in livestock dependent households are low.
The study also examined the WELI score for women from households that indicated livestock and crop farming as their primary occupations. The findings suggest that the average score for women who indicated that livestock farming was their primary occupation (0.4) was higher compared to those in cropping (0.3). These differences were not statistically significant.

Status of food security in Malawian households
To understand the status of food security in the Nsanje district, households were asked if they had consumed any of the 12 food groups in the 24 h prior to data collection. There is no cut off point to achieving adequate dietary diversity [63]. However, our study used the average number of food groups consumed by households in our sample as the cut-off point. Households that consumed food groups equal to or greater than the average consumption were considered food secure. The results show that the average consumption for the study population was four food groups in the 24 h preceding the survey. Using this criterion, the results show that more than half of the households had adequate dietary diversity (55.75%). Less than half (44.25%) of the households did not have adequate dietary diversity.
Further analysis was done to estimate the average, minimum and maximum number of food groups consumed by households. The minimum and maximum household dietary diversity scores in the sample were 0 and 11, respectively. This finding means that in the 24 h preceding the survey, some households did not consume any food group. Other households consumed up to 11 food groups. Approximately 0.25% and 0.75% of the households had a score of 0 and 11, respectively.
Table 3 presents the percentage of households that consumed each of the 12 food groups. Most households had consumed cereals (98.25%), vegetables (93%), fish and fish products (56.25%) oils and fats (44.75%) and legumes and nuts (33.50%). The least consumed food groups included fruits (15.75%), white tubers (8%), and milk and milk products (6.25%). It is not surprising that most households in the Nsanje district had consumed cereals as the country’s staple food is maize, which constitutes more than two thirds of typical household diets [35, 38]. The study data indicates that after cereals and vegetables, fish is one of the most commonly consumed food groups, and is the main source of protein in the Nsanje district. The district is close to the Shire River, which provides a source of cheap fish to surrounding communities. A study conducted in urban Malawian cities, also found that cereals, vegetables, oils and fats were the most commonly consumed food groups [48]. Similarly, a study conducted in Ethiopia found that cereals (96%), vegetables (81.6%), and oils and fats (75.4%) were the most commonly consumed food groups [73]. Results in Appendix Table 7 reveal disparities in household food insecurity between male and female headed households. Addai et al. [3], Gebre et al. [30], and Broussard [13], all arrived at a similar conclusion.Table 3Proportion of households consuming each food group


	Food group
	Frequency (n = 400)
	Percentage

	Cereals
	393
	98.25

	Vegetables
	372
	93

	Fish & fish products
	225
	56.25

	Oils & fats
	179
	44.75

	Legumes & nuts
	134
	33.50

	Meat
	93
	23.25

	Sugar/honey
	79
	19.75

	Fruits
	63
	15.75

	Eggs
	60
	15.04

	Milk & milk products
	25
	6.25

	White tubers
	32
	8

	Miscellaneous
	11
	2.76






                           Differences between food insecure and food secure households
                        
This section compares the HDDS, WELI scores and some socioeconomic variables, between food insecure and food secure households. The t-test statistics reveal significant differences for most variables.
The results in Table 4 show differences between food secure and food insecure households in relation to HDDS, WELI and other independent variables. The average HDDS values were 5.5 and 2.4 for food secure and food insecure households, respectively. These results indicate that food secure households consume almost three more food groups (or have more diverse diets) than their food insecure counterparts. Furthermore, on average, food secure households have a higher monthly income (MK 19,493.30) compared to food insecure households (MK 12,140.10). The average age for food insecure household heads is higher (47) than that of food secure households (45). Lastly, food secure households have more members (a larger household size) compared to food insecure households.Table 4Comparing HDDS, WELI and other model variables


	Variable
	Mean
Food insecure
	Mean
Food secure
	Mean difference
	t-statistic

	HDDS
	2.4407 (0.6013)
	5.5291 (1.6434)
	− 3.088a
	− 23.7671

	WELI score
	0.3158 (0.1735)
	0.3843 (0.1893)
	− 0.0685a
	− 3.7285

	Age of household head
	47.5537 (16.5814)
	44.1479 (14.6611)
	3.406b
	2.1771

	Monthly income
	12.1401 (13.2389)
	19.4933 (21.2399)
	− 7.353a
	− 4.0262

	Household size
	5.1017 (1.9131)
	5.3767 (1.9082)
	− 0.275
	− 1.4299


a, b imply statistical significance at 1% and 5% respectively. Standard errors are in parenthesis



The results from the t-test show statistically significant differences between food secure and food insecure households for the following variables: HDDS, the WELI score, the age of household head, and monthly household income. These findings indicate that women from food secure households are more empowered in making livestock decisions compared to those from food insecure households. Furthermore, they indicate that households that are food secure have more diverse diets, have higher monthly incomes, and have younger household heads compared to households that are food insecure.

Effect of women’s empowerment on household food security
This study employed a Tobit regression model to assess the effect of women’s empowerment in livestock on household nutrition security. Table 5 presents the findings from the main model which addresses the third research question: “what is the impact of women’s empowerment in livestock on household food security”. HDDS was used as a measure of food security. The second column of Table 5 (Model 1) shows the results from the Tobit regression of the HDDS on the aggregate WELI score and the socio-demographic characteristics of the households. The third to the seventh column of Table 5 (i.e., Model 2 to Model 6) show results from regressing HDDS on each of the five dimensions of empowerment, as well as the socio-demographic variables. While Model 1 measured the impact of the aggregate WELI index on household food security, Models 2 to 6 were designed to gauge both the impact of the individual empowerment dimensions on household food security and to determine which of the empowerment dimensions exerts the largest influence on household food security.Table 5Impact of women’s empowerment on household food security


	Variable
	Model 1
	Model 2
	Model 3
	Model 4
	Model 5
	Model 6

	WELIscore
	2.0466a (0.5224)
	 	 	 	 	 
	Agricultural production decisions
	 	10.5254a (1.5877)
	 	 	 	 
	Nutrition decisions
	 	 	1.7706c (1.0224)
	 	 	 
	Income control
	 	 	 	4.5146c (2.5669)
	 	 
	Resources access & control
	 	 	 	 	− 1.0758 (2.1686)
	 
	Opportunities access & control
	 	 	 	 	 	1.5062 (1.0606)

	Education of household head
	0.0047 (0.1472)
	0.0593 (0.1413)
	0.0449 (0.1493)
	0.0637 (0.1484)
	0.0808 (0.1493)
	0.0630 (0.1487)

	Age of household head
	− 0.0043 (0.0067)
	− 0.0028 (0.0064)
	− 0.0035 (0.0068)
	− 0.0025 (0.0067)
	− 0.0017 (0.0067)
	− 0.0017 (0.0067)

	Household size
	0.1111b (0.0524)
	0.0709 (0.0513)
	0.1252b (0.0531)
	0.1437a (0.0531)
	0.1323b (0.1323)
	0.1281b (0.0532)

	Marital status
	0.1081 (0.2329)
	− 0.0846 (0.2250)
	0.0663 (0.2365)
	0.0012 (0.2361)
	0.0032 (0.2425)
	0.0531 (0.2361)

	Monthly income
	0.0121b (0.0055)
	0.0126b (0.0053)
	0.0129b (0.0056)
	0.0145a (0.0056)
	0.0137a (0.0056)
	0.0132a (0.0056)

	Govt food security interventions
	− 0.2021 (0.2521)
	− 0.0846 (0.2250)
	− 0.2931 (0.2556)
	− 0.3447 (0.2527)
	− 0.3695 (0.2539)
	− 0.3559 (0.2529)

	Livestock farming
	− 0.4213c (0.2264)
	− 0.4732b (0.2191)
	− 0.4223c (0.2304)
	− 0.4170b (0.2301)
	− 0.3965a (0.2307)
	− 0.3740 (0.2303)

	Formal employment
	2.6576a (0.8647)
	2.8861a (0.8344)
	2.7665a (0.8781)
	2.8660a (0.8760)
	2.9140a (0.8839)
	2.8620a (0.8772)

	Trading
	− 0.7553c (0.4431)
	− 0.5812 (0.4291)
	− 0.7949 (0.4509)
	− 0.7432c (0.4497)
	− 0.7402 (0.4513)
	− 0.72649 (0.4505)

	Piece works
	− 1.1157a (0.3625)
	− 1.2276a (0.3508)
	− 1.1606a (0.3684)
	− 1.1312b (0.3679)
	− 1.1484a (0.3711)
	− 1.1048a (0.3689)

	Cons
	3.3199a (0.7122)
	3.4320a (0.6738)
	3.8219a (0.7084)
	3.579a (0.7390)
	4.0421a (0.7138)
	3.9287a (0.7041)

	Var (e. HDDS_N)
	3.31989 (0.7122)
	3.1869 (0.2258)
	3.5141 (0.2489)
	3.5128 (0.2489)
	3.5380 (0.2506)
	3.5226 (0.2495)

	Pseudo R2
	0.0394
	0.0551
	0.0323
	0.0323
	0.0307
	0.0317


a, b, c imply statistical significance at 1%, 5% and 10%, respectively. Standard errors are in parenthesis



Results from the Tobit regression revealed that seven variables influence dietary diversity at varying levels of significance in the first model, Model 1. These variables include the WELI score, the household's monthly income, household size, livestock farming, formal employment, piecework, and trading. The likelihood ratio test was statistically significant, implying that the model fits significantly better than the null model. When the aggregate WELI score was disaggregated into its component dimensions in Models 2 to 6, it was observed that decisions related to agricultural production were most responsible for the impact of WELI on food security
. Other dimensions like decisions related to nutrition and control over the use of income were marginally statistically significant. Among household socio-demographic variables, household size, monthly income, livestock farming, trading, formal employment, and piecework were statistically significant across most models.
The findings from Model 1 show a positive and statistically significant WELI score, implying that if a woman becomes empowered, the chance of a household consuming a diversified diet increases. This finding is consistent with literature that connects women’s empowerment to the status of family nutrition [58]. A woman who has the power to make decisions about livestock production and marketing, as well as income, is more likely to decide on the quantity and quality of food to purchase for the household, thereby ensuring better household nutrition [58, 65]. Similarly, Kaluwa et al. [40] have reported that with women’s agency comes improved decision-making related to agricultural productivity, food security, and livelihoods, as well as greater control over resources. To develop evidence-based food security and other development policies, it is important to measure women’s empowerment.
Models 2 to 6 measure the association between specific dimensions of WELI on the dietary diversity index. The study found that decisions related to agricultural production had a statistically significant positive effect on HDDS in the second model. This finding means that a woman with higher agency or decision-making power and autonomy in crops grown and livestock kept for household consumption and sale increases the chances of the household consuming a more diverse diet. These findings are consistent with prior literature which indicates that women’s involvement in decisions related to agricultural production (the ability to set aside land for farming purposes) is associated with improved nutrition of their families as they are mostly responsible for their household’s food needs [5, 44]. Their participation enables them to select diverse crops and livestock/products for their household's consumption. It also strengthens their intra-household ability and bargaining power in deciding how to use the produce and income generated from the sale of the produce [5, 10, 44].
Furthermore, the results show that decisions related to nutrition have a positive and statistically significant association with household dietary diversity in the third model. This result implies that a woman with sole or joint decision-making on how much output from farm and non-farm economic activities to save for household consumption, will likely increase the chances of the household consuming a more diverse diet. This finding is consistent with literature that indicates that women care more about their family’s nutrition than the men [58]. For instance, women are concerned with making sure that their children consume sufficient calories and that they have a diverse diet; therefore, any chance to decide how much to keep aside for household consumption will have a favourable effect upon the family members' nutritional needs.
Lastly, as illustrated in Model 4, control over the use of income had a positive effect on household dietary diversity. Women who had joint or sole control over the use of income obtained from farm and non-farm activities had more diverse diets. Women’s increased access and control over income is believed to increase both their self-esteem and bargaining power, which may lead to greater household food security [70]. Furthermore, unlike men, women spend a large proportion of their income on food for the household [59].
Some socio-demographic characteristics are statistically significant. For example, household monthly income had a significantly positive effect on HDDS, suggesting that an increase in the household income increases the likelihood of a household having a more diverse diet. These findings are consistent with literature which considers income to be a crucial factor in ensuring household dietary diversity by providing households with the ability to procure the right quantities and qualities of food [4, 54].
Similarly, household size had a statistically significant positive effect on HDDS. This finding implies that as the number of household members increases, so too does the likelihood of the household consuming a diverse diet. This finding contradicts most literature which argue that larger households are more likely to experience food insecurity [3, 8, 49]. However, some studies provide support for these findings, indicating that if more household members are productive, then a larger household (size) might increase the availability of productive labour, leading to improvements in a household's food security status [50].
Furthermore, formal employment had a significantly positive effect on HDDS. In short, being in formal employment increases the likelihood that members of a household will have a more diverse diet when compared to those who are crop farmers. Formal employment provides a stable income that can be used to procure the right quantities and qualities of food. In contrast, income from crop farming is mostly seasonal and subject to greater uncertainty. Livestock farming, trading and piecework had significant negative effects on HDDS. Households that depend on these occupations are less likely to consume diverse diets compared to households that depend on crop farming. These results are not surprising considering that most households that rely on livestock farming in the district are subsistence farmers and occasionally sell livestock on a need basis (e.g., to pay school fees) as a coping strategy in times of crisis; these activities rarely meet a household’s food requirements. Furthermore, piecework and trading do not guarantee a stable income; both are typically low paying compared to crop farming. In addition, landless households who exchange their labour to meet food requirements often engage in such occupations.
The researchers re-estimated Models 1 to 6 using OLS to ensure the robustness of the study results. The Tobit model is similar to a linear regression model with the added capacity to handle censored data. Both Tobit and OLS assume a normal distribution. Results from the re-estimated models are presented in Appendix Table 8. The results are almost identical to the Tobit regression results.


                           Marginal effects of women’s empowerment on household food security
                        
The researchers estimated three types of marginal effects for the Tobit model to understand the direct effects of the changes in the independent variables on HDDS. The first type was the change on the unconditional expected value of HDDS (E (y ∗ 0 < y ∗  < 12)). This marginal effect measures changes in the unobserved values of HDDS with respect to changes in the independent variables. The second marginal effect was on the probability of the HDDS being uncensored (Pr (0 < y ∗  < 12)). This marginal effect measures changes in the independent variables on the probability that HDDS was not observed on a limited range (censored). Lastly, the researchers computed the marginal effects of the censored expected value of HDDS (E (y ∗)). They describe changes in the observed values of HDDS with respect to the independent variables. Cong [14] and Ng’ombe and Boyer [55] provide explanations of the models needed to estimate these marginal effects. Table 6 shows the three marginal effects.Table 6Marginal effects of women’s empowerment on household food security


	Variable
	M1
	M2
	M3

	WELI score
	1.8663a (0.4737)
	0.0453b (0.0146)
	2.0090a (0.5112)

	Education of household head
	0.0043 (0.1342)
	0.0001 (0.0032)
	0.0046 (0.1445)

	Age of household head
	− 0.0039 (0.0061)
	− 0.0001 (0.0001)
	− 0.0042 (0.0065)

	Household size
	0.1013b (0.0477)
	0.0025b (0.0012)
	0.1090b (0.0514)

	Marital status
	0.0986 (0.2124)
	0.0024 (0.0052)
	0.1061 (0.2286)

	Monthly income
	0.01103b (0.0050)
	0.0003b (0.0001)
	0.0119b (0.0054)

	Government food security interventions
	− 0.1843 (0.2298)
	− 0.0044 (0.0056)
	− 0.1984 (0.2474)

	Livestock farming
	− 0.3858c (0.2055)
	− 0.0088c (0.0056)
	− -0.4144c (0.2221)

	Formal employment
	2.5761b (0.8341)
	0.0072 (0.0064)
	2.6465b (0.8603)

	Piecework
	− 0.9863a (0.3044)
	− 0.0351b (0.0178)
	− 1.0860b (0.3469)

	Trading
	− 0.6809c (0.3862)
	− 0.0193 (0.0160)
	− 0.7396b (0.4296)


M1 (Means of marginal effect on the unconditional expected value of HDDS), M2 (marginal effects of the probability of being uncensored) and M3 (marginal effects of the censored expected value).
a, b, c imply statistical significance at 1%, 5% and 10%, respectively. Standard errors are in parenthesis.



The marginal effects of the following variables were statistically significant across all models: the WELI score, monthly household income, household size, livestock farming, formal employment, piecework, and trading. The magnitude of change in food security induced by empowering women was large. Both M1 and M3 suggest that a marginal increase in women’s empowerment will increase dietary diversity by up to two additional food groups. Similarly, M2 reveals that a 1% increase in women’s empowerment will increase dietary diversity by 4.5%. Although the marginal effects are negative at the level (M1 and M3), the probability change shown in M2 is not statistically significant. While having livestock farming as the main occupation appears to lower dietary diversity relative to crop farming (as the main occupation), women are currently not empowered in livestock decision-making. In this study, only approximately 1% of women in the study households (3 out of 400) were considered empowered. As the WELI score indicates, the full positive effect of livestock farming will be realised when women are empowered in terms of decision-making related to the livestock value chain. Other explanatory variables with relatively larger magnitudes of change were engagement in piecework and taking on formal employment.


Conclusions and recommendations
The study was designed to understand household food security status and women’s empowerment levels among livestock-dependent households in rural Malawi. More specifically, the study sought to determine whether women’s empowerment in livestock would influence household food security. The results show that most households consumed three or more food groups. Overall, women in the Nsanje district are disempowered as they only managed to achieve adequacy in three out of 10 WELI indicators. The empowerment of women in livestock decision-making plays a significant role in ensuring household food security. Furthermore, separating the WELI into component dimensions demonstrates that agricultural production decisions, nutrition-related decisions, and income control and use play a significant role in ensuring household dietary diversity. In addition to women’s empowerment dimensions, factors such as household income, household size, and occupation of household head play a significant role in ensuring household dietary diversity.
Malawi may achieve the Food Security priority of NAP by empowering women in livestock. NAP is a Malawi government plan for sustainable agricultural transformation. Its aim is to enable  significant agricultural sector growth, the expansion of the farming household’s income and the provision of improved food security for all Malawians. Over the past years, most government policies and programs have emphasised increased maize production by promoting fertilizer intensification and encouraging the adoption of improved seed varieties. However, such efforts have failed to improve food security as diets remain undiversified. In addition, while empowering women is one of the priority areas of the NAP, it  is only limited to increasing their access to productive resources. These policy aspirations could be achieved through increasing women’s agency in agricultural production.
The study recommends that government and non-governmental aid organizations implement food security interventions that target women’s agency in livestock production and nutrition decisions; such changes would improve food security in low income and lower middle-income households. Furthermore, there is need for the sensitization of households on the importance of increasing women’s agricultural and nutrition decision-making. In addition, the government and private sector could consider financial inclusion mechanisms for household food security. Lastly, women’s empowerment in livestock is an important area for policy intervention in food security since it results in increased dietary diversity.
This study has several limitations. One limitation relates to the analytical approach. Endogeneity in WELI, the key explanatory variable cannot be ruled out due to the possibility that there are unobserved characteristics that affect both WELI and household food security. However, the primary data used in this study was collected long before the issue arose. Hence an appropriate instrument was not identified and included in the survey. Consequently, the analysis does not account for this potential problem. Another limitation relates to the use of five of six empowerment dimensions in computing WELI. While the researchers believe that this does not influence the results, future studies should consider using the complete complement of the WELI empowerment dimensions.
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Table 7Gender differences in model interval variables


	Variable
	Mean
	Difference
	t-stat

	Male HH
	Female HH

	Age
	43.79
	49.76
	− 5.9709
	− 3.5981a

	Household income
	16,988.36
	14,592.00
	2396.36
	1.2025

	Household size
	5.3963
	4.944
	0.4523
	2.2028b

	WELI score
	0.3596
	0.3416
	0.0180
	0.9017

	HDDS
	4.320
	3.816
	0.504
	2.3430b


a, b, c imply statistical significance at 1% and %, respectively


Table 8OLS estimation of women’s empowerment on household food security


	Variable
	Model 1
	Model 2
	Model 3
	Model 4
	Model 5
	Model 6

	WELIscore
	2.0451a (0.5292)
	 	 	 	 	 
	Agricultural production decisions
	 	10.5559a (1.6081)
	 	 	 	 
	Nutrition decisions
	 	 	1.7603c (1.0358)
	 	 	 
	Income control
	 	 	 	4.5313c (2.6006)
	 	 
	Resources access & control
	 	 	 	 	− 1.0942 (2.1970)
	 
	Opportunities access & control
	 	 	 	 	 	1.4976 (1.0745)

	Education of household head
	− 0.0013 (0.1490)
	0.05417 (0.1431)
	0.0389 (0.1512)
	0.0577 (0.1503)
	0.0748 (0.1512)
	0.0569 (0.1506)

	Age of household head
	− 0.0045 (0.0068)
	− 0.0030 (0.0065)
	− 0.0038 (0.0069)
	− 0.0028 (0.0068)
	− 0.0019 (0.0069)
	− 0.0019 (0.0068)

	Household size
	0.1096b (0.0531)
	0.0695 (0.05193)
	0.1237b (0.0539)
	0.1423a (0.0538)
	0.1308b (0.0540)
	0.1266b (0.0538)

	Marital status
	0.1134 (0.2359)
	− 0.0805 (0.2279)
	0.0717 (0.2396)
	0.0066 (0.2392)
	0.0082 (0.2457)
	0.0505 (0.2391)

	Monthly income
	0.0122b (0.0056)
	0.0127b (0.0054)
	0.0129b (0.0057)
	0.0146b (0.0057)
	0.0139b (0.0057)
	0.0133b (0.0057)

	Govt Food security Interventions
	− 0.2007 (0.2554)
	− 0.1018 (0.2468)
	− 0.2919 (0.2589)
	− 0.3431 (0.2560)
	− 0.3681 (0.2573)
	− 0.3544 (0.2562)

	Livestock farming
	− 0.4233c (0.2294)
	− 0.4751b (0.2219)
	− 0.4243c (0.2334)
	− 0.4191c (0.2332)
	− 0.3987c (0.2338)
	− 0.3762 (0.2334)

	Formal employment
	2.6550a (0.8760)
	2.8839a (0.8453)
	2.7643a (0.8897)
	2.8633a (0.8875)
	2.9119a (0.8955)
	2.8592a (0.8888)

	Trading
	− 0.7596c (0.4489)
	− 0.5845 (0.4347)
	− 0.7990c (0.4569)
	− 0.7476 (0.4556)
	− 0.7446 (0.4573)
	− 0.7310 (0.4564)

	Piece works
	− 1.1172a (0.3673)
	− 1.2291a (0.3554)
	− 1.1619a (0.3733)
	− 1.1328a (0.3728)
	− 1.1503a (0.3706)
	− 1.1065a (0.3737)

	Cons
	3.3437a (0.7212)
	3.4498a (0.6824)
	3.8469a (0.7174)
	3.6009a (0.7485)
	4.0668a (0.7229)
	3.9529a (0.7130)

	R2
	0.1538
	0.2091
	0.1277
	0.1281
	0.1218
	0.1256


a, b, c imply statistical significance at 1%, 5% and 10%, respectively. Standard errors are in parenthesis




References
	1.
Aberman NL, Meerman J, Benson T. Mapping the linkages between agriculture, food security and nutrition in Malawi. Washington: International Food Policy Research Institute (IFPRI); 2015.

	2.
Aberman NL, Meerman J, Benson T. Agriculture, food security, and nutrition in Malawi: Leveraging the links. Washington: International Food Policy Research Institute (IFPRI); 2018.

	3.
Addai KN, Ng’ombe JN, Temoso O. Food poverty, vulnerability, and food consumption inequality among smallholder households in Ghana: a gender-based perspective. Soc Indic Res. 2022;163:661–89. https://​doi.​org/​10.​1007/​s11205-022-02913-w.CrossrefPubMedPubMedCentral

	4.
Agbola PO. Factors influencing food insecurity among small farmers in Nigeria. Afr J Agric Res. 2014;9(27):2104–10. https://​doi.​org/​10.​5897/​ajar09.​710.Crossref

	5.
Agarwal B. “Bargaining” and gender relations: within and beyond the household. Fem Econ. 1997;3(1):1–51. https://​doi.​org/​10.​1080/​135457097338799.Crossref

	6.
Agidew AA, Singh KN. Determinants of food insecurity in rural farm households in South Wollo Zone of Ethiopia: the case of the Teleyayen sub watershed. Agric Food Econ. 2018. https://​doi.​org/​10.​1186/​s40100-018-0106-4.Crossref

	7.
Ahmed FF. Food security and its determinants among urban households: a case study of Maiduguri and Jere local government areas of Borno state Nigeria. Adv Soc Sci Res. 2015. https://​doi.​org/​10.​1473/​assrj.​25.​1037.Crossref

	8.
Aidoo R, Mensah JO, Tuffour T. Determinants of household food security in the Sekyere-Afram. Global Adv Res J Agric Sci. 2013;2(1):34–40.

	9.
Alkire S, Meinzen-Dick R, Peterman A, Quisumbing A, Seymour G, Vaz A. The women’s empowerment in agriculture index. World Dev. 2013;52:71–91.Crossref

	10.
Aziz N, Ren Y, Rong K, Zhou J. Women’s empowerment in agriculture and household food insecurity: evidence from Azad Jammu and Kashmir (AJK), Pakistan. Land Use Policy. 2021;102:105249. https://​doi.​org/​10.​1016/​j.​landusepol.​2020.​105249.Crossref

	11.
Bashir MK, Schilizzi S. Determinants of rural household food security: a comparative analysis of African and Asian Studies. J Sci Food Agric. 2013;93(6):1251–8. https://​doi.​org/​10.​1002/​jsfa.​6038.CrossrefPubMed

	12.
Bogale A, Hagedorn K, Korf B. Determinants of poverty in rural Ethiopia. Q J Int Agric. 2005;44(2):101–20.

	13.
Broussard NH. What explains gender differences in food insecurity? Food Policy. 2019;83:180–94. https://​doi.​org/​10.​1016/​j.​foodpol.​2019.​01.​003.Crossref

	14.
Cong R. Marginal effects of the tobit model. Stata Techn Bull. 2000;56:27–34.

	15.
Dorward A, Chirwa E. The Malawi agricultural farm input subsidy programme (FISP). Int J Agric Sustain. 2011;9(1):232–47.Crossref

	16.
D’Haese M, Vink N, Nkunzimana T, Van Damme E, Van Rooyen J, Remaut A-M, Staelens L, D’Haese L. Improving food security in the rural areas of KwaZulu-Natal province, South Africa: Too little, too slow. Dev South Africa. 2013;30(4):468–90. https://​doi.​org/​10.​1080/​0376835x.​2013.​836700.Crossref

	17.
Dzimbiri MN, Mwanjawala P, Chilanga E, Chidimbah Munthali GN. Perceived implications of COVID-19 policy measures on food insecurity among urban residents in Blantyre Malawi. BMC Public Health. 2022;22:252. https://​doi.​org/​10.​1186/​s12889-022-12922-6.Crossref

	18.
Eicher-Miller HA, Mason AC, Weaver CM, McCabe GP, Boushey CJ. Food insecurity is associated with iron deficiency anaemia in US adolescents. Am J Clin Nutr. 2009;90(5):1358–71.CrossrefPubMed

	19.
FAO (Food and Agriculture Organization of the United Nations). The state of agriculture and food—women in agriculture: closing the gender gap for development. Rome: United Nations Food and Agriculture Organization; 2011.

	20.
FAO (Food and Agriculture Organization of the United Nations). (2019a). The state of food security in the world. Retrieved from https://​www.​who.​int/​nutrition/​publications/​foodsecurity/​state-food-security-nutrition-2019-en.​pdf.

	21.
FAO (Food and Agriculture Organization of the United Nations). (2019b). Africa Regional Overview of Food Security and Nutrition; Containing the damage of Economic Slowdowns and Downturns to Food Insecurity in Africa. Retrieved from http://​www.​fao.​org/​3/​ca7343en/​CA7343EN.​pdf.

	22.
FAO (Food and Agriculture Organization of the United Nations). (2021). Tracking progress on food and agriculture- related SDGs indicators. Retrieved from https://​www.​fao.​org/​sdg-progress-report/​2021/​methods.

	23.
FAO (Food and Agriculture Organization of the United Nations). (2020). Hunger and food Insecurity; Malawi. Retrieved from https://​www.​fao.​org/​faostat/​en/​?​#country/​130.

	24.
FEWS NET (Famine Early Warning Systems). (2019). FEWS NET Food Security Outlook: Malawi. Retrieved from https://​fews.​net/​southern-africa/​malawi/​food-security-outlook/​june-2020.

	25.
Freeman HA, Kaitibie S, Moyo S, Perry BD. Livestock, livelihoods and vulnerability in Lesotho, Malawi and Zambia: designing livestock interventions for emergency situations. Nairobi, Kenya: ILRI; 2008.

	26.
Galiè A, Mulema A, Mora B, Maria A, Onzere SN, Colverson KE. Exploring gender perceptions of resource ownership and their implications for food security among rural livestock owners in Tanzania, Ethiopia, and Nicaragua. Agric Food Secur. 2015;4(1):2.Crossref

	27.
Galiè G, Teufel N, Korir L, Baltenweck I, Girard AW, Dominguez-Salas P, Yount KM. The women’s empowerment in livestock index. Soc Indic Res. 2018;142(2):799–825.Crossref

	28.
Galiè A, Teufel N, Girard AW, Baltenweck I, Dominguez-Salas Price P, Jones R, Lukuyu B, Korir L, Raskind IG, Smith K, Yount KM. Women’s empowerment, food security and nutrition of pastoral communities in Tanzania. Global Food Secur. 2019;23:125–34. https://​doi.​org/​10.​1016/​j.​gfs.​2019.​04.​005.Crossref

	29.
Gebre GG. Determinants of food insecurity among households in Addis Ababa City, Ethiopia. Interdiscip Descr Complex Syst. 2012;10(2):159–73. https://​doi.​org/​10.​7906/​indecs.​10.​2.​9.Crossref

	30.
Gebre GG, Isoda H, Amekawa Y, Rahut DB, Nomura H, Watanabe T. What explains gender gaps in household food security? Evidence from Maize farm households in Southern Ethiopia. Soc Indic Res. 2021;155:281–314. https://​doi.​org/​10.​1007/​s11205-020-02600-8.Crossref

	31.
Global Nutrition Report. (2020). Country Nutrition profiles: Malawi. Retrieved from https://​globalnutritionr​eport.​org/​resources/​nutrition-profiles/​africa/​eastern-africa/​malawi/​.

	32.
GOM (Government of Malawi). (2020). Nsanje district Socio-Economic Profile. Retrieved from https://​global-uploads.​webflow.​com/​6061a9d807f53681​39d1c52c/​61071f5e0d7a0c46​0fb334b0_​Nsanje-District-Council-Socio-Economic-Profile-2017-2022.​pdf.

	33.
Greene W. Econometric analysis. 7th ed. Upper Saddle River: Prentice Hall; 2012.

	34.
Gundersen C, Kreider B, Pepper J. Economics of food insecurity in the United States. Appl Econ Perspect Policy. 2011;33(3):281–303.Crossref

	35.
Harris J, Meerman J, Aberman NL. Improving agriculture’s contribution to nutrition in Malawi: a conceptual introduction. Washington: International Food Policy Research Institute (IFPRI); 2018.

	36.
Howard LL. Transitions between food insecurity and food security predict children’s social skill development during elementary school. Br J Nutr. 2011;105(12):1852–60.CrossrefPubMed

	37.
Ibrahim S, Alkire S. Agency and empowerment: a proposal for internationally comparable Indicators. Oxf Dev Stud. 2007;35(4):379–403.Crossref

	38.
IFPRI (International Food Policy Research Institute). (2019). Monthly maize market report for Malawi May 2019. Lilongwe. Retrieved from https://​reliefweb.​int/​report/​malawi/​ifpri-monthly-maize-market-report-may-2019.

	39.
Jiggins JLS. Foresight project gender in the food system. London: Science Review; 2011.

	40.
Kaluwa C, Oduma J, Abdirahman FA, Kitoga BK, et al. Using the Women empowerment in livestock index (WELI) to examine linkages between women smallholder livestock farmers’ empowerment and access to livestock vaccines in Machakos County of Kenya: insights and critiques. Vaccines. 2022;10:1868. https://​doi.​org/​10.​3390/​vaccines10111868​.CrossrefPubMedPubMedCentral

	41.
Kerr RB, Chilanga E, Nyantakyi F, Hanson LI, Lupafya E. Integrated agriculture programs to address malnutrition in northern Malawi. BMC Public Health. 2016;16(1):1197–214.CrossrefPubMedPubMedCentral

	42.
Kirkpatrick SI, Tarasuk V. Food insecurity is associated with nutrient inadequacies among Canadian adults and adolescents. J Nutr. 2008;138(3):604–12.CrossrefPubMed

	43.
Makombe T, Lewin P, Fisher M. The determinants of food insecurity in rural Malawi: Implications for agricultural policy. Washington: Malawi strategy support program (MaSSP) policy note 4, international food policy research institute (IFPRI); 2010.

	44.
Malapit HJL, Quisumbing AR. What dimensions of women’s empowerment in agriculture matter for nutrition in Ghana? Food Policy. 2015;52:54–63. https://​doi.​org/​10.​1016/​j.​foodpol.​2015.​02.​003.Crossref

	45.
Mathiassen, R., Eliasi, M., Mahowe, D., Chunga, G., Iversen, S.W., Pedersen, D. R. (2007). Gender assessment for Malawi reports statistics. Retrieved from https://​www.​ssb.​no/​a/​english/​publikasjoner/​pdf/​rapp_​200725_​en/​rapp_​200725_​en.​pdf.

	46.
Mensah JO, Aidoo R, Teye AN. Analysis of street food consumption across various income groups in the Kumasi metropolis of Ghana. Int Rev Manag Bus Res. 2013;2(4):951.

	47.
Miller CM, Tsoka M, Reichert K. The impact of the social cash transfer scheme on food security in Malawi. Food Policy. 2011;36(2):230–8.Crossref

	48.
Mkusa L, Hendriks S. How food insecure are residents in Malawi’s major cities. Dev South Africa. 2021. https://​doi.​org/​10.​1080/​0376835x.​2021.​1906629.Crossref

	49.
Muche M, Endalew B, Koricho T. Determinants of household food security among southwest Ethiopia Rural households. Asian J Agric Res. 2014;8(5):248–58. https://​doi.​org/​10.​3923/​ajar.Crossref

	50.
Murugani VG, Thamaga-Chitja JM. How does women’s empowerment in agriculture affect household food security and dietary diversity? The case of rural irrigation schemes in Limpopo Province, South Africa. Agrekon. 2019;58(3):308–23.Crossref

	51.
Mutiah SA, Istiqomah I. Determinants of household food security in urban areas. JEJAK J Econ Policy. 2017;10(1):103–20. https://​doi.​org/​10.​1529/​jejak.​v10i1.​9130.Crossref

	52.
MVAC (Malawi Vulnerability Assessment Committee). (2019). Vulnerability Assessment Committee results. Retrieved from https://​reliefweb.​int/​report/​malawi/​malawi-vulnerability-assessment-committee-results-2019.

	53.
Negin J, Remans R, Karuti S, Fanzo JC. Integrating a broader notion of food security and gender empowerment into the African green revolution. Food Secur. 2009;1(3):351–60. https://​doi.​org/​10.​1007/​s12571-009-0025-z.Crossref

	54.
Ngema PZ, Sibanda M, Musemwa L. Household food security status and its determinants in Maphumulo local municipality, South Africa. Sustainability. 2018;10(9):3307.Crossref

	55.
Ng’ombe JN, Boyer T. Determinants of earthquake damage liability assignment in Oklahoma: a bayesian tobit censored approach. Energy Policy. 2019;131:422–33.Crossref

	56.
Njuki J, Sanginga PC. Women, livestock ownership and markets: Bridging the gender gap in Eastern and southern Africa. Abingdon: Routledge; 2013.Crossref

	57.
NSO (National Statistical Office). Integrated household survey report. Zomba: National Statistics Office of Malawi; 2017.

	58.
Price M, Galiè A, Marshall J, Agu N. Elucidating linkages between women’s empowerment in livestock and nutrition: a qualitative study. Dev Pract. 2018;28(4):510–24.Crossref

	59.
Quisumbing AR, Brown LR, Feldstein HS, Haddad L, Peña C. Women: the key to food security. Food Nutr Bull. 1996;17(1):1–2. https://​doi.​org/​10.​1177/​1564826596017001​16.Crossref

	60.
Sharaunga S, Mudhara M, Bogale A. Effects of women empowerment on household food security in rural KwaZulu-Natal Province. Dev Policy Rev. 2016;34(2):223–52. https://​doi.​org/​10.​1111/​dpr.​12151.Crossref

	61.
Sraboni E, Malapit HJ, Quisumbing AR, Ahmed AU. Women’s empowerment in agriculture: What role for food security in Bangladesh. World Dev. 2014;61:11–52.Crossref

	62.
SUN (Scaling Up Nutrition). (2013). Country Progress in Scaling UP Nutrition. Retrieved from file:///C:/Users/matakat/Downloads/COUNTRY-PROGRESS-In-scaling-up-nutrition.pdf.

	63.
Swindale A, Bilinsky P. (2006). Household Dietary Diversity Score (HDDS) for measurement of Food Access: Indicator Guide: Version 2. PsycEXTRA Dataset. https://​www.​fantaproject.​org/​sites/​default/​files/​resources/​HDDS_​v2_​Sep06_​0.​pdf .

	64.
Tobin J. Estimation of relationships for limited dependent variables. Econometrica. 1958;26(1):24–36.Crossref

	65.
Tsiboe F, Zereyesus YA, Popp JS, Osei E. The effect of women’s empowerment in agriculture on household nutrition and food poverty in northern Ghana. Soc Indic Res. 2018;138:89–108. https://​doi.​org/​10.​1007/​s11205-017-1659-4.Crossref

	66.
Ubokudom EO, Namso NF, Egbe BE, Kesit KN. Household level food security status and its determinants among rural farmers in Akwa Ibom State, Nigeria. Agric Sci Res. 2017;7(10):297–303.

	67.
UNDP (United Nations Development Programme). (2018). The Malawi Growth and Development Strategy. Retrieved from https://​www.​mw.​undp.​org/​content/​malawi/​en/​home/​library/​the-malawi-growth-and-development-strategy-iii-.​html.

	68.
USAID (United States Agency for International Development). (2015). Malawi Nutrition Profile. Retrieved from https://​www.​usaid.​gov/​sites/​default/​files/​documents/​1864/​USAID-Malawi_​NCP.​pdf.

	69.
Whitaker RC, Phillips SM, Orzol SM. Food insecurity and the risks of depression and anxiety in mothers and behavior problems in their preschool-aged children. Pediatrics. 2006;118(3):E859–68.CrossrefPubMed

	70.
World Bank. (2012). World development report: Gender equality and development. Retrieved from https://​openknowledge.​worldbank.​org/​handle/​10986/​4391.

	71.
World Bank. (2015). FAQs: Global poverty line update. Retrieved from https://​www.​worldbank.​org/​en/​topic/​poverty/​brief/​global-poverty-line-faq.

	72.
World Food Programme. (2018). Household Food Security in Malawi: Results from a comprehensive food security survey. Retrieved from https://​docs.​wfp.​org/​api/​documents/​WFP-0000109939/​download/​?​iframe.

	73.
Workicho A, Belachew T, Feyissa GT, Wondafrash B, Lachat C, Verstraeten R, Kolsteren P. Household dietary diversity and animal source food consumption in Ethiopia: evidence from the 2011 welfare monitoring survey. BMC Public Health. 2011;16(1):1192–1192.Crossref

	74.
Yousaf H. Food security status and its determinants: a case of farmer and non-farmer rural households of the Punjab Pakistan. Pak J Agric Sci. 2018;55:217–25. https://​doi.​org/​10.​2116/​pakjas/​18.​6766.Crossref



Publisher's Note
Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.


OEBPS/navigation.xhtml

    
      Contents


      
        		Can women’s empowerment in livestock farming improve household food security? Empirical evidence from rural households in Malawi


      


    
    
      Landmarks


      
        		Body Matter


      


    
  

OEBPS/css/envelope.png





OEBPS/images/40066_2023_436_Article_TeX_IEq2.png





OEBPS/images/40066_2023_436_Article_TeX_IEq1.png
WELIis





OEBPS/images/40066_2023_436_Article_TeX_IEq3.png
Wy





OEBPS/images/40066_2023_436_Article_TeX_Equ1.png
WELIL; = wily; +wolo; + -+ + wyly





OEBPS/css/sidebar.gif





