Additional Details on Food Security Indicators  
Food Availability component 
We measured food availability by using two indicators: daily calorie consumption and Months of Adequate Household Food Provision (hereafter MAHFP). To estimate the average daily amount of food energy (i.e. kilocalories) consumed by a household member, we used daily calorie intake indicator based on per adult equivalents. We opted per adult equivalent given that it accounts for demographic composition of the household (such as sex and age) by considering variations in household food composition and varied individual energy requirements. This approach is often preferred over per capital one (which is obtained by dividing total household calories by the number of household members) given that it increases the precision of household food energy needs computation [1]. We calculated per adult equivalent by converting each household member to an adult equivalent unit (henceforth AEU) using nutrition based adult equivalent conversion factor developed by [2] for Ethiopia  (see Table 1). To do this, we created AEU variable by assigning an age-sex category to each individual in the household, calculating the number of members in each age-sex category in each household, multiplying the number of household in each category by the corresponding conversion factor, and adding up the number of adult equivalents to obtain the total number of adult equivalents for each household. 
To estimate calorie consumption, we followed standard procedures indicated in the literature. First, we converted all reported quantities into grams. All quantities of food reported by kilograms and liters are multiplied by 1000 to get gram metric quantities. Food quantities reported by local units are converted to kilogram (to match units with the conversion factor and measurement unit) and then multiplied it by 1000 to obtain gram metric quantities. The conversion of local units to standard measurement unit was done in consultation with local experts and community representatives (especially women). 
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Age
	Sex

	
	Male
	Female

	<1
	0.33
	0.33

	1-2
	0.46
	0.46

	2-3
	0.54
	0.54

	3-5
	0.62
	0.62

	5-7
	0.74
	0.70

	7-10
	0.84
	0.72

	10-12
	0.88
	0.78

	12-14
	0.96
	0.84

	14-16
	1.06
	0.86

	16-18
	1.14
	0.86

	18-30
	1.04
	0.80

	30-60
	1.0
	0.82

	60 and above
	0.84
	0.74


Source: Dercon & Kirshnan (1998, p.40). 
Food items reported by monetary values are converted to metric quantities by dividing the expenditures by local market price. The practice of eating food outside the home is very low in the study areas and thus this category is not included in the computation. We believe that excluding this category does not affect our estimates significantly. Secondly, after we converted all quantities to grams, we once again converted grams to calories (to estimate total daily calorie consumption) by taking the quantity consumed per household for each food item and multiplying it by its energy value (kilocalories) based on the Ethiopian Food Composition Table developed by Ethiopian Public Health Institute for each region (2013) (we used food composition table prepared for Gambella region) and divide the value by seven. In our questionnaire, the survey reference period (recall period) was seven days; and so, to get the daily value, we divided the total calorie consumption of each household by seven. Finally, to get a daily calorie intake per adult equivalent we divided total daily energy value (kilocalories) of each household by its respective AEU.   
We computed household’s caloric adequacy by using the universal threshold of 2,100 Kcal per adult equivalent per day [3]. Households with daily Kcal per adult equivalent below 2,100 are classified as food insecure. In general, we adopted Consolidated Approach to Reporting Indicators of Food Security (CARI) classifications method of the World Food Program to determine the status and prevalence of household food security. This approach classifies households into four categories as follows: 1=food secure, 2=mildly food insecure, 3=moderately food insecure and 4=severely food insecure. The description of each category is presented in the Table 2. 
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	Food security Category
	Description
	Food secure/Food insecure 

	Food secure
	A household is able to meet essential food and non-food needs without depletion of assets 
	

Food secure


	Mildly food insecure
	A household has minimally sufficient food consumption, but incapable to afford some essential non-food expenditures without depletion of assets 
	

	Moderately food insecure
	A household has food consumption gaps, OR, Marginally able to meet minimum food needs only with accelerated depletion of livelihood assets. 
	

Food insecure

	Severely food insecure
	A household has large food consumption gaps, OR, has extreme loss of livelihood assets that will lead to large food consumption gaps, OR worse. 
	


Source: WFP (2015, p.29)
We converted household’s daily calorie intake into the corresponding four point food security scale categories as illustrated in Table C.
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Indicator
	Classification

	
	Food secure
(1)
	Mildly food insecure
(2)
	Moderately food insecure
(3)
	Severely food insecure
(4)

	Food Energy Intake 
	kcal/p/d ≥ 2100 
	kcal/p/d < 2100 kcal/p/d ≥ mean (MDER, 2100) i.e. ≥1925
	kcal/p/d < mean (MDER, 2100) i.e. < 1925, kcal/p/d ≥ MDER i.e. ≥ 1750
	kcal/p/d < MDER i.e. < 1750


Note: 
(1) Households with a daily calorie intake per adult equivalent greater than 2,100 calories
(2) Households with a daily calorie intake per adult equivalent less than 2,100 calories but greater than the mean of a) the national Minimum Dietary Energy Requirement (MDER) (which is the weighted average of the minimum energy requirements of the different gender-age groups in the population) and b) 2,100. The national MDER is obtained from Food and Agriculture organization of the United Nations (FAO). FAO has established MDER for 182 countries based on the gender and age and different levels of physical activity to estimate the prevalence (percentage) of the undernourished population in each country. For Ethiopia, MDER was estimated at 1730 (1990 to 1992), 1730 (1995 to 1997), 1740 (2000 to 2002), and at 1750 (2006 and 2008). We used 1750 as the national MDER. Therefore, the mean of the national MDER (1750) and 2100 is 1925 (i.e. 1750+2100/2=1925). 
(3) Households with a daily calorie intake per adult equivalent greater than or equal to the national MDER (i.e. 1750) but less than the mean of 1) the MDER and 2) 2,100 (i.e. 1925).
(4) Households with a daily calorie intake per adult equivalent less than the national MDER (1750). 



The second indicator used to estimate household food availability is Months of Adequate Household Food Provision (MAHFP). This indicator is emerged as food security measure since 1990s where Africare developed the tool to identify vulnerable groups and measure its program impact [4]. The indicator captures changes in the household’s ability to deal with exposure to food insecurity in such a way that ensures food availability over a minimum level the year round [5]. The main purpose of this indicator is to identify the months in which a household is unable to get adequate food in spite of source of the food (be it production, purchase, barter or food aid) [5]. First, respondents were asked to indicate whether or not they had enough food (from all sources) to eat during all the months in the past twelve months. And then, those households that were unable to provide adequate food for their family during all the months were asked to specify in which month(s) during the past twelve months they did not have enough food to meet their family’s food needs. As suggested by Bilinsky & Swindale [5], albeit in our questionnaire the response options for the months start with the January, to facilitate easy recall period and get correct information, we asked the respondents to think back over the past twelve months, starting with the month the interview is being carried out. Values such as 0 and 1 were assigned for each month where 0 indicates the absence of food shortage while 1 shows the household had encountered food scarcity to meet family’s food need in that month. To compute the MAHFP for each household, we carried out a simple computation by deducting the total number of months out of the past twelve months that the household was unable to meet family’s food needs from twelve months of the year. 
Based on the MAHFP value of each household, to determine the status and prevalence of household food security we classified households into four food security scale categories. We conducted these classifications based on the previous empirical research carried out by Namana & Souli [4] in Burkina Faso and Getachew et al. [6] in Ethiopia. The authors classified households into three categories with some differences. For example, Namana & Souli [4] classified households as food secure when they were able to meet their family’s food needs for all 12 months, moderately food insecure when they were able to fulfill their food needs for nine months, and most food insecure when they were unable to meet their family’s needs for more than three months during the past year. On the other hand, Getachew et al. [6] classified households that were able to satisfy their food requirement for 10–12 months,  7-9 months, and 6 and less months as food secure, moderately food insecure, and the most food insecure, respectively. 
We modified the authors’ categorization and classified the households into four categories. We categorized households as food secure when they were able to satisfy their family’s food needs for all twelve months, mildly food insecure when they were able to meet their family’s food requirements for 10 to 11 months, moderately food insecure when they were able to meet their food needs for 8 to 9 months, and severely food insecure when they encountered food shortage for 5 and above months.  
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Household’s food access depends on his/her ability to acquire food either from its own production, purchases, gathering, stocks, or obtain via food transfers from relatives, the community, government or donors. In this study food access is conceptualized as households’ capacity (in terms of having sufficient income or other resources) to purchase or procure or obtain adequate levels of appropriate food needed to maintain consumption of sufficient diet/nutrition level [7]. This definition shows that food access represents the demand side of food security. 
In this study, we used Household Food Insecurity Access Scale (henceforward HFIAS) as an indicator to measure access part of food (in)security. The HFIAS is one of the recent food security measurement tools that is designed to capture the common experience of household food (in)security  throughout countries and cultures [7], but needs just a slight adjustment to the local contexts [8]. The argument behind HFIAS method is that when households experience food insecurity (access) they often roused to develop foreseeable reactions or responses that can be described and measured through a household survey [7]. 
The HFIAS is designed as an easy to use and a simple measurement tool in such a way that capture household’s experience of difficulties in accessing food based on the three domains of food insecurity believed to be universal across socio-cultural contexts [7]. The domains include (a) feelings of anxiety and uncertainty about the household food access, (b) perceptions of the households that food is of insufficient quality (including variety, preferences, and social acceptability), and (c) inadequate food intake and its physical consequences [7]. The HFIAS as an indicator of the access component of food (in)security has been validated and in use in many developing countries including Ethiopia. 
We used standard HFIAS questionnaire (tested and validated in the developing countries – including Ethiopian - context), which has a list of 9 detailed questions (occurrence questions) representing universal  features of the experience of problems of food access such as worry and availability of and accessibility to food for the household during the previous seven days. These questions were followed by other nine frequencies – of - occurrence questions that were asked as follow-up questions to every occurrence question to find out how often the event occurred. We followed the standard scoring procedure recommended in the literature [7]. We computed the HFIAS score for each household by adding up the frequency of occurrence question responses code (that is, Q1a + Q2a + Q3a + Q4a + Q5a + Q6a + Q7a + Q8a +Q9a) which could range from 0 (food security) to 27 (severely food insecurity). The maximum score for a household whose response to all frequency-of-occurrence questions is “often” (coded as 3) could be 27 and the minimum score for a household whose response is “no” to all occurrence questions could be 0. The higher HFIAS shows the household had experienced more food insecurity (access) and vice versa [7]. 
To determine food (in)security status and prevalence, we computed a categorical indicator called the Household Food Insecurity Access Prevalence (HFIAP). We categorized households into four hierarchies of household food insecurity (access): food secure (coded as 1), mildly food insecure (coded as 2), moderately food insecure (coded as 3) and severely food insecure (coded as 4) based on the respondents’ reply to frequency – of - occurrence questions. Those households that gave affirmative response (i.e. yes) to more sever conditions and experienced those conditions more frequently are classified as steadily food insecure and vice versa. We created these categories through the following algorithm classification process (see Table D) by using STATA software version 13.
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	HFIAS category
	Algorithm classification process

	Category 1 = Food secure 
	If [(Q1a=0 or Q1a=1) & Q2a=0 & Q3a=0 & Q4a=0 & Q5a=0 & Q6a=0 & Q7a=0 & Q8a=0 & Q9a=0]

	Category 2 = Mildly food insecure
	If [(Q1a=2 or Q1a=3 or Q2a=1 or Q2a=2 or Q2a=3 or Q3a=1 or Q4a=1) & Q5a=0 & Q6a=0 & Q7a=0 & Q8a=0 & Q9a=0]

	Category 3 = Moderately food insecure
	If [(Q3a=2 or Q3a=3 or Q4a=2 or Q4a=3 or Q5a=1 or Q5a=2 or Q6a=1 or Q6a=2) & Q7a=0 &Q8a=0 & Q9a=0]

	Category 4 = severely food insecure
	If [Q5a=3 or Q6a=3 or Q7a=1 or Q7a=2 or Q7a=3 or Q8a=1 or Q8a=2 or Q8a=3 or Q9a=1 or Q9a=2 or Q9a=3]


Source: Coates et al. (2007)
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As indicated in chapter two, food utilization mainly involves the ability of people to obtain complete biological benefits from food, based on food safety, food quality and diversity, health care, and sanitation [9]. Following this, we conceptualized food utilization as the household’s capacity to fulfill his/her biological needs derived from nutritious food (food with quality and diversity). We measure utilization aspect of food security by using two indicators: Household Dietary Diversity Score (HDDS) and Food Consumption Score (FCS). These indicators are often used as proxy indicators to capture nutritional quality of diet [10] since a variety of foods in the diet is required to ensure a sufficient intake of important nutrients [11]. 
Twelve set of food groups proposed by FANTA [10] such as: cereals; root and tubers; vegetables; fruits; meat, poultry, offal; eggs; fish and seafood; pulses/legumes/nuts; milk and milk products; oil/fats; and sugar/honey were used to examine the dietary diversity status of the households in the study areas. Households were asked to indicate which food group did they consume in the last 24 four hours. The responses were coded as one if a household had consumed a particular food group and zero if it had not consumed. We focused on the number of food groups rather than the number of different foods consumed for the reason that consumption of food groups offers a number of diversity in both macro- and micronutrients [12] and is a stronger predictor of dietary quality [13]. For example, a household that consumed five different foods which might all be cereals (rice, maize, sorghum, wheat, and Teff) is dietary poor than the one that on average consumed five different food groups (cereals, fruits, meat, egg, and fish). Therefore, the computation of HDDS for each household is based upon the 12 food groups mentioned above.   
We calculated HDDS by adding up the number of food groups consumed by each household during the last 24 hours. The value of the scores range from 0 to 12 wherein the lowest value indicates poor dietary diversity (sever food insecurity) and the other way round [10]. There are no accepted standards or internationally agreed upon cut off points for HDDS in the literature. It is suggested that cut off points should be defined in the context where they are adopted by taking into consideration local food systems and dietary patterns [14]. For example, Hatløy et al. [13] used 6 as a threshold to classify households into two categories based on their dietary diversity scores. Faber et al. [11] used 4 as cut off point and classified households with DDS less than or equal to 4 as low dietary diversity (food insecure) and above 4 as high dietary diversity (food secure). On the other hand, Getachew et al. [6] categorized households into three groups based on the HDDS as follows: HDDS ≤ 5 low dietary diversity (severely food insecure), HDDS 6-7 medium dietary diversity (moderately food insecure), and HDDS ≥ 8 high dietary diversity (food secure). By taking the local context into account, we adopted thresholds recommended by IFPRI (i.e. HDDS > 6 good dietary diversity, HDDS 4.5-6 medium dietary diversity, and HDDS < 4.5 low dietary diversity). 
FCS is another indicator that we used to examine the unitization dimension of food security. This indictor mainly captures the dietary diversity, food frequency, and the relative nutrient quality of various food groups [13-14]. It is a composite score describing the frequency of weighted diet diversity through a standard weight for eight food groups (Table E) which reflects nutrient density. Based on the work of Ruel [14] and Hoddinott & Yohannes [12], the World Food Program [15] has developed FCS as a proxy indicator of food security where data are collected from households on a seven-day recall period of frequency of consumption of numerous food groups. In our case, respondents were asked to indicate the number of days they consumed a particular food item or group in the last seven days (the number of days ranges from 0 to seven). The responses were coded based on the number of days a household consumed a distinctive food item or group. For example, if a household did not consume any food item or group in the last seven days, the response was coded as zero and when consumed all seven days it was coded as 7. 
We calculated FCS using the frequency of consumption of eight food groups consumed by a household during the seven days before the survey by using the following formula: 
FCS = (a cereals*Xcereals) + (a pulses*Xpulses) + (a vegetables*Xvegetables) + (a fruits*Xfruits) + (a animal*Xanimal) + (a milk*Xmilk) + (a sugar*Xsugar) + (a oil*Xoil)

where ai  is a relative nutritional weight of food group, Xi is the number of days of consumption (frequency) for each food group (<= seven days), and m is the number of food groups. We dropped condiments food group from our calculation due to its zero nutritional value. The weighted score of FCS has a range of 0 to 112, the maximum value (112) indicating that all food groups are consumed by a household every single day a week and vice versa. Once we obtained FCS, standard thresholds of 21 and 35 proposed by World Food Program [15] were used to define the three food consumption groups. We recoded FCS variable to a categorical one to identify and understand the status and prevalence (the percentage of food secure and food insecure households). And so, households’ with FCS ≤ 21 were classified as having poor food consumption (severely food insecure), those households whose FCS falls between 21.5 and 35 were categorized as having borderline consumption or vulnerable group (moderately food insecure), and households with FCS >35 were classified as having acceptable consumption (food secure). 
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	Food Items
	Food Groups (definitive)
	Weight (definitive)
	
Justification 

	Maize, maize porridge, rice, sorghum, millet pasta, bread, and other cereals
	Main staples (cereals and tubers)
	
2
	Energy dense, protein content lower and poorer quality than legumes, micronutrients (bound by phytates)

	Cassava, potatoes, and sweet potatoes
	
	
	

	Beans, peas, groundnuts, and cashew nuts
	Pulses
	3
	Energy dense, high amount of protein but of lower quality than meat, micronutrients (inhibited by phytates), low fat 

	Vegetables and leaves
	Vegetables
	1
	Low energy, low protein, no fat, micronutrients 

	Fruits 
	Fruits
	1
	Low energy, low protein, no fat, micro nutrients 

	
Beef, goat, poultry, pork, eggs, and fish
	Animals (meat and fish)
	4
	Highest quality protein, easily absorbable micronutrients (no phytates), energy dense, fat. Even when consumed in small quantities, improvements to the quality of diet are large.

	
Milk, yogurt, and other diary
	
Milk
	4
	Highest quality protein, easily absorbable micronutrients, vitamin A, energy. But milk could be consumed in very small amounts and should then be treated as condiments, and so reclassification in such cases is needed.

	Sugar and sugar products
	Sugar
	0.5
	Empty calories. Usually consumed in small quantities.

	
Oil, fat, and butter 
	
Oil
	0.5
	Energy dense but usually no other micronutrients. Often consumed in small quantities.  

	Spices, tea, coffee, salt, fish power, small amount of milk for tea
	Condiments
	0
	


Source: WFP (2008)
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To capture the economic vulnerability Coping Strategies Index (CSI) and Food expenditure share were used as proxy indicators. CSI, is one of widely used proxy indicator of food security designed to capture economic vulnerability or coping capacity based on the household’s food consumption behavior (coping strategies) such as dietary change, food seeking, household structure, and rationing strategies [16]. The indicator is quick and easy to use, simple to understand and analyze, provides rich information on the transitory food insecurity, and well correlates with other indicators of food security [16-17]. CSI measures behavior - the things that most people do when they do not have enough food and/or money to buy food [18]. The logic is that as the problem of food availability and access worsens, households are more likely to utilize strategies that are less reversible, and so signify a more acute form of coping and higher food insecurity [19]. 
Respondents were asked to indicate what they do when they do not have enough food and/or money to buy food in the past 30 days. To compute CSI, we used three pieces of information. The first one is the list of locally applicable coping strategies/behaviors that we adopted from literature based on the four classes of strategies: dietary changes, short-term measures to increase household food availability, short-term measures to decrease numbers of people to feed, and rationing or managing the shortfall [18]. The second is the relative frequency – of – occurrence of the strategies. If a household employed a particular strategy all the time (every day in a week) we coded it as 7; if a strategy is employed pretty often (3 to 6 times per week) we coded it as 4.5 (the mid-point of the range 3 and 6); if it is used once in a while (1 to 2 times per week) we coded it as 1.5 (the mid-point of the range of 1 and 2); if the strategy is employed hardly at all (less than 1 times per week) we coded it as 0.5; and if a household never employed that particular strategy we coded it as zero.  The third include the severity level - weight of each strategy that is generated through focus group discussion (FGD). The strategies were grouped into four severity levels: very severe=4, severe=3, moderately sever=2, and least severe=1. Six different focus groups were consulted in each selected kebele to express their perceptions and opinions regarding the severity level of diverse strategies. The average weight of severity level of each strategy was calculated and finally the most frequent response is taken as consensus rank. The results of these exercises are presented in Table F.   
We, thus, multiplied the relative frequency of each strategy by its respective severity level and added up the results to obtain the CSI score. Mathematically, we used the following formula: 
CSI score = (fCS1*sCS1) + (fCS2*sCS2) + (fCS3*sCS3) + (fCS4*sCS4) + ... + (fCS12*sCS12)

where fi  is the relative frequency – of – occurrence of the strategy and si is the level of severity (weight). The score reflects the current and seemingly future food security status of the households [16]. The higher score shows that a household is greatly food insecure due to adapting the most sever coping strategy more frequently. Once we get CSI score for each household, we created a categorical variable to examine the status and prevalence of households’ food (in)security based on the thresholds proposed by Maxwell and his colleagues in Ethiopian context [17]. The authors classified households into four categories as follows: households with CSI score from 0 to 2, food secure (1); from 3 to 12, mildly food insecure; from 13 to 40, moderately food insecure; and above 40, severely food insecure [17]. 
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Category 
	

Coping strategy
	Weight for severity scores
	Consensus ranking
	Severity level

	
	
	FGD1
	FGD2
	FGD3
	FGD4
	FGD5
	FGD6
	Ave.
	
	

	Dietary
Change
	Rely on less preferred and less expensive foods (CS1)
	1
	1
	1
	1
	1
	1
	1
	1
	
Least

	
Increase household short term food availability
	Borrow food, or rely on help from a friend or relative (CS2)
	1
	1
	2
	1
	2
	1
	1.3
	           1
	
Least

	
	Purchase food on credit (CS3)
	2
	2
	3
	1
	2
	2
	2
	2
	Moderate

	
	Gather wild food, hunt, or harvest immature crops (CS4)
	
1
	
1
	
1
	
2
	
1
	
1
	
1.17
	
1
	Least

	
	Consume seed stock held for next season (CS5)
	3
	3
	3
	4
	3
	3
	3.17
	3
	Severe

	Reduce number of people
	Send household members to eat elsewhere (CS6)
	3
	2
	2
	2
	3
	2
	2.3
	2
	Moderate

	
	Send household members to beg (CS7)
	4
	4
	4
	4
	4
	4
	4
	4
	Most 

	


Rationing strategies
	Limit portion size at mealtimes (CS8)
	2
	2
	2
	3
	2
	2
	2.17
	2
	Moderate

	
	Restrict consumption by adults in order for small children to eat (CS9)
	4
	3
	2
	3
	3
	3
	3
	3
	Severe

	
	Feed working members of HH at the expense of non-working members (CS10)
	3
	3
	3
	3
	3
	3
	3
	3
	Severe

	
	Reduce the number of meals eaten in a day (CS11)
	2
	2
	2
	2
	2
	2
	2
	2
	Moderate

	
	Skip entire days without eating (CS12)
	4
	4
	4
	4
	4
	4
	4
	4
	Most 

	
	Gender of FGD participants
	F
	F
	M&F
	F
	M
	M
	
	
	


Source: Own Data based on FGD participants’ view  
The second indicator used to capture the economic vulnerability of households is food expenditure share (the share of total money spent on food items to total expenditure of a household in a month). Research shows that compared to a relatively rich or food secure households that spend a smaller proportion of their total expenditure on food, poor or more food insecure households expend a huge amount of their money on food items [3]. Therefore, the higher proportion of total expenditure on food implies that the household is more economically vulnerable to food insecurity [3]. 
Households were asked to specify the total amount of money they spent (both in cash and credit) on various food and non-food items in the past 30 days and 6 months (long-term expenditure), respectively. Based on the data, we created monthly food expenditure variable for each household by summing together the total food expenditure for the 30 days. Likewise, we created a variable called ‘non-food expenditure 1’ by adding together the money spent by households on non-food items in the past 30 days. We also created a third variable called ‘non-food expenditure 2’ by adding together all long-term (6 months) nonfood expenditure and dividing it by 6 to get monthly expenditure. Finally, we calculated food expenditure share by dividing monthly food expenditure by the total of monthly food expenditure, non-food monthly expenditure 1, and non-food monthly expenditure 2. Mathematically, the following formula was used:

To understand the status and prevalence of food security, we converted the ‘food expenditure share’ indicator to the 4-point categorical scale, based on the cut off points proposed by the [3]. And so, households with food expenditure share < 50% of the total expenditure were categorized as food secure (1), with food expenditure between 50% and 65% as mildly food insecure (2), with food expenditure >65% but <75% as moderately food insecure (3), and those with food expenditure >=75% as severely food insecure (4).   
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