S. Table 1. Reviewed food security models based on FS dimensions
	No.
	Reference
	Classification 
	Calculations of Food Security dimensions 

	
	
	
	Availability
	Access
	Utilization
	Stability
	Others 

	1
	(Adewumi and Animashaun, 2013)
	Statistical 
	
	production efficiency and HDDS correlation
	
	
	

	2
	(Ahmad et al., 2016)
	Statistical
	
	
	
	
	FSI developed by PCA analysis of different variables include per capita consumption

	3
	(Akerele and Shittu, 2017)
	Statistical
	
	Based on household survey data, Berry and Relative Entropy Index values for dietary diversity using seven food groups, regressed on food prices and household characteristics.
	
	
	

	4
	(Akerele et al., 2017)
	Statistical
	
	Based on household survey data, Berry and Relative Entropy Index values for dietary diversity using seven food groups, regressed on food prices and household characteristics.
	
	
	

	5
	(Akinola et al., 2010)
	Statistical
	
	Crop yields are used to estimate food consumption in terms of expenditures, calories, and protein.
	
	
	

	6
	(Ali and Erenstein, 2017)
	Statistical
	
	To determine food security, food consumption is compared to a consumption threshold.
	
	
	

	7
	(Alwang and Siegel, 1999)
	Optimization 
	
	Food consumption is a constraint in an optimization model
	
	
	

	8
	(Amede and Delve, 2008)
	Optimization 
	Food production is a constraint in an optimization model
	
	
	
	

	9
	(Azeem et al., 2016)
	Statistical 
	
	Household, locational, and community characteristics, as well as their cross-terms, are regressed on calorie intake in relation to a recommended value.
	
	
	

	10
	(Bacon et al., 2014)
	Statistical
	
	Crop production, land area, number of livesotck, household size, farming practices, location community involvement, and coping mechanisms are all regressed on the number of 'lean months.'
	
	
	

	11
	(Baran et al., 2010)
	Statistical
	
	
	
	
	Bayesian Belief Networks are used in the analysis, with probabilities estimated by stakeholders. Probabilities are for "good" or "bad" outcomes for production, income, and an undefined "food security" outcome. Alternative water management strategies' effects are described in terms of the likelihood of good or bad outcomes.

	12
	(Bashir et al., 2014)
	Statistical
	
	2SLS is used to regress calorie intake on household characteristics such as income, livestock assets, education, and the age of the household head.
	
	
	

	13
	(Beghin and Teshome, 2017)
	Statistical
	
	The "food shortage" scale is used to divide the sample into food secure and food insecure groups, and differences in characteristics are statistically tested. Logit models use land area, number of children, off-farm labor, and the sex of the household head to assess food security.
	
	
	

	14
	(Beyene and Muche, 2010)
	CGE
	
	With independent variables such as farming activities, source of income, land and livestock holdings, input use, and soil and water conservation practices, a logit model is used to assess calorie acquisition.
	
	
	

	15
	(Bharwani et al., 2005)
	Simulation biophysical 
	Water availability and evapo-transpiration drive crop yields in this agent-based model.
	
	
	
	

	16
	(Beyene and Engida, 2016)
	CGE
	The impact of farmer training and irrigation on agricultural production was assessed using the CGE model. Production is modeled as a function of labor and capital, with capital including land, livestock, and other non-agricultural assets.
	
	
	
	

	17
	(Darsonon., 2017)
	Statistical
	Own rice production indicates food availability, and food insecure households produce less than a certain amount of rice.
	
	
	
	

	18
	(Dhakal et al., 2010)
	Optimization 
	With implications for food production, land allocation is modeled to maximize community income. The yields per land area times area model is used to calculate food production.
	
	
	
	

	19
	(Di Falco et al., 2011)
	Statistical 
	A household head and farm charateristics-based endogenous switching regression model was used to investigate the effects on grain yield per hectare.
	
	
	
	

	20
	(Dil Farzana et al., 2017)
	Statistical 
	
	The HFIAS scores were used to identify which households had "low" food security, and their coping strategies were then described.
	
	
	

	21
	(Djanibekov et al., 2013)
	Optimization 
	
	To determine food consumption, the model includes a quadratic function of household income.
	
	
	

	22
	(Sohoulande Djebou et al., 2017)
	Statistical 
	
	A statistical model with land size, irrigation, fertilizer, and tractor use as explanatory variables uses a food access indicator similar to FIES.
	
	
	

	23
	(Dobbie. et al., 2017)
	Simulation integrated
	Food production decisions and thus caloric availability are determined by an agent-based model.
	The food accessed and dietary diversity are determined by the agent-based model (food counts)
	
	
	

	24
	(Ferdous et al., 2016)
	Other 
	The effectiveness of a home garden intervention is assessed.
	
	
	
	

	25
	(Gangwar et al., 2016)
	Simulation biophysical
	
	
	
	
	Based on farm-level implementation results, a set of production practices ("Farming system model") was "synthesized" and used to describe the impacts on production and net income. The percentage of total requirements for "balanced nutrition" is given, but no further information is given.

	26
	(Habyarimana and Nkunzimana, 2017)
	Statistical 
	
	The effect of household expenditure, crop yields, and access to extension services on the Food Consumption Score is quantified using pooled OLS.
	
	
	

	27
	(Hadush, 2017)
	Statistical 
	
	The effects of household production and characteristics on per capita food consumption expenditure are quantified using a 2SLS model.
	
	
	

	28
	(Hammond et al., 2018)
	Others 
	Food availability is a supply-based estimate of the amount of food that can be generated by any one household through on- and off-farm activities, measured in kilocalories (kCal) per person (male adult equivalent) per day.
	HFIES and HDDS
	
	
	

	29
	(Hartter and Boston, 2007)
	Simulation integrated
	With fixed coefficients per activity, production decisions are driven by per capita caloric needs.
	Per capita caloric needs drive production decisions, with fixed coefficients per activity.
	
	
	

	30
	(Hoddinott et al., 2012)
	Statistical 
	Dose-response models assess the impact of transfer program participation on yields and production.
	
	
	
	

	31
	(Holden and Shiferaw, 2004)
	Optimization 
	The soil type, soil depth, slope, fertilizer application, and manure application all affect crop yields. Livestock productivity, birth rates, mortality, feed requirements, milk production, ploughing capacity, manure production, culling rates, and other input costs are all considered.
	Based on consumption data, an extended quadratic expenditure system was estimated, which included food grain, pulse, and other consumption, as well as farm input expenditure.
	
	
	

	32
	(Holden et al., 2005)
	Optimization 
	Same to No 31
	Same to No 31
	
	
	

	33
	(Hussien et al., 2017)
	Simulation integrated
	
	The amount of food consumed by a household is a simple function of its size and income.
	
	
	

	34
	(Ibrahim et al., 2009)
	Optimization 
	Food security is a caloric production constraint in an optimization model for farm production.
	
	
	
	

	35
	(Inder et al., 2017)
	Statistical 
	Crop yields are predicted using median regression models as a function of land area, tree density, labor availability, and location.
	Land area, household labor availability, type of roofing, household head education, and location are all regressed on ad hoc food security indicators (food shortages experienced and months of food shortages).
	
	
	

	36
	(Islam et al., 2018)
	Statistical
	
	The relationship between farm diversification and diet diversity (HDDS, Women's Dietary Diversity Score, WDDS, and the Food Variety Score, FVS) was investigated in this study. The total number of crop, vegetable, and fruit species, the number of food crop species only, and the Margalef species richness index were used in farm diversification.
	
	
	

	37
	(Joshi and Joshi, 2017)
	Statistical
	
	
	
	
	Explanatory variables include the age of the household head, household size, irrigation use, distance to market, livestock, land ownership, and district in a logistic regression model with a binary variable for "food security" (not clearly defined).

	38
	(Nyaga and Doppler, 2009)
	Statistical
	
	
	
	
	Using variables representing production, farming assets, and land area and location, PCA is used to create a "food security index." In a logistic regression with household and farm characteristics, this PCA index is used. There is no economic or other logic behind the variables chosen.

	39
	(Kaminski and Thomas, 2011)
	Optimization 
	
	
	
	
	An unspecified "food security goal" is included in an ordered discrete choice model of cotton production decisions.

	40
	(Karki et al., 2015)
	Statistical
	
	
	
	
	Used classification and regression trees (CART) to highlight the primary associations between dependent variables of interest (food self- sufficiency, crop yield and adoption of improved cultivars) and independent variables belonging to the five subject areas included in the survey (socioeconomic, land tenure, labor, crop production and animal husbandry).

	41
	(Kassie et al., 2015)
	Statistical 
	
	
	
	
	A variety of ad hoc food security indicators reported by households was regressed on variable for human capital, resource constraints, market access, social capital, experience of shocks and natural capital.

	42
	(Kassie et al., 2008)
	Statistical 
	value of crop production per hectare in low and high rainfall areas of the Ethiopian highlands using cross-sectional data from more than 900 households, with multiple plots per household
	
	
	
	

	43
	(Kokoye et al., 2013)
	Optimization 
	A linear programming model to maximize income subject to constraints on land, labor, credit, seed, and the production required to meet household consumption needs (from own production), which is equated with food security.
	
	
	
	

	44
	(Kowero et al., 2005)
	Optimization
	Optimization model (weighted goal programming) with constraints on land and labor and the production of crops and forestry products.
	
	
	
	

	45
	(Laborte et al., 2007)
	Optimization
	Optimization models of agricultural production and income at three levels of aggregation: farm, municipality and province. The model results focus on yields, areas, gross income, net income and N losses. Food availability is represented by yields and production, but is not explicitly linked to food security other than to mention that this is a goal at the municipality and provincial levels.
	
	
	
	

	46
	(Laborte et al., 2009)
	Optimization
	Optimization model of the farm to assess impacts of addopting agricultural technologies. The model results focus on yields, areas, gross income, net income and N losses. Food availability is represented by yields and production.
	
	
	
	

	47
	(Lázár et al., 2015)
	Simulation integrated
	CROPWAT model is used to generate yields and production, which are valued at market prices. The net income from farming is used to approximate alllowable expenditures on calories, and the number of months where calories are below minimum recommended thresholds is calculated as "hunger periods
	
	
	
	

	48
	(Leonardo et al., 2018)
	Optimization 
	A linear programming model to maximize gross margin or maize sales subject to resource and production constraints and amounts required to meet household caloric needs (from own production), which is equated with food security.
	
	
	
	

	49
	(Louhichi and Gomez y Paloma, 2014)
	Optimization
	A non-linear optimization model which includes the household’s utility framework and the farm’s production constraints, in a non-separable regime.
Production and consumption amounts are reported as changes from baseline
	A Linear Expenditure System (LES) represents household consumption decisions, and production and consumption amounts are reported as changes from baseline
	
	
	

	50
	(Maatman et al., 1998)
	Optimization
	A stochastic linear programming model to assess the impact of rainfall risks food surplus or deficit based on of energy requirements. Food availability is modeled as food production.
Food consumption is represented as requirements, with sales or purchases based on the adequacy of production.
	
	
	
	

	51
	(Magcale-Macandog et al., 2010)
	Simulation biophysical
	The Water, Nutrient and Light Capture in Agroforestry Systems (WaNuLCAS) model was used to determine the complementary effects of trees and crops in the agroforestry systems in improving crop yields. WaNuLCAS scenarios indicate income from production and amount of cash available for the households that could be used to purchase food.
	
	
	
	

	52
	(Marsh et al., 2016)
	Statistical 
	
	A two-stage linear regression model explains household food expenditure. Food consumption is represented as aggregated food expenditures and is explained by independent variables: six binary income category variables, household size and predicted number of vaccinated cattle.
	
	
	

	53
	(Modi, 2015)
	Statistical
	
	
	
	
	"Food security value" is measured with a equation including yields (availability), home consumption (access)   and locally marketed crop (marketability), all expressed in terms of tons/ha. This calclulation is applied separately to eight crops (cabbabe, swiss chard, maize, beans, sweet pottaoes, taro, and potatoes).

	54
	(Molua, 2012)
	Statistical
	
	A multinomial logit model is used to explain changes in household food consumption patterns, farming practices and market orientation, with the independent variables: household size, farm size, education, wealth, credit access, land tenure, climate variation and extension service.
	
	
	

	55
	(Murungweni et al., 2011)
	Simulation integrated
	
	
	
	
	Fuzzy Cognitive Maps (FCM) developed with stakeholders are link variables using numerical "influences" among variables. Food in household is positively influenced by "total harvest", "garden crop harvest", and "cash", which is in turn positively ifluenced by "cattle sold". No specific quantified food security indcators are provided.

	56
	(N’Danikou et al., 2017)
	Statistical
	
	Mixed effects (recursive partitioning tree) models fitted by maximum likelihood were used to examine determinants of a "food insecurity index" defined as the weighted average score of the severity of a Coping Strategy Index (CSI).
Explanatory variables used a livelihoods categorization: human capital=risk attidude, natural capital=richness of wild food plants, financial capital=income from non-ag employment, social capital=social group membership and responsibilities in the community.
	
	
	

	57
	(Niragira et al., 2015)
	Optimization 
	A mathematical programming to obtain the optimal crop mix that could maximize output given the constraints on production factor endowments and the need to feed the household. The objective function and constraints are not completely described. Some model scenarios include household consumption requirements for energy, protein and fatty acids. Food availabilty is represented by own production.
	
	
	
	

	58
	(Nkegbe et al., 2017)
	Statistical
	
	A probility model with three categories (little or no hunger, moderate hunger, severe hunger) to examine determinants of the Household Hunger Scale (HHS) as a measure of food access.
Independent variables include age, gender, education and marital status of the household head, household size, ownership of transport, equipment, yield index for maize, binary variables for ownership of land and animal assets, food consumption expenditures (FCE), and region. Note that FCE are used here as an explanatory variable (technically, endogenous) for HHS.
	
	
	

	59
	(Obayelu and Onasanya, 2016)
	Statistical
	
	Food security is represented with an index that divides average self-reported daily per capita caloric intake for each household by recommeded caloric intake. Logit regression models (OLS and 2SLS) to explain caloric consumption (food access) include independent variables: quantity produced, age, gender and education of household head, houshold size, number of dependents, binary variable for cooperative membership, years farming experience, farm size, "food security status" ("secure" or "insecure"), extension contact, farm income, non-farm income, credit access, occupation.
	
	
	

	60
	(Ogot et al., 2017)
	Statistical
	This study compared several outcomes between farm households using or not using a Push-Pull Technology (PPT) for insect control. Food availability includes crop production.
These are comparisons of means without statistical tests for significance or controlling for other factors. There is no empirical or explanatory model analysis.
	This study compared several outcomes between farm households using or not using a Push-Pull Technology (PPT) for insect control. Food access is measured by "food shortage" by month, food expenditures, the Household Dietary Diversity Score (HDDS). These are comparisons of means without statistical tests for significance or controlling for other factors. There is no empirical or explanatory model analysis.
	This study compared a number of outcomes between farm households using or not using a Push-Pull Technology (PPT) for insect control. Food utilization is measured by BMI scores for < 5 years and > 5 years. These are comparisons of means without statistical tests for significance or controlling for other factors.
There is no empirical or explanatory model analysis.
	
	

	61
	(Jiang et al., 2012)
	Statistical
	This study uses a random effects model based on panel data to assess factors influencing grain production per capita. Observational units are not clearly defined, but explanatory variables include: altitude, soil organic matter, temperature, hours of sunshine, road network density, "investment", but rather curiously also yields, production and population
	
	
	
	

	62
	(Radchenko and Corral, 2018)
	Statistical
	
	This study uses a semi-parametric approach to examine the impact of cash cropping on Food Consumption Score (FCS) and food consumption expenditures, both indicators of food access. A probit model predicts the likelihood of a household engaging in cash cropping and the semi-parametric model uses independent variables: aggregated value of agricultural production age, sex and education of household head, household size, child dependency ratio, distance to populaiton center, border and tobacco auction, binary variables for district, and access to manufactured goods and access to staple foods reported as "stable".
	
	
	

	63
	(Rader et al., 2009)
	Optimization 
	A stochastic mixed integer programming decision support system (DSS) that determines optimal crop planting practices to minimize the caloric deficit of a household and maximize limited household income given a seasonal probabilistic rainfall forecast and the farmer’s risk level. The objective function minimizes the expected value of the caloric deficit minus the expected cash assets multiplied by a small number. The definition of caloric deficit implicitly equates own consumption with production, thus conflating measures of food availability and food access. The caloric deficit assumes standard caloric values per kg of food produced, and is calculated relative to an optimal consumption level.
	
	
	
	

	64
	(Ragasa and Mazunda, 2018)
	Statistical 
	This study formulates three econometric models (Correlated Random Effects, CRE; Instrumental Variables, IV; and Control Function, CF) to assess the determinants of yields and food security. Food availability is represented by the LN of the value of production per hectare (not quantity). Independent variables explaining food access are:   quantity of subsidized and unsubsidized fertilizer per ha, receipt of extension advice, use of varieties and technologies, number of plots, land owned, asset value index, access to credit, household size, age, education and sex of household head, rainfall, distance to nearest paved road and marketing outlet, and binary variable for whether community has a health facility
	This study formulates three econometric models (Correlated Random Effects, CRE; Instrumental Variables, IV; and Control Function, CF) to assess the determinants of yields and food security. Food access indicators include Household Dietary Diversity Score (HDDS) and Food Consumption Score (FCS).
Independent variables explaining food access are: quantity of subsidized and unsubsidized fertilizer per ha, receipt of extension advice, use of varieties and technologies, number of plots, land owned, asset value index, access to credit, household size, age, education and sex of household head, rainfall, distance to nearest paved road and marketing outlet, and binary variable for whether community has a health facility.
	
	
	

	65
	(Reincke et al., 2018)
	Statistical
	This study uses regression analysis to assess the determinants of food availability and food access. Food availability is measured with a synthetic index based on qualitative indicators harvest quality and premature harvesting of crops.   Each of these indicators is regressed on a set of independent variables including number of mechanical assets, cultivation of individual crops, participation in collective agriculture, affected by high food prices, drought or pests, value of inputs purchases, number of household members, receipt of food aid, access to information about food conservatoin and processing, total income, literacy, share of infertile land, wage employment. Many of these variables could be considered endogenous and the authors do not modify regression methods to account for this.
	This study uses regression analysis to assess the determinants of food availability and food access. Food access was measured with the HFIAS and a dietary diversity index (DDI, which the authors consider a measure of utilization). Each of these indicators is regressed on a set of independent variables including number of mechanical assets, cultivation of individual crops, participation in collective agriculture, affected by high food prices, drought or pests, value of inputs purchases, number of household members, receipt of food aid, access to information about food conservatoin and processing, total income, literacy, share of infertile land, wage employment. Many of these variables could be considered endogenous and the authors do not modify regression methods to account for this.
	
	
	

	66
	(Rigolot et al., 2017)
	Simulation integrated
	Food availability is defined as total caloric energy produced per year, and is simulated with the combination of the APSIM and LivSIM models. (The authors do not indicate how the energy content of production was determined.)
	
	
	
	

	67
	(Salazar et al., 2016)
	Statistical
	Food availability is (indirectly) measured as the value of production per ha and total and is analyzed with the same econometric approach as for food access.
	Food access is measured by the ELCSA experiential scale. Two stages of econometric model predict participation in a program designed to increase agricultural productivity with indpendent variables household size, dependency ratio, education, type of housing, cooperative membership, proportion agricultural income, credit access, remittance income, livestock owned, land ownership, distance to paved road and program sites. The impact of program participation on food security uses the likelihood or program participation on the overeall index value and individual questions from the ELCSA (rather than just the overall index value as is more typical) for all households and those with chidren under 18 years. Food access regressions have many of the independent variables identified above.
	
	
	

	68
	(Sassi and Cardaci, 2013)
	CGE
	Food availability is measured as aggregrate production, with a focus on the yield impacts of rainfall, which are estimated with simple linear regression models including a trend term.   This is dervied from scenario analysis with a Computable General Equilibrium (CGE) model.
	Food access is measured as food consumption expenditures. This is dervied from scenario analysis with a Computable General Equilibrium (CGE) model.
	
	
	

	69
	(Seaman et al., 2014)
	Simulation, other
	
	
	
	
	Household "food access" is described by an equation that converts changes in the value of production into caloric equivalents and compares it to a household food requirement. The notation used for this equation is convoluted and it is difficult to assess whether the conversion of units of measure (e.g., money to kcal) are consistent.

	70
	(Sibhatu et al., 2015)
	Statistical
	
	Food access is measured by HDDS based on 10 and 12 food groups, consumption of fruits and vegetables, caloric intake, and intakes of iron, zinc and Vitamin A. This is analyzed with a regression model that includes a measure of farm production diversity based on the same food groups, and land area cultivated, share of land in food crops, cash revenues from agriculture, total household income, distance to market, household size, age education and sex of the household head.
	
	
	

	71
	(Stephens et al., 2012)
	Simulation integrated
	The study used a system dynamics model to assess the complex interactions of biophysical and socioeconomic factors and their feedback with household economic decision making. The CLASSES model, models the key inflow, outflow and feedback processes that determine levels of biophysical and economic stock variables
at each point in time. The biophysical sub- models produce estimates of yield, as indicators of food availability.
	The socio-economic section of the model simulates consumption (a food access indicator), based on the availability of grain, livestock, and cash.
	
	
	

	72
	(Suneetha and Yirgu, 2010)
	Statistical
	This study examined the statistical relationship between independent household variables and household food availability. Food availability was measured as calories available per capita based on production, purchases, sales, food-for- work, other receipts and post harvest losses, as "food balance sheet approach" often used as more aggregated levels.   A single-equation linear regression model assessed the impacts of characteristics of the household (farm size, livestock ownership, input access and use, and the age, education and sex of the household head.
	
	
	
	

	73
	(Szabo et al., 2016)
	Statistical
	
	
	
	
	A logit regression models to assess factors affecting the proportion of household expenditure on food and the caloric availability. Food security is defined expenditures on food less than 75% of the total and caloric availability (intake, they appear to be used interchangeably) is above "requirements". Explanatory variables include salinity, wealth quintile, religion, household head characteristics, agricultural activities of household and remittance income.

	74
	(Tesfaye et al., 2008)
	Statistical
	
	The study assessed the effect of an irrigation scheme on household food security. Food access data (consumption) were collected through a random sampling and interview process.
Statistical methods (the Heckman two-step procedure) used independent variables: household reesource endowments, household characteristics and access to information and services
	
	
	

	75
	(Thorlakson and Neufeldt, 2012)
	Statistical
	A linear regression on matched data for households using and not using agroforestry to assess the impact of the value of production, which is a measure of food availability. The independent variables are not specified, but included "household parameters".
No specific food security impacts were analyzed
	
	
	
	The study indicates that farmers define food security as: "ability to obtain an adequate diet for allhousehold members throughout the year, without beingforced to use long-term savings to purchase food". This measure was not assessed in the analysis.

	76
	(Thornton et al., 2006)
	Simulation integrated
	The Savanna model spatially models interactions between livestock and wildlife. Joined to Savanna is a household model (PHEWS) which tracks resources, cash and dietary energy. Food availability is assessed by calculating the energy requirements of the household, specifying rules for the make-up of diets, and determining outcomes based on resources and cash.
	
	
	
	

	77
	(Tingem et al., 2008)
	Simulation biophysical
	This study combines a weather generation simulator (ClimGen) with a crop growth model (CropSys), and assesses whether prediction of wet/dry years can improve household outcomes. The results are assessed in terms of variability in crop yields, which are used as indicators of food availability.
	
	
	
	

	78
	(Tittonell et al., 2009)
	Simulation biophysical
	The FarmSIM model was used to evaluate case study farms with different resource endowments.   FarmSIM is a dynamic model that links different household and biophysical sub-models at the farm scale. Different crop- livestock integration scenarios were assessed, with the model simulating crop and livestock production, sales and consumption, and the capacity to meet the energy requirements of the household through on-farm food production
	
	
	
	

	79
	(Traore et al., 2017)
	Simulation biophysical
	The APSIM crop model was used to simulate climate risks for cereal crops, based on climate change scenarios. Crop yield was the main output, and results were scaled for three different farm types with differing resources. Food availability was defined as self sufficiency according to the balance of farm-level crop production and requirements.
	
	
	
	

	80
	(Traoré et al., 2018)
	Statistical 
	
	This study used linear mixed models with village and commune random effects to examine the relationship between different cattle breeds , household wealth, dependency ratio, education, cotton cultivation and location on food access measured with HDDS, FCS and mHFIAS.
	
	
	

	81
	(Waithaka et al., 2006)
	Simulation integrated
	
	
	
	
	The study integrated qualitative participatory approaches with mathematical programming and biophysical simulation modelling.   A range of scenarios were assessed using the IMPACT tool to identify optimal farmer options that could improve household well-being. Food security was part of the discussion with farmers, but not directly a result of the modelling; however, outputs related to food security included yields, income, and food costs.

	82
	(Walker and Schulze, 2006)
	Simulation biophysical 
	The CERES crop simulation model was used to simulate smallholder farmer production in response to different climate scenarios. Grain yield was the biophysical indicator used to imply food availability at the field level. A minimum yield target was specified as the "famine level".
	
	
	
	

	83
	(Wane et al., 2017)
	Statistical 
	
	HFIAS data are converted to a "food security index" and a ordered probit model regresses four categories based on the FSI on Income mobility, income sources, number years supplying milk and number of livestock
	
	
	

	84
	(Whitney et al., 2017)
	Simulation biophysical
	This study used a probabilistic model to predict food availability measured as yields including both biophysical and social factors that affect cropping diversity and density and the subsequent yields. Yields of nutrients are implicitly assumed to be consumed.
	
	
	
	

	85
	(Wichern et al., 2017)
	Other 
	Food availability is measured as average amount of food energy per adult male equivlent per day from own production and purchased.
The analysis assumes that all production not sold was available for household consumption, and that all other income was used to purchase maize. This measure appears to combine availability and access indicators.
	
	
	
	

	86
	(Wineman and Crawford, 2017)
	Optimization 
	This study used an optimization approach to assess the effects of climate change on smallholder livelihoods, by allowing for adaptation strategies. Development and parameterization of the model involved various methods. Climate scenarios were simulated by changing crop yields. Simulated results included crop yields, available calories, and the likelihood of falling below a calorie threshold (an estimate of food availability).
	
	
	
	

	87
	(Winter et al., 2015)
	Optimization 
	The village optimisation model used in the study included elements of multiple farms, resources, management, economic activities, and interaction with the market. The model is dynamic, and based on monthly decisions. One constraint was the income needed to meet energy and protein requirements. Food security is not explicity reported in the results section
	
	
	
	

	88
	(Wossen et al., 2018)
	Simulation integrated
	An agent-based model (MPMAS) was used to assess the effects of climate and price variability on household income and food security. Food availability is simulated through crop yields.
	An agent-based model (MPMAS) was used to assess the effects of climate and price variability on household income and food security. Food access is simulated as household consumption based on consumption functions.
	
	
	

	89
	(Yiridoe et al., 2006)
	Optimization 
	This study used linear programming to maximize income by allocating labour and capital. A minimum food requirement was used as a constraint on sales of crops. This was calculated based on average energy content of crops and average household energy requirements. Results are reported in terms of yields and income.
	
	
	
	

	90
	(Zereyesus et al., 2017)
	Statistical 
	
	Food access measured by per capita food expenditures is regressed using 2SLS on household characteristics (type of work, age, schooling, credit, housing characteristics, household dependents), region and land productivity.
	
	
	

	91
	(Zheng et al., 2009)
	Statistical 
	CART methods were used to determine the factors (abiotic, biotic or management) most responsible for soybean yield variability. Food security was discussed as a motivation for the study, but food security was not explicitly mentioned in the materials and methods or results.
	
	
	
	

	92
	(Asseng et al., 2019)
	Simulation integrated
	Using 32 dynamic models to predict the global wheat yield and  protein under climate change scenarios
	
	
	
	

	93
	(Akter and Basher, 2014)
	Statistical
	
	Food access is measured with the FIES scale, then determinants are examined statistically. "Level 1" estimated probability of any food shortage observed with independent variables: Assets, per capita expenditure, area of cultivable land, religion, sex of houshold head, proportion food purchased, and geographic location.
"Level 2" estimated the probability of most severe food shortage in a given year (2007, 2008 or 2009) with independent variables: LN(remittance income in each of three years), LN(damage due to negative shocks in each of three years) and binary variable for whether experienced positive event during each of three years.
"Level 3" estimated the probabiilty of the most severe food shortage in a given year with independent variables price of rice, 'lean season' binary variables , and rice price interactions with type of farmer (self-employed, share cropper, non-agricultural day laborer, agricultural day laborer, fish/poultry/livestock, salaried employment).
	
	
	

	94
	(Antle et al., 2014)
	equillibrium
	
	
	
	
	The Trade-off Analysis Multi-Dimensional (TOA- MD) model simulates farmers’ choice between two production systems, the current system in use and a system with improved nutrient management practices involving increased fertilizer use, for given prices and costs of production. A market equilibrium model called TOA-ME that links site-specific process-based crop simulation models, econometric models of farm output supply and input demand, and a nutrient balance model—simulates the price- based trade-off curves and identifies the points of ME along those curves . The TOA-ME results are used to obtain equilibrium prices corresponding to the two technology scenarios. Food availability appears to be linked to food production (output supply), but is not specifically indicated.

	95
	(Bakker et al., 2018)
	Economic 
	Food availability is determined by farmer decisions to cultivate land and sell harvested crops to storage. They are assumed to maximize profit with discounted futures by controlling crop area. Crop yields are determined with a simplifed version of DSSAT. Livestock managers control the number of livestock in the model regions. They sell meat and milk to storage, and they sell live animals to distribution as part of live animal trade in the model. Livestock managers make decisions about how many animals to trade or slaughter for meat (and hides), and they seek to maximize their utility subject to milk production and livestock reproduction rates as well as labour and operational costs. Their utility is a combination of profit plus the estimated value of the herd at the end of the 3-year horizon
	Food access is measured as consumption, determined by household decisions to purchase food from storage, choosing the types and quantities of food to consume so as to maximize utility over a three-year time horizon. This utility is derived from an inverse demand function that incorporates dietary preferences, income and prices. Food consumption is disaggregated by age, gender, and per capita income level: income affects demand, whereas age and gender affect relative consumption in each income bracket. Nutrient intake is calculated based on average food composition and food consumption less estimated food losses. Labor productivity for working age males is multi-variate function of nutrients consumed.
	
	
	

	96
	(Chavez et al., 2015)
	Simulation integrated
	Hydrological and crop modelling and climate and weather modelling is used as input to produce grid-to-province PDFs of yield loss captured by weather indices. To model the vulnerability functions of crop yield to the combined or individual effects of precipitation variability and excess temperature exposure, generalized additive mixed models (GAMMs) are used. Food availability is represented only by yields, not production.
	
	
	
	

	97
	(Kun et al., 2015)
	Optimization 
	Per capita grain production is used as an indicator of food security (better interpreted as a measure of food availability). Grain production is determined by an agent-based model that optimizes water allocation based on initial use requirements and alternative scenarios.
	
	
	
	

	98
	(Cordero-Ahiman. et al., 2017)
	Statistical 
	
	Food access is measured with the FIES scale. A Binomal Logit model is estimated to assess the likelihood of food insecurity (yes or no) and an Ordered Logit Model to assess severity (one of four categories) using independent variables: income, consumed seed stocks prior to planting, maize production, whether household was engaged in temporary employment, age, household size, and whether they were beneficiaries of a social inclusion and conditional cash transfer program (Prospera). Odds ratios are calculated for the independent variables.
	
	
	

	99
	(Dermody et al., 2018)
	Integrated simulation
	Assessment of food security that integrates aspects of existing models and approaches in the fields of hydrology and integrated assessment modelling (IAM). The core of the framework is a multi-agent network of city agents connected by infrastructural trade networks. Food availability would be determined by food production, for which decisions are constrained by ecohydrological conditions. To capture ecohydrological conditions, we recommend tight coupling between a dynamic vegetation model (DGVM) such as the Lund–Potsdam–Jena managed Land (LPJ-ML) model and a complex hydrological model such as the PCRaster Global Water Balance (PCR-GLOBWB) model.
	For food access, food consumption is the demand for each food commodity in a city and its hinterland, equal to (per capita demand taken from IAM × population).
	
	
	

	100
	(Sohoulande Djebou et al., 2017)
	Statistical 
	
	Food access (insecurity) is measured with a non- standard experiential scale comprising five yes or no questions. A "food secure" household responded yes to fewer than 2 of the 5 questions. A multivariate logit model
estimated the impact of independent variables: land area farmed, use of irrigation, use of fertilizer and use of a tractor. Odds ratios are calculated for the independent variables.
	
	
	

	101
	(Dorosh et al., 2016)
	Equilibrium 
	Four commodities are represented in a seven- equation partial equilibrium model: sorghum, maize, wheat, and rice. Food availability is modeled as production less losses plus imports which depends on relative prices.
	Food access (consumption) is modeled as a log- linear function of per capita income and market prices. Aggregate income is calculated as the value of cereal production scaled up with a factor to account for downstream multiplier effects on processing, marketing, and consumption.
	
	
	

	102
	(Guillaume. et al., 2014)
	Statistical
	Linear conceptual model ("influence diagram", no empirical content) with an emphasis on the role of water availability. Food availability is shown as household-level own production.
	Food access is shown as dependent on food availability from own production and other sources. The conceptual model is input into a logical process of how to model food security, with later emphasis on whether "food supply" equals "food demand".
	
	
	

	103
	(Haggblade et al., 2017)
	Equilibrium 
	Five commodities are represented in a multi- market partial equilbrium model (sorghum/millet, rice, other starchy staple crops, high-value foods and non-foods), disaggregated by four household groups (rural poor, urban poor, rural non-poor and urban non- poor). Food availability is the sum of domestic production (assumed fixed) and imports (zero for sorghum/millet, fixed for high-value food imports, endogenous for other three products).
	Food access is consumption, which equals estimated food demand, which is based on income and product prices using an Almost Ideal Demand System (AIDS) model.
	
	
	

	104
	(Harttgen et al., 2016)
	Statistical 
	
	Food access (consumption) is specified at the household level as own production plus purchases, gifts or in-kind transfers for five main food groups (staples, pulses, vegetables and fruits, animal products and meal complements), expressed as caloric equivalents based on national household survey data. The impact of income shock on consumption is evaluated with a simple OLS regression of calories per day and per capita on log household income/expenditure. The effect of the food price shock is treated as an equivalent income shock, calculating the household-specific income equivalent of the price shock (i.e. maize quantity purchased ⁄ maize price increase), and then calculating how this income shock reduces calorie availability.
	
	
	

	105
	(Larson et al., 2014)
	Others 
	Food availability is calculated as production and private carry-over of wheat, with planned production based on expected prices and input costs, and actual production differing from planned due to random exogenous shocks.
	Food access is represented with a single demand equation for wheat with quantities as a function of price. Results focus on price variability and levels of strategic reserves; there is no reporting of food avaialbility or access outcomes.
	
	
	

	106
	(Lloyd et al., 2011)
	Simulation integrated
	
	
	A conceptual model indicates a single-equation relationship between degree of stunting (none/mild, moderate, severe) for children less than five years, and the independent variables Percent Undernourished, and a Development Score based on GDP per capita and its Gini coefficient, as well as an interaction term. The model is estimated by determining the 5th percentile value of ratio of proportion of children stunted and the Percent Undernourished across all countries and regions, and using that to estimate "food" causes and then attributing the remainder to "nonfood" causes. (Stunting is typically associated with food utilization.)
	
	

	107
	(Mainuddin et al., 2011)
	Simulation integrated
	The crop simulation model AquaCrop was used to predict rice yields in 14 zones of the study region. Food availability is represented only by yields, not production.
	
	
	
	

	108
	(Asseng et al., 2018)
	Simulation integrated
	DSSAT models used to predict wheat yield and food gap (self-sufficiency) in Egypt under climate change, population, technology, and adaptation scenarios
	
	
	
	

	109
	(Mason-D'Croz et al., 2016)
	Simulation integrated
	Analyses use the GLOBIOM and IMPACT models, which are global partial equilibrium models with detailed representation of the agricultural sector. GLOBIOM represents 18 crops, 7 livestock products, 5 forest products, and 9 bioenegy products for 30 country-based regions, with linked regional markets. Food availability is determined by crop yields and land area, where the yields are determined by the EPIC crop model.
	Food access (consumption) is estimated using double-log demand systems based on price and income to model consumer food demand, considering both a dynamic adjustment to demand based on income growth as well as a demand response based on prices. Additional description of the IMPACT model is provided below in the discussion of Springmann et al (2016).
	
	
	

	110
	(Montella et al., 2015)
	Simulation integrated
	
	
	
	
	This is an IT module linking different models and data sources, including climate and crops (e.g., DSSAT and APSIM). Examples shown include temperature and crop yields, but no more specific food availability or access metrics.

	111
	(Moore et al., 2012)
	Simulation integrated
	This is a series of linked land-use, climate and crop simulation models. The spatial distribution of maize yields and distribution of maize yield changes are the principal outputs, but no specific food availability or access metrics.
	
	
	
	

	112
	(Oehmke et al., 2018)
	Statistical
	
	
	
	
	This analysis is based on a three-person prisoner's dilemmma game simulated 10,000 times for a 500-year period to assess stylized payoff outcomes.  There is no direct representation of food security metrics in the analysis or the discussion.

	113
	(Paeth et al., 2008)
	Statistical 
	Uses a stepwise multiple linear regression analysis (Model output statistics, MOS) approach to relate yields for 8 crops (peanuts, cotton, beans, yams, maize, manioc, rice and sorghum) in 7 regions to climate variables (rainfall, temperature, humidity) from the regional climate model REMO. Crop yield changes are the principal outputs, but no specific food availability or access metrics
	
	
	
	

	114
	(Palazzo et al., 2017)
	Simulation integrated
	Analyses use the GLOBIOM and IMPACT models, which are global partial equilibrium models with detailed representation of the agricultural sector. GLOBIOM represents 18 crops, 7 livestock products, 5 forest products, and 9 bioenegy products for 30 country-based regions, with linked regional markets. Food availability is determined by crop yields and land area, where the yields are determined by the EPIC crop model.
	Food access (consumption) is estimated using double-log demand systems based on price and income to model consumer food demand, considering both a dynamic adjustment to demand based on income growth as well as a demand response based on prices. Additional description of the IMPACT model is provided below in the discussion of Springmann et al (2016).
	
	
	

	115
	(Springmann et al., 2016)
	Integrated simulation
	The analysis uses the IMPACT model, a multi- region partial equilibrium model that uses economic, water, and crop models to simulate global food production, consumption and trade of 62 agricultural commodities for 159 world regions. National food availability is calculated based on crop yields and land areas. Crop yields are a function of commodity prices, prices of inputs, available water, climate, and exogenous trend factors. Crop area is specified as an area demand function with respect to changes in the marginal revenue product, changes in land cost, and exogenous nonprice trends in harvested area.
	Food access (consumption) is specified as food demand less estimated losses. Food demand is a function of the price of the commodity and the prices of other competing commodities, per capita income, and total population. Per capita income and population increase annually according to country-specific population and income growth rates.
	
	
	

	116
	(Tabeau et al., 2017)
	CGE
	The analysis uses a global computable general equilibrium model (CGE) with 10 subregions. Food availabiility is based on production, where producers are price takers that choose the cheapest combination of imperfectly substitutable labour, capital, land, natural resources and intermediates. Production relationships use a multilevel sector specific nested constant elasticity of substitution (CES) production function, allowing for substitution between primary (land, labour, capital and natural resources) and intermediate production factors, and substitution between different intermediate input components e.g. energy sources, and animal feed components.
	Households are assumed to allocate income to savings and consumption expenditures according to fixed budget shares following a Cobb-Douglas (CD) expenditure function. Food access (consumption) is determined by the allocation of private consumption expenditures across commodities through a statistically estimated demand system.
	
	
	

	117
	(Wailes et al., 2015)
	Simulation integrated
	National-level food availability is represented with price-responsive rice supply functions and import functions. The analysis uses two models, Arkansas Global Rice Model (AGRM, a stuctural econometric model) and RiceFlow (a spatial partial equilibrium model) to estimate impacts on production and consumption of national rice development strategies.
	Aggregate food consumption (food access) is represented with price-responsive demand functions that allow for imperfect substitution between domestic and imported rice.
	
	
	

	118
	(Wu et al., 2016)
	
	
	
	
	
	"Food security" is proxied with ten grain production-consumption coordination indexes, which include production-consumption, price fluctuation, production fluctuation, consumption fluctuation, degree of dependence on foreign trade, etc., apparently assuming that self- sufficiency is an indicator of food security. The analysis does not report any direct metrics of food security, only intertemporal values of three calculated coordination indexes.

	119
	(Kheir et al., 2019)
	Simulation integrated
	Determining wheat yield and gap of production using Multi-model ensemble
	
	
	
	

	120
	(Kheir et al., 2021)
	Optimization 
	Optimizing wheat yield and WUE using DSSAT models
	
	
	
	

	121
	(Moore et al., 2014)
	Integrated simulation
	
	Rule templates make it easier to reuse complex management scripts by combining commonly used collections of rules with an interface that allows a simulation builder to input key parameters.
	
	
	

	122
	(Fujimori et al., 2019)
	Integrated simulation
	Using a multi-model comparison exercise, trade-offs between food security and climate mitigation were investigated.
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