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Abstract9

Economic access is a central dimension of food security, yet cross-country empirical work has limited10

measures that link the purchasing power of low-income populations to food expenditure across coun-11

tries. We introduce the Socio-Economic Index of Food Security (SEF), defined as the ratio between12

the per capita income of the bottom 20 percent of the income distribution and average per capita food13

expenditure. Using data from 110 countries, we examine the ability of SEF to explain cross-country14

differences in the Prevalence of Undernourishment (PoU), the FAO indicator of insufficient dietary15

energy intake. SEF explains a substantial share of cross-country variation in undernourishment. On16

average, a 1 percent increase in SEF is associated with a 0.25 percent lower prevalence of undernourish-17

ment. The relationship is non-linear, with quantile regressions showing stronger effects at higher levels18

of food insecurity, where estimated elasticities range from −0.19 at the 25th percentile to −0.34 at the19

95th percentile. Interestingly, an affordability measure based on the purchasing power of the poorest20

quintile captures cross-country differences in dietary-energy undernourishment more accurately than21

measures based on national-average income. SEF is therefore best understood as a globally compa-22

rable indicator of economic access to food, complementing household-level and multidimensional food23

security measures.24

Keywords: food security index; undernourishment; country-level comparison; economic access to food25
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1 Introduction26

Over the last decades, global food production has increased substantially as a result of technological27

innovations associated with the green revolution, including mechanization, industrial fertilizers, new28

cultivars, and irrigation technology [1]. Despite this increase in agricultural supply, undernourishment29

continues to affect more than 700 million people worldwide, with the burden concentrated in low- and30

middle-income countries [2] . In this paper, undernourishment refers specifically to insufficient habitual31

dietary energy intake: that is, food consumption below the dietary energy requirements needed for an32

active and healthy life. Our empirical analysis therefore focuses on the dietary-energy dimension of33

food insecurity, rather than on diet quality, micronutrient adequacy, food safety, or dietary diversity.34

Economic access to food has long been central to food security research. Sen’s entitlement approach35

showed that famine and starvation can arise from failures in access to food rather than from aggregate36

food availability alone [3] . Consistently, FAO defines food security as a multidimensional concept37

encompassing availability, access, utilization, and stability [4] . Household food security measurement,38

experience-based indicators such as the Food Insecurity Experience Scale (FIES), and diet-quality39

frameworks, including the INDDEX Data4Diets platform, also emphasize that access is multidimen-40

sional and cannot be reduced to national food supply alone [5–7] . Our contribution is therefore41

not to introduce economic access as a new concept in food security research. Rather, we develop a42

country-scale, panel-compatible indicator that links the purchasing power of the poorest segment of43

the population to average food expenditure using globally available data. Income remains closely con-44

nected to both the quantity and the nutritional quality of diets that households can afford. Poorer45

households face tighter trade-offs between food and other necessary expenditures, and the least-cost46

diets available to them may be less diverse or less nutrient adequate [8–10] . Globally, nutrition and47

energy deficiencies continue to affect about one in seven people, although their incidence is unevenly48

distributed across countries and populations [11] [12]. Economic access also affects the resilience di-49

mension of food security because, while food demand is inelastic (food needs must be met “ at all times50

” [11] [4]), food prices can be highly volatile, leading to the emergence of food insecurity in periods51

of escalating food prices. Thus, access to income or savings is crucial to allow households to improve52

their food security and cope with rising food prices [13] [14].53

The share of total household expenditure devoted to food has been used as an indicator of household54

food security and diet affordability [5] [15] . However, cross-national comparative analyses require met-55

rics that can be calculated consistently across many countries and years [16] . Existing household-level56

measures cannot be directly translated into country-scale indicators by using national averages alone57

because such averages mask income inequality and the economic conditions faced by the poor. Indica-58

tors based only on average income would therefore miss the disproportionate exposure of low-income59

3
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groups to food insecurity. Early research has highlighted how undernourishment disproportionately af-60

fects historically disadvantaged and marginalized individuals and groups, including women, subsistence61

farmers, indigenous peoples, fisherfolk, agricultural workers, and impoverished urban populations [17].62

This distributional dimension is also consistent with Engel’s Law: the share of income spent on food63

tends to increase as income decreases [18] . As food prices rise, poor households are therefore more vul-64

nerable because food expenditure absorbs a larger share of their income. At the country scale, existing65

indicators already provide important cross-national evidence. The FAO Suite of Food Security Indica-66

tors and the Cost and Affordability of a Healthy Diet metrics measure several aspects of food access and67

diet affordability, while the Global Food Security Index (GFSI) offers a composite cross-country index68

covering affordability, availability, quality and safety, and sustainability [10, 19, 20] . These measures69

are valuable for broad monitoring, but SEF is distinct because it isolates an affordability ratio linking70

bottom-quintile purchasing power to average food expenditure and can be calculated consistently for71

a panel of countries.72

Most indicators of economic access to food have been developed for the household or community scale,73

while larger-scale empirical analyses remain less common [21] [22]. Key to the study of food security74

at regional and global scales is the use of national-level metrics that account for both income and food-75

access inequalities [23]. Existing economic food insecurity indicators [13] remain insufficiently tested76

in their ability to capture global patterns of dietary-energy undernourishment. Here, we develop a77

food-access indicator based on Seekell et al. (2017) [13] and evaluate the extent to which it is asso-78

ciated with different levels of the Prevalence of Undernourishment (PoU). Specifically, we express the79

degree of food accessibility through a yearly Socio-Economic Index of Food Security (SEF). Similarly80

to its predecessor, SEF is defined as the ratio of two terms: the average per capita income of the81

lowest quintile (i.e., the lowest 20%) of each country’s income distribution and average per capita food82

expenditure. PoU, sourced from the World Bank, estimates the percentage of the population whose83

regular food consumption falls below the dietary energy requirements needed for an active, healthy,84

and normal life.85

Thus, SEF reflects the extent to which food is affordable for the least affluent segment of a population.86

Lower values suggest increasing trade-offs with other critical household expenditures (e.g. housing)87

and reduced ability to purchase food [13]. Specifically, the index captures how expensive purchasing88

food is for the poor in each country.89

Unlike similar indicators developed using household surveys [24], the country-scale SEF index allows90

for analyses across countries. At finer scales, undernourishment is expected to depend also on other91

socio-economic factors such as education, especially for women, and investments in infrastructure.92

Here, we focus on income-related conditions because they are important determinants of food security93

at national-to-global scales [25] [12]. To assess the explanatory power of SEF in capturing the variance94

4
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of undernourishment, we also carry out a multivariable analysis accounting for other socio-economic95

factors related to health, gender inequality, water access, and access to global markets. Despite the96

inclusion of additional factors that might complicate the relationship between SEF and PoU, our97

analysis reveals a strong and significant association between these two indicators. This result remains98

robust even after accounting for country population weights, food inflation, time and country fixed99

effects, and alternative measures of food insecurity.100

2 Results101

A negative association appears between SEF and prevalence of undernourishment (PoU) as shown by102

their global maps (Figures 1a, 1b).103

PoU
No data
(12.1, 48.3]
(5.5, 12.1]
(2.5, 5.5]
[2.5, 2.5]

(a) PoU across countries in 2017 (World Bank data). A high PoU is characterized by a
darker blue color. The four different colours are based on PoU quartiles.

SEF
No data
(0.77, 2.99]
(0.41, 0.77]
(0.25, 0.41]
[0.08, 0.25]

(b) SEF across countries in 2017. A high SEF is characterized by a darker blue color.
The four different colours are based on SEF quartiles.

Figure 1: Maps of PoU (panel a) and SEF (panel b) in 2017
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Countries with a higher level of SEF (for example Canada, the U.S., European countries, and Australia)104

are characterized by a low share of undernourished population, while countries with low economic access105

to food (i.e., low SEF) display a relatively large proportion of undernourished population (notably in106

Sub-Saharan Africa and Southeast Asia).107

This negative relationship can also be seen in the scatter plots between PoU and SEF (Figure 2).108

Figure 2: Scatter-plots of the 2000-2017 averages of PoU and SEF
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(b) Both PoU and SEF in logarithmic scale

Notes: R2 increases when we apply logarithmic transformations because it accounts for a non-linear
relationship between SEF and PoU.

As shown in Figure 2, a better fit can be obtained with a log-log transformation. Therefore we estimate109

a log-log model with country fixed effects (FE model): 1
110

lnPoUit = β0 + βFE lnSEFit + βx lnXit + δi + vit (1)

where PoUit represents the Prevalence of Undernourishment in year t and county i; β0 is the intercept;111

SEFit denotes the Socio-Economic Index of Food Security; Xit is a vector of additional key time-112

varying factors influencing food security, such as health expenditure, exports, imports, and maternal113

mortality; δi captures country-specific fixed effects; vit is the error term. Here the regression is weighted114

by population (see Methods and Supplementary Material for additional details about the preferred115

specification adopted here).116

The primary results of the regression analysis are presented in Table 1, based on Equation 1 and117

incorporating health expenditure, exports, imports, maternal mortality, and time-specific effects as118

covariates.Additional details and justification for excluding other significant factors, such as water119

access, gender inequality, and financial access, are provided in Supplementary Information C of the120

Supporting Material.121

This regression shows a significant negative association between PoU and SEF . Using the coefficient122

estimated in Table1, a 1% increase in SEFit is associated with an approximately 0.25% decrease in123

1We deliberately exclude year fixed effects because, as shown in Table 3 in the Methods section, variation in SEF is
predominantly cross-sectional rather than over time.
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Table 1: Regression coefficients of SEF on PoU with additional regressors, country fixed effects,
weighted by population

PoU

SEF -0.26***
[0.05]

export -0.06**
[0.03]

import -0.11***
[0.02]

health expenditure -0.10*
[0.06]

maternal mortality 0.06
[0.04]

No of countries 83
Observations 1,406
Adj R-squared 0.952

Notes: Robust standard errors are in brackets; *** p<0.01, ** p<0.05, * p<0.1. The sample includes 83 countries
(1,406 observations). The number of countries decreases from 110 to 83 due to missing data for one or more covariates,
restricting the analysis to countries with complete information on all variables included in the model.

PoU. Considering that the standard deviation of SEF is 0.82, one standard deviation increase in SEF124

is associated with an approximately 20.46% lower PoU . This estimate should be interpreted as an125

association rather than as a causal effect. In our preferred specification with country fixed effects, the126

model attains an R2 of 0.952, indicating that it explains most of the variation in the prevalence of127

undernourishment across countries. As a robustness check, we estimate a specification that adds time128

fixed effects in the Supplementary material. The R2 rises only marginally to 0.956 and the estimated129

coefficients remain essentially unchanged, confirming that our results are not sensitive to the inclusion130

of year effects and are largely driven by cross-country differences in SEF. To capture the specific contri-131

bution of socio-economic conditions, Supplementary material C shows that a simple log-log regression132

of PoU on SEF alone explains 0.532 of the cross-country variation in undernourishment, underscoring133

that SEF itself accounts for a large share of observed differences in prevalence of undernourishment. ,134

suggesting that the SEF–PoU association is not driven only by the denominator of the SEF ratio.135

The FE model does not account for the heterogeneous effects of the SEF index across varying levels136

of prevalence of undernourishment (PoU). To capture this heterogeneity, we estimate a panel quantile137

regression model using the Method-of-Moments Quantile Regression (MM-QR) estimator with fixed138

effects (Eq.4 in the Method section), which yields quantile-specific coefficients, βq. This framework139

allows the relationship between PoU and SEF to vary along the PoU distribution, rather than being140

constrained to a single average effect. Figure 3 illustrates the empirical distribution of PoU and the141

quantiles at which the model is evaluated.142

7
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Figure 3: PoU distribution

Interestingly, the high-income group exhibits less heterogeneity in PoU compared to other income143

groups. This is evident from the sharp increase in PoU values at higher quantiles, which underscores144

greater inequality in access to food within these groups.145

Table 2 presents the results of the quantile regression analysis for the 25th, 75th and 95th quantiles of146

PoU. Notably, the previous FE model corresponds to the 50th quantile regression. In this analysis,147

we include year and country fixed effects alongside key covariates used in the previous specification148

(exports, imports, health expenditure, and maternal mortality).149

Table 2: Log Quantile Regressions using 25th, 75th and 95th percentiles

(q25) (q75) (q95)
PoU PoU PoU

SEF -0.19*** -0.29*** -0.34***
[0.05] [0.05] [0.08]

export -0.07** -0.03 -0.01
[0.04] [0.04] [0.05]

import -0.08*** -0.12*** -0.13***
[0.03] [0.03] [0.04]

health expenditure -0.18** -0.08 -0.04
[0.08] [0.08] [0.12]

maternal mortality 0.07 0.06 0.06
[0.04] [0.04] [0.06]

Observations 1,474 1,474 1,474
Standard errors in brackets

*** p<0.01, ** p<0.05, * p<0.1

The results indicate that the relationship between SEF and PoU becomes stronger at higher PoU150

levels. Specifically, as we move from the lowest to the highest quantile of PoU, the interdependence151
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between SEF and PoU intensifies, as reflected in the increasing βq coefficients reported in Table 2. The152

non-linearity between PoU and SEF suggests that the association between economic access to food and153

dietary-energy undernourishment differs across the PoU distribution. Moreover, while exports appear154

to be more strongly related to PoU in countries with low PoU values, imports become increasingly155

critical for countries with higher PoU levels.156

3 Discussion157

Previous studies have found a positive correlation between food security and economic access to food158

at the household level [21] [26]. While poverty does not necessarily imply food insecurity [3], it limits159

the options available to households for coping with price spikes, crop failures, or loss of assets such160

as livestock [25]. Here, we investigated whether a related affordability measure is associated with161

the prevalence of dietary-energy undernourishment at the country level, across 110 countries around162

the world. In Figure 2a, PoU remains low on average for larger values of SEF and is higher for163

countries with SEF below roughly the 0.4-0.8 range. We interpret this range as descriptive evidence164

of a nonlinear association, consistent with previous analyses [27], rather than as a formally estimated165

policy threshold.166

The SEF index is a country-scale indicator of economic access to food that captures cross-country167

differences in PoU. It should not be interpreted as a comprehensive indicator of food security because168

PoU measures only one dimension of food insecurity: insufficient dietary energy intake in its relationship169

with economic conditions. SEF does not directly measure diet quality, dietary diversity, food safety,170

stability, or agency. Within this scope, the relationship between SEF and PoU remains strong even171

when other explanatory variables are accounted for. Our results also highlight the non-linearity of the172

negative association between socio-economic access to food and undernourishment. Because of within-173

country income inequality and its uneven distribution across countries, average income indicators can174

fail to express the economic conditions underlying the food insecurity of lower income groups within175

each country.176

In the Supplementary Material C, we compare SEF with an average socio-economic index of food177

affordability (ASEF), defined as the ratio between average GDP per capita and the share of GDP178

spent on food [5] . This comparison is not a formal test of Engel’s Law. Rather, it shows that an179

affordability measure based on bottom-quintile income is more closely associated with PoU than one180

based on national-average income. In Table C6, we show that the interdependence between ASEF and181

PoU is weaker than the interdependence between SEF and PoU both in arithmetic and logarithmic182

scales. Thus, while we still find a significant relationship when considering food expenditure as a per-183

centage of average GDP per capita, such a relationship is markedly weaker than when considering food184

expenditure relative to the income of the poorest 20%. This result is consistent with the distributional185

9
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intuition behind Engel’s Law. As a robustness check, we also consider the effect of food price inflation186

on our estimates (see Table C7 in the Supplementary Material C). The significant relationship between187

SEF and PoU still holds when we account for food prices.188

Importantly, the SEF indicator is defined as a country-level metric of economic access to food and189

has been shown to be significantly related to outcomes of undernutrition. It differs from indicators such190

as the Food Insecurity Experience Scale (FIES) [6], which expresses food insecurity outcomes based on191

survey data rather than economic access to food and food affordability for the poor. While FIES offers192

valuable micro-level insights into lived experiences of food insecurity, SEF provides a complementary193

measure of structural economic constraints to food access, facilitating comparisons across countries194

and over time. By focusing on affordability and economic access by the poor, SEF complements195

outcome-based indicators such as FIES.196

An important limitation we have encountered while assembling the SEF index concerns its denominator.197

Due to data limitations, SEF does not exclusively account for the food expenditure of the poor.198

Rather, we rely on country-average per capita food expenditure. Unfortunately, to date, we still lack199

more granular data on food expenditure across countries by income class. Nevertheless, this paper200

shows that, despite these shortcomings, SEF captures key cross-country differences in the prevalence201

of dietary-energy undernourishment.202

Another potential limitation worth discussing is that, in many countries, the government or other203

organizations run food aid programs, providing the poor with food rations either for free or at subsidized204

prices, in order to curb food consumption expenditure. The effectiveness of food assistance programs205

varies significantly across countries in terms of eligibility, coverage, and performance, potentially intro-206

ducing measurement error in food consumption expenditure [28]. Additionally, within-country income207

distributions vary across countries, thus affecting what is captured by the lowest income quintile.208

This variation could influence the relationship between undernourishment and SEF, including the SEF209

range at which PoU tends to increase with decreasing income levels. Nevertheless, our objective here210

was to assess SEF’s ability to capture cross-country differences in the prevalence of undernourish-211

ment by examining a broad, cross-country sample. Despite these potential sources of bias, the results212

consistently show a statistically significant association between the SEF index and the prevalence of213

undernourishment.214

Furthermore, we stress that, even though SEF is defined as a ratio of variables, our analysis does215

not introduce spurious correlation [29], or "division bias" [30], because there is no variable appearing216

in both the dependent and independent variable.217

Lastly, we acknowledge that a more granular analysis is needed to separately study food price changes218

in urban and rural sub-populations and identify net effect of food price inflation [31]. At the global219

level, however, this analysis is prevented by limitations in data availability.220
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Despite the above issues, the usefulness of SEF stems from providing a country-level measure221

of economic access to food based on readily available panel data. It accounts for the distributive222

aspect of food insecurity and income, connecting undernourishment with inequality. By focusing on223

the bottom 20 percent of the population, this study complements metrics based on national income224

averages and incorporates a distributional aspect that average-income indicators omit. Lastly, this225

research empirically evaluates the association between economic access to food and dietary-energy226

undernourishment at the country level and shows that the proposed indicator of food affordability by227

the poor captures cross-country differences in PoU.228

4 Methods229

The SEF indicator is defined as the ratio between the average per capita income of the lowest quintile230

of the population and the average per capita expenditure on food,231

SEF =
share of GDP held by lowest 20%

share of GDP spent on food
. (2)

Further methodological details on the databases and the calculation of the SEF index can be found in232

the Supplementary Materials A.233

The main difference between SEF and the original indicator by Seekell et al. (2017) is that here equation234

2 does not only express food cost in terms of the Domestic Food Price Level Index, which captures the235

average price of food in each country. Rather, we use the average per capita food expenditure, which236

allows us to account for the trade-off with other essential expenditures.237

We calculate the SEF index for 110 countries in the 2000-2017 period and perform a set of econometric238

analyses aiming at relating the SEF index to undernourishment levels, expressed as the Prevalence of239

Undernourishment (PoU) 2, a proxy for food insecurity (see Supplementary Information B) [7]. PoU240

is an indicator developed by the Food and Agriculture Organization (FAO) of the United Nations to241

express the percentage of the population whose habitual food consumption is insufficient to provide242

the dietary energy levels that are required to maintain a normal active and healthy life. This is243

the main indicator used by the United Nations to measure progress towards SDG Target 2.1 ("zero244

hunger"). PoU measures food deprivation based on average food available for human consumption245

per person, the level of inequality in access to food, and the minimum calories on average required by246

one person. In Supplementary Information C we also check the robustness of our analysis using other247

undernourishment proxys, such as child stunting, wasting, or underweight measures.248

The objective of the regression analysis is not to identify causal effects but to examine the fraction249

of the variation in PoU that is explained by SEF.250

The decomposition of variability analysis (Table 3) shows that the temporal variability of the SEF index251

2https://databank.worldbank.org/metadataglossary/sustainable-development-goals-(sdgs)/series/SN.ITK.DEFC.ZS
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is much lower than the spatial variability (Table 3) (see Supplementary Information B for further details252

on variability).253

Table 3: Summary statistics for PoU and SEF

Variable Mean Variability sd min max Observations

PoU 10.43 Overall 10.42 2.50 67.50 N = 2533
Between 9.98 2.50 51.05 n= 149
Within 3.11 -11.51 36.99 T = 17

SEF 0.59 Overall 0.55 0.05 3.33 N = 1980
Between 0.54 0.08 2.80 n = 110
Within 0.10 -0.19 1.15 T = 18

Notes: n=countries; T=years; N=observations; Within variability=temporal variability in a given country;
Between variability=variability across countries; sd=standard deviation.

Because SEF varies much more across countries than within countries, the empirical design is best254

interpreted as a descriptive cross-country comparison with country-level controls. The panel structure255

is useful for increasing coverage and for robustness checks, but the main coefficient should be read256

primarily as a between-country gradient rather than as a within-country panel identification result.257

To examine whether cross-country differences in the prevalence of undernourishment are associated258

with economic access to food expressed by SEF, we estimate the following regression model:259

lnPoUit = β0 + βFE lnSEFit + βx lnXit + δi + vit (3)

where PoUit represents the Prevalence of Undernourishment in year t and county i; β0 is the intercept;260

SEFit denotes the Socio-Economic Index of Food Security; Xit is a vector of additional key time-varying261

factors influencing food security, such as health expenditure 3 (as % of GDP), exports and imports262

4, and maternal mortality 5; δi captures country-specific fixed effects; vit is the error term. Here, we263

are particularly interested in the relationship between SEF and PoU expressed by the coefficient βFE264

. The FE estimator, defined in the Supplementary Information on the econometric models, makes the265

cross-country source of variation explicit by using country-level averages. In the Results section we266

report a version with country fixed effects only as the preferred descriptive specification, and we report267

the two-way fixed-effects specification with year effects as a robustness check. This choice reflects the268

fact that SEF varies predominantly across countries, and adding year fixed effects yields only negligible269

improvements in model fit and virtually no change in the estimated coefficients.270

To assess heterogeneous effects of the SEF index with respect to different levels of prevalence of271

3Available at https://data.worldbank.org/indicator/SH.XPD.CHEX.GD.ZS
4Available at https://data.worldbank.org/topic/trade
5Available at https://genderdata.worldbank.org/en/indicator/sh-sta-mmrt
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undernourishment we consider the quantile regression272

ln_PoUit = β0 + βq ln_SEFit + βxXit + δi + δt + vit (4)

where now βq is a vector of parameters associated with the qth quantile of SEF; βx is a matrix contain-273

ing all the qth quantile for each covariate (health expenditure, export, import, maternal mortality).274

Quantile regressions with high-dimensional fixed effects are estimated using the Method-of-Moments275

Quantile Regression (MM-QR) estimator with fixed effects for panel data, which extends standard276

quantile regression to accommodate country and year fixed effects and delivers quantile-specific slope277

coefficients net of these fixed effects (implemented via the xtqreg routine in Stata) [32].278

5 Data availability statement279

A full description of data availability can be found in the Methods Section. A link to a repository280

where the SEF values have been uploaded can be found in Supplementary Information A.281
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