L

7/ land

Article

The Household Food Security Implications of Disrupted
Access to Basic Services in Five Cities in the Global South

Cameron McCordic *, Bruce Frayne, Naomi Sunu and Clare Williamson

Citation: McCordic, C.; Frayne, B.;
Sunu, N.; Williamson, C. The
Household Food Security
Implications of Disrupted Access to
Basic Services in Five Cities in the
Global South. Land 2022, 11, 654.
https://doi.org/10.3390/land 11050654

Academic Editor: Xiangzheng Deng

Received: 2 March 2022
Accepted: 26 April 2022
Published: 28 April 2022

Publisher’s Note: MDPI stays neu-
tral with regard to jurisdictional
claims in published maps and institu-

tional affiliations.

Copyright: © 2022 by the authors. Li-
censee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and con-
ditions of the Creative Commons At-
tribution (CC BY) license (https://cre-

ativecommons.org/licenses/by/4.0/).

School of Environment, Enterprise and Development, University of Waterloo, Waterloo, IA N2L 3Gl,
Canada; bfrayne@uwaterloo.ca (B.F.); nsunu@uwaterloo.ca (N.S.); cmawilliamson@uwaterloo.ca (C.W.)
* Correspondence: c2mccord@uwaterloo.ca

Abstract: COVID-19 has caused significant disruptions regarding the extent to which households
can access basic services and resources in cities around the world. Previous studies have indicated
a predictive relationship between the consistency of resource access and food access among urban
households. These investigations, however, have predominantly been isolated to Southern Africa
and have not accounted for other dimensions of food security. To test whether these results are
observable outside Southern Africa, and with a more multidimensional measure of food security,
this investigation proposes a method for building an index of urban household food access, utiliza-
tion and stability. The scores for the constructed index are then compared across household survey
samples collected from five cities in the Global South. The investigation then assesses the predictive
relationship between the consistency of household resource access and this more multidimensional
index of food insecurity. While the general trend of inconsistent resource access predicting food
insecurity is confirmed, there are geographic differences in the strength and quality of this relation-
ship. These findings suggest that the resource access disruptions inflicted by COVID-19 will likely
have a heterogeneous impact on urban food security dependent upon the affected resource and the
city in which a given household resides.
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1. Introduction
1.1. The Impacts of COVID-19 on Urban Food Insecurity and Resource Access

As COVID-19 and its variants continue to spread across the world, it has become
apparent that, in addition to health problems, there are far reaching adverse impacts. One
key sector impacted is food systems which support the food security and nutrition of ur-
ban populations. Food security is a fundamentally important measure for determining
the health and wellbeing of people [1]. Considering that the majority of the world’s people
currently live in urban areas, and urban populations will continue to increase [2], atten-
tion must be given to urban food systems and food security [3]. Urban areas consume up
to 70 per cent of global food supply and the pandemic has created disruptions that have
hindered access to food and increased the food insecurity of vulnerable populations [4].
Notably, measures such as lockdowns and the restriction of movement to contain the vi-
rus have concurrently affected the operation of actors within urban food systems, partic-
ularly consumers; as such, the COVID-19 pandemic has had a direct effect on urban food
security [5].

The pandemic has also resulted in widespread unemployment and loss of income,
thus, affecting the overall purchasing power of consumers and exacerbating underlying
socio-economic inequalities [6,7]. Already, poor urban households spend a large propor-
tion of their income on the food they consume [8], meaning that households have had less
income to secure food. In addition, demand and consumption has been adversely
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impacted by the general closure of eating outlets, including restaurants, and as such, the
majority of food preparation and consumption has been concentrated in households [9].
Households dependent on meals away from home prior to the pandemic were more im-
pacted as food preparation abilities have been associated with dietary intake and food
security of households [10]. The pandemic is, therefore, a wake-up call for understanding
the challenges contributing to the vulnerability of urban households to food insecurity.
Even prior to the COVID-19 pandemic, food systems and food insecurity were key issues
of concern, as the number of food insecure people has been increasing globally, as well as
drivers of food system change [11].

Managing the effects of COVID-19 on urban food systems should involve decision-
making by all stakeholders to ensure food systems are more equitable, inclusive and re-
silient [12,13]. However, apart from low preparedness in addressing the pandemic, there
was poor consultation with key stakeholders, especially those in the food system in mak-
ing decisions regarding COVID-19 containment measures [5]. This begs the question of
how to reduce the impacts of restrictive measures on food system actors, such as consum-
ers, so that their vulnerability is not worsened? Knowledge of the sources of vulnerability
to food insecurity by knowing who, where and why people are food insecure may guide
management actions to reduce them [14]. Measuring food security and determining these
vulnerabilities is, therefore, very important but doing so has proven to be challenging.
The reasons are that the food security construct is inherently latent, difficult to define and
even operationalize [15,16].

Historically, food insecurity has been addressed by producing more food to increase
availability and meet the needs of increasing populations [17]. However, Sen (1981),
through his seminal work on the causes of famine and starvation debunked this approach
by indicating that even when food was available, poor households could not access it be-
cause of the lack of entitlements to obtain food [18]. This influenced the definition of food
security at the 1996 World Food Summit, defined as a condition which exists “when all
people, at all times, have physical and economic access to sufficient, safe and nutritious food that
meets their dietary needs and food preferences for an active and healthy life” [19] (p. 1). Such
conceptualization addressing food insecurity should include demand and consumption
factors, which result in the loss of entitlements (e.g., loss of employment) and negatively
impact food access [15]. For instance, the food security crisis of 2007, which triggered po-
litical riots, resulted from the lack of access to food for masses living in poverty [20]. Ac-
cording to the Food and Agriculture Organization [21], food security can be thought of as
a multidimensional construct encompassing food availability, access, utilization and sta-
bility.

Food insecurity, therefore, refers to the lack of one or more of these dimensions [8].
With the COVID-19 pandemic, availability has been affected by food supply disruptions,
food access and food utilization are affected as consumers opt for lower quality food being
limited by price, access to health and sanitation services. Finally, stability is affected by
physical distancing measures and the lockdown of informal markets, affecting the food
security of poor urban households whilst behavioral responses such as panic buying and
hoarding have been identified in better off households [22,23]. Some pandemic-related
interventions in addressing food insecurity, such as improved food distribution, have
been based on the monitoring of food availability and prices in markets [24]. This implies
that, despite the broader definition of food security, a focus on food availability and sup-
ply has continued to influence the measurement of food security and interventions [25,26].
This also highlights increased calls for the appropriate measurement of food insecurity
because of serious implications for health, development programs, nutrition evaluations,
vulnerable group identification and informing various government policies [8,27].

Understanding the unfolding impacts of COVID-19 on the food security of urban
households should be based on examining the existing drivers of vulnerability and all
dimensions of food security not just availability. Within cities, emerging research has
identified a potential relationship between infrastructure access and food access [28,29].
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McCordic (2016) first established a predictive relationship between infrastructure access
and household food access in a study of Maputo. Subsequent studies have also indicated
that access to public resources (e.g., water, electricity, medical care) is predictive of house-
hold food insecurity [30-32]. That said, these studies established this relationship by fo-
cusing almost exclusively on measures of food access, begging the question of whether
this relationship would exist if a more multidimensional measure of food security were
used. Sustainable cities need the improved measurement of indicators in order to reduce
vulnerabilities and increase resilience [33]. Furthermore, these studies have predomi-
nantly focused on Southern African cities, begging the question as to whether this rela-
tionship is generalizable to other cities outside of this geographic context. In order to ad-
dress this gap in the literature, this study will build a multidimensional index of food
security, assess its relationship to broader household resource access in multiple cities
(within and outside the Southern African context) and review the implications of these
findings for research and policy.

1.2. Measuring Urban Food Security

One of the great obstacles in food security research has been deciphering clear narra-
tives around the drivers of food insecurity while appreciating the complexity of this de-
velopment challenge [34-36]. The multidimensional nature of food security impacts [37]
obstructs the precision of social research methods and analytical approaches. The multi-
scaler and collateral impacts of climate change have exacerbated both national food sup-
ply and household incomes, rendering opaque images of food security vulnerabilities and
obstructing effective mitigation measures [38]. This challenge begins with the conceptual-
ization of food security as a development challenge. Foran et al.’s (2014) interdisciplinary
analysis of food security frameworks found several conceptual paradigms, often in ten-
sion with one another, and confounding effective food security interventions [39]. As a
result, there is a pressing need to develop innovative decision support mechanisms to
support food security policy and research [40].

Without the appropriate diagnostic tools, public policymakers can be left with the
unenviable task of clarifying the nuanced narratives derived from social research. Previ-
ous approaches to overcoming this challenge have distilled satellite imagery into timely
and relevant famine early warning systems [41]. Scenario-based simulations have pro-
vided helpful visualizations to support policy decisions on food security impacts [42].
Other researchers have developed novel metrics to account for the combined influences
of multi-dimensional factors underlying sustainable food and nutrition security [43]. Each
of these approaches attempt to capture the dynamic and complex nature of food security
[44] by simplifying that complexity into a metric that is both valid and reliable.

The nature of this challenge is amplified in urban environments where food access,
utilization and stability are often subservient to global economic and climate pressures
translated through the local dynamics of market access and household entitlements [45-
47]. The complexity of urban food security challenges can hamper the effective translation
of research into policy, often because of miscommunications arising from the nuance of
urban food research findings [48]. As a result, there is an urgent need for research tools
that can effectively capture the complexity of urban food security in support of statistical
modeling and public policy formation.

The complexity of modern urban food systems (encompassing food production, dis-
tribution and retail) can create significant governance challenges, particularly among cit-
ies in developing countries [49]. The multitude of actors engaged in the urban food system
creates a disaggregated network that is difficult to manage through centralized govern-
ance [50]. Among developing countries in Sub-Saharan Africa, Maxwell (1999) further
notes that the lack of formal safety nets can offload the responsibility of urban food secu-
rity to the household [27]. In response to this challenge, localized food systems (integrat-
ing rural and urban food production) have emerged as a solution to bolster urban food
security has become a common theme in urban food studies [51]. While complicating the
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urban food system, these alternative systems of food supply are a response to social justice
concerns for equitable household access to food [52]. As a result, Haysom (2015) notes the
need for clear urban food research narratives to help coordinate urban policy action by
multiple actors in municipal government [50].

The importance of multidimensionality in food security paradigms has been further
underscored by the growing recognition of vulnerability and risk in assessing food secu-
rity [53-55]. This new conceptualization of food security has supported research into the
diverse set of drivers underpinning inconsistent food access among cities [56]. Several au-
thors have noted the crippling effects of household poverty on food security in cities of
the Global South [27,57], which has been abundantly observed during food price shocks
[45]. Research has also indicated that poor households in cities can face disrupted food
security under the strain of both communicable [58] and non-communicable diseases
[59,60]. Inconsistent access to infrastructure resources may also predispose poor urban
households to food insecurity [28]. It is important to remember, however, that stable food
access in cities rests upon a functional urban food system connecting food producers to
consumers. That supply of food can occur through both formal markets and supermarkets
[61] or informal markets and urban food production [62-65].

In order to inform urban food security policy, Haysom and Tawodzera (2018) have
urged a renewed focus on building food security metrics that are applicable to the unique
characteristics of urban food systems [66]. Survey-based methods to examine experienced
food security have provided a foundational platform to guide policy interventions in
household food security issues [67]. Freedman and Bell (2009) further note that, based on
a survey of the urban poor, self-reported measures of perceived food in-accessibility can
be accurate and provide a valid basis for food security interventions [68]. Three widely
used self-report food security scales were developed by USAID’s Food and Nutrition
Technical Assistance (FANTA) programme. These measures include the Household Die-
tary Diversity Score (HDDS) [69], the Household Food Insecurity Access Scale (HFIAS)
[70] and the Months of Adequate Food Provisioning (MAHFP) [71]. For the purposes of
this investigation, each of these scales are discussed and assessed independently as
measures of food utilization, food access and food stability.

1.2.1. Household Dietary Diversity Score

The Household Dietary Diversity Score (HDDS) measures the number of food groups
consumed by any member of a household in the previous 24 h [69]. The score is calculated
based on the report of the household member in charge of food preparation or who can
reliably describe the consumption patterns of the household. The scale can be adapted to
the local food consumption patterns using the following food groups as a guide:

1. Any bread, rice, noodles, biscuits or any other foods made from millet, sorghum,
maize, rice, wheat or any other locally available grain;

Any potatoes, yams, manioc, cassava or any other foods made from roots or tubers;
Any other vegetables;

Any fruits;

Any beef, pork, lamb, goat, rabbit, wild game, chicken, duck, other birds, liver, kid-
ney, heart or other organ meats;

6. Any eggs;

7. Any fresh or dried fish or shellfish;

8
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Any foods made from beans, peas, lentils or nuts;
. Any cheese, yoghurt, milk or other milk products;
10. Any foods made with oil, fat or butter;
11.  Any sugar or honey;
12.  Any other foods such as condiments, coffee, tea [69] (p. 4).

If the household has consumed any given food group in the past 24 h, a one is in-
putted for that food group. Otherwise, a zero is inputted for all food groups not consumed
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by the household in the past 24 h. The HDDS is then calculated by summing the number
of food groups consumed by the household in the previous 24 h (thus, higher scores on
the HDDS represent greater dietary diversity).

HDDS = Z Food Groups Consumed in the Last 24 Hours 1

The HDDS was designed to measure dietary diversity, specifically focusing on the
nutritional diversity in household food consumption [69]. That said, the HDDS can also
be administered to individuals rather than households. Dietary diversity makes up a key
component of effective food utilization [36] and has been used as a proxy measure of food
utilization by other studies [72,73]. As a result, the HDDS can provide insight into effective
household food utilization in social survey research. The HDDS is also supported by a
growing body of evidence for its external validity. Cordeiro et al. (2012) found a strong
correlation between the HDDS and energy intake in a survey of Tanzanian adolescents
[74]. The HDDS also demonstrated a strong correlation with the Food Consumption Score
across several surveys [8]. Faber et al. (2009) also found a strong correlation between the
HDDS and the HFIAS in a survey of Limpopo in South Africa [75]; however, this finding
was not replicated in a study performed by Maxwell et al. (2014) [76]. It is important to
note (as was suggested by Maxwell et al.) that this finding may have arisen from the dif-
ferent dimensions of food security measured by these two scales. In summary, however,
the HDDS provides important insights into a key facet of effective food utilization (dietary
diversity).

1.2.2. Household Food Insecurity Access Scale

The Household Food Insecurity Access Scale (HFIAS) is a survey instrument de-
signed to measure the frequency and intensity of food access challenges experienced by a
household [70]. The scale comprises nine Likert questions meant to measure a diversity of
physical, economic and social dimensions of food access challenges. The questions range
from minor to more severe experiences of these food access challenges. The Likert scale
accompanying each question ranges from never in the last month to more than ten times
in the last month. The questions in the scale include:

1.  In the past four weeks, were you or any household member not able to eat the kinds
of foods you preferred because of a lack of resources?

2. Inthe past four weeks, did you or any household member have to eat a limited vari-
ety of foods due to a lack of resources?

3. In the past four weeks, did you or any household member have to eat some foods
that you really did not want to eat because of a lack of resources to obtain other types
of food?

4.  Inthe past four weeks, did you or any household member have to eat a smaller meal
than you felt you needed because there was not enough food?

5. In the past four weeks, did you or any household member have to eat fewer meals in
a day because there was not enough food?

6. In the past four weeks, was there ever no food to eat of any kind in your household
because of lack of resources to get food?

7. Inthe past four weeks, did you or any household member go to sleep at night hungry
because there was not enough food?

8.  In the past four weeks, did you or any household member go a whole day and night
without eating anything because there was not enough food? [70] (p. 5).

If the household has experienced any of the included food access challenges in the
past month, the respondent is asked to rank the frequency with which the food access
challenge was experienced in the past month using the following scale: One = Rarely (once
or twice in the past four weeks), Two = Sometimes (three to ten times in the past four
weeks) or Three = Often (more than ten times in the past four weeks). The scores are then
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summed up to provide an overall HFIAS score from zero to twenty-seven, where higher
scores represent greater frequency of experienced food access challenges.

HFIAS = Z Frequency of Food Access Challenges in the Past 4 Weeks 2

The HFIAS is likely the most implemented of the three scales reviewed here and has
assembled a strong body of evidence to support its use. Knueppel et al. (2009) confirmed
that the HFIAS scores were supported by key informants in a study of rural Tanzania [77].
Similarly, the HFIAS was also associated with increased odds of undernutrition among
children in surveys carried out in Bangladesh, Vietnam and Ethiopia [78]. That said, some
studies have questioned the effectiveness of the scale. As an example, Dietchler et al.
(2010) found that the HFIAS was less accurate in its classification of food security status
than the Household Hunger Scale (citing potential challenges in translating the concepts
of the HFIAS) [79]. As with other measures of food security, the over-riding recommen-
dation has been to use the multiple food security measures rather than attempting to rely
solely on one food security scale and disregard other dimensions of food security [76].
Among the multiple food security scales available for measuring different dimensions of
food security, the HFIAS remains an effective survey measure of household food access.

1.2.3. Months of Adequate Household Food Provisioning

The Months of Adequate Household Food Provisioning (MAHEFP) provides a meas-
ure of the stability with which households have maintained adequate food provisioning
over the previous year [71]. As with the other scales reviewed here, the scale is meant to
be administered to the household member in charge of food preparation. The scale is ad-
ministered using the following instructions:

“Now I would like to ask you about your household’s food supply during different
months of the year. When responding to these questions, please think back over the
last 12 months, from now to the same time last year. Were there months, in the past

12 months, in which you did not have enough food to meet your family’s needs? If

yes, which were the months in the past 12 months during which you did not have

enough food to meet your family’s needs?” [71] (p. 4).

If a given month is identified by the respondent, one is inputted for that month, oth-
erwise, zero is inputted for any months not identified by the respondent. The scale is cal-
culated by subtracting the sum of the inputted numbers for each month from 12 (thus,
higher scores on the scale are associated with greater household food stability).

MAHFP =12 — Z Months of Inaadequate Food Provisioning the Last Year 3)

Unlike the HDDS and the HFIAS, there have been fewer studies assessing the valid-
ity or reliability of this measure in spite of its widespread implementation in studies of
urban food security [28,80,81], many of which have identified common predictors of the
MAHEFP and other food security scales [82]. As a result, this measure remains an empiri-
cally supported measure of food stability but without the same empirical support as the
other measures reviewed here.

1.2.4. Index Development Considerations

While each of the reviewed food security scales provide measures of different dimen-
sions of food security, they still represent distinct measures. In order to collapse the
measures into one over-arching index, there are a number of considerations that must be
taken into account. First, the relative weighting of each food security scale’s contribution
to the overall index score should be decided [83]. While this is usually a decision made on
theoretical grounds, the index may either weight each scale’s contribution equally or dis-
proportionately weight each scale’s contribution based on theoretical considerations. Sec-
ond, given that the HDDS, HFIAS and MAHFP are measured on different scales, the scales
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need to be normalized to ensure that each scale is comparable [84]. This is important be-
cause of its implications for the third consideration: aggregation. The means by which the
scores are aggregated (averaged) can significantly impact the stability of the overall index.
Decisions when aggregating scales in an index predominantly revolve around the theo-
retical implications of compensability (the extent to which performance on each scale can
be traded off) [85]. Some means of aggregation (such as arithmetic mean or Bordo ranking
procedures) are perfectly compensable in that poor performance on one scale can be
traded off for improved performance on another scale. Alternatively, Condorcet ranking
procedures ensure that performance on each scale cannot be traded off for performance
on another scale.

To support clear policy narratives and statistical modeling, an index of urban food
access, utilization and stability will need to be comparable and theoretically address issues
of compensability and weighting. Such an index will need to provide a means of normal-
ization that is not relative, a weighting scheme that ensures equal priority to all included
measures, and a means of aggregation that is consistent with the theory underlying food
security measurement. Therefore, in order to assess whether the identified relationship
between resource access disruption is applicable to a more multidimensional measure of
food security, this investigation will construct an index of urban household food access,
utilization and stability using the HDDS, HFIAS and MAHFP measures. Using the con-
structed index, the investigation will then assess the extent to which the previously ob-
served relationship between household food access and resource access is present in cities
outside of the Southern African context. Given the novelty of the multidimensional index
constructed in this investigation, the investigation will also include a Southern African
city to replicate earlier findings on this relationship and for comparison with the other
cities included in the data set.

2. Materials and Methods
2.1. Research Objectives

1. Create an internally consistent index of urban household food access, utilization and
stability;

2. Assess the relationship between urban household resource access and household
food security.

In order to achieve these objectives, this investigation will, first, create an index of
urban food access, utilization and stability using the HDDS, MAHFP and HFIAS
measures and then, second, use that index to analyze the relationship between food inse-
curity and inconsistent resource access in the selected cities.

2.2. Sample

The sample for this investigation was drawn from household surveys conducted by
the Hungry Cities Partnership (led by Jonathan Crush, the Principal Investigator of the
partnership) between 2014 and 2016 in five purposively selected cities: Maputo, Mozam-
bique; Kingston, Jamaica; Nairobi, Kenya; Mexico City, Mexico; Nanjing, China. These
cities were selected for this investigation in order to account for multiple geographic re-
gions (North America, the Caribbean, Africa and Asia). These city surveys administered
the same household survey instrument which included the same household food security
scales, administered in the same manner to adult household respondents in each selected
household. That said, there was variation in the language with which the scales were ad-
ministered. The household survey scales were administered in English (for the Kingston
and Nairobi surveys), Portuguese (for the Maputo survey), Spanish (for the Mexico City
survey) and Mandarin (for the Nanjing survey). Each of these surveys sampled house-
holds from across the city using a combination of random systematic sampling with sam-
ple sizes distributed across city sub-districts using approximate proportionate allocation
(based on the most recently available census data for the city). In each of these cities, the
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household sample size was stratified across randomly selected wards (across the entire
city) using proportionate allocation based on the most recently available census data.
Households were then selected for the survey using a combination of random and sys-
tematic sampling. All surveys were carried out as in-person household surveys with
trained enumerators speaking with adult representatives for the entire household. The
original sample sizes varied between the cities but, for this investigation, 500 households
were randomly selected from each data set in order to provide an equal contribution of
each city to the effects observed in this study (Table 1). Among the final household sam-
ples included in this investigation, the response rates for the included food security scales
varied from 96 percent to 99 percent.

Table 1. Frequency distribution of household city sample.

Cities n
Maputo 500
Kingston 500
Nanjing 500
Nairobi 500
Mexico City 500
Total 2500

2.3. Scale Normalization

The HDDS, MAHFP and HFIAP scores included in this investigation all differed in
magnitude and direction. Therefore, prior to aggregating the scales together into an index,
all three scales had to be normalized so that they could be expressed on the same numeric
scale. Given this investigation’s focus on building an index to support comparisons of
household food security across geographic regions and time, relative normalization tech-
niques (standardization, ranking, etc.) were not viable approaches. Instead, this investi-
gation implemented min-max normalization to transform each food security score to a
scale of 0 to 1. As a reminder, the HDDS and MAHFP scales range from 0 to 12. All trans-
formed scales are denoted with the superscript ' notation (e.g., HDDS'). The HDDS and
MAHEFP scores were transformed using the following equations:

HDDS' = o> — 0 4
12-0

MAHFP' = JAHEP — 0 )
12-0

While this approach easily converted the magnitude of each scale, min—-max trans-
formation does not account for the reversed direction of the HFIAS (where, unlike the
HDDS and MAHEP, higher scores denote more severe food insecurity). Furthermore, as
a reminder, the HFIAS scale ranges from 0 to 27. In this case, the min-max normalization
equation was modified in order to reverse the direction of the HFIAS scale in addition to
its magnitude:

HFIAS — 27

1 6
HFIAS = ———-— ©®)

2.4. Index Aggregation

The Food Security Geometric Mean (FSGM) index provides a means of aggregating
the food security scales in an unweighted fashion. In this case, the mean is calculated as
the nth root of a product of n scales. The geometric mean has a few advantages over the
arithmetic mean. First, the geometric mean is more sensitive to the improvement of weak
scores than to the improvement of high scores (displaying imperfect compensability). This
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is because positive increases in low scores have a greater impact on the geometric mean
than would positive increases among high scores [86]. Second, the geometric mean is a
unitless measure and can aggregate scales with varied degrees of magnitude. Finally, ge-
ometric means are the preferred method of aggregation for ratios. That said, there is one
important caveat to the use of geometric means when aggregating multiple scales. The
inclusion of a score of 0 for any of the scales included in the index will result in a geometric
mean of 0 (regardless of the scores for the other scales). In order to overcome this chal-
lenge, the scale for each of the food security scales was shifted by 1 before calculating the
geometric mean of the food security scales (providing FSGM'). Once the geometric mean
was calculated, 1 was subtracted from the geometric mean to provide the FSGM. While
this approach is not optimal in that the mean produced is not technically the geometric
mean of the original normalized scores (given that each normalized score was shifted by
1), it provides an efficient approach to aggregating ratios that include 0. In order to pre-
serve comparisons across households in the data set, this approach was consistently ap-
plied to each food security score in the data set. The approach is expressed as follows:

Step 1). Add 1 to each normalized HFIAS, MAHFP and HDDS score, multiply the
sums together and find the cube root of the product:

FSGM' = i/(HFIAS’ + 1) * (HDDS' + 1) * (MAHFP’ + 1) @)
Step 2). Subtract 1 from the resulting cube root:
FSGM = FSGM' — 1 ®)

2.5. Index Internal Consistency

The index constructed in this investigation represent aggregated measures of urban
household food access, utilization and stability. Given the multidimensional nature of the
scale, it is not necessary for the scales to consistently measure one domain (as would be
indicated by tests of internal consistency). That said, in order to preserve the linear aggre-
gation of the scales, it is important to determine whether there is a positive linear relation-
ship between the scales that would support the aggregation of the scales. A negative linear
relationship between any of the scales would indicate that increasing scores on one food
security scale was associated with decreasing scores on another food security scale in the
index (creating internal inconsistency in the index). As a result, one or more of the sub-
scales may not be positively correlated with the overall index score. To assess whether
this is the case, this investigation calculated descriptive statistics of the index scores per
the different aggregation methods. Pearson’s R correlation analysis were used to deter-
mine the linear strength and direction of the correlation between each of the underlying
scales and the overall index score using each aggregation method. This correlation analy-
sis was supported by bootstrapped 95% confidence intervals (calculated via percentiles),
which were calculated based on 1000 samples drawn using simple random sampling.

2.6. Assessing the Relationship between Resource Access and Household Food Security

In this investigation, resource access was measured according to the consistency of
household access to water, electricity, medicine, cooking fuel or a cash income over the
previous year (where higher scores indicate increasingly inconsistent access to these re-
sources). These analyses were performed within each of the cities included in this inves-
tigation. This data was collected using a Likert-scale poverty measure taken from the
Lived Poverty Index. The index measured the frequency with which households have
gone without access to these resources via the following questions:

e Opver the past year, how often, if ever, have you or your household gone without
enough clean water for home use?

e Over the past year, how often, if ever, have you or your household gone without
medicine or medical treatment?
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e  Over the past year, how often, if ever, have you or your household gone without
electricity in your home?

e Opver the past year, how often, if ever, have you or your household gone without
enough fuel to cook your food?

e Over the past year, how often, if ever, have you or your household gone without a
cash income?

In response to these questions, and on behalf of the respondent’s entire household,
the respondent can select from the following answers: never, just once or twice, several
times, many times, and always. The relationship between the resulting index in this in-
vestigation and household resource access was first established through Spearman’s Rho
correlations. This correlation analysis was supported by bootstrapped 95% confidence in-
tervals (calculated via percentiles), which were calculated based on 1000 samples drawn
using simple random sampling. These correlations assess the relationship between the
FSGM scores and measures of the consistency of household access to these resources (Ta-
ble 2).

Table 2. Correlation Variable Descriptions.

Correlation Variables L.O.M. Values
FSGM I/R* 0 (Food Insecure)—100 (Food Secure)
Household Cooking Fuel Access Ordinal never, just once or twice, several times, many times, always
Household Cash Income Access Ordinal  never, just once or twice, several times, many times, always
Household Medical Care Access Ordinal never, just once or twice, several times, many times, always
Household Water Access Ordinal never, just once or twice, several times, many times, always
Household Electricity Access Ordinal never, just once or twice, several times, many times, always

I/R *: Interval/Ratio.

This assessment also included the creation of a decision tree to better understand
how household resource access might be used to identify households in the sample ac-
cording to their food security scores on the FSGM. This decision tree was built using a
classification and regression tree algorithm method that was designed to ensure the splits
produced would separate the sample into homogenous pieces with respect to the FSGM
scale created. That homogeneity is determined using a least-squared deviation measure
to assess for homogeneity within each category created. In order to avoid overfitting, the
model, the tree was set to a maximum tree depth of five levels with a minimum threshold
of 100 cases in any given parent node and 50 cases in any given child node. Any missing
values were excluded from the model and all variables included in the model had at least
97% of their values recorded.

To support this analysis, the resource access variables were dichotomized into binary
variables. This dichotomization allowed for a more objective interpretation of the con-
sistency of resource access. In order to further investigate any city-specific decision tree
splits, the sampled cities were included as dummy variables indicating whether or not a
given household was sampled from each respective city (Table 3).
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Table 3. Decision Tree Variable Descriptions.
Decision Tree Variables L.O.M. Values

FSGM I/R 0 (Food Insecure)—1 (Food Secure)
Household Cooking Fuel Access Binary Consistent Access Inconsistent/No Access
Household Cash Income Access Binary Consistent Access Inconsistent/No Access
Household Medical Care Access Binary Consistent Access Inconsistent/No Access
Household Water Access Binary Consistent Access Inconsistent/No Access
Household Electricity Access Binary Consistent Access Inconsistent/No Access

Kingston Binary No Yes

Maputo Binary No Yes

Mexico City Binary No Yes

Nairobi Binary No Yes

Nanjing Binary No Yes

I/R *: Interval/Ratio.

2.7. Limitations

The samples used in this investigation should not be taken as representative of each
city, given the sampling methods used in this investigation. Instead, these samples were
derived in order to provide the approximately equivalent contribution of each city toward
each analysis presented in this investigation. In addition, this investigation only provided
analyses for a limited number of cities for comparisons. As a result, further research
should be undertaken to confirm whether the properties of these indices hold in other
cities. The MAHFP scores included in the sample demonstrated a high degree of skewness
(=3.560) and kurtosis (14.245). Data transformations to reduce this level of skew and kur-
tosis to within acceptable levels, however, resulted in little change to aggregated scores
(approximately 75 percent of scores were unchanged with an average difference of 0.05
between scales with and without the transformation), correlation analysis (less than a 10
percent change in correlations between the scales) or factor analyses. Consequently, to
maintain interpretability, the MAHEFP scores were normalized but not transformed in this
analysis. Given the observational nature of this investigation, the analysis of the relation-
ship between the inconsistency of household resource access and food insecurity should
not be interpreted as causal. It is also important to note that, while the variables were
binned in order to provide objective comparisons, the relationships observed may have
changed if other cut-points were used in the binning process. Finally, as with all survey
research, this investigation is premised upon the accurate and reliable recall of survey
respondents. All enumerator teams that collected the survey data analyzed in this inves-
tigation underwent the same survey administration training to limit the potential for bias
and support accurate respondent recall. In order to test for a potential common method
bias that may have arisen from these issues, Harmon's single factor test (via both Principal
Component Analysis and Principal Axis Factoring) was applied to all variables included
in this investigation. This analysis indicated that a single factor extracted less than 50% of
the variance, providing counterevidence for a common method bias in this investigation.

3. Results
3.1. Index Internal Consistency

The differences observed in the variation of these three indices across the cities may
be the result of a combination of factors: the predominant clustering of high scores in a
given city (as observed in Nanjing) or the reduced spread of scores (as observed in Nan-
jing and Nairobi). It is interesting to note the association between the clustering of scores
within and between the three index scores in each sampled city, which may give an indi-
cation of the spread inherent in the underlying food security scales in these cities (Table
4).
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Table 4. Descriptive Statistics of the FSGM Scores Across Cities.

Statistics Maputo (n = 484) Kingston (n =474) Nanjing (n =488) Nairobi (n=493) Mexico City (n=494) Total (n =2433)
Mean 0.6357 0.6648 0.8716 0.7072 0.7584 0.7281
Median 0.6711 0.6782 0.8821 0.726 0.7686 0.7472
Std. Dev. 0.17832 0.15539 0.07842 0.1488 0.1232 0.16415
Min 0.05 0.03 0.55 0.2 0.05 0.03
Max 0.97 1 1 1 1 1
The Pearson’s R correlations of the indices and sub-scales revealed significant and
high positive linear correlations across the three indices (Table 5). In addition, each of the
underlying food security scales also demonstrated significant and positive correlations
with the three indices. Interestingly, however, while the relative strength of the relation-
ship between these sub-scales and the three indices did not vary substantially across in-
dices, the relative strength of these relationships did vary by city. As an example, Maputo,
Nairobi, Mexico City and Kingston all indicated very strong linear correlations between
the food security scales and the three indices. That said, in Nanjing, the MAHFP and
HFIAS indicated weak to moderate positive relationships with the overall food security
scale. This observation likely resulted from the fact that few households received less than
a perfect food security score on these scales in the Nanjing household sample.
Table 5. Pearson’s R Correlation of Normalized HFIAS, MAHFP and HDDS Scores with FSGM
Scores Across Cities (with bootstrapped 95% confidence intervals).
Scales Maputo (n =489) Kingston (n = 478) Nanjing (n = 488) Nairobi (n = 493) Mexico City (n = 494)
95% C.I. 95% C.L 95% C.I. 95% C.I. 95% C.L
r Low High r Low High r Low High r Low High r Low High
HDDS  0.683** 0.638 0.721 0.684** 0.632 0.736 0.966** 0954 0.976 0.738** 0.689 0.783 0.677** 0.601 0.753
HFIAS" 0.857** 0.828 0.879 0.818** 0.786 0.845 0.415** 0.312 0.513 0.859** 0.838 0.879 0.729** 0.676 0.775
MAHFP” 0.790** 0.747 0.825 0.645** 0.561 0.714 0.244** 0.136 0.346 0.715** 0.668 0.759 0.631** 0.538 0.704

*p<0.01.

3.2. Assessing the Relationship between Resource Access and Household Food Security

The three indices also demonstrated solid external validity in their relationship with
inconsistent household access to water, medicine, electricity, cooking fuel and a cash in-
come. The Spearman’s Rho correlations indicated significant and negative relationships
between each of these indices and the household measures of resource access (indicating
that increasing food security was associated with decreasing inconsistency in household
access to these resources). Interestingly, while all of the correlations were negative in the
Nanjing sample, the sampled households in Nanjing only indicated significant correla-
tions between inconsistent access to medicine/cash income and the three indices. Weaker
correlations (when compared to the other sampled cities) were also observed with the
HFIAS, HDDS and MAHFP against the FSGM in Nanjing. While a fascinating finding,
given the imbalance in the variables collected from the Nanjing data, these correlations
should be interpreted with caution (Table 6).
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Table 6. Spearman’s Rho Correlation of FSGM with Consistency of Household Resource Access
Across Cities (with bootstrapped 95% confidence intervals).

City 95% C.I.

Maputo Rho Low High

Inconsistent Access to Water (n =476) -0.147 ** -0.048 -0.234
Inconsistent Access to Medicine or Medical Care (n = 479) -0.336 ** -0.244 -0.413
Inconsistent Access to Electricity (n =478) -0.215** -0.12 -0.301
Inconsistent Access to Cooking Fuel (n =478) -0.412 ** -0.331 -0.495
Inconsistent Access to Cash Income (n = 477) —0.428 ** -0.349 -0.498
Kingston Rho Low High

Inconsistent Access to Water (n = 467) -0.119* -0.01 -0.202
Inconsistent Access to Medicine or Medical Care (n = 459) -0.264 ** -0.164 -0.346
Inconsistent Access to Electricity (n = 466) -0.335 ** -0.249 -0.419
Inconsistent Access to Cooking Fuel (n = 468) -0.438 ** -0.342 -0.51
Inconsistent Access to Cash Income (n = 467) —-0.453 ** -0.354 -0.526
Nanjing Rho Low High

Inconsistent Access to Water (n = 484) -0.019 0.083 -0.111
Inconsistent Access to Medicine or Medical Care (n = 487) -0.270 ** -0.189 -0.338
Inconsistent Access to Electricity (n =487) -0.033 0.059 -0.12
Inconsistent Access to Cooking Fuel (n = 486) -0.087 0.003 -0.162
Inconsistent Access to Cash Income (n = 486) -0.223 ** -0.143 -0.297
Nairobi Rho Low High

Inconsistent Access to Water (n = 487) -0.305 ** -0.216 -0.382
Inconsistent Access to Medicine or Medical Care (n = 488) -0.363 ** -0.284 -0.447
Inconsistent Access to Electricity (n = 488) -0.320 ** -0.241 -0.409
Inconsistent Access to Cooking Fuel (n =489) -0.430 ** -0.356 -0.509
Inconsistent Access to Cash Income (n = 486) -0.416 ** -0.341 -0.488
Mexico City Rho Low High

Inconsistent Access to Water (n =492) -0.274 ** -0.198 -0.355
Inconsistent Access to Medicine or Medical Care (n =493) -0.235 ** -0.15 -0.321
Inconsistent Access to Electricity (n =493) -0.187 ** -0.102 -0.27
Inconsistent Access to Cooking Fuel (n = 492) -0.251 ** -0.153 -0.337
Inconsistent Access to Cash Income (n = 492) -0.270 ** -0.181 -0.349

*p <0.05;** p <0.01.

When the independent variables in this investigation were dichotomized into binary
variables representing consistent or inconsistent access to these resources, interesting
trends emerged (Table 7). Very few of the sampled households in Nanjing reported incon-
sistent access to a cash income, cooking fuel or medical care access. The sampled house-
holds in Nanjing also reported the highest frequency of consistent access to water and
electricity. These frequency distributions may help to account for the weak correlations
observed between resource access and food security among the sampled households in
Nanjing (since so few households experienced these challenges). Outside of the sampled
households in Nanjing, the sampled households in Mexico City also reported consistent
access to the resources under investigation. The sampled households in Maputo, Kingston
and Nairobi reported the lowest frequencies of consistent resource access. It is important
to note that these city samples are not necessarily representative of these cities and further
work (with larger samples to account for any data imbalances) will be needed to confirm
these findings.
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Table 7. Sample Distribution of Household Resource Access Across Cities.

Variables Values Maputo Kingston Nanjing Nairobi Mexico City
% % % % %
Consistent 67.8 80.2 82.1 67.4 75.7
Household Water Access |\ ictent 322 19.8 17.9 32,6 243
Household Medical Care Ac- Consistent 77.6 81.5 95.4 82.6 88.4
cess Inconsistent 224 18.5 4.6 17.4 11.6
.. Consistent 48.7 66.8 78.6 50.1 85.1
Household Electricity Access |\ ictent 51.3 33.2 21.4 49.9 14.9
Household Cooking Fuel Ac-  Consistent 68.1 63.3 97.4 79.0 85.5
cess Inconsistent 31.9 36.7 2.6 21.0 14.5
Consistent 68.4 60.1 96.2 64.3 76.5
Household Cash Income Access |\ . tent 31.6 39.9 3.8 35.7 235

Across the board, consistent household access to each resource was associated with
higher FSGM scores (better food security). When the sampled households were assessed
according to their city of residence, some geographic specific differences emerged. House-
holds sampled from Nanjing had an average FSGM score that was almost 20 percentage
points above the rest of the sample. Households sampled from Mexico similarly had an
average FSGM score that was 4 percentage points above the rest of the sample. The re-
maining cities represented in the sample indicated lower FSGM scores when compared
with the rest of the sample. The lowest FSGM scores were observed in Maputo, Mozam-
bique, where the sampled households had an average FSGM score of 63% (Table 8).

Table 8. FSGM Summary Statistics for Dichotomized Independent Variables.

Variables Values FSGM

Mean Median St.Dev. n
Consistent 0.75 0.77 0.15 1798
Household Water Access Inconsistent 0.67 0.70 0.18 608
Household Medical Care Ac- Consistent 0.75 0.77 0.15 2052
cess Inconsistent 0.59 0.60 0.18 354
.. Consistent 0.76 0.78 0.14 1591
Household Electricity Access Inconsistent 0.66 0.69 0.18 821
Household Cooking Fuel Ac- Consistent 0.77 0.78 0.14 1905
cess Inconsistent 0.58 0.61 0.18 508
Consistent 0.77 0.78 0.14 1771
Household Cash Income Access Inconsistent 0.61 0.63 0.17 637
Maputo No 0.75 0.77 0.15 1949
Yes 0.64 0.67 0.18 484
Kingston No 0.74 0.77 0.16 1959
Yes 0.66 0.68 0.16 474
Nanjing No 0.69 0.71 0.16 1945
Yes 0.87 0.88 0.08 488
Nairobi No 0.73 0.75 0.17 1940
Yes 0.71 0.73 0.15 493
Mexico City No 0.72 0.74 0.17 1939
Yes 0.76 0.77 0.13 495

The classification and regression tree that was built using these independent varia-
bles provided some fascinating insights (Figure 1). Amongst the included independent
variables, household cooking fuel access provided the best indicator for splitting the
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FSGM score. Among those households that reported inconsistent access to cooking fuel,
the next best indicators for splitting the FSGM scores were inconsistent access to a cash
income and then medical care. Among the households that had inconsistent access to all
three of these variables, their FSGM score was 0.492. Among households with consistent
access to cooking fuel, the situation was more complicated. First, the sampled households
from Nanjing were split into a separate branch. Among the remaining households, the
best indicator was inconsistent access to a cash income. Those households with incon-
sistent access, then split into Mexico City or not (households in Mexico City having better
food security than the households in the remaining cities). The remaining households
were split into Maputo and then Kingston.

The decision tree model indicated that the subset of households with the worst mean
FSGM scores were those that had inconsistent access to cooking fuel, a cash income and
medical care access in the previous year. This subset of households had a mean FSGM
score of 0.495 with a standard deviation of 0.191. The subset of households with the high-
est mean FSGM score were those that had maintained consistent access to cooking fuel
and were from the Nanjing sample. These households had a mean FSGM score of 0.872
with a standard deviation of 0.078. The model indicates that inconsistent access to an in-
creasing number of resources was associated with lower FSGM scores, regardless of city
of origin. That said, the extent to which consistent access to an increasing number of re-
sources was associated with higher FSGM scores was dependent upon the city in which
the household was located. For the subset of households with consistent access to cooking
fuel in the previous year, city of origin appeared to be a more significant splitting variable
than for households with inconsistent access to cooking fuel.
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Figure 1. Decision Tree of Food Security Scores by Resource Access and City Variables.
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4. Discussion

This paper proposed an index of urban household food access, stability and utiliza-
tion via min—max normalization and geometric means for index aggregation. Using the
constructed index, the investigation found that among the sampled households, incon-
sistent household access to water, cooking fuel, electricity, medical care and a cash income
were significantly correlated with food insecurity (though with a moderate strength) in
all of the sampled cities except for the Nanjing sample. In the Nanjing sample, only incon-
sistent access to a cash income and medical care access (the strongest correlates from other
city household samples) were correlated with food insecurity. The decision tree model
confirmed that finding. While the worst food security scores were recorded by households
with inconsistent access to multiple resources (regardless of city of origin), the highest
food security scores were recorded by households from specific cities in addition to a spe-
cific configuration of consistent resource access. Given the findings presented by the in-
vestigation, it appears that the observed correlations between the consistency of house-
hold resource access and food security may be contextually dependent upon a house-
hold’s city of origin. In other words, the observed relationships between disrupted re-
source access and household food insecurity may only be heterogeneously present under
COVID-19. Given these findings, it will be important for policymakers responding to
COVID-19-related disruptions to account for the unique characteristics of each city. The
findings align with broader work on sustainable development, which point to the network
of trade-offs and synergies that can exist across development outcomes (linking food se-
curity to broader resource access) [87]. It is important to note that, given the aggregated
sample approach used in this investigation, these findings are not generalizable to the
population in each city. Further research will be required to assess the generalizability of
these findings.

5. Conclusions

The COVID-19 pandemic has created challenges within the food system and revealed
the lack of preparedness by national and local governance as well as stakeholders in re-
sponding to them. Furthermore, the pandemic has resulted in the worsening of food inse-
curity through public health measures, which have impacted physical and social infra-
structure access and also worsened the socioeconomic status of households. However,
management of food security is dependent on measurement which has been subject to
several definitions and data collection tool constraints. The pandemic provides a unique
opportunity for managing the direct and indirect impacts as well as preparedness for fu-
ture disruptions to food systems in already food insecure populations. Developing inter-
ventions better suited to address food insecurity-related impacts of the COVID-19 pan-
demic in urban households may benefit from measurements of existing dimensions and
underlying vulnerabilities. Given the relationship identified in this paper between incon-
sistent resource access and household food insecurity, there may be a network of cascad-
ing impacts from COVID-19-related resource disruptions that could have implications for
household food insecurity. Given the complexity of the pandemic, however, further em-
pirical research should assess whether and how these food insecurity impacts have un-
folded.

This paper proposed an index of urban household food access, stability and utiliza-
tion via min-max normalization and geometric means for index aggregation. Geometric
means are partially non-compensable and the preferred method of aggregation for ratios
and skewed data. The issue of compensability is also an important theoretical considera-
tion among these index aggregation techniques. Perfect compensability (as allowed by an
arithmetic mean) would allow households to trade-off their performance across their food
access, utilization and stability. These pillars of food security are likely meant to be inter-
preted as fundamental necessities for food security to exist (rather than compensable en-
tities). As a result, from a theoretical perspective, it is unlikely that arithmetic means
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would be preferable as a means of measuring across urban household food access, utili-
zation and stability. While perfect non-compensability is not likely to be helpful (given
that available methods, such as Condorcet methods, would only support household rank-
ing rather than scoring), Geometric means may provide a more reasonable conceptual
grounds for the index, given that the approach supports imperfect compensability.

This index should not be interpreted as a comprehensive measurement of household
food access, utilization and stability, but rather as an indication of these food security
characteristics. As examples, the definition of food utilization covers a broader set of fea-
tures than what is measured by the HDDS and the scale by which food stability is meas-
ured can vary from the 12-month recall period covered by the MAHFP. As a result, this
index provides one proxy for the measurement of these food security concepts. With the
development of more refined food security scales, it may be possible to develop more
sophisticated indices of food security to better account for the characteristics not covered
by the current proposed index. There are some important caveats to the use of this index
in the field. Depending on the population of interest, some of the food security scales
(HDDS, HFIAS and MAHFP) may demonstrate varying degrees of skewness and kurtosis.
In such cases, researchers should evaluate the potential benefits of transforming the dis-
tribution of these scales prior to normalization. The index was designed with a focus on
maintaining the theoretical equal weighting of food access, utilization and stability. That
said, the equal importance of these three pillars of food security may not be generalizable
across cases. Future research should consider whether food security metrics should shift
based on contextual factors in order to more precisely discriminate among households.
Finally, the utility of this index is bolstered by the validity of the scales it comprises. As
such, future research should continue to assess the reliability and validity of these
measures across development contexts.

Author Contributions: Conceptualization: C.M. and B.F.; Methodology: C.M.; Validation: C.M.;
Formal analysis: C.M.; Investigation: C.M., B.F., N.S. and C.W.; Data curation: C.M.; Writing —orig-
inal draft preparation: C.M., B.F., N.S. and C.W.; Writing—review and editing, C.M., B.F., N.S. and
C.W.; Visualization, C.M.; Supervision, C.M. and B.F.; Project administration, C.M. and B.F. All au-
thors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Social Sciences and Humanities Research Council of Can-
ada under Grant No. 895-2013-3005 and the International Development Research Centre under
Grant No. 107775-001.

The open-access publication of this article was supported by the MiFOOD project via funding re-
ceived from the Social Sciences and Humanities Research Council of Canada (SSHRC) under Grant
No. 895-2021-1004.

Institutional Review Board Statement: The study was conducted in accordance with the Declara-
tion of Helsinki and approved by the Research Ethics Boards of Wilfrid Laurier University and the
University of Waterloo.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: Not applicable.

Acknowledgments: We wish to acknowledge the support of the International Development Re-
search Centre (IDRC) and the Social Sciences and Humanities Research Council of Canada (SSHRC)
for the Hungry Cities Partnership. We wish to thank our colleagues in the Hungry Cities Partnership
for their assistance with research planning and implementation: Jonathan Crush, Maria Salomone,
Samuel Owuor, Guenola Capron, Salomén Gonzalez Arellano, Elizabeth Thomas Hope, Robert
Kinlocke, Taiyang Zhong and Ines Raimundo.

Conflicts of Interest: The authors of this manuscript declare that they have no financial or non-
financial competing interests related to the research carried out in this manuscript.



Land 2022, 11, 654 19 of 21

References

1. Pinstrup-Andersen, P. Food security: Definition and measurement. Food Secur. 2009, 1, 5-7.

2. United Nations, Department of Economic and Social Affairs. World Urbanization Prospects: The 2018 Revision; ST/ESA/SER.A/420;
United Nations: New York, NY, USA, 2019.

3. Dubbeling, M.; Carey, J.; Hochberg, K. The Role of Private Sector in City Region Food Systems|The RUAF foundation, RUAF: The
Hague, The Netherlands, 2016.

4.  Food and Agriculture Organization of the United States. Cities And Local Governments at The Forefront in Building Inclusive and
Resilient Food Systems Key results from the FAO survey “Urban Food Systems and COVID-19; FAO: Washington, DC, USA, 2020.

5. Béné, C. Resilience of local food systems and links to food security — A review of some important concepts in the context of
COVID-19 and other shocks. Food Secur. 2020, 12, 805-822.

6.  Schmidhuber, J.; Pound, ].; Qiao, B. COVID-19: Channels of Transmission to Food and Agriculture; FAO: Rome, Italy, 2020.

7.  Paganini, N.; Adinata, K.; Buthelezi, N.; Harris, D.; Lemke, S.; Luis, A.; Koppelin, J.; Karriem, A.; Ncube, F.; Aguirre, EN,; et al.
Growing and eating food during the COVID-19 pandemic: Farmers’ perspectives on local food system resilience to shocks in
Southern Africa and Indonesia. Sustainability 2020, 12, 8556.

8. Jones, A.D.; Ngure, F.M,; Pelto, G.; Young, S.L. What are we assessing when we measure food security? Adv. Nutr. Int. Rev. |.
2013, 4, 481-505.

9.  Petetin, L. The CoviD-19 crisis: An opportunity to integrate food democracy into post-pandemic food systems. Eur. J. Risk Regul.
2020, 11, 326-336.

10. Leung, C.W.; Wolfson, J.A.; Lahne, J.; Barry, M.R.; Kasper, N.; Cohen, A.]. Associations between Food Security Status and Diet-
Related Outcomes among Students at a Large, Public Midwestern University. |. Acad. Nutr. Diet. 2019, 119, 1623-1631.

11.  FAQ; IFAD; UNICEF; WFP; WHO. The State of Food Security and Nutrition in the World. Safequarding Against Economic Slowdowns;
FAO: Rome, Italy, 2019.

12.  FAQ; IFAD; UNICEF; WFP; WHO. The State of Food Security and Nutrition in the World; FAO: Rome, Italy, 2020.

13. HLPE. High Level Panel of Experts. Food Security and Nutrition: Building a Global Narrative towards 2030; FAO: Rome, Italy, 2020.

14. FAO of the United States. Assessing Nutritional Status and Vulnerability. State of Food Insecurity in the World; FAO: Washington
DC, USA, 2001.

15. Barrett, C.B.; Lentz, E.C. Food insecurity. In Oxford Research Encyclopedia of International Studies; Oxford University Press: Oxford,
UK, 2010.

16. Vaitla, B.; Coates, J.; Glaeser, L.; Hillbruner, C.; Biswal, P.; Maxwell, D. The measurement of household food security: Correla-
tion and latent variable analysis of alternative indicators in a large multi-country dataset. Food Policy 2017, 68, 193-205.

17.  Burchi, F.; De Muro, P. A Human Development Approach and Capability Approach to Food Security: Conceptual Framework and Infor-
mational Basis; United Nations Development Programme: New York, NY, USA, 2012.

18. Sen, A. Poverty and Famines: An essay on entitlement and Deprivation; Clarendon Press: Oxford, UK, 1981.

19. Food and Agriculture Organization of the United Nations. Food Security Policy Brief. Issue 2; FAO: Rome, Italy, 2006

20. Food and Agriculture Organization. High Food Prices: The Food Security Crisis of 2007-2008 and Recent Food Price Increases— Facts
and Lessons; FAO: Rome, Italy, 2009.

21. Food and Agriculture Organization. An Introduction to the Basic Concepts of Food Security; FAO: Rome, Italy, 2008.

22.  Smith, M.D.; Wesselbaum, D. COVID-19, food insecurity, and migration. J. Nutr. 2020, 150, 2855-2858.

23. Devereux, S. Sen’s Entitlement Approach: Critiques and Counter-Critiques. Oxf. Dev. Stud. 2020, 29, 2855-2858.

24. FAO. Technical Briefing to FAO Members on the Impact of Covid-19 and the War in Ukraine on the Outlook for Food Security and
Nutrition; FAO: Rome, Italy, 2022.

25. Crush, J.; Frayne, B.; McCordic, C. Divorcing food and agriculture: Towards an agenda for urban food security research. In Food
and Nutrition Security in Southern African Cities; Crush, J., Frayne, B., McCordic, C., Eds.; Routledge: London, UK, 2018; p. 1.

26. Tuholske, C.; Andam, K.; Blekking, J.; Evans, T.; Caylor, K. Comparing measures of urban food security in Accra, Ghana. Food
Secur. 2020, 12, 417-431.

27. Maxwell, D. The political economy of urban food security in Sub-Saharan Africa. World Dev. 1999, 27, 1939-1953.

28. Frayne, B.; McCordic, C. Planning for food secure cities: Measuring the influence of infrastructure and income on household
food security in Southern African cities. Geoforum 2015, 65, 1-11.

29. McCordic, C. Urban Infrastructure and Household Vulnerability to Food Insecurity in Maputo, Mozambique. Ph.D. Thesis,
University of Waterloo, Waterloo, ON, Canada, 2016.

30. McCordic, C. Household Food Security and Access to Medical Care in Maputo, Mozambique; Hungry Cities Discussion Paper No. 7;
Hungry Cities Partnership: Waterloo, ON, Canada, 2017.

31. McCordic, C.; Abrahamo, E. Family Structure and Severe Food Insecurity in Maputo and Matola, Mozambique. Sustainability
2019, 11, 267.

32. McCordic, C.; Frayne, B. The Network of Household Barriers to Achieving SDG 1, 2 and 3 in Maputo, Mozambique. ]. Hunger.
Environ. Nutr. 2021, 16, 739-750.

33. Zinkernagel, R.; Evans, J.; Neij, L. Applying the SDGs to cities: Business as usual or a new dawn? Sustainability 2018, 10, 3201.

34. Pérez-Escamilla, R.; Gubert, M.B.; Rogers, B.; Hromi-Fiedler, A. Food security measurement and governance: Assessment of the

usefulness of diverse food insecurity indicators for policy makers. Glob. Food Secur. 2017, 14, 96-104.



Land 2022, 11, 654 20 of 21

35.

36.

37.

38.
39.

40.

41.

42.

43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.

54.
55.

56.
57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Carletto, C.; Zezza, A.; Banerjee, R. Towards better measurement of household food security: Harmonizing indicators and the
role of household surveys. Glob. Food Secur. 2013, 2, 30—40.

Renzaho, A.M.; Mellor, D. Food security measurement in cultural pluralism: Missing the point or conceptual misunderstand-
ing? Nutrition 2010, 26, 1-9.

Lappé, F.M.; Clapp, J.; Anderson, M.; Broad, R.; Messer, E.; Pogge, T.; Wise, T. How we count hunger matters. Ethics Int. Aff.
2013, 1, 1-9.

Wheeler, T.; Von Braun, ]J. Climate change impacts on global food security. Science 2013, 341, 508-513.

Foran, T.; Butler, J.R.; Williams, L.J.; Wanjura, W.J.; Hall, A; Carter, L.; Carberry, P.S. Taking complexity in food systems seri-
ously: An interdisciplinary analysis. World Dev. 2014, 61, 85-101.

Mock, N.; Morrow, N.; Papendieck, A. From complexity to food security decision-support: Novel methods of assessment and
their role in enhancing the timeliness and relevance of food and nutrition security information. Glob. Food Secur. 2013, 2, 41-49.
Enenkel, M; See, L.; Bonifacio, R.; Boken, V.; Chaney, N.; Vinck, P.; You, L.; Dutra, E.; Anderson, M. Drought and food security—
Improving decision-support via new technologies and innovative collaboration. Glob. Food Secur. 2015, 4, 51-55.

He, J; Liu, Y.; Yu, Y.; Tang, W.; Xiang, W.; Liu, D. A counterfactual scenario simulation approach for assessing the impact of
farmland preservation policies on urban sprawl and food security in a major grain-producing area of China. Appl. Geogr. 2013,
37, 127-138.

Gustafson, D.; Gutman, A.; Leet, W.; Drewnowski, A.; Fanzo, J.; Ingram, J. Seven food system metrics of sustainable nutrition
security. Sustainability 2016, 8, 196.

Prosperi, P.; Allen, T.; Cogill, B.; Padilla, M.; Peri, I. Towards metrics of sustainable food systems: A review of the resilience and
vulnerability literature. Environ. Syst. Decis. 2016, 36, 3-19.

Cohen, M.].; Garrett, ].L. The food price crisis and urban food (in)security. Environ. Urban. 2010, 22, 467-482.

Crush, J.; Frayne, B.; Pendleton, W. The crisis of food insecurity in African cities. ]. Hunger. Environ. Nutr. 2012, 7, 271-292.
Brown, M.; Funk, C. Food security under climate change. Science 2008, 319, 580-581.

Romero-Lankao, P.; McPhearson, T.; Davidson, D.J. The food-energy-water nexus and urban complexity. Nat. Clim. Change
2017, 7, 233-235.

Smit, W. Urban governance and urban food systems in Africa: Examining the linkages. Cities 2016, 58, 80-86.

Haysom, G. Food and the city: Urban scale food system governance. Urban Forum 2015, 26, 263-281.

Sonnino, R. The new geography of food security: Exploring the potential of urban food strategies. Geogr. ]. 2016, 182, 190-200.
Rocha, C.; Lessa, I. Urban governance for food security: The alternative food system in Belo Horizonte, Brazil. Int. Plan. Stud.
2009, 14, 389—400.

Barrett, C. Food security and food assistance programs. In Handbook of Agricultural Economics; Elsevier: Amsterdam, The Neth-
erlands, 2002; Volume 2, pp. 2103-2190.

Barrett, C.B. Measuring food insecurity. Science 2010, 327, 825-828.

Ecker, O.; Breisinger, C. The Food Security System: A New Conceptual Framework; IFPRI Discussion Paper No. 01166; IFPRI: Wash-
ington, DC, USA, 2012.

Crush, J.; Frayne, B. Urban food insecurity and the new international food security agenda. Dev. South. Afr. 2011, 28, 527-544.
Tawodzera, G.; Crush, J. The Return of Food: Poverty and Urban Food Security in Zimbabwe after the Crisis; Report No. 22; Southern
African Migration Programme: Cape Town, South Africa, 2016.

Crush, J.; Drimie, S.; Frayne, B.; Caesar, M. The HIV and urban food security nexus in Africa. Food Secur. 2011, 3, 347-362.
Brewer, D.P; Catlett, C.S.; Porter, K.N.; Lee, ].S.; Hausman, D.B.; Reddy, S.; Johnson, M.A. Physical limitations contribute to
food insecurity and the food insecurity—obesity paradox in older adults at senior centers in Georgia. |. Nutr. Elder. 2010, 29, 150—
169.

Demmler, K.M.; Klasen, S.; Nzuma, ].M.; Qaim, M. Supermarket purchase contributes to nutrition-related non-communicable
diseases in urban Kenya. PLoS ONE 2017, 12, e0185148.

Crush, J.; Frayne, B. Supermarket expansion and the informal food economy in Southern African cities: Implications for urban
food security. J. South. Afr. Stud. 2011, 37, 781-807.

Frayne, B.; McCordic, C.; Shilomboleni, H. Growing out of poverty: Does urban agriculture contribute to household food secu-
rity in Southern African cities? Urban Forum 2014, 25, 177-189.

Orsini, F.; Kahane, R.; Nono-Womdim, R.; Gianquinto, G. Urban agriculture in the developing world: A review. Agron. Sustain.
Dev. 2013, 33, 695-720.

Battersby, J.; Marshak, M. Mapping the Invisible: The Informal Food Economy of Cape Town, South Africa; Report No. 24; Southern
African Migration Programme: Cape Town, South Africa, 2017.

Skinner, C. The struggle for the streets: Processes of exclusion and inclusion of street traders in Durban, South Africa. Dev.
South. Afr. 2008, 25, 227-242.

Haysom, G.; Tawodzera, G. Measurement drives diagnosis and response: Gaps in transferring food security assessment to the
urban scale. Food Policy 2018, 74, 117-125.

Pérez-Escamilla, R. Can experience-based household food security scales help improve food security governance? Glob. Food
Secur. 2012, 1, 120-125.

Freedman, D.A ; Bell, B.A. Access to healthful foods among an urban food insecure population: Perceptions versus reality. J.
Urban Health 2009, 86, 825-838.



Land 2022, 11, 654 21 of 21

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Swindale, A.; Bilinsky, P. Household Dietary Diversity Score (HDDS) for Measurement of Household Food Access: Indicator Guide;
Food and Nutrition Technical Assistance Project: Washington DC, USA, 2005.

Coates, J.; Swindale, A.; Bilinsky, P. Household Food Insecurity Access Scale (HFIAS) for Measurement of Household Food Access:
Indicator Guide. Version 3; Food and Nutrition Technical Assistance Project: Washington, DC, USA, 2007.

Bilinsky, P.; Swindale, A. Months of Adequate Household Food Provisioning (MAHFP) for Measurement of Household Food Access:
Indicator Guide. Version 4; Food and Nutrition Technical Assistance Project: Washington, DC, USA, 2010.

Labadarios, D.; Mchiza, Z.].R.; Steyn, N.P.; Gericke, G.; Maunder, EM.W.; Davids, Y.D.; Parker, W.A. Food security in South
Africa: A review of national surveys. Bull. World Health Organ. 2011, 89, 891-899.

Codjoe, S.N.A.; Okutu, D.; Abu, M. Urban household characteristics and dietary diversity: An analysis of food security in Accra,
Ghana. Food Nutr. Bull. 2016, 37, 202-218.

Cordeiro, L.S.; Wilde, P.E.; Semu, H.; Levinson, F.J. Household food security is inversely associated with undernutrition among
adolescents in Kilosa, Tanzania. J. Nutr. 2012, 142, 1741-1747.

Faber, M.; Schwabe, C.; Drimie, S. Dietary diversity in relation to other household food security indicators. Int. |. Food Saf. Nutr.
Public Health 2009, 2, 1-15.

Maxwell, D.; Vaitla, B.; Coates, J]. How do indicators of household food insecurity measure up? An empirical comparison from
Ethiopia. Food Policy 2014, 47, 107-116.

Knueppel, D.; Demment, M.; Kaiser, L. Validation of the household food insecurity access scale in rural Tanzania. Public Health
Nutr. 2009, 13, 360-367.

Ali, D.; Saha, K.K.; Nguyen, P.H.; Diressie, M.T.; Ruel, M.T.; Menon, P.; Rawat, R. Household food insecurity is associated with
higher child undernutrition in Bangladesh, Ethiopia, and Vietnam, but the effect is not mediated by child dietary diversity. J.
Nutr. 2013, 143, 2015-2021.

Deitchler, M.; Ballard, T.; Swindale, A.; Coates, J. Validation of a Measure of HOUSEHOLD hunger for Cross-Cultural Use; Food and
Nutrition Technical Assistance I (FANTA-2): Washington, DC, USA, 2010.

Frayne, B.; Pendleton, W.; Crush, J.; Acquah, B.; Battersby-Lennard, J.; Bras, E.; Chiweza, A.; Dlamini, T.; Fincham, R.; Kroll, F.;
et al. The State of Urban Food Insecurity in Southern Africa (Urban Food Security Series 2); AFSUN: Cape Town, South Africa, 2010.
Battersby, J. Urban food insecurity in Cape Town, South Africa: An alternative approach to food access. Dev. South. Afr. 2011,
28, 545-561.

Harris-Fry, H.; Azad, K.; Kuddus, A.; Shaha, S.; Nahar, B.; Hossen, M.; Younes, L.; Costello, A.; Fottrell, E. Socio-economic
determinants of household food security and women'’s dietary diversity in rural Bangladesh: A cross-sectional study. J. Health
Popul. Nutr. 2015, 33, 2.

Munda, G.; Nardo, M. Non-Compensatory Composite Indicators for Ranking Countries: A Defensible Setting; EUR Report, EUR 21833
EN; European Commission Joint Research Centre: Sint Maartensvlotbrug, The Netherlands, 2005.

Nardo, M.; Saisana, M.; Saltelli, A.; Tarantola, S.; Hoffman, A.; Giovannini, E. Handbook on Constructing Composite Indicators:
Methodology and User Guide; OECD Statistics Working Papers STD/DOC 3; OECD: Paris, France, 2005.

Munda, G.; Nardo, M. Constructing Consistent Composite Indicators: The Issue of Weights; EUR Report, EUR 21834 EN; European
Commission Joint Research Centre: Sint Maartensvlotbrug, The Netherlands, 2005.

Petkovova, L.; Hartman, D.; Pavelka, T. Problems of Aggregation of Sustainable Development Indicators at the Regional Level.
Sustainability 2020, 12, 7156.

Nilsson, M.; Griggs, D.; Visbeck, M. Map the interactions between Sustainable Development Goals. Nature 2016, 534, 320-322.



