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Abstract—FEMA has long used the ‘Waffle House’ index as an
indicator of short-term disaster recovery; if Waffle Houses can
offer their full menu, then it can be assumed that critical
infrastructure is at least somewhat functional. The definition of
resilience has evolved from merely coping with and bouncing back
from disasters to bouncing forward despite these disasters. Thus,
the disaster recovery measures must reflect this notion of
resilience. Since food systems require multiple critical
infrastructures be functional, they are an ideal indicator of
broader community recovery from disasters. This paper
demonstrates how food system infrastructure can be used as an
indicator of long-term disaster recovery in communities and offers
a framework of additional indicators to assess disaster resilience
and sustainable development to determine when the community is
‘bouncing forward’ toward food consumption normalcy.
Keywords—food systems, disaster, sustainable development,
metrics, indicators

I. INTRODUCTION
Climate change poses a major threat to coastal destinations
throughout the United States, especially as disasters become
increasingly severe [1]. From 1980 to 2018, the United States
experienced 241 billion-dollar weather and climate disasters,
which have resulted in $1.6 trillion in losses [2]. Literature
shows the growing role the Food and Accommodation industry
plays in community disaster response and recovery. Restaurants
and hotels often leverage physical, social, and human resources
to as they operate and as they contribute to community recovery
[3,4]. Since food systems require multiple critical infrastructures
to be functional and are a lifeline infrastructure, they can act as
an indicator of community recovery during disasters and act as
an indicator of broader community recovery and resilience.
During a disaster arc, food is provided through Meals Ready
to Eat (MREs) and similar commodities from unaffected
locations, and the method of transport reflects the availability of
transportation options, from flight to over the road systems. As
the community recovers, there is a return to a combination of
food options, including locally sourced, fresher choices. This
provisioning occurs in stages. Locals may begin by eating food
prepared by venues such as shelters, hotels, soup kitchens and
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food pantries, and restaurants, and eventually progresses toward
wider capacity as individuals return to preparing their own meals
or patronize hospitality establishments and food markets that
offer fresh and local foods.
FEMA has long used the ‘Waffle House’ index as an
indicator of short-term disaster recovery; if Waffle Houses can
offer their menu, then it can be assumed that critical
infrastructure is at least somewhat operational [5]. The ‘Waffle
House’ index has shown that food systems can act as an
indicator for immediate disaster recovery, given the inherent
interdependency between food systems and various critical
infrastructures. For the food to have arrived at the Waffle House
and been prepared, critical infrastructures such as energy, water,
transportation (i.e. roads and bridges), and information and
communication technology must be restored, indicating the
community has made a short-term recovery.
As the disaster resilience field has evolved, the definition of
resilience has expanded from merely coping with and bouncing
back from disasters to bouncing forward and continuing to thrive
despite disasters [6, 7, 8]. Severe weather and climate disasters
are becoming the new norm, forcing communities to learn how
to live with disturbance, and merely making a short-term
recovery (i.e. bouncing back) will not be enough for
communities to sustain themselves [3]. This means disaster
recovery metrics must also evolve to capture this new definition
of resilience, seeking to employ measures that instead reflect
when the community has achieved long-term disaster recovery
and continued on a path toward sustainable development (i.e.
bouncing forward).
This paper examines how various food system datasets can
be applied to determine the state of community disaster recovery
and resilience. In section two, we discuss the relationships
between lifeline critical infrastructures and show how food
systems are a signal of the state of recovery and resilience. In
section three, we develop a tiered framework of indicators that
combines these datasets aligning with the stages across the
disaster recovery arc, ranging from disaster response through
recovery and possible shift toward sustainable development.
Then, we demonstrate the relationship between these datasets

and the state of recovery and resilience through a case study of
parishes in southeastern Louisiana post-Hurricane Katrina.
Section four summarizes our results and the further implications
for community-based assessment of recovery and resilience and
the opportunity to use food systems as the beacon of capability.
II. BACKGROUND
A. Food system interaction with critical infrastructure
The Department of Homeland Security identified sixteen
critical infrastructure sectors, one of which is Food and
Agriculture. This sector is unique, as it relies on various other
critical infrastructures to remain operational. Literature has
extensively examined the interdependency between food,
energy, and water systems (FEWS). Understanding their
interdependencies is essential for anticipating potential
cascading impacts from disturbances [9], as well as for day to
day management of these infrastructures [10].
The Food and Agriculture supply chain consists of growers,
processors, transportation and distribution, retailers, and
consumers. During each step of the supply chain, the Food and
Agriculture Sector relies on energy, water, and various other
critical infrastructure sectors, particularly those considered
lifeline infrastructures. For example, growers rely of fuel to
power their farm equipment, water for their crops,
agrochemicals to fertilize and kill pests, transportation to move
their crops to processors and retailers, and information and
communication technologies to coordinate the distribution of
their products. Retailers rely on electricity to power their store
in order to operate refrigeration, lighting, and computers and
cash registers, water for washing produce and sanitation, and
information and communication technology for connecting with
employees, restocking inventory, and various other tasks.
Without these critical infrastructures, the Food and Agriculture
sector is unable to operate.
B. ‘Waffle House’ index
The Waffle House is a 24/7 restaurant chain, with over
16,000 locations throughout most of the United States. Of these
locations, about two out of three locations do not have an
integrated logistics division; instead, they rely on partner
organizations to deliver ingredients and equipment [11].
Historically, Waffle Houses have recovered quickly from
previous disasters, and the extent to which the restaurants are
operational serves as an indicator of the state of recovery for
critical infrastructure in the community [5].
The ‘Waffle House’ index has three levels. Green means that
the Waffle House is fully operational, serving a full menu and
has minimal damage to the restaurant. This is an indication that
the surrounding community has likely recovered most of its
critical infrastructure. Yellow means that the Waffle House is
open but is serving a restricted menu due to issues with
electricity or food supply, and red means that the Waffle House
is completely shut down. Both yellow and red are indicative that
critical infrastructure in the surrounding community are not yet
broadly operational and require deployment of resources by
FEMA and other agencies involved to assist the community with
recovery and development [5].
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C. Hierarchy of Food Needs
Nozhati et al. [12] adapted the five dimensions identified
by Penchansky and Thomas [13] for assessing consumers’
access to healthcare for the evaluation of food security. Nozhati
et al. assert that food security is a composite of three of the
dimensions identified by Penchansky and Thomas:
Accessibility, Availability, and Affordability. Similarly, Satter
[14] developed a Hierarchy of Food Needs that outlines the
various food needs of individuals to reach self-actualization in
their diets, going beyond the three dimensions proposed by
Nozhati et al. [12]. The hierarchy begins with similar
dimensions but also considers aspects of health and wellness,
such as the ability to have “good tasting,” “novel,” and
“instrumental” food.
Each layer of the hierarchy requires additional physical and
social infrastructures, as well as for the infrastructures to
operate effectively. Additionally, these higher-level foods
reflect the presence of human, social, and cultural capital. For
example, the ability to consume instrumental foods is indicative
that the individual has access to diverse food options and has
the skills that allow the individual to prepare and consume these
foods. This hierarchy can be further adapted for assessing food
system sustainability and resilience by replacing individualcentric indicators for “good tasting,” “novel,” and
“instrumental” foods with community-centric health and
sustainable food system indicators as the optimum state.
D. Food system datasets
Various datasets exist for assessing the sustainability and
resilience of community food systems. The United States
Department of Agriculture (USDA) Economic Research
Service (ERS) developed several databases and online
platforms for viewing food system data, including the Food
Environment Atlas, National Household Food Acquisition and
Purchase Survey (FoodAPS), and Quarterly Food-at-Home
Price Database (QFAHPD).
Food Environment Atlas provides maps with various types
of geospatial data, such as grocery and convenience store
accessibility, restaurant proximity, food prices, food and
nutritional assistance programs, and community dietary
characteristics. Data is available by county for 2010 and 2015
[15]. FoodAPS explores the relationship between foods
purchased and various other external factors. Consumption
patterns explored include food groups (e.g. meats, grains),
frequency of eating outside the home, and frequency of food
acquired outside of purchase (e.g. food sharing). External
factors explored include proximity to various food store types,
health status, non-food expenditures, and diet and nutritional
knowledge [16]. QFAHPD focuses primarily on consumer
price indices (CPIs) for 52 defined food groups across 26
metropolitan and 9 non-metropolitan markets. CPIs are
calculated relative to a benchmark year and indicate the percent
change in measured food prices for that year. In this dataset,
CPIs were calculated quarterly and aggregated by county or
metropolitan area. This data are reported at the regional and

divisional level, rather than at the city level, and data were
collected over a short timeframe, from 2004 to 2010 [17].
The USDA also collects data on Federal and State
participation in its Supplemental Nutrition Assistance Program
(SNAP) and Special Supplemental Nutrition Program for
Women, Infants, and Children (WIC) [18]. Some states collect
data on local participation in these programs. For example,
Louisiana collects data monthly on SNAP participation by
Parish and Region. This data is available from FY 2000 (July
2000) through FY 2019 (June 2019) [19]. Other various
datasets and GIS databases exist for visualizing food
consumption trends and food and nutritional assistance
programs, such as emergency food programs [20], farm service
agencies [21], farms and CSAs, farm-to-school programs,
farmers markets, and food hubs [20]. However, these databases
also only include data over a short timeframe.
Given the limitations in data granularity and timeframe,
many of these datasets do not currently directly support the
analysis of community resilience and sustainable development
at the regional or city level. Although, the original data
compiled by the datasets can support the analysis of food
system resilience in conjunction with other knowledge
networks, and ultimately community resilience.
III. METHODOLOGY
The methodology has been divided into two parts. First, a
tiered framework of metrics was developed for measuring food
consumption across the disaster recovery arc. Metrics consist of
food consumption data sets and frameworks for disaster
resilience and sustainable development. Second, an analysis was
performed to show how the framework of metrics can be
employed post-disaster to evaluate community resilience,
comparing common community resilience indicators with
changes in the food system in seven parishes in southeastern
Louisiana post-Hurricane Katrina.
A. Development of a quantiative indicator framework
A tiered framework of indicators was developed using food
system datasets and sustainable development and community
resilience indicators. The framework is organized into five tiers,
each tier aligning with a different level of food system
functionality restored post-disaster. Level 1 indicators focus on
the restoration of food availability. Level 2 measures restoration
of food access, and Level 3 examines food affordability and
assistance. Level 4 indicators include those for health and safety
of food, and Level 5 consists of food systems indicators that
measure the system-level outcomes of the previous levels, i.e.
the sustainability and resilience of food systems.

Fig. 1. Framework for evaluating the state of recovery and resilience
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B. Case study of parishes impacted by Hurricane Katrina
Louisiana has a long history of weather and climate
disasters. From 2000 to 2010 alone, Louisiana experienced
twenty-two billion-dollar weather and climate disasters, six of
which were tropical storms and hurricanes: Tropical Storm
Allison (June 2001), Hurricane Lili (October 2002), Hurricane
Katrina (August 2005), Hurricane Rita (September 2005),
Hurricane Gustav (September 2008), and Hurricane Isaac
(August 2012). Hurricane Katrina was by far the most impactful,
causing $167.5 billion in damages and claiming the lives of
1,577 people [22].
For this study, we focused on Hurricane Katrina due to the
large impact the disaster had on the region compared to other
historical disasters, as well as the ability to collect data over a
significant period of time. The study sample included seven
parishes in Louisiana. These parishes include the three most
impacted parishes, Orleans Parish, Plaquemines Parish, and St.
Bernard Parish, as well as four surrounding parishes on the coast
of Southeast Louisiana (Figure 1). Data were examined from
2000 through 2015.
Four indicators for food availability and access were selected
from the Food Environment Atlas. Data were compiled using
data from the United States Census Bureau on County Business
Patterns. The number of establishments were measured for fullservice restaurants (NAICS 722511), limited-service eating
places (NAICS 722513), supermarkets and other grocery stores
(except convenience stores, NAICS 44511), and convenience
stores (NAICS 44512).
To determine the significance of these indicators as
predictors of community disaster recovery and resilience, we
performed a regression analysis that examined the correlation of
determination with indicators for socioeconomic resilience.
Three socioeconomic indicators were selected for the regression
analysis: number of finance and insurance establishments,
population, and average annual SNAP participation.
Finance and insurance sector performance is generally
indicative of community financial stability. After disasters, bank
closures are common in communities that are severely impacted

Fig. 2. Map of Louisiana with sample parishes highlighted

by a disaster. Additionally, when banks close there is a decline
in lending capacity, which reduces capital investment in
communities for infrastructure repair and reconstruction [23],
and in-turn results in less financial stability and negatively
impacts overall community resilience. The number of finance
and insurance establishments (NAICS 52) were measured using
the United States Census Bureau, County Business Patterns.
Mitigation is often used as an indicator of social resilience
post-disaster. Data on migration rates were not available for all
the parishes examined over the timeframe examined by this
study. Instead, population data were used as an indicator of
social resilience. Population is not the optimal indicator, but it
encompasses the change in population as a result of migration.
Population data were pulled from the United States Census
Bureau website.
The Food Environment Atlas uses SNAP participation as an
indicator of food assistance needs. Although, SNAP can also be
used as an indicator for socioeconomic resilience, specifically as
an indicator for poverty. SNAP is used in this analysis to
understand the correlation between food access and availability
indicators and poverty. SNAP participation data were pulled
from the Louisiana SNAP website.
IV. DISCUSSION
This paper applied indicators developed by the Food
Environment Atlas for measuring food availability and access to
analyze disaster recovery and resilience of parishes impacted by
Hurricane Katrina. The analysis revealed that food
establishment performance may be used as proxies for
socioeconomic resilience indicators. Table 1 shows the
correlation of determination (R2) for the food system indicators
and socioeconomic indicators.
The number of limited-service eating places was most
strongly correlated to the socioeconomic indicators examined,
specifically with finance and insurance establishments and
population. Figures 1 shows the relationship between limitedservice eating places and the finance and insurance
establishments, and Figure 2 shows the relationship between
limited-service eating and population. Figures 4-9 depict the
change in the number of limited-service eating places, change in
finance and insurance establishments, and change in population
for 2004-2006 (one year pre- and post-Hurricane Katrina) and
2006-2010 (after some recovery occurred).
Full-service restaurants also had a fairly strong relationship
with the number of finance and insurance establishments and
population, and a moderate relationship with the average annual
SNAP participation. Grocery stores had a moderate relationship
with the number of finance and insurance establishments and
population, and convenience stores had a strong relationship
with population and moderate relationship with finance and
insurance establishments.
The number of limited-service eating places decreased
significantly across the parishes from 2004 to 2006 and rise to
near pre-Hurricane Katrina levels around 2008 (‘bounced back’)
and grew beyond these levels in 2010 (‘bounced forward’)
before Hurricane Isaac in 2012, after which the number of
establishments rapidly decreased again; whereas, the number of
full-service restaurants remained nearly constant. Grocery stores
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and convenience stores show a decline post-Katrina but do not
ever fully rebound.
The results indicate that by examining the change in the
number of establishments in the Food and Agriculture sector
following a disaster the disaster management field can better
understand the current state of operational community recovery
and resilience. Given the strong relationship between fast food
restaurants, i.e. Waffle Houses, and short-term community
disaster recovery, it seems logical there would also be a strong
relationship between long-term performance of these
establishments and long-term socioeconomic resilience in these
communities.
Further, the strong relationship between the Food and
Accommodation industry, i.e. full-service restaurants and
limited-service eating places, may be partially due to the role
these establishments play in disaster recovery. In recent years,
literature has begun to recognize the role that the private sector
TABLE I.

EVALUATING THE RELATIONSHIP BETWEEN FOOD SYSTEM
INDICATORS AND SOCIOECONOMIC INDICATORS

Food System
Indicators
Full-Service
Restaurants
Limited-Service
Eating Places
Grocery Stores
Convenience Stores

Correlation of Determination (R2)
Finance &
Insurance
Establishments

Population

Average
Annual SNAP
Participation

0.7868

0.9162

0.712

0.9252

0.956

0.5596

0.5461
0.7914

0.7507
0.8826

0.39
0.5717

Fig. 3. Correlation between limited-service eating places and finance and
insurance establishments from 2000-2015

Fig. 4. Correlation between limited-service eating places and population from
2000 to 2015

Fig. 5. Percent change in the number of limited-service eating places in
sample parishes from 2004-2006

Fig. 8. Percent change in the number of limited-service eating places in
sample parishes from 2006-2010

Fig. 6. Percent change in the population of sample parishes from 2004-2006

Fig. 9. Percent change in the population of sample parishes from 2006-2010

Fig. 7. Percent change in the number of finance and insurance establishments
in sample parishes from 2004-2006

Fig. 10. Percent change in the number of finance and insurance establishments
in sample parishes from 2006-2010

plays in community disaster recovery [24]. The Food and
Accommodation industry, in particular, is critical to community
disaster recovery, especially in tourism destinations [3,4].
Following Hurricane Irma, for example, various Florida
Restaurant and Lodging Association members contributed to
community disaster response and recovery. Gengiz Khan
Restaurant served 10,000 free meals to the community that
otherwise would have gone to waste since their coolers did not
have power, and the restaurant reserved a room to house pets
for community members [25]. A local Denny’s also used its
food truck, Denny’s Mobile Kitchen, to cook and serve over
7,000 free meals to affected community members [26]. Thus,
the ability of these establishments to assist with community
disaster recovery is dependent on their ability to recovery their

own operations. If these establishments are demolished by the
disaster, they cannot provide community assistance and the
community may not successfully recover and ‘bounce forward’
post-disaster, further strenghtening the connection between
these establishments and the state of recovery and resilience in
the community.
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This study was limited primarily in its scope due to the
limitations in data availability, as noted previously. Future work
should measure more mature indicators in the framework
developed by this paper. Mature indicators provide additional
insight into social resilience, rather than focusing on the
institutional and system resilience. Understanding whether a
community has “bounced forward” will require greater

understanding of social resilience. Additionally, future work
should expand upon this research by further refining and
developing weightings for each indicator in the proposed index
so that it may be used to evaluate the state of recovery and
resilience post-disaster across the various dimensions identified
in the proposed framework. Then, each indicator can be scored
based on how post-disaster performance compares to predisaster performance.
For example, if there are more local farmers markets or
greater expenditures at local farmers markets than pre-disaster
the community has improved the sustainability of the local food
system, or “bounced forward”. The index should draw upon
publicly available data and be simple enough to measure in a
relatively short timeframe, providing a theoretically sound and
practical index for disaster management agencies, such as
FEMA, to apply when assessing community recovery. This can
help these agencies to determine which communities are in
greatest need of their resources, such as deployment of
personnel or distribution of grants.
V. CONCLUSION
Food is a lifeline, interconnected infrastructure and is
prioritized during disaster recovery. Since food systems are
interconnected with various critical infrastructures, food system
indicators can act as a measure of broader community disaster
recovery. The Waffle House index only indicates the short-term
recovery of the community and does not show overall capacity
and sustainability, nor does it indicate when the community has
truly ‘bounced forward’. Through the examination of food
system metrics, the disaster management field can gain a better
understanding of how well communities recover from disasters
and the role that food systems play in that recovery.
This paper demonstrated the strong relationship between
food availability post-disaster and socioeconomic indicators of
community resilience, as well as developed a framework to
assess other aspects of food needs as datasets become more
comprehensive and granular. Limited-service restaurant and
full-service restaurant availability shared the strongest
relationship with community resilience indicators, and thus
should be the focal point for future work.
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