Lloyd et al. BMC Public Health  (2024) 24:461 BMC Public Health
https://doi.org/10.1186/512889-024-17919-x

. . . ®
A comparative national-level analysis B

of government food system resilience activities
across four developed countries at varying
stages of planning

Jane Lloyd", E. R.H. Moore', Lyndsey Dowell? and Roni Neff*

Abstract

Background The COVID-19 pandemic, extreme weather events, and the Russian invasion of Ukraine have high-
lighted global food system vulnerabilities and a lack of preparedness and prospective planning for increasingly com-
plex disruptions. This has spurred an interest in food system resilience. Despite the elevated interest in food system
resilience, there is a lack of comparative analyses of national-level food system resilience efforts. An improved under-
standing of the food system resilience landscape can support and inform future policies, programs, and planning.

Methods We conducted a cross-country comparison of national-level food system resilience activities from Australia,
Aotearoa New Zealand, Sweden, and the United States. We developed upon and adapted the resilience framework
proposed by Harris and Spiegel to compare actions derived from thirteen national food system resilience documents.
We coded the documents based on the actions taken by the governments including: the food system resilience
attributes utilized, the part of the food supply chain, the specific shocks or stressors, the implementation level,

the temporal focus of action, and the expected impact on food security. We analyzed and compared countries’ coded
categories and subcategories, and category combinations.

Results The results showed that these countries are addressing some of the same issues, are using multi-pronged

policy actions to address food system resilience issues, and are focused on both retrospective reviews and prospec-
tive models of disruptive events to inform their decisions. Some work has been done towards preparing for climate
change and other natural disasters, and less preparing has been done for other shocks or stressors.

Conclusions This paper develops and applies a framework rooted in literature to understand the content of national-
level food system resilience documents. The analysis identified potential gaps, concentrations, and themes in national
food systems resilience. The framework can be applied to augment existing policy, create new policy, as well

as to supplement and complement other existing frameworks.
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Background

Our global food systems are at risk from natural and
human-made disasters. The COVID-19 pandemic high-
lighted a concatenation of food systems issues [1] at
national levels due to a lack of preparedness and recog-
nition of existing vulnerabilities [2] and lack of foresight
and prospective planning for new and more complex
shocks [3]. The direct impacts of COVID-19 were felt
within and across countries’ food systems, requiring gov-
ernments and societies to respond — globally, nationally,
sub-nationally, and at the community and household
level. The Russian invasion of Ukraine had a compound-
ing effect and prompted an international response: the
United Nations created a “Global Crisis Response Group
on Food, Energy, and Finance” to support policymak-
ers in mobilizing solutions and developing strategies to
address the impact of rising energy prices on the cost-of-
living crisis, food insecurity, and social unrest [4].

Even without these crises, global food and social sys-
tems have been failing to meet the nutritional adequacy
requirements of many populations. Food-related non-
communicable disease has risen and is now the leading
cause of death globally [5]. Food insecurity and under-
nutrition (malnutrition and obesity) are prevalent in
low-, middle- and high-income countries. These nutri-
tional challenges are often exacerbated by food system
disruptions. For example, drought impacts can include
decreased crop growth and resultant famine, with
impacts disproportionately harming populations at risk
of or already facing food insecurity [6].

As a result of these compound events, there has been
increased interest at global, national, and subnational
levels in food system resilience. A resilient food sys-
tem, as defined by the Johns Hopkins Center for a Liv-
able Future (adapted from Tendall et al. [7]), is “one that
is able to withstand and recover from disruptions in a
way that ensures a sufficient supply of acceptable and
accessible food for all” [8]. A resilient food system is one
with the ability to absorb, respond to, adapt to, trans-
form from, and recover from disruptions that are either
shocks (transitory adverse events) or stressors (persistent
adverse trends) [9-11] having either natural or human-
made origins. A shock, for example, could be an imme-
diate natural disaster such as a hurricane that disrupts
food production systems and access to food by destroy-
ing crops or roads, thus preventing food from reaching
consumers. Stressors include longer-term trends such as
drought or desertification due to climate change [9, 10],
declining resources such as declining fish stocks due to
overfishing, or ongoing cybersecurity threats. A coun-
try’s level of food security can be used as one benchmark
for its food system resilience [10, 11], although the con-
cept is far more complex. The Food Security Information
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Network (FSIN), in its Resilience Measurement Prin-
ciples, outlined that a country’s response to shocks and
stressors should result in preventing a household or com-
munity falling below a “normative” state, determined as
“food security” or “acceptable levels of well-being” [9]
The Food and Agriculture Organization (FAO) elaborated
[12] on this by providing the following definition of food
security: “all people, at all times, have physical, social and
economic access to sufficient, safe and nutritious food
that meets their dietary needs and food preferences for
an active and healthy life” A food insecure community
impacted by a shock should not be returned to a food
insecure state during the recovery phase of a shock, as
the normative threshold is not being food insecure [10].
It is noted in the literature that normative states may be
neither possible nor desirable [13]. For example, through-
out COVID-19 the populations that were least able to
afford healthy food and those affected by climate change
[13, 14] did not benefit from food system innovations and
transformations that occurred during that time [13, 15].

In addition, despite the increased interest in food sys-
tem resilience, few governments at the national and local
levels have conducted food system resilience reviews
or policy planning. There are exceptions, for exam-
ple: national-level — United States, completed by the
United States Department of Agriculture (USDA) [16];
subnational — Maryland, United States [17]; municipal
— Baltimore, Maryland, United States [18], Boston, Mas-
sachusetts, United States [19], Toronto, Canada [20],
and Christchurch, Aotearoa New Zealand [21]. At local
levels, several city councils, such as that of Auckland,
Aotearoa New Zealand have advocated for food system
resilience policies at a national level [22]. To our knowl-
edge no prior reviews have compared national-level food
system resilience planning documents.

To enhance the understanding of food system resilience
policy landscapes, we conducted a comparative analysis
of food system resilience planning documents by national
governments for four high income countries (Australia,
Aotearoa New Zealand, Sweden, and the United States).
We wanted to understand what these countries viewed
as their food system resilience concerns, how they
addressed them, and how the countries’ documents com-
pared to each other. By analyzing these countries’ varied
approaches to food system resilience, we aimed to iden-
tify approaches to inform policymaking in the future.

Methods

Country selection

We selected the countries to include in this comparative
analysis in two steps. Firstly, because to date there is no
central repository for government food system resilience
plans, we completed internet searches for national-level



Lloyd et al. BMC Public Health (2024) 24:461

food system resilience plans using the following search
terms in different variations: (food OR food system)
(supply chain OR food supply chain) AND (food sys-
tem resilience OR climate resilience OR resilience) AND
(government OR national) AND (plan OR planning)
AND (policy OR policies) AND (strategy OR strategies).
The search produced 36 results. Secondly, we reviewed
each search result, as we required the documentation to
be available in English, published by a national govern-
ment department, be written within the last 10years,
and greater than two pages in length. From the limited
country documentation available we then sought to iden-
tify similar or “peer” nations for comparison based on
the following criteria: (a) they have established primary
sectors (agriculture, forestry, fisheries and aquaculture);
(b) they are categorized by the World Bank as “high-
income economies”; (c) they have documented vulner-
abilities to shocks and stressors; and (d) they have food
insecurity [23]. We also wanted countries that repre-
sented different regions of the world and were geographi-
cally dispersed (North America, Europe, and Oceania)
and not contiguous countries. We selected four nations
to be included in the analysis: Aotearoa New Zealand,
Australia, Sweden, and the United States. Australia, Swe-
den, and the United States have published national-level
food system resilience documents (reviews, policies, or
strategies) in the last ten years and have taken different
approaches to food system resilience. We also included
Aotearoa New Zealand even though its approach to
food system resilience was different: rather than having
one national document, it has integrated food system
resilience into other documents. Aotearoa New Zealand
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was of particular interest to the members of the research
team, due to its geophysical, economic, and social vulner-
abilities: it is an island nation in the South Pacific Ocean
and is on a collusion zone (fault line) between the Pacific
and Australia tectonic plates; it is economically and trade
dependent on its primary sector and is being impacted by
extreme weather events, and; relative to the other coun-
tries, it has a high incidence of food insecurity, especially
among its indigenous Maori and Pasifika populations.
The inclusion of Aotearoa New Zealand allowed us to
explore whether a dispersed (food system resilience was
addressed across many documents) approach functioned
as well as a centralized document approach to under-
stand if the methodology would be generalizable across
varied peer nation documentation, prior to introducing
countries with greater differences.

Document selection

For each of the four selected countries we then
reviewed their government websites and grey lit-
erature for additional documents that had a focus on
food system resilience and whose title included: food,
food supply chain, food system resilience, resilience,
adaption, sustainable, sustainability, climate change,
vulnerability, critical, primary industry or sector, gov-
ernment agency, national, or country. The goal was
not to collect all documents but key food system resil-
ience documents from each country. This search pro-
duced thirteen documents (see Table 1). A member
of the research team then coded these documents. As
Aotearoa New Zealand did not have a national food
system resilience plan, we compiled a list of related

Table 1 Thirteen national documents included in the comparative analysis

Document Country
Resilience in Australian food supply chain (2012) [24] Australia
Security of Critical Infrastructure Act 2018 [25] Australia

Te hau marohi ki anamata: Towards a productive, sustainable and inclusive economy: Aotearoa New Zealand’s First Emissions  New Zealand
Reduction Plan (2022) [26]

Considerations for developing a Health National Adaptation Plan for New Zealand (2019) [27] New Zealand
Exploring An Indigenous Worldview Framework for the National Climate Change Adaptation Plan (2021) [28] New Zealand

Urutau, ka taurikura: Kia ta pakari a Aotearoa i nga huringa ahuarangi Adapt and thrive: Building a climate-resilient New
Zealand Aotearoa New Zealand’s First National Adaptation Plan (2022) [29]

Fit for a better world: accelerating our economic potential. Ministry for Primary Industries (2019) [30]

Sustainability and the health sector: A guide to getting started (2019) [31]

National Disaster Resilience Strategy: Rautaki a-Motu Manawaroa Aitua (2019) [32]

National climate change risk assessment for New Zealand/Arotakenga Tararu mé te Huringa Ahuarangi o Aotearoa: Main

Report (2020) [33]

New Zealand Critical Lifelines Infrastructure:
National Vulnerability Assessment 2020 Edition [34]

A National Food Strategy for Sweden: more jobs and sustainable growth throughout the country (2016) [35]
USDA Agri-Food Supply Chain Assessments: Program and Policy Options for Strengthening Resilience (2021) [16]

New Zealand

New Zealand
New Zealand
New Zealand
New Zealand

New Zealand

Sweden
United States of America
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plans for climate change and resilience across civil
defense, health, primary industries, and indigenous
peoples. While the documents used for Aotearoa New
Zealand were different, our approach to identifying,
coding, and analyzing them was the same.

For documents wholly pertaining to food system
resilience [16, 24, 35], we did not use search terms
within the documents themselves, as all the contents
of these documents pertained to food system resil-
ience. For the Australian document indirectly per-
taining to food system resilience [25] we used the
following search terms: (food OR foods) AND (food
system OR food systems) AND (food company OR
food companies) AND (agriculture) AND (horticul-
ture) AND (farmers OR producers) AND (primary
sector OR primary industries) AND (food supply chain
OR supply chain) AND (food processors OR proces-
sor) AND (consumer goods manufacturers OR CGM)
AND (food retailers OR retailers OR supermarket OR
supermarkets) AND (food service OR restaurant OR
cafeteria) AND (food procurement OR procurement)
AND (food loss OR food waste). For all the Aotearoa
New Zealand documents [26—34] we used the previous
search terms, as well as the following additional terms:
“kai” (Maori for food).
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Conceptual model

Figure 1 outlines the conceptual framework we used to
develop the analysis. It follows the sequence of events
of government planning: a country’s food system resil-
ience is reviewed using a retrospective and/or a pro-
spective review of shocks and stressors; these previous
or expected disruptions inform a country’s food system
resilience issues and subsequent actions. Food system
resilience documents are then developed that outline
actions to be taken in response to the issues. The actions
represent food system resilience attributes, a particular
part or parts of the food supply chain and are expected
to be implemented at different levels in society within a
designated timeframe. The expected result or outcome of
the action on food security is then determined.

Currently, there are only a few analysis frameworks for
policymakers to assess food system resilience. To assess
the countries’ national-level food system resilience activ-
ity, we adapted the Harris et al. [10] framework as it made
the link between food system resilience policy attributes
and the intended effect on food security.

We adapted the framework in several ways, based on
updates in the literature [8, 36, 37] and deductive review
of the data. We expanded the framework to include addi-
tional food system resilience attributes (adaption, aware-
ness, capital reserves, connectivity, diversity, equity,
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redundancy, and preparedness) based on work done by
members of the research team, and that are established
in the literature [8], removed self-regulation (due to the
inability to determine food system self-regulation from
national-level documents), and extended the definition
of food security to include sustainability and agency, to
align with the Committee on World Food Security High
Level Panel of Experts [36]. We also added the follow-
ing categories that were originally noted by Harris et al.
[10], but not used in their analysis: part of the food sup-
ply chain (producer, processor, distributor, input services,
and support services) [37] where the action is being tar-
geted; the shock or stressor related to the issue or action
being addressed; the implementation level to which
actions were directed — national, regional, local/state,
community or household; and temporal focus, including
an assessment of when actions are required in response
to the effects of shocks and stressors—in the short,
medium, or long term. We also added a component
indicating whether the actions were taken to a shock or
stressor from a prospective or retrospective perspective.

Data collection and coding
For each national document included in the study, we
reviewed the content and classified it into food system
resilience “issues” and “actions”” Issues are specific con-
cerns raised by or commissioned by the government that
highlight where the country has determined that it was
not or is not sufficiently prepared or equipped to main-
tain its food system. Actions are government-determined
activities either undertaken or required to be undertaken
in the future to address the issues raised to increase food
system resilience. For example: the US document high-
lighted the issue of concentration and consolidation in
agri-food production, manufacturing, and distribution,
which they propose to address with the action of invest-
ing $4 billion in building regional and local facilities
[16]. We coded the issue as related to concentration and
consolidation in the food supply chain and the action as
investing in local and regional alternative infrastructure.
We coded each issue or action by the seven categories
and thirty-eight sub-categories outlined in our concep-
tual framework (Fig. 1) and Table 2. We provide a full
description of the categories and sub-categories and the
source in supplementary information file 1 but, in brief:
(1) Food system resilience attributes (adaption, aware-
ness, capital reserves, connectivity, diversity, equity,
redundancy, preparedness) are the characteristics that
have been identified to enhance resilience in the food sys-
tem by absorbing and/or mitigating the effects of disrup-
tions [8]; (2) Part of the food supply chain or the main
constituent components that enable the flow of food from
production to consumption; (3) Anticipated stressors and
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shocks that can cause disruption to the food system; (4)
Level of society at which the government actions will
be implemented; (5) Expected impact of the food sys-
tem resilience actions on food security; (6) Designated
timeline for an issue or action to take place; and (7) Per-
spective from which the issue or action is derived—retro-
spectively when a disruptive event or events have already
occurred, or prospectively when a disruptive event is pre-
dicted to occur.

The initial coding was done by a member of the
research team (JL). A random check for coding accuracy
was done by another member of the research team (EM).
Additionally, where coding decisions were ambiguous, JL
and EM discussed and reached consensus on the deci-
sion. For each action, at least one sub-category needed to
be selected per category. Coding was done as 1 or 0, with
1 indicating the that the document referenced the sub-
category and 0 indicating no reference. Three exceptions
to that approach were: when no timeline was stipulated
that category was left blank; when a specific subcategory
of shock or stressor was not stipulated, all subcategories
were coded with a 1; and in category 1 capital reserves
and other were both coded with a 1 when “funding”
needs were outlined, as funding does not fit neatly into
the definition of capital reserves. A data validity test was
run for missing data (LD), which was then corrected (JL)
prior to the analysis being re-run (LD).

Data analysis

To assess the breadth of actions highlighted in each coun-
try’s documents, we calculated frequencies of actions by
category and sub-category. We then calculated the per-
centage that each sub-category comprised of a country’s
total actions within that resilience category (Table 2 and
supplementary information file 2 and 3). We also assessed
the extent to which multiple documents within a country
repeated the same combinations across categories ver-
sus distinctive combinations. We did this by distilling the
combination frequencies of all policy actions, removing
timeframe and perspective, and then rank ordering the
countries by the number of combinations (Table 3 and
supplementary information file 2). We note that these
frequency-based measures provide one lens into national
priorities, however, they may not assess the extent of
emphasis a country may place on a particular action.

Results

Table 1 lists the documents included in this compara-
tive analysis. The search identified two documents from
Australia, nine documents from Aotearoa New Zealand,
one document from Sweden, and one document from the
US. Some countries published one document, whereas
others had multiple documents containing relevant food
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Table 2 Number of identified issues and actions by country for each food system resilience category and subcategory

Australia New Zealand Sweden United States
Issues 33 31 3 14
Actions
Food System Resilience Attribute
Adaption 6 15 3 1
Awareness 9 16 5 23
Capital Reserves 3 2 0 26
Connectivity 12 5 2 9
Diversity 3 7 8 14
Equity 0 13 1 6
Preparedness 18 10 2 15
Redundancy 6 9 6 4
Other 0 0 0 20
Food Supply Chain
Producer 7 31 17 37
Processor 10 3 3 9
Distributor 18 13 7 5
Support Services 20 17 2 31
Input Services 7 13 2 10
Shocks and Stressors
Biosecurity 2 5 7 30
Climate 2 49 15 35
Cybersecurity 2 2 6
Economic & Political Crisis 2 3 6
Epidemic or Pandemic 2 5 6 25
Natural 31 6 6 9
Other 0 0 0 20
Implementation Level
National 20 47 19 69
Regional 9 5 2 5
Local 19 18 2 10
Community 5 17 1 4
Household 5 0 0 1
Food Security
Access 3 9 2 1
Agency 0 9 2 3
Availability 27 18 13 34
Stability 2 3 0 14
Sustainability 1 31 9 39
Utilization 2 1 3

system resilience information. The documents are simi-
lar in scope and were all analyzed. The differences in
the documentation provided context into the agencies
responsible, how they prioritized issues, how they sought
to address their priorities, and the stage they are at in the
planning process.

The following is an overview of each country’s identi-
fied documents:

Australia: Two documents were included for Australia.
The first, Resilience in the Australian Food Supply Chain
(2012) [24] was published in the wake of several natural
disasters and based on the recognition that there was a
growing likelihood of compounding or coinciding dis-
asters, and also that, at the time, resilience within Aus-
tralian supply chains was not well understood [24]. The
focus of the report was to understand the impact of the
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disasters on Australian residents, and the ability of the
food supply chain to regain its capacity in the event of a
crisis or disaster [24]. An outcome of the report was the
inclusion of food companies in the Security of Critical
Infrastructure Act [25].

New Zealand: At the time of writing, Aotearoa New
Zealand has not designated a government agency respon-
sible for and does not yet have a document dedicated to a
national food system resilience policy or strategy. It does,
however, address resilience and the food system in its cli-
mate change policies and strategies (see Table 1). For the
review, we selected nine documents from Aotearoa New
Zealand that addressed one or more shocks or stressors
and the food system.

Sweden: We reviewed one document from Sweden, A
National Food Strategy for Sweden (2016) [35]. The doc-
ument aims to set the food system’s path to 2030, with
a focus on strategically developing Sweden’s ability to
establish stable and long-term resilience in the food sup-
ply chain, even in the face of systemic challenges that
included low profitability and tough international com-
petition, while addressing global challenges such as cli-
mate change and environmental problems [35].

United States: We reviewed one document from the
United States, the Agri-Food Supply Chain Assessment:
Program and Policy Options for Strengthening Resilience
(2021) [16]. This document resulted from vulnerabilities

(See figure on next page.)
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highlighted during the COVID-19 pandemic that needed
to be addressed over the short and longer term.

Table 2 summarizes the total number of food system
resilience issues identified across the documents, and the
number of actions to address the issues. Each action is
broken down by categories and subcategories to quantify
and compare the actions taken.

Comparative analysis of food system resilience actions

Figure 2a compares the number and percentage of
actions targeting each food system resilience attribute
across countries. For Australia, the largest number of
actions (58%) focused on preparedness. Sweden’s actions,
by contrast, focused on increasing diversity (42%) and
redundancy (32%) of the food supply to build resilience
through increased production to manage its shortfalls
between production and consumption. The United States
had policy actions across all of the studied attributes,
with the largest number in capital reserves (34%) and
“other” (26%), showing the importance the United States
is placing on funding to support existing and new resil-
ience programs. Aotearoa New Zealand also outlined
funding shortfalls in its need for infrastructure climate
adaptation. The United States placed emphasis on aware-
ness (30%) through expanding research and monitoring
of food systems, in particular biosecurity due to climate
change. Aotearoa New Zealand also placed an emphasis

Fig. 2 a-e Comparison of Food System Resilience Actions. a Food System Resilience Attributes. Adaption: having the food system flexible

and able adapt to changing circumstances, modifying behaviors, and adapting existing resources to new purposes. Awareness: the food system
has knowledge of its assets, liabilities, and vulnerabilities, including situational awareness. Capital Reserves: having social, financial, natural, political,
food, and food input and supply reserves “backup” resources that can be used during a disruptive event. Connectivity: policies that promote
integration and coordination among food system components. Diversity: having a variety of food system elements that can serve a similar purpose.
Equity: having equity in food system resilience processes: procedurally, distributionally, structurally, and intergenerationally. Preparedness: having

a plan in place for how to ensure food access, availability, acceptability, and agency during a disruptive event. Redundancy: having multiple

or duplicative food system elements that can serve the same purpose. b Food System Resilience Part of the Supply Chain. Producer: the producer
category includes food from agricultural and horticultural origins. Processor: a food processor means a food establishment that processes,
manufactures, wholesales, packages, or labels food. Distributor: refers to a food retailer or food service provider. Support Services: include actors
and activities for movement of inputs, outputs, and factors such as transport and storage operators, connecting production to consumption. Input
Services: provide variable inputs, such as seed, fertilizer, fuel and labor, and quasi-fixed inputs, such as farm machinery, milling machines and coolers
for perishables. ¢ Food System Resilience Shocks and Stressors. Biosecurity: refers to harmful pests and diseases that can cause damage to plants
and animals. Climate: refers to the stressor of climate change that has a multiplying effect to other stressors or shocks. It includes the effects

of sea level rise, increased temperatures, coastal erosion, and more frequent extreme weather events. Cybersecurity: refers to shocks to digital
technologies by exploited controls and practices to gain initial access or as part of other tactics to compromise cyber systems. Economic & Political
Crisis: refers to a shock that is economic and political in nature (domestic or international in origin) that can have an unexpected large-scale
impact on the economy. Epidemic or Pandemic: refers to a human disease outbreak that, in the case of an epidemic, has an unexpected increase
in the number of disease cases in a specific geographical area and that, in the case of a pandemic, exhibits disease growth that is exponential

and covers a wide area, affecting several countries and populations. Natural: refers to shocks or disasters that occur naturally, such as earthquakes,
tsunamis, hurricanes/cyclones, tornados, landslides, floods, and droughts. d Food System Resilience Implementation Level. e Food System
Resilience Effect on Food Security. Access: policies that make healthy food more financially and physically accessible. Agency: policies that consider
an individual's right to food, and fair and equal consideration of communities that affect the food system. Availability: policies that increase

the amount of food in the food system. Stability: policies and planning that reduce instability or variability in the current food system from causes
such as biosecurity crises. Sustainability: policies that reduce the impacts of on the future food system from causes such as degradation of natural
resources. Utilization and Acceptability: policies that ensure food that is safe, acceptable, culturally appropriate, and provides sufficient nutrients

and micronutrients to maintain good health
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on developing awareness (30%) through monitoring the
changes resulting from climate change that could impact
agribusinesses. It also emphasized the use of equity (24%)
by including the indigenous Maori worldview of climate
change adaption, including specific references to the
effects of climate change on Maori, their cultural and
food gathering sites, and their wellbeing.

Figure 2b compares the number and percentage of
actions targeting each part of the food supply chain
across countries. The comparison shows that all coun-
tries have strategies focused at the producer part of
the supply chain. Documents from Australia, Aotearoa
New Zealand, and the United States also empha-
sized support services. Within support services (64%),
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Australia noted the need for increased warehouse
capacity and transportation coordination regionally in
a disaster. It also focused actions on distributors (58%),
such as food service and retail stores that are critical
in providing food for disrupted communities during
natural disasters. Aotearoa New Zealand also empha-
sized support services (32%), due to the vulnerability
of roads, rail, ports, and airports to climate change and
natural hazards. The United States also gave emphasis
to support services (41%), inclusive of all forms of food
transportation across the United States. Sweden chose
to focus more heavily on food distribution (37%) to
consumers but by providing strategic guidance on the
alignment of producers and processors to providing the
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sustainably produced, organic, and healthy foods that
are being demanded by consumers, including tourists
to Sweden.

Figure 2c shows a comparison of the shocks and stress-
ors targeted by countries’ actions. When addressing food
system vulnerabilities to different shocks and stressors,
most countries addressed the stressor of climate change,
except for Australia, which focused on natural shocks
(100%), floods and bush (forest) fires. Given the tim-
ing of its plan’s development, the US also placed greater
emphasis on addressing biosecurity hazards (40%) and
pandemic vulnerabilities (33%) due to the COVID-19
pandemic. Aotearoa New Zealand’s primary focus was on
climate change resilience (91%), since the documentation
analyzed was climate related. The other category (26%)
was infrastructure, which was outlined by the US in
terms of failing infrastructure that requires maintenance
or updating as it is outdated.

Figure 2d provides a comparison of the implementation
level of actions for the four countries in this study. All
included countries centered most of their actions at the
national level. This would be expected since we reviewed
national plans. Australia did, however, emphasize coor-
dination between national (65%) and local levels (61%).
It is notable that Aotearoa New Zealand also included a
local (33%) and community (32%) emphasis, due to cli-
mate adaption planning requiring coordination between
national and local government authorities, as well as a
focus on climate risk prone communities (such as Maori
and rural communities). Sweden’s notably few actions
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outside of the national level was due to the objective of
setting strategic direction at the national level.

Figure 2e shows the intended effect on food security
of the food system resilience actions. We found that,
amongst all countries, increasing food availability and
food sustainability was the most expected and targeted
outcome of the actions. Australia (87%), Sweden (68%)
and the United States (45%) placed more emphasis on
availability. Sustainability was addressed by the United
States (51%) and Aotearoa New Zealand (57%) as they
sought actions to increase resilience in the face of cli-
mate change. Access was addressed to a lesser extent
by Aotearoa New Zealand (17%) and Sweden (11%),
although still more than the other countries, due to their
documents’ focus on aligning producers and processors
with their consumers’ needs. Agency was also addressed
by Aotearoa New Zealand (17%) as it sought some
actions to address inequities that they acknowledged in
the face of climate change.

Food system resilience areas of policy focus

In the next section, we explore the focal policy areas
where countries concentrate on the same combination of
categories in their policy actions. Table 3 lists the repeti-
tions of category combinations in a country’s resilience
policy actions. In these instances, we found more than
one action targeting the same combination of resilience
attributes, parts of the supply chain, shocks and stress-
ors, implementation level, and intended effect of food
security. We found that governments’ policy actions did

Table 3 Policy focus areas with two or more actions targeting the same combination of categories

Country Number of Policy Food System
Action Repetitions Resilience

Food System Supply Chain Shocks & Stressors

Implementation Level Food Security

Attributes
us 3 Adaption Input Services Climate National Sustainability
Nz 2 Awareness Support Services Biosecurity National Sustainability
Nz 2 Equity Producer Climate National Agency
Sweden 2 Diversity Producer All hazards National Availability
Sweden 2 Redundancy Producer Climate National Sustainability
Availability
us 2 Awareness Input Services Climate National Sustainability
Adaption
us Awareness Producer Climate National Availability
us Diversity Support Services Epidemic or Pandemic  National Availability
us Adaption Producer Climate National Sustainability
Capital Reserves
Other
us Adaption Producer Climate National Sustainability
us Equity Producer All hazards National Community Availability
Capital Reserves Agency
Other
us 2 Preparedness Producer Biosecurity National Stability
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repeat across some combinations of categories, however
not significantly.

In Table 3 we outline all the repeated combinations
that are rank ordered by country based on the number of
combinations. We found that, of the 167 possible policy
combinations, in only 12 cases did the same combination
occur 2 or more times. The United States had 67 unique
combinations and only 8 repeating combinations. The
United States had the top number of combinations (row
1): three national climate change policy actions directed
at adaptability of input services that addressed the eco-
logical and climate risks to crops from drought and irri-
gation water scarcity. They included actions: for a focus
on resource management on public forest and rangelands
to enhance water retention/storage and basin water yield;
to expand availability of effective treatment methods for
irrigation water for food crops, and; directing USDA and
the EPA to identify opportunities to mitigate the impact
of water scarcity and drought to farmers, such as Water
Reuse Programs. Aotearoa New Zealand had 52 unique
combinations with only 2 repetitions. Aotearoa New
Zealand’s top combinations, in rows 2 and 3 (Table 3),
show that, at a national level, there is a focus on develop-
ing support services for biosecurity to maintain the food
system in the future and to establish equity for Maori
producers who are projected to suffer disproportionate
disruption in their indigenous food system as a result of
climate change. Australia had 31 unique combinations
and no repetitions. Sweden had 17 unique combinations
with only 2 repetitions. This indicates that governments
are using a variety of actions to address food system resil-
ience issues within their countries.

We also analyzed the temporal or time bound aspects
of the countries’ actions and found that they were pri-
marily focused on short- (up to 2030) and medium-term
(2030 to 2050) actions. There were 84 short-term and 57
medium-term actions, and only 7 slated for the longer
term (2050 to 2100). Governments looked to the past and
future to inform actions, with 137 actions being based on
retrospective reviews and 134 taking a prospective view-
point, while 39 considered both prospective and retro-
spective viewpoints.

Discussion

Comparing the identified national food system resilience
documents of Australia, Aotearoa New Zealand, Swe-
den, and the United States, we found that countries are
developing approaches using a variety of resilience attrib-
utes, targeting different parts of the food supply chain,
addressing a range of shocks and stressors, focusing at
different scales, and seeking to have an effect on food
security. When comparing within countries, to address
the same issue a country may at times utilize multiple

Page 10 of 14

actions using an identical combination of action catego-
ries but, on closer examination, these actions are com-
prised of multiple and differing policies and investment
levers, even though their categorization is the same.

The analysis framework is useful for highlighting gaps
and identifying government focal areas as they address
food system resilience within their countries. This frame-
work can also be used to develop recommendations for
countries: supplementary information file 4 provides an
example for Aotearoa New Zealand. Comparing across
countries using the framework can assist in determining
the expected results of different approaches and can also
be used to monitor the results of policy actions and their
intended effects on food security, for improved evidence-
based policymaking and refinement over time.

From our analysis, we identified several potential
gaps where there were fewer actions in the included
documents. One identified gap was that there are rela-
tively few actions across all countries that address the
resilience attributes of capital reserves (financial, social,
and natural) or equity (procedural, distributional,
structural, and intergenerational). Capital reserves are
useful as they are resources that are set aside for use
during shocks and/or stressors. Addressing inequities is
useful in preparation for, responding to, and recovering
from shocks and/or stressors to eliminate unequal out-
comes for certain populations. Countries have focused
on building reserves to support needs that include
but also extend beyond the food system; the related
actions may be promoted in documents other than
those reviewed. For example, the United States created
a federal stockpile of personal protective equipment
and vaccines to protect the entire population, but they
also served a particular role in food system resilience
by protecting food system workers. These strategies
were not included in the reviewed document. Simi-
larly, in Aotearoa New Zealand there was discussion
of whether there was sufficient petroleum in or read-
ily available for the national reserve, petroleum being
critical at present for food production and distribution.
Addressing equity in the food system to promote resil-
ience and food security is another gap that requires fur-
ther attention by governments. Aotearoa New Zealand
and the United States have taken some equity related
actions, yet food system equity and food security still
remain of national concern and require further focused
actions. Policymaking and food system resilience plan-
ning efforts that proactively consider procedural, dis-
tributional, structural, and intergenerational equity can
help to build food systems that are more equitable and
just, even if a disaster never occurs. Our analysis also
found additional relative gaps across countries in the
attributes of connectivity, diversity, and redundancy,
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and thus further action may still be required on the
part of governments to support the development of
those attributes within their countries’ food systems.

Another gap observed in the identified documents was
in the types of disasters considered by countries. Aside
from a brief mention due to the China-United States
trade conflict’s being an issue in the United States, eco-
nomic and political crises were not explicitly considered
except in the case of Sweden. Sweden mentioned that,
over the course of its membership in the European Union
(EU), the country has developed an over-reliance on food
imported from other EU countries, which has led to a
resurgence of issues with food security in Sweden. Aus-
tralia and Aotearoa New Zealand’s economies rely on
trade of their food products, and therefore it is impor-
tant to consider modeling political and economic cri-
sis impacts on the food system, and moving from being
tactical to being more strategic, prepared, and resilient.
The food system is becoming increasingly reliant on digi-
tal food supply chains’ logistical systems, and therefore
cybersecurity is becoming an area for consideration by
governments in food system resilience planning. Aus-
tralia amended its critical infrastructure bill to include
food companies, resulting in obligations to report cyber-
security attacks.

Based on our analysis governments emphasized
improving food availability. There was little emphasis on
the other food security sub-categories: access, agency,
utilization and acceptability, and stability in food secu-
rity. Food access is important for policymakers to con-
sider, given the significant threat that any shock and
stressor will challenge economic and physical access,
such as high food prices or decreases in net income, as
well as populations that may not have the ability to physi-
cally access food stores. Enhancing food system utiliza-
tion and acceptability for the long term, and preventing
intergenerational food insecurity, are known to support
well-being. These can also be important considerations
in the recovery cycle from an emergency: Australia noted
it could take up to 6 months for the food system to be
restored. Given the compound and longer-term stressors
on food systems, countries can now be in a situation of
having to face deepening intergenerational food insecu-
rity. In addition, countries are considered food insecure
if the food available is not acceptable, dignifying, and
culturally appropriate, which is dynamic and changes
over time. Aotearoa New Zealand’s government has pub-
licly committed to work with the Maori community on
climate change planning and acknowledges their tradi-
tional coastal food sourcing. This commitment should,
however, be broadened to include other shocks and com-
munities. There was also an absence of actions that create
stability from disruption in the current food system, with
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more actions taken to support future food systems than
to address current food system needs.

We identified four key emergent themes when com-
paring countries: lack of competition in the food system,
diminishing water quality and quantity, new climate-
resilient pests and invasive species, and transportation
bottlenecks (“chokepoints”). Aotearoa New Zealand,
Sweden, and the United States all stated that there were
vulnerabilities emerging within their food systems due to
a lack of competition, highlighting consolidations in parts
of their supply chain, over-reliance on certain food prod-
ucts and markets, and rules and regulations that hinder
competition and sustainable production. Water quan-
tity in the food system was another important aspect
that the four countries highlighted. The United States
and Aotearoa New Zealand are projecting droughts and
water shortages in production, while Australia, by con-
trast, states that water is a key dependency across the
entire food supply chain, not just production. The United
States, Aotearoa New Zealand, and Sweden are actively
working on the development of advanced decision-mak-
ing tools for water resource planning and management
to support producers and local resource management
authorities. Those countries are all planning to increase
surveillance of their food systems by providing additional
resources to their national laboratories and quarantining
facilities. These measures aim to prevent the introduc-
tion of exotic new pests and diseases, and other invasive
species expected as a result of climate change and global
trade and movements. Transportation systems allow food
to move from farms to tables or to borders, ports, and
airports, utilizing different combinations of transporta-
tion depending upon the producer’s location and the
type of food. Countries are actively highlighting the risks
to the transportation of food in emergency situations,
such as significant concerns about the risk of aging food
transportation infrastructure and the need for invest-
ment, modernization, increased capacity, and diversity at
transportation system chokepoints. Others are highlight-
ing the need to address resilience, reliability, and pre-
paredness for potential disruptions—including climate
change—across existing, modified, and new transport
infrastructure, highlighting the need in emergency situ-
ations for flexibility, diversity, redundancy, and coordina-
tion across the food transportation system.

The study has several limitations and strengths. First,
the findings reflect the specific included countries and
identified documents, and the findings may not be gen-
eralizable. The four countries included in this analysis
are not an exhaustive list of high-income countries that
have published national food system resilience-related
documents, and the within-country search for docu-
ments may have missed some that were relevant. The
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studied documents may not fully reflect the country’s
approach to food system resilience-related issues or all
relevant government documentation, for instance politi-
cal- and economic-crises documentation. More extensive
research into the comparability of climate change-related
materials, each country’s food system resilience context,
and the history of all the identified documents would be
needed to more fully understand the approach taken,
the prioritization process, and ultimately the food secu-
rity outcomes. The countries all have extensive activi-
ties aimed at strengthening their food systems and
while those activities may also have an effect on build-
ing resilience, they are not always framed as resilience
or directly addressing shocks or stressors, and may not
have been the focus of the identified documents. Fur-
ther, the identified documents varied in terms of focus
and year published. Nonetheless, the studied documents
reflect an important component of a country’s food sys-
tem resilience work, and were collated and analyzed
based on a structured method. In addition, as Aotearoa
New Zealand has not yet developed a food system resil-
ience government review, strategy, or policy, we used cli-
mate change-related materials as a proxy. We found that
the analysis method was effective across the varied food
system resilience documentation, as well as the climate
change-related materials. Future studies could include
climate change (and other shocks and stressor) docu-
mentation and additional food system documentation,
and an Aotearoa New Zealand-wide food system resil-
ience plan once developed, to draw out further parallels
and differences between countries and to further under-
stand the complementarity of documentation across
countries. Future work could also explore outcomes in
other countries, including low- and middle-income coun-
tries. An additional limitation is that, while coding was
conducted based on the definitions outlined, coding is
subjective. Having two reviewers jointly resolve poten-
tial differences helps mitigate this concern. Finally, the
study encompassed issues and actions directed within a
country; international aspects of the food system were
mentioned in brief but were not considered in the analy-
sis. This could be an important component to include
for future research: how countries are impacted by—and
impact—global trade and food system resilience.

Despite these limitations, this study demonstrates
application of a cogent framework that maintains the
integrity and the breadth inherent to the theory of
food system resilience. The framework is designed for
a national-level analysis, unlike other frameworks that
are limited to a part of the food system, such as a city or
producers. It also provides a mechanism to monitor and
evaluate food system resilience planning and food secu-
rity outcomes.
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Conclusions

This comparative analysis of national-level food sys-
tem resilience activities finds that work has been done
towards preparing for climate change and other natu-
ral disasters, although not as much has been done for
other shocks or stressors. Countries are utilizing multi-
pronged policy actions to address food system resil-
ience issues, and are focused on both retrospective
reviews and prospective models of disruptive events to
inform their planning.

This work supports policymakers and academ-
ics by distilling what is covered in documents from
the selected governments as they pursue food system
resilience approaches, including identifying common-
alities and potential gaps, and also by synthesizing the
actions already undertaken and identified as resilience-
focused. Through categorizing food systems resilience
actions, we can start to distill the complexity of govern-
ment policy actions to address food system resilience,
and provide insights into the emphasis, focal areas, and
themes in current food system resilience work by gov-
ernments. This framework may also be useful to dif-
ferent levels of government by providing a method for
assessing how their policy actions support different
components of food system resilience.
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