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In light of the publication of Henry Dimbleby’s
National Food Strategy (www.nationalfoodstrategy.
org/) and the COP26 climatemeeting in Glasgow, it is
timely to consider the impacts of weather and climate
extremes on the UK food system.

Climate change-driven changes in extreme
weather events are one of the highest-risk future
shocks to the UK food system [1], underlining the
importance of preparedness across the food chain
[2]. Here, we identify major knowledge gaps in the
primary impacts of extreme weather and climate
change across the UK’s food system, its function-
ing and their interactions to provide information to
support adaptation and resilience planning. Research
tends to focus on individual food system activities
rather than taking a systematic approach [3, 4]. How-
ever, strong evidence exists about the impacts of long-
term climate trends and extremes [5] on primary food
production [6]. The major knowledge gaps therefore
concern post-primary production dimensions [4],

notably food system activities between the ‘farm-gate’
and consumption—which are the core focus of this
paper (supplementary material S1 available online at
stacks.iop.org/ERL/17/051001/mmedia). These con-
stitute major economic and social dimensions but
are often the ‘missing middle’ in food system discus-
sions. We use the UK food system as an illustrative
case study, and consider both global and domestic
risks and implications.We presentmethods, tools and
frameworks for systemic analysis of climate impacts
on food systems, consider the funding landscape, and
highlight priorities for future research.

1. Impacts of changing weather and
climate shocks on the UK food system

1.1. Risks to domestic and overseas primary
production
Future changes in weather and climate extremes
[5] (supplementary material S2.1) could have
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wide-ranging impacts on the UK food system
(figure 1 [7–15], supplementary tables S1(a) and (b)),
including well-established impacts on domestic and
overseas primary production (supplementary mater-
ial S2), i.e. agriculture, horticulture and fisheries [14].

1.2. Risks to other food system activities
Climate risks extend beyond primary production to
other food systems activities that are critical for food
security, including the processing, storage, transport-
ation, and consumption of food [16]. While there
is much less information available on the impact of
weather and climate change shocks on post-primary
production aspects (figure 1, supplementary tables
S1(a) and (b)), there is sufficient evidence to raise
concerns [16]. Consistent themes include:

• Increased variability in supply quantity and qual-
ity which can affect processing where it depends on
a reliable input supply and quality standards that
determine end use;

• Heat and cold health impacts on workforces across
the food chain;

• Disruption to transport and infrastructure;
• High temperature and humidity impacts on stor-
age and transport practices to avoid spoilage and
issues from toxins—highly perishable foods (such
as fruit, vegetables, meat, dairy and fish) are partic-
ularly vulnerable to climate hazards during storage
and transport [4];

• Changes in consumer demand (for example during
high temperatures, the demand for barbecue food,
salads and fresh fruit increases but supply will also
may be impacted through heat stress).

Increases in ambient temperature will strongly
affect food dependent on the cold-chain, as it can
increase food spoilage and food poisoning risks
[13]—this will increase energy use leading to a pos-
itive feedback whereby changing climate increases
energy consumption and hence greenhouse gas emis-
sions, leading to further climate change. Impacts
of extreme weather on food safety are currently
highly uncertain: there are many pathways through
which climate change may affect food safety but few
have been rigorously examined. Examples include
higher temperature and humidity increasing risks
from algal blooms, plant and animal-based patho-
gens and toxigenic fungi, increased food contam-
ination and water-borne diseases via heavy rainfall
and flooding, and indirect impacts from infrastruc-
ture damage [4]. The high food standards controlled
within the UK provide some food safety resilience to
extreme weather impacts through regulatory limits
for pathogens and chemicals, combined with detec-
tion, monitoring, surveillance and horizon scanning,
but it is unknown whether these will be sufficient

in the context of a changing climate and increasing
unpredictability [17]. Storm surges and flooding can
disrupt port facilities and other transport infrastruc-
ture (rail and roads), causing delays, depreciation of
goods and additional costs [15] if cargo is re-routed.

Even when considering only one type of meteor-
ological extreme, impacts could potentially propag-
ate through the food chain with complex, cumulative
effects (supplementary figure S2). Given the relat-
ive lack of evidence on likely impacts on individual
food chain activities beyond primary production, the
cumulative impacts of weather and climate extremes
across the whole food chain remain an uncertain, sig-
nificant knowledge gap.

2. Tools, frameworks and case studies

The potential for extremeweather and climate change
to impact every aspect of the UK food system
(figure 1, supplementary tables S1(a) and (b)) high-
lights the need for systems approaches to adaptation
and mitigation [18]. These include models and risk
assessment frameworks that incorporate all stages of
the supply chain and are capable of robustly assess-
ing food system shocks, their interactions with shocks
caused by other drivers (e.g. economic, political and
pandemics [19]) and system-wide risk transmissions,
interactions and cascades [20]. Potential candidates
are discussed in supplementary material S3.1.

Achieving increased resilience of the UK food sys-
tem requires significant improvements and stand-
ardisation in the collection, quality, synthesis and
application of data and information to support
decision-making. This will need to be both through
capitalising on ongoing improvements in weather
and climate information across temporal and spa-
tial scales (figure 2) and in utilising a broad range of
food chain data, particularly for post-primary pro-
duction activities. Key emerging avenues are high-
lighted in figure 2, and expanded in supplementary
material S3.2.

3. Research funding landscape—current
and future

The broad, system-wide impacts of extreme weather
and climate change on the food chain highlight the
need for the research funding landscape to reflect
that perspective. A key priority will be to support a
stronger evidence base on the impacts of weather and
climate shocks on post-primary production aspects
of the UK food chain, given the knowledge gaps
noted here. The UK’s cross-government Global Food
Security Programme (GFS: www.foodsecurity.ac.uk)
is leading two major strategic research programmes
funded by UK Research and Innovation (UKRI) in
partnership with government departments that have
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made significant progress by taking an interdiscip-
linary approach across academia, government, busi-
ness and civil society organisations. ‘Resilience of the
UK Food System in a Global Context’ (GFS-FSR)
[21] focuses on understanding major vulnerabilit-
ies in the UK food system and how resilience to
shocks can be enhanced, while ‘Transforming the UK
food system for healthy people and a healthy envir-
onment’ (TUKFS) [3] focuses on transformational
change of the UK’s food system for healthy people
and environment.

The recent £1.2bn UK government investment in
weather and climate supercomputing will provide a
six-fold increase in computing capacity for the first
5 years alone (https://www.metoffice.gov.uk/about-
us/press-office/news/corporate/2021/met-office-and
-microsoft-announce-supercomputer-project). This
will provide significant opportunities to underpin the
aim of increased weather, climate and food chain data
application in support of improved decision-making
and resilience.

The UK’s Horticultural Quality and Food Loss
Network, funded by the Biotechnology and Bio-
logical Sciences Research Council, aims to tackle
food loss through research and promoting improved
horticultural crop quality and could help address
knowledge gaps in the post-harvest impacts of
weather and climate extremes. The UK Government,
through the Government Department for Environ-
ment, Food and Rural Affairs (Defra), is also fund-
ing international research on food system climate
resilience through the Horizon 2020 ERA-NET co-
fund on Food Systems and Climate (www.foscera.
net/en/foscera/About-FOSC.htm) which focuses on
assessing climate change risks for food value chains,
promoting innovative food technology deployment
and resilience to climate change across Africa, Latin
America and Europe. Given the need to build resi-
lience across the food chain, there is also a need to
consider potential links to private funding, including
from the (re)insurance and risk sectors.

Developing an overall, holistic framework and
understanding of the food system, and connecting
individual strands of work remains a challenge bey-
ond GFS-FSR. For both GFS-FSR and TUKFS the
focus is not specifically on resilience to future climate
shocks. A recent UKRI funding initiative in response
to the COVID-19 pandemic (https://strategicfutures.
org/TopicMaps/UKRI/research_map.html) furthered
knowledge around shorter-term UK resilience,
including for the food system, but a gap remains
in understanding longer-term resilience to system
shocks. Challenge-led funding initiatives are key to
making progress and ensuring fit to objectives in
this area. It would be beneficial to consider differ-
ent approaches to their design and funding such as a
priori approaches to connecting individual projects
across research domains and food system activities.

4. Conclusion and recommendations

Future shocks and stresses due to changes in weather
and climate extremes will have significant impacts
on the UK food system. Key knowledge gaps remain
in our understanding of their impacts on non-cereal
crops, livestock and fisheries production, on the food
chain beyond primary production, on the longer-
term impacts, and in an integrated, full system view
of impacts that accounts for cumulative impacts,
interactions, feedbacks and the interplay between
domestic and overseas elements of the UK food
system. These knowledge gaps need to be urgently
addressed to ensure future climate resilience of the
UK food system.

There are several areas where research could bet-
ter support decision-making towards increased resi-
lience to weather and climate shocks in both food
policy and business sectors. We note the need for
a step change in the collection, quality, synthesis
and application of a broad range of weather and
food chain data and information across time and
space. There is a need to develop tools to sup-
port the inclusion of the ‘missing middle’ of food
chain and policy discussions that incorporate weather
and climate impacts: processing/packaging, trans-
port, storage, wholesale, retail and disposing/reusing.
Such efforts should also aim to support decision-
making to enhance climate resilience across policy
domains, given the potential for interactions between
policy objectives in different areas. Research is needed
to provide evidence to address the challenge of
decision-making to improve climate resilience under
deep uncertainty, and in support of dynamic policy
decision-making to reflect changing circumstances
and avoid lock-ins. Effective integration of quantit-
ative and qualitative information on the food chain
impacts of meteorological shocks across researchers
and stakeholders will be central to these efforts.

Greater integration of climate, biophysical, social,
political and economic research is required to char-
acterise geo-political influences on food system cli-
mate resilience. A key knowledge gap to be addressed
is whether long-term climate change will drive
countries, including the UK, towards greater self-
sufficiency or greater dependence on global food sup-
ply systems [22].

As part of Defra’s priorities to ensure a secure,
environmentally sustainable and safe supply of
food in the face of future challenges, Defra pub-
lished a comprehensive assessment of UK Food
Security in 2010, the UK Food Security Assess-
ment (UKFSA: https://webarchive.nationalarchives.
gov.uk/20130402160926tf_/http://archive.defra.gov.
uk/foodfarm/food/security/index.htm). The UKFSA
analysed a wide range of indicators and evid-
ence for assessing UK food security. As a stat-
utory duty under the Agriculture Act 2020, Defra
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produced a UK Food Security Report (UKFSR:
www.gov.uk/government/statistics/united-kingdom-
food-security-report-2021) in December 2021 and
updates will be produced at least every 3 years there-
after. The UKFSR presents data and case studies
across five themes (global food availability, UK supply
sources, UK supply chain resilience, household food
security and food safety and consumer confidence),
and includes case studies on the impacts of weather
and climate shocks on food supply. There are oppor-
tunities to include future climate-related indicators
in subsequent releases of the UK-FSR, which would
help raise awareness of, and preparedness for weather
and climate shocks.

Here, we have only considered the direct impacts
of weather and climate extremes on the UK food
chain. Further work is needed to assess adapta-
tion actions needed in response, and their knock-
on trade-offs and consequences across sectors, and
their interactions to lay the foundations for the next
generation of research. For adaptation, there is a
need for applied, industry-inclusive interdisciplinary
approaches involving social, political and economic
sciences to help address challenges in uptake of new
approaches and tools. It is also needed to address
the socio-cultural issues associated with this change
[23] such as farming attitudes towards maintaining
land in production, the rural economy and nature
of the production base, dietary changes towards Net
Zero goals [22, 24], and to understand the links with
food poverty in low-income groups. Future changes
in population, wealth and diet will indirectly affect
exposure and vulnerability to domestic and interna-
tional climate hazards through links to trading pat-
terns, and these factors need to be robustly assessed.

There is also, potentially, a very wide range of
trade-offs and consequences stemming from food
chain adaptation to weather and climate extremes
that need to be assessed, including for water and
energy security and ecosystems/biodiversity. These
will lead to, for example, conflicts with other policy
goals and actions and off-site impacts of food pro-
duction systems. Future changes in trade-offs and
consequences should be assessed since they will dif-
fer for the UK itself, and in key international supply
regions. There is also a need to account for changes
in other sectors as they adapt to climate change and
to meet targets set under the UK 25 year Environ-
ment Plan, with knock-on consequences for food
systems. It is therefore critical that planned climate
adaptation of the food system avoids unintended con-
sequences on health and wellbeing, both for humans
and ecosystems.

The challenges identified here suggest the need
for challenge-led, connective, interdisciplinary
approaches to future funding initiatives in support of
achieving food system resilience to weather and cli-
mate shocks. In particular, further support is needed
to underpin understanding of climate shocks on the

‘missingmiddle’ of the food chain, and towards devel-
oping a full systems view, alongwith the priority areas
identified above.
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