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• Global Climate change -- significant 
variation of average weather conditions 
over several decades or longer. The longer-
term trend differentiates climate change 
from natural weather variability (World 

Bank)

• Global warming -- Long-term heating of 
Earth’s surface observed since the pre-
industrial period (between 1850 and 1900) 
due to human activities, primarily fossil 
fuel burning, which increases heat-
trapping greenhouse gas levels in Earth’s 
atmosphere (NASA)

• Anthropogenic
Duchenne-Moutien and Neeto. 2021. J. Food Prot. 84 (11): 1884–1897 
https://doi.org/10.4315/JFP-21-141J. 

Models predict mean global warming from 1.5 
to 5.88C and a rise in the mean global 
precipitation of 5 to 15% by 2100



Manifestations of Global Climate Change

• Major climatic factors influenced
• Temperature

• Relative humidity
• Precipitation
• Sunlight (UV)
• Climate variability (Global “Weirding”)

• Increased prevalence of catastrophic weather 
events

• Changes to:
• Sea levels and salinity
• Crop yields
• Soil quality
• Nitrogen deposition
• Plant diversity
• Animal (including human) and crop diseases
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Complexity!



Food Safety Implications of Global Climate Change

• Changes in prevalence, occurrence, and distribution; dynamics of 
growth and survival; and pathogenic potential, of microbial (bacteria, 
viruses, parasitic protozoa) pathogens in waters and food intended for 
human and animal consumption

• It’s all about competition (changing balance)
• Examples

• Global expansion of harmful algal blooms and pathogenic Vibrio spp.
• Increased fungal growth with resultant formation of mycotoxins 
• Elevated risk for emerging zoonoses
• Potential for increased veterinary drug residues and associated antibiotic 

resistance of microbes
• Increased pesticide use and associated residues
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Shellfish Toxin/Vibrio Examples
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From:  Froelich and Daine. 2020. 
Environmental Microbiology 22(10), 4101–
4111. doi:10.1111/1462-2920.14967



• Variety of mycotoxins
• Aflatoxins
• Deoxynivalenol (DON)
• Nivalenol (NIV) 
• Zearalenone (ZEN)
• Ochratoxin A
• Fumonisin
• Etc.

• Variety of foods
• Cereal grains
• Feed grains
• Commodities (coffee and tea)
• Milk
• Etc.



Mycotoxins

• Climate-related influences
– Depends on mold species

– Distribution of precipitation (dry and wet conditions)

– Higher temperatures

– Atmosphere and soil moisture

– Catastrophic weather events

– Changes to growing seasons/production areas

• Impacts likely greater in lower income regions 
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Sustainability:  Fulfilling the 
needs of current generations 
without compromising the 
needs of future generations

“A sustainable food value chain is a 

food value chain that:

• is profitable throughout all of its 

stages (economic sustainability);

• has broad-based benefits for society 

(social sustainability);

• has a positive or neutral impact on the 

natural environment (environmental 

sustainability)”

“A food value chain (FVC) consists of all 

the stakeholders who participate in the 

coordinated production and value-

adding activities that are needed to 

make food products.”
From:  https://www.fao.org/sustainable-food-
value-chains/what-is-it/en/
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Food waste is any substance or 
object which the holder 
discards or intends to or is 
required to discard

Circular economy is a system 
based on the reuse 
and regeneration of materials 
or products, especially as a 
means of continuing production 
in a sustainable 
or environmentally friendly 
manner.
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Among the most 

significant opportunities 

for decreasing

food waste and 

enhancing food security 

are using sensors

and intelligent packaging 

Sensor categories:

--Freshness sensors

--Gas sensors for food 

package integrity--

--Identification

tags like radio-frequency 

identification tags

--Time–temperature

indicators (TTI)
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Alternative Protein Sources
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• Cultured Meat
• Microbes derived from use of bovine serum in culture medium; must 

be free of  bovine-specific pathogens, e.g., bovine diarrheal viruses 
and including infectious prions

• Plant-Based Meat
• Can carry pathogenic bacteria originating from the raw ingredients, 

although all but endospore-forming bacteria (e.g., Clostridium spp. or 
Bacillus spp.) should be inactivated by heat produced in extrusion

• Allergens and ‘anti-nutrients’

• Insect Protein
• Pathogenic microorganisms in edible insects have been reported 

[bacteria (e.g., Cronobacter, Bacillus, Staphylococcus, Clostridium spp.; 
parasitic protozoa (e.g., Cryptosporidium spp.), and mycotoxin-
producing molds]

• Microbial biomass proteins
• Largely unknown
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Collision of Climate Change 
and Sustainability

The Big Picture--Oceans

Sustainability
Plastics as packaging materials

Climate Change
Implications of fossil fuel use

Run-off due to increased rainfall and/or 
flooding

Often impacts reflect both 
concepts



Collision of Climate Change and Sustainability on Food Safety--
Conclusions
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• Changing food safety risks
• Increased prevalence or risk of known food safety hazards
• Altering the balance or prioritization of food safety risks
• Promoting emergence of new or unforeseen food safety 

risks
• Introduction of new products for which food safety risks are 

unknown
• Making it more difficult to manage food safety risks
• Changing how we might manage food safety risks
• Other as yet unknown….
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Thank You
Questions? 



Climate Scenarios and  the 
Challenges and 
Opportunities they pose to 
Food Safety and 
Sustainability 

Alison Grantham, Ph.D.



Questions to Tackle 
Today

• What are climate scenarios?

• How may future scenarios (emissions 
and socioeconomic pathways) challenge 
food safety? Food system sustainability?

• Which mitigation strategies or tactics 
pose the fewest tradeoffs or better yet 
improve both food safety and 
sustainability outcomes?



What are 
Climate 

Scenarios?

source

Shared socioeconomic pathways (SSPs) are the scenarios used to develop the climate 
projections (CMIP6) used in the IPCC AR6. Unlike the RCPs, which were used in CMIP5 and 
were based on GHG concentrations alone, SSPs ‘represent changes in [policy], population, 
economic growth, education, urbanization, and the rate of technological development that 
would affect future greenhouse gas emissions, providing a storyline of how we could reach 
certain levels of warming.’ [source] 

https://climatedata.ca/resource/understanding-shared-socio-economic-pathways-ssps/
https://climatedata.ca/resource/understanding-shared-socio-economic-pathways-ssps/
https://www.climatehubs.usda.gov/hubs/northwest/topic/what-are-climate-model-phases-and-scenarios#:~:text=Climate%20models%20are%20run%20under,shared%20socioeconomic%20pathways%2C%20or%20SSPs.


Food System Parameters and Outcomes Vary 
Widely across Scenarios

Trade policy

Production 
geography

Economic benefit
Production-related 

GHG emissions

Other 
environmental 

outcomes

source

https://d1wqtxts1xzle7.cloudfront.net/45596178/Trading_more_food_Implications_for_land_20160513-9459-zofpzu-libre.pdf?1463138043=&response-content-disposition=inline%3B+filename%3DTrading_more_food_Implications_for_land.pdf&Expires=1714442775&Signature=abgfhncwhTMC6ly22fUYD1SlHWXbX3BJ1a4vu1lEBarrSC22Hvb6obLDbhxKoJjexQajI~gcPS~5rYKc9ZG~e5~xF87bw17iShxpM7drq9tOpOQAhhe5Hhb05nNn1tft1zo3Yli0jfm~2SuBFphtD33LE-wYyTOBQSbIqzoNR-lo0wbO12NUuGuomcOt8gk2X15unsxAyrxTpDORKicoSDZPEf5fFb~48v6-zgz7uzhJCBAyhp6--oW2Af1RdCSUEzShuBTZOvVvyrvZ8LEiy2PxdZ2d32kNAWNZ0889BqXQtc2xWj0lEixt1~KT5BjAuFC3R8OGSupDzU8erSMNaA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA


This Early (ca. 2012) Scenario Analysis found trade liberalization leads 
to higher economic benefits at the expense of environment and climate

source

Most of these environmental and climate expenses derive from the policy-driven 
shifts in crop production geography to Latin America and related deforestation. 

https://d1wqtxts1xzle7.cloudfront.net/45596178/Trading_more_food_Implications_for_land_20160513-9459-zofpzu-libre.pdf?1463138043=&response-content-disposition=inline%3B+filename%3DTrading_more_food_Implications_for_land.pdf&Expires=1714442775&Signature=abgfhncwhTMC6ly22fUYD1SlHWXbX3BJ1a4vu1lEBarrSC22Hvb6obLDbhxKoJjexQajI~gcPS~5rYKc9ZG~e5~xF87bw17iShxpM7drq9tOpOQAhhe5Hhb05nNn1tft1zo3Yli0jfm~2SuBFphtD33LE-wYyTOBQSbIqzoNR-lo0wbO12NUuGuomcOt8gk2X15unsxAyrxTpDORKicoSDZPEf5fFb~48v6-zgz7uzhJCBAyhp6--oW2Af1RdCSUEzShuBTZOvVvyrvZ8LEiy2PxdZ2d32kNAWNZ0889BqXQtc2xWj0lEixt1~KT5BjAuFC3R8OGSupDzU8erSMNaA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA


Shifting 
production into 

Latin America 
presents new 

food safety 
challenges

• Even in the absence of climate 
change, pathogen concerns 
differ in Latin America from the 
concerns in historic production 
regions, causing new 
pathogens of concern to 
emerge as populations shift to 
consuming mostly imported 
produce (e.g., Cyclospora 
cayetanensis) [source]

• Compounding these risk factors 
are climate change-related 
increases in weather extremes 
like rainfall, heat, and drought, 
each of which have been found 
to increase prevalence of 
Cyclospora [source]
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https://www.fsis.usda.gov/sites/default/files/media_file/documents/NACMCF_Cyclospora_Report_2023_Final.pdf
https://www.fsis.usda.gov/sites/default/files/media_file/documents/NACMCF_Cyclospora_Report_2023_Final.pdf


In addition to impacting pathogen risk, climate 
scenarios also reveal other important interactions 
and feedbacks

Climate Change

Extreme 
Weather Events

Supply Chain 
Disruption

Food Waste



“According to the majority of 
published studies, climate 
change is producing and will 
continue to produce a decrease 
in crop yields, especially in warm 
and tropical regions, with 
particularly important effects in 
developing countries, where the 
capacity to adapt to change is 
more limited. Not only are yields 
being affected, the quality of 
crops is also affected…” 

source

https://www.sciencedirect.com/science/article/abs/pii/S0013935122020011


“Increasing average global temperatures 
produce a greater potential risk of food-borne 
diseases.” 

“An increase in average temperatures could 
lead to an increased risk of proliferation of 
micro-organisms that produce food-borne 
illnesses, such as salmonella and 
campylobacter. However, in developed 
countries with information systems that 
document the occurrence of these diseases 
over time, no clear trend has been determined, 
in part because of extensive food conservation 
controls.”

source

https://www.sciencedirect.com/science/article/abs/pii/S0013935122020011


source

3 Suggested Mitigation Strategies: 

1. Approaches that harness ecological and 
evolutionary interactions and other nature-based 
methods can provide future effective tools.

2. “A transdisciplinary approach to understand 
pathogen biology and ecology from molecular to 
global scales … Integrating available pathogen 
biology data with transport, trade, climate and 
geography can improve monitoring and predictive 
power of disease incidence...Further boost with 
biochemical sensors, permanent observatories 
(airborne signals and vectors), satellite and remote 
sensing tools, artificial intelligence and the 
involvement of farmers and other volunteers to get 
an early report of disease”

3. A global approach, such as the recently proposed 
global surveillance system138, is urgently needed 
to continuously monitor and predict global hot 
spots of important plant diseases, and their socio-
economic impacts. 

https://www.nature.com/articles/s41579-023-00900-7


Scenarios also point to the need for adaptive responses 
to manage emerging risks

Better-targeted food reserves and other 
adaptation measures could help fill the 
consumption gap in the face of extreme 
climate variability.

source

https://www.nature.com/articles/s43016-021-00335-4


Takeaways

• Climate change poses many 
challenges to food safety and 
sustainability of the food 
system

• Climate scenarios, 
particularly the SSPs, are 
one tool to better understand 
these tradeoffs

• Prioritizing policies consistent 
with SSP1, particularly 
effective international 
cooperation, are key to 
mitigating both climate-
related or exacerbated food 
safety challenges sustainably


