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FOOD SAFETY DECISIONS:
POST-NORMAL SCIENCE

• Decision making problems: 
• based on uncertain facts 
• disputes over costs, ethics and values 
• urgent decisions needed
• that may have far-reaching consequences
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Source: Silvio Funtowicz, Jerry Ravetz: Chapter 2 - Post-Normal Science: 
How Does It Resonate With the World of Today? In: Science for Policy 
Handbook, Elsevier, 2020. https://doi.org/10.1016/B978-0-12-822596-
7.00002-4.
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7 COUNTRIES FORM 
THE CORE OF THE 
AGRI-FOOD TRADE 
NETWORK
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Figure 1. The world’s food trade grows faster than the food production. (A) (Log-linear scale). The world’s food production (thin red line),
measured in current Billion US$, doubles in ca. 30 years, while the amount of food transported on the IFTN (linearly fitted small squares, blue)
increases by ca. 10-fold in the same time. (B) (Linear scale). Food ingredients flow at an increasing rate from countries to countries, as shown by the
exponentially increasing [world export]/[world production] ratio calculated from the above data (small squares fitted by an exponential curve). Note
that this ratio is unaffected by the US$ inflation rate. Data obtained from UN databases [6,23].
doi:10.1371/journal.pone.0037810.g001

Figure 2. The complete International Agro-Food Trade Network in 1998. The IFTN is based on reported export, involving N = 207 countries
(nodes) drawn as disks and M = 10645 trade fluxes (those worth more than 1 million US$), drawn as directed edges/links. The top 44 countries with
the largest total trade activity (import+export) and the top 300 largest food-trade fluxes were colored according to their betweenness values (see
Materials and Methods). The rest of the countries and edges are drawn with gray. The sizes of the colored disks are proportional to the logarithm of
their total trade activity, ln(Ei+Ii). The thickness of the directed links is proportional to the log value of the trade flux in that direction, ln(Wij). The
structure of the IFTN was similar throughout 1998–2008.
doi:10.1371/journal.pone.0037810.g002

The Interwoven Nature of the Human Food Web

PLoS ONE | www.plosone.org 2 May 2012 | Volume 7 | Issue 5 | e37810

Source: Ercsey-Ravasz M, Toroczkai Z, Lakner Z, Baranyi J (2012) Complexity of the International Agro-Food Trade Network and 
Its Impact on Food Safety. PLoS ONE 7(5): e37810. doi:10.1371/journal.pone.0037810

Each trading with over 
77% of all the countries 
in the world
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COMPLEX DRIVERS
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INFORMATION BOOM
• From the dawn of the civilization to 

2003 humans produced 5 exabytes 
of data in total

• IBM has estimated in 2016 that 2.5 
exabytes (2.5 billion gigabytes) of 
data are produced every day

• Now it is around 5 exabytes daily
• We are in the middle of a transition 

from a society of facts to a society 
of data
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Source: https://www-01.ibm.com/software/data/bigdata/what-is-big-data.html

< 4 >

1  Forrester, “Predictions 2018: The Honeymoon for AI Is Over,” November 9, 2017.
2  Crowdflower, “2016 Data Science Report.” 
3  IDC for Seagate, “Data Age 2025: The Evolution of Data to Life-Critical,” April 2017. 

2x increase: 
Growth in number of 
enterprise respondents 
with over 100 TB of 
unstructured data 
between 2016 and 2017.1

By 2019, 75 percent 
of analytic solutions will 
incorporate 10 or more 
exogenous data sources 
from second-party partners 
or third-party providers.2

75

2x

By 2025, real-time  

IoT data will make 
up more than 95%  
of real-time data.3

95%
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COMPUTATIONAL SCIENCE AS A SOLUTION

• Computational science:

• Able to detect patterns which can not be detected by a smaller set of data
• Those emerging patterns can be surprising & counter-intuitive

• 'more is different’
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HOW DATA SCIENCE HELPS IN 
ENSURING FOOD CHAIN SAFETY?

More data → deeper insight into food chain processes

Finding high risk businesses and trade routes in the network of businesses (e.g. 
animal farms) with network analysis 

Optimising food production and minimising loss with machine learning 

Predicting the spreading of hazards (e.g. animal epidemics) along the food chain 
with network analysis and spatiotemporal spreading simulation tools

Finding emerging (upcoming) risks with social network analysis, text mining, AI and 
other computational science tools

…
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EMERGING ISSUE 
IDENTIFICATION
HOW DATA SCIENCE HELPS IN ENSURING FOOD CHAIN SAFETY?
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SYSTEMATIC APPROACH
EMERGING ISSUE IDENTIFICATION
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EARLY WARNING 
SYSTEM AND 

INDICATOR ALERT 
SYSTEM

EMERGING RISK 
IDENTIFICATION

FORESIGHT

Significant number of RASFF alerts 
on aflatoxin in almonds

Quality problems with dairy products 
in multiple countries 

Indicator on usage of antibiotics 
increases

Increasing temperature because of 
climate change

POSSIBLE
RISK MITIGATION ACTIONS

Increased frequency of supplier 
audits/samplings of almond consignments

No action needed, but information for 
management and marketing unit

Increased frequency of supplier 
audits/samplings of milk producers

EMERGING ISSUES

Mycotoxin contamination affecting 
new areas Informs HACCP risk analysis; possible 

strengthening of the self-checking system 
regarding mycotoxins 

Transmission of E. coli from water 
and soil to plant tissues

Informs HACCP risk analysis; possible 
modification of the HACCP system in case of 

relevant products

Pathogen mutation and adaptation

No immediate action required; informs 
emerging risk identification process, risk 

analysis and also long-term business policy 
decisions (e.g. on research)
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EMERGING ISSUE IDENTIFICATION SYSTEM 
OF THE DIGITAL FOOD INSTITUTE

EMERGING ISSUE IDENTIFICATION
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IDENTIFYING TRENDING TOPICS IN NEWS
BASED ON TEXT MINING AND NETWORK
ANALYSIS

ROLE OF DATA SCIENCE IN FOOD CHAIN SAFETY DECISION MAKING: CURRENT STATUS AND FUTURE TRENDS 

EMERGING ISSUE IDENTIFICATION
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PATENT NETWORK ANALYSIS:
INTELLECTUAL ECOLOGY

ROLE OF DATA SCIENCE IN FOOD CHAIN SAFETY DECISION MAKING: CURRENT STATUS AND FUTURE TRENDS 

We want to capture the evolutionary
aspect of the patent universe

The dynamic network can be conceived
as a kind of intellectual ecology

Bray-Curtis dissimilarity: 

used in numerical ecology and 
biology

captures evolutionary aspect

EMERGING ISSUE IDENTIFICATION



ADVISORY GROUP ON DATA
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EFSA
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EFSA ADVISORY GROUP ON DATA

Act as a governance body providing recommendations

https://doi.org/10.2903/sp.efsa.2020.EN-1901

Act as a Think Tank providing input on project ideas

Act as a channel providing access to knowledge, 
expertise, competencies and staff in Member States

Provide strategic input on and oversight of alignment
of EFSA’s data roadmap
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https://doi.org/10.2903/sp.efsa.2020.EN-1901
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DATA ANALYSIS FRAMEWORK
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DATA COLLECTION 
& REPORTING DATA MODELLING

IT ARCHITECTURE DATA ANALYSIS

Business
Academia
Authorities

Data People
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STRATEGIC RECOMMENDATIONS

Achieve critical mass of data literacy by supporting and encouraging data related 
education activities

EFSA, and also other institutions should continue their activities towards becoming data 
driven organisations

Initiate discussions on a common “European food safety data model” along the food chain

Initiate discussions also on the applicability of solutions other than relational databases
Explore deeper the potential use of traceability data (including blockchain based solutions)

ROLE OF DATA SCIENCE IN FOOD CHAIN SAFETY DECISION MAKING: CURRENT STATUS AND FUTURE TRENDS 
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STRATEGIC RECOMMENDATIONS

Encourage process automation for data exchange and data analysis by investing in 
standardised and openly available tools and analysis program codes

Collaborative joint projects and sharing best architecture practices should be encouraged

All national and EU systems being built today should be built with interoperability in mind 

Discussions should be initiated on designing the ‘future food safety data ecosystem of 
Europe’
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STRATEGIC RECOMMENDATIONS

Support the development and application of novel data analytical approaches, including 
user-friendly tools and frameworks

Initiate discussions on application of results produced by computational science solutions 
in risk management and policy decision-making

Good practices of data visualisation should be identified and also capacities in data 
visualisation should be built

Future problems caused by ’black boxes’ produced by AI solutions should be addressed
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ARE WE READY?
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DATA DRIVEN ORGANIZATION

Data are in the core of business activities

Data drive the strategy

Organizational, procedural, capacity building changes

data-informed culture, agile working, room for experiments…

more expertise on data is needed→ education

We don’t (just) need data scientists, we need data focused food scientists:
enabling interpretation and validation
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ARE WE READY?

We need to invest in data sharing and exploring capacities

We need careful strategic planning for multiple timelines

Building the future may destroy some of the current investments/achievements

IT systems become obsolete after 7-10 years
→ build from scratch is better than patching

Expectation management & Change management
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ARE WE READY FOR THE FUTURE?

ROLE OF DATA SCIENCE IN FOOD CHAIN SAFETY DECISION MAKING: CURRENT STATUS AND FUTURE TRENDS 

REACTIVE
Ability to share information and react to
the current events

RAPID ANALYSIS
Ability to quickly assess the situation, 

and conduct an epidemiological
ivestigation

PREDICTIVE
Ability to predict risks and prevent
adverse events from occurring, based
on past data

REALTIME
Ability to predict risks and prevent

adverse events from occurring, based
on past and real time dataWE ARE HERE

SO CLO
SE…



FOOD SCIENTISTS WILL NOT BE REPLACED BY AI…
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