


Modelling the food system: 
trusting the numbers?
Models can drive major policy decisions… but… 

- what are their blind spots? 

- when are they reliable? 

- should we ask harder questions?



Many types of food model... just a selection:

1. Crop Models (crop yield under climate scenarios)

• “How much wheat can we grow in 2050 if temperature 
rises 2°C?”

2. Biophysical models (e.g. IO, LCA etc.)

• “What is the impact of product X”

• “Where does food go? What’s the carbon embodied in 
trade?”

• Can include projected food demand, population, etc.

3. Systems/Integrated Assessment Models (IAMs)

• “How do diet changes, land use, climate impacts, and 
economics interact?”

• Most uncertain because it’s trying to model human 
behavior + physics (and many factors are exogenous)



Data dependencies? GIGO?

• FAOstat: Self-reported by countries (capacity and quality varies wildly)
• Note: not enough investment here, people undervalue these data and getting them 

accurate

• Trade data: customs records
• Note: exports often undercounted

• LCA emissions factors: mix of measured data and assumptions. Patchy 
geographical scope

• Surveys: behavioral or farm
• Note: people often do not recall correctly and farm surveys may have cut-offs for 

small farms

All downstream models inherit uncertainty.



The uncertainty problem for future 
scenarios

• Known Unknowns (Measurable Uncertainty):
• Estimate yield variation under +2°C (range: -15% to -5%) (note: still many 

factors missing)

• We can validate these against historical data

• Unknown Unknowns (Ambiguity):
• “What if consumer preferences shift faster than our models predict?”

• “What if new crop varieties emerge that we didn’t model?”

• “What if political collapse creates famine like Syria?”

• Model cannot quantify these yet are often the most important drivers

• This is trap in a warming and uncertain world: models emphasize 
precision (what they can measure) over ambiguity (what they can’t). But 
the big surprises come from the unmeasured unknowns.

• Integrated Assessment Models are notorious for this.



Issues specifically in Integrated Assessment Models



Look at what the model doesn’t include

• Crop models: Pests? Extreme weather events? Infrastructure damage 
on yields?

• Input-output and other models: elasticities in demand and supply

• Integrated assessment models (many, many things!) 

• What are the input assumptions? Can you even find them? Are they 
justified when you can?

• Can the model really capture what it implies it is delivering?

• In what way are policies modelled? Does it have shocks?

• Have other models tested the same question and do they agree? If 
not, why?

• Can the model be ‘proved wrong’?



Transparency

• Code often closed and when it’s 
open needs expensive solvers

• Data provenance 
undocumented

• Assumptions buried in 500-page 
technical reports

• Models updated without 
publishing what changed

• Open code 

• Anyone can run the model

• Anyone can change assumptions and 

see what happens

• Clear documentation of sources and 

conversion factors

• Uncertainty ranges for each input

• Assumption registers (List every choice)

• E.g. “We assumed elasticity = 0.8 

based on study X”

Bad Good



Suggestions

• Look for where there is strong consensus across food system models that 
have a biophysical/mechanistic rationale such as dietary change

• Explore issues from many angles:
• CMIP modelling

• Multi breadbasket modeling

• Modelling on infrastructure damage

• Etc.

• Keep a broader view of real-world policies and interventions

• Keep an eye on trade embargoes, societal instability, food price inflation

• That is: make sure you’re aware of factors which almost no models include 
and how they may alter results in the real world.

• Push for open access, reporting standards etc.



• They force you to be explicit about 
assumptions

• They show where leverage points exist

• They integrate multiple sources of information

• They’re better than guessing

All models are wrong, but some are useful.

• They’re only as good as their data

• They can’t predict many real-world events

• Assumptions often matter more than calculations

• They lag real-world complexity

• Models and expert judgment

• Models and diverse perspectives (not just technologists)

• Multiple models testing same question

• Transparent discussion of limitations

• Adaptive management (test assumptions, update constantly)



From astrophysics to agrifood 
A vision for an agrifood software 

ecosystem 

Dr. Juan Pablo Cordero 



Once upon a time, in astrophysics



Astrophysics Agrifood

Complicated Complex

Relatively geographically 

agnostic

Localised challenges and 

research

Of interest to the public Affects all lives, and many 

livelihoods

Irrelevant to most policy Highly relevant

Accessible and transparent 

literature - reproducible

Closed, opaque - hard to 

reproduce 

Well-defined field Overlaps with many fields

Not urgent Urgent

4 years later, in a completely different field!



Our vision for an agrifood software ecosystem

L C A



futurefoodcalculator.org/expert-calculator





Obtaining data Generating trust

A rocky road

Building networks
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