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Smoke and mirrors in water modelling

- Overly confident explanatory language

- Simplified narratives about complex problems

- Overly precise statistics

- “Uncertainties will diminish with more refined models and 
datasets”

- Water modelling is as assertive in knowledge claims as physics

- “Humans have transgressed the freshwater planetary boundary”

- “Irrigation withdraws 70% of all freshwater resources and 
produces 40% of all crops worldwide”

- Actually the opposite seems to be the case



Smoke and mirrors in water modelling

Illuminating Deep Uncertainties in the 
Estimation of Irrigation Water Withdrawals
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Water modelling exceeds physics in numerification
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Water modelling exceeds physics in numerification

…but model-based numbers have not undergone UA/SA





“We have exceeded the freshwater planetary boundary”

“We will fail on climate change if 
we do not solve water (…) No 
person, place, economy or 
ecosystem will be spared.”

We thus need a “radical 
transformation” of the 
economics of water”

Mariana 
Mazzucato

Johan 
Rockström



- : need for eight digit precision (ratio 
green/blue water) = 0.1346154. 

-  Everybody consumes 3,000 kcal daily. 
-  No undernourished individuals in 2050. 
-  Diet: 80% vegetables, 20% meat. 

-  1000 kcal meat = 4 m3 of water. 

-   1000 kcal vegs = 0.5 m3 of water.

Fb

k :
k :
Fm, Fv :
Fmw

:
Fvw

:

Model assumptions:

“We have exceeded the freshwater planetary boundary”

W =
365 (kFmFmw

+ kFvFvw)
1000

Y = PFbW ,

Global water consumption per year:

𝑊 is the estimated water required per 
person to sustain a 3000 kcal/day diet:

Model



“We have exceeded the freshwater planetary boundary”

Y (km3/yr)

W =
365 (kFmFmw

+ kFvFvw)
1000

Y = PFbW ,

Global water consumption per year:

𝑊 is the estimated water required per 
person to sustain a 3000 kcal/day diet:

Model





“Irrigation withdraws 70% of all freshwater 
withdrawals and produces 40% of all crops”

40% network 70% network
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With current data: 

“Irrigation withdraws 
45-90% of all freshwater 

withdrawals and 
produces 18-50% of all 

crops” Low food, low water use High food, low water use

High food, high water useLow food, high water use

Irrigation has minor role in 
food production and water 
withdrawals

Irrigation may be inefficient

Irrigation is very efficient for 
global food and water security

Irrigation supports high use 
production at high water costs

(18%)

(18%)

(50%)

(50%)

(90%) (90%)

(45%) (45%)
AND THESE ARE LOWER BOUNDS 

“Irrigation withdraws 70% of all freshwater 
withdrawals and produces 40% of all crops”



Estimates of global irrigation water 
withdrawals are spuriously accurate

Global hydrological models: c. 
200,000 grid cells

One single cell may hide uncertainties 
spanning two orders of magnitude





1974-2025: “We have to refine datasets and models to 
reduce uncertainty in global irrigation water use”
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Have 50 years of research reduced uncertainties?
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RESULTS

The most robust answer 
seems to be probably not. 
More evidence for research 

having increased uncertainties.
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Binning of studies 
(e.g., every 10, 15, 
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SENSITIVITIES

The most influential 
factors are the target year 
and the uncertainty metric
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Random Forest



Conclusions

How to dispel smoke and mirrors in water modelling?

- Acknowledge we are still a long way off in handling uncertainties

- Progress  accuracy. Maybe progress = higher uncertainties?≠

- If the latter, UA / SA have a key role in moving the field 
forward – but they can only do so much

- … and if uncertainties explode after embracing uncertainties, then 
models can excel at being formalized expressions of ignorance


