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Exploring parametric uncertainty
● A climate model is a function ℱ of input forcers 𝑋 and 

parameters 𝜃 and generates outputs 𝑌: ℱ 𝑋, θ = 𝑌.
● Given a set of observations of 𝑌, denoted 𝑌!, we would 

like to calculate the inverse: ℱ"# 𝑌! = 𝜃. 
● Or, more precisely, we would like to know the posterior 

probability distribution of the input parameters:

𝑝 𝜃 𝑌! =
𝑝 𝑌! 𝜃 𝑝(𝜃)

𝑝(𝑌!)



Likelihood-free inference
● We cannot compute the full likelihood but can approximate it using 

Approximate Bayesian computation (ABC; or rejection sampling):
1. Draw 𝜃 from 𝑝(𝜃)

2. Calculate ℱ θ to determine 𝑌

3. Accept 𝜃 if ρ 𝑌!, 𝑌 ≤ 𝜖
● As 𝜖 → ∞, we get observations from the prior, 𝑝(𝜃)
● As 𝜖 → 0, we generate observations from 𝑝 𝜃 𝑌!

● In practice we need many, many samples and so a surrogate model, 
or emulator, is used: ℰ θ ~ℱ θ



● In practice, we need to define the distance, ρ 𝑌!, 𝑌
● We use the concept of an implausibility metric:

● Assuming this distribution is unimodal, we can then use the 3σ to rule 
out parameter combinations at 95% confidence

Implausibility

𝐼 𝜃 =
𝑌! − 𝐸 𝜂 𝜽

𝑉𝑎𝑟 𝜙 𝜽 + 𝑉𝑎𝑟 𝜖 + 𝑉𝑎𝑟 𝛿

Observation 
Model output 

[Prediction from emulator]

Emulator prediction uncertainty

Observational uncertainty
Structural uncertainty

Vernon et al. 2010
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Parametric uncertainty

Lee et al. 2013.
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Constraining parametric uncertainty
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Calibrating CESM2 PPE on Casper:
Setup
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Calibrating CESM2 PPE on Casper:
Data Reading
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Calibrating CESM2 PPE on Casper:
Emulation
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Calibrating CESM2 PPE on Casper:
Calibration

https://gist.github.com/duncanwp/89175a17b7221e4d3639765621c7f7f9 
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Conclusions and outlook
● Climate model emulation is an important tool for constraining 

parameter uncertainty, and has been used for a while 
● A fast, open tool leveraging modern ML libraries is introduced which 

makes the whole workflow straightforward and reproducible
● We also demonstrate how such tools can be used for exploring 

uncertainty in future emissions scenarios
● ESEm is designed to be easily extended to include other ML models
● We welcome feedback and suggestions, especially with pull requests!

https://github.com/duncanwp/ESEm 

https://github.com/duncanwp/ESEm
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