
• Open source modelling framework based on 
Universal Differential Equations (UDEs, 
Rackauckas et al. 2020)

• Focused on global glacier modelling
• Multi-language
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Example: Shallow
Ice Approximation (SIA)

T

The optimized solution is a function that captures global patterns based on observed data. 
This allow us to calibrate parameters based on global trends and as a function of some other observables. 

Instead of adjusting single parameters based on observations, we find functional relations of 
these parameters with respect to other variables (e.g. long-term air temperature, bed properties).

The differential equation / inversion is inside 
the loss funcion that we try to minimize
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Overview

Functional inversions

Training

Bolibar et al. (2023)

The Datasets

• GlaThiDa ice thickness database 
• Millan et al. (2022); Ice velocity and thickness of the world’s 
glaciers
• Hugonnet et al. (2021); Accelerated global glacier mass loss in 
the early twenty-first century

We can use this framework to invert/calibrate glacier rheology in 
positions where we know both the ice thickness and ice surface 

What’s next for this research? What are your remaining questions?

• Efficient solvers for differential equations

• Automatic differentiation: In order to minimize the loss function, we 
need to be able to compute gradients. Julia naturally supports auto-
matic differentiation 

 

• Discretized PDE into thousands of ODEs: memory and 
performance challenge when computing the sensitivities. 
• Application with large Earth datasets to discover 
parametrizations of poorly represented physical processes 
of glaciers (e.g. basal sliding, ice viscosity, calving)
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