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Objective

Allocating the responsibility for regional, glacier-related sea level change to specific past
emission pathways

• What is the responsibility of, e.g., Germany (given its historic emission pathway) for glacier-
related sea-level change?

• How much of that sea-level change has already been realized, and how much will be 
realized in the future?

• What are the uncertainties in this allocation of responsibility?



Methods - Overview
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FAIR- Finite Amplitude Impulse Response model

• free, open-source 
• written in Python
• simple emissons-based climate model
• designed to emulate the behaviour of more complex climate models

• Input: 
• emissions of greenhouse gases and 
• short lived climate forcings

• Output: 
• global mean atmospheric GHG concentrations
• radiative forcing and 
• global mean temperauture anomalies
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FaIR: Global Mean Temperature Anomalies
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FaIR: Responsibilities for ΔGMT



• open source numerical model framework

• written in Python programming language

• simulates glacier evolution of any glacier in 
the world individually

Open Global Glacier Model



OGGM: Calculation of the equilibrium changes

• run_random_climate
• start =  RGI state
• !" = 1866
• #$%&'( = 2000

inital year subsequent years
• run_random_climate with stopping criteria
• start state =  previous equlibrium state
• !" = )%* ∈ {1867,… , 2019}
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OGGM: Results



Combining FaIR and OGGM results 



Preliminary results – global application

• ~40% of global glacier volume is
missing

• Problem: past tidewater glaciers

• Techniques to detect past
tidewater glaciers and an 
adjustment of OGGM will be
necessary ! 


