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ISIS-CFD vs SAFIM 

Conclusions               Perspectives

 
 

Broadband seismometers

 
Finite element modelling of a full 
bedrock-glacier-iceberg-water
Seismic signature of glacier sliding, 
glacier vertical oscillations and water
pressure on seafloor 
Study and inversion of seismic data for 
capsizing iceberg volume estimation

New model SAFIM: Semi-Analytical Floating Iceberg Model

Reference model: ISIS-CFD (Computational Fluid Dynamics)
Seismic signals
 
 

Parameters
 
 

iceberg size : 
vertical shift from 
equilibrium : 
 

seismic 
inversion

 

mechanical 
model

Inverted 
force history

Simulated 
force 

iceberg mass

Strategy: iceberg size calculated with mechanical model constrained by seismic signals

Understanding the capsize complexity [7] 

 
              Location are determined 

from CSF inversion [5]

 
Better understanding of iceberg capsize with ISIS-CFD
Complex and strong water motion around iceberg
Accurate fit of ISIS-CFD results with experimental data
Good agreement between ISIS-CFD and SAFIM results 
Error estimation on SAFIM
Linear increase of SAFIM drag coefficient with aspect ratio

iceberg 
calving 
video 

Calculate volume of icebergs using seismic waves
for a database of ~500 icequakes in 1993-2019

First estimations of iceberg volumes [4]

 

BEDROCK

seismic waves contact 

fluid dynamics
friction

GLACIER

OCEAN

ATMOSPHERE

 ICE MELANGE

ICEBERG

bottom-out top-out
Simple and easy to implement model 
Can model contacts between solids 

Complex and accurate fluid-structure model
Contact between solids no yet implemented

First results of analysis on 8 glaciers : iceberg capsize 
accounts for at least 6% of ice-sheet losses 

Iceberg volume inversion for a well documented event

Rigid iceberg 
Viscous and turbulent fluid
Free surface
Solves Navier-Stokes equations (RANSE)

Rigid iceberg and glacier
Contact interaction iceberg-terminus
Dynamics eq. with drag & added-masses 
Integrates numerically in time

Evolution of iceberg volumes

SAFIM: simple description of fluid forces

SAFIM drag force: Added-masses:
G

dFd

n

Γs

added-mass

 
The sea level equivalent of Greenland ice losses in 1991-2015 is 

0.47±0.23 mm /y: our aim is to reduce the uncertainties on volumes

 
 

force azimuth and location [5]

 
1D PREM model 
crust 2.0
discrete wave number code

Helheim glacier

Kangerdlussuaq 
glacier

Jakobshavn
Isbrae glacier

Green functions

 Icequake catalog
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Models reproduce well the motion of a laboratory scale capsizing iceberg, = 0.246

Complexity of the motion of a capsizing iceberg: vortices, submerged iceberg, waves

simplified:

or computed [5]

quadratique drag : m=2

Complex fluid motion for iceberg 
capsize visible in lab experiments
Similarity between lab and field scales
Dynamic pressure on iceberg surface 
related to vortex location
High velocities in the fluid: for 
H=800 m iceberg, maximum velocity 
of 42 m/s close to the iceberg 
Water motion up to 2800 m away from 
the iceberg of velocities above 4 cm/s 

Simple model for iceberg capsize [7]

SAFIM with drag & no added-masses 
gives good results error<20%, better than 

existing models
SAFIM with drag & added-masses can 
compute initiation duration
Optimized drag coefficient increases with 
aspect ratio
Capsize dynamics is sensitive to a change 
in ice and water densities

Vortices, t = - 0.27 s
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Vorticity in the water surrounding the capsizing iceberg and hydrodynamic pressure
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Fluid motion: strong mixing of water column 

Induced tsunamis waves can 
distroy infrastructures and 
disturb fauna [1]
Iceberg calving is a source of 
freshwater which effect on 
polar gyre lacks in climate 
model [2]
North-West Greenland 
narwhals prefer fjords with 
less iceberg calving [3] 
Icebergs capsizing close to 
glacier terminus can 
destabilize the ice shelf 
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