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An important increase in 
basal melting occurs 

over the summer period, 
mostly in reason of an 

important basal melting 
event in Ross Island area


The rest of the year 
shows a more stable 
melting pattern with 

some small variations


Each basal melting 
snapshot is taken on the 

first day of each month 
and is then used to force 
the ice sheet model over 

a month period.    
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 Model SSA and Initialization
Ross Ice Shelf Seasonal Flow

M
od

el
 v

el
oc

iti
es

 - 
SS

A
In

SA
R 

ve
lo

ci
ty

 e
st

im
at

es

1000

[m/yr]

 0

Fi
na

l m
is

fit

+50

[m/yr]

-50

Ic
e 

vi
sc

os
ity

1

[MPa a1/3]

0
InSAR velocities (Rignot et al., 2016)


Geometry from Bedmap2 (Fretwell et al., 2013)

Surface mass balance from MAR (Agosta et al., 2019)

J = Jv + λdh
dt

Jdh
dt

+ λβJβ + λη0
Jη0

min
β,η0

J

250-year relaxation
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The model allows to compute monthly acceleration …
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Winter deceleration

The model allows to compute monthly acceleration and deceleration
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So melt is a factor but 
not enough… What 

could cause such 
seasonality? 

Klein E*, Mosbeux C*, Bromirski PB, Padman L,  Bock Y, Springer SR, and Fricker HA (2020). 
Annual cycle in flow of Ross Ice Shelf, Antarctica: contribution of variable basal melting, JoG

(Klein et al., 2018)
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(Armitage et al., 2018)

(Model outputs)
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bedrock

Ice shelf

Sea level

f(u) − τb = σg
Basal drag

Driving stressNon-linear differential

SSA
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bedrock

Ice shelf

Sea level

σg = ρicegh∇zs

increase
decrease

f(u) − τb = σg
Basal drag

Driving stressNon-linear differential

SSA

Sea surface height evolves over the year with an 
amplitude (m):


SSH ± ΔSSH ∼ SSH ± 0.1

Let’s force the 
model with this

It changes… 

1. Surface gradient  


winter    — higher front — slowdown 

summer — lower front  — speedup
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f(u) − τb = σg
Basal drag

Driving stressNon-linear differential

SSA

Sea surface height evolves over the year with an 
amplitude (m):


SSH ± ΔSSH ∼ SSH ± 0.1

It changes… 

1. Surface gradient  


winter    — higher front — slowdown 

summer — lower front  — speedup




The amplitude is better than with 
melting but not the phase

To be precise… 
It is not in phase
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bedrock

Ice shelf

Sea level

σg = ρicegh∇zs

increase
decrease

It changes… 

1. Surface gradient  


summer    — higher front — slowdown 

winter— lower front  — speedup


2. Grounding line migration


summer —  — slowdown

winter —  — speedup

ΔL−

ΔL+

τb ≡ f(ΔL±)

f(u) − τb = σg
Basal drag

Driving stressNon-linear differential

SSA

Sea surface height evolves over the year with an 
amplitude (m):


SSH ± ΔSSH = SSH ± 0.1

Let’s add this 
effect
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Grounding line migration  
(Tsai and Gudmundsson, 2015) 




with


     and    


and  the surface and  the bed slope. 


Which give us about:


         m


ΔL± = ΔS±

γ±

γ+ = β + ρi

ρw
(α − β) γ− = γ+

1 − ρi /ρw

α β

ΔL±
max = ΔS±

γ± ≃ 0.1
γ± ≃ 100+/15−

Δx ∼ 500

ΔS

ΔL

Yes, it is the duct tape of 
modeling but it does the 

job… right?

Fi = τi Δx = βiui Δx

Ff = τi (Δx − ΔL) = βiui (Δx − ΔL)

Ff = τfΔx = βfufΔx
ui

uf
∼ 1

βf = Δx − ΔL
Δx

βi ∼ [0.9 − 1.1] × βi

Solve for the change in   at the GLβ

Assuming that 

and

Gives us….

m
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 SSH: Driving stress and GL migration
Ross Ice Shelf Seasonal Flow

It changes… 

1. Surface gradient  


winter    — higher front — slowdown 

summer — lower front  — speedup


2. Grounding line migration


winter    —  — slowdown

summer —  — speedup

ΔL−

ΔL+

f(u) − τb = σg
Basal drag

Driving stressNon-linear differential

SSA

Sea surface height evolves over the year with an 
amplitude (m):


SSH ± ΔSSH = SSH ± 0.1
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Hey, that’s better !
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Seasonal melt changes affect the ice flow… But not enough to explain the seasonality observed in 
GPS data


However, it reveals that an increase in summer melt rate and an “extended summer” could lead to 
significant changes in RIS flow


SSH variations…


by locally changing the driving stress

by leading to alternated upstream and downstream migration of the GL 


… could explain the seasonal flow we observe  


The migration mechanism and the effect of the ice rheology remain poorly known


Parametrization more adapted to tides : elastic (Sayag and Worster, 2011 and 2013) and elastic 
fracture (Tsai and Gudmundsson, 2015)



