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Outlines

1) What is happening in Greenland? And why does it matter?
2) Why use seismic waves to monitor ice sheets?

3) Passive seismic monitoring in Greenland

4) Forward modeling and interpretation
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What is happening in Greenland?
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Why does it matter?

60-80 m elevation if all ice from Greenland and Antarctica
melted
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What should we monitor?

The key parameter to measure is the quantity of ice that melted into the

ocean:
M = Snow accumulation — Ablation — Calving
With

Ablation = Runoff - Refreeze

.
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lce sheet

Estimation of each of these
parameters is difficult
Large uncertainties

Can depend on many other
parameters (snow
compaction rate, snow/ice
density profile, portion of
refreeze...)

M directly measured by
gravimetry and/or GPS
So, why bother with
seismic data?
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Why use seismic waves to monitor ice sheets?
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Why use seismic waves to monitor ice sheets? :

An other string to the bow
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Why use seismic waves to monitor ice sheets? :

An other string to the bow
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Why use seismic waves to monitor ice sheets? :

An other string to the bow

Examples of seismic monitoring studies in ice-sheet and glacier context:
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Ice mass changes from GRACE in 2012-2013
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Dvlv in 2012-2013 (0.1-0.3 Hz)
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Dviv in 2012-2013
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Forward modeling of the velocity variations

* Assume a homogeneous load
change when doing the

averaging
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Forward modeling of the velocity variations

« Assume a homogeneous load Viscoelastic
change when doing the model
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Forward modeling of the velocity variations

 Assume a homogeneous load Viscoelastic
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Forward modeling of the velocity variations

Poroelastic ' -
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Velocity changes due to pore-pressure variations
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Conclusions and perspectives

> Seismic methods can provide fine spatial and temporal
resolution for monitoring applications

> Seismic waves traveling in the crust are sensitive to changes in
the ice sheet

> The loading and unloading of the ice induce pore-pressure
variations in the crust which can be detected through seismic
velocity monitoring

> Possibility to compute a map of ice-mass changes through
tomographic inversion if more stations

> Future application to the Antarctica ice sheet

P Earth . N .
—==a RESources 2016 Annuasllllcc)iljelnczjﬁ\ Members I I I I I mzzﬁ‘?feh:?e“s
P Laboratory 9 Technology

Meeting



Seismic data in Greenland

We use 7 closest stations on West coast
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Seismic data processing

o]
o

1) Demean, detrend, remove
instrumental response of daily data
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Noise correlations
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Stretching vs. MWCS
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Influence of number of days stacked
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Influence of the window in the coda

Variable win 0.10-0.30 Hz
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Depth sensitivity of Rayleigh waves in Greenland
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Modeling
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Dv/v modeling parameters

Table 1: Parameters used in the dv/v modelling.

Parameter Symbol Value Reference
Glaciostatic pressure P, 1600 Pa from data
Ice area S, 6.5-10' m? from data
Gravitational acceleration q 9.81 m/s?
Pressure field wave number k 27 /(60 km) Jiang et al[11]
Depth of investigation z 5 km from data
S-wave velocity Vs 3300 m/s Kumar et al[56]
Vp/V s ratio Vp/Vs 1.8 Kumar et al[56]
Upper crust density Pe 2700 kg/m®  Schmidt-Aursch et al[57]
P-wave velocity Vp=Vs(Vp/Vs) 5940 m/s
Poisson’s ratio v 0.2768
Young’s modulus E 7.5-10' Pa
Mantle viscosity n 10%! Pa-s
Viscoelastic relaxation time T 101 s
Lamé’s first parameter A 3.65:10' Pa
Shear modulus i 2.94-10" Pa
Murnaghan constant m -2.77-10'% Pa from inversion
Distance from the ice T 12.5 km
Biot’s coefficient o 0.7 Tsai[34]
Hydraulic diffusivity of the crust K, 0.5 m%/s Shapiro et al[58]
Angular frequency w 27 /(365 days)
Till layer thickness z 285m from inversion
Hydraulic diffusivity of till K, 51075 m%/s Iverson et al[43]
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