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Introduction
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Kaufmann (2004)



Introduction

Main regions of interest:

* North America and Fennoscandia

» Greenland and Antarctica

» Other, smaller affected regions in
mountain ranges

Available datasets:

* Relative sea level

» Absolute and relative gravimetry
*GPS

 Tide gauges

« GRACE




GIA in Fennoscandia

BIFROST GPS network

BIFROST observation
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GIA in North America

GPS Observation " C Max. gravity change:
“:-:% -2.35 pGal/year (at Kuujjuarapik)
(Pagiatakis and Salib 2003, JGR)
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Measurement errors are small



Secular trend of monthly solutions
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Secular trend of monthly solutions
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Secular trend of monthly solutions
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Secular trend of monthly solutions
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Comparison of filter techniques
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Effect of different time spans
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Effect of different time spans
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Effect of different time spans
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Effect of different time spans
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Effect of different time spans
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Effect of different time spans
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Effect of different time spans
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Effect of different time spans
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Effect of different time spans
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Effect of different time spans

800/\/

Difference 2%
é?goN

720/\/ ‘ A

6‘40N
- E‘.‘ 569, ﬁ’ a.
0° 10% o( 48%/ )E s BOOE
07/2003 — 0. 409, /. 3 —12/2006
IOOW T A‘OOE

0 O
0 1% 20°E a0’E

GFZ solution, Gauss filter: 400 km

[uGal/
year]

1.5
1.0
0.5

-0.5
-1.0



Effect of different time spans
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(GRACE — GLDAS) — GPS




Gravity variation [pGal]

Comparison to absolute gravity
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Antarctica: Ice load at LGM

1JO5 (lvins&James, 2005) ICE-5G (Peltier, 2004)

500 750 1000
lce heght (m) lce heght (m)




Present-day GIA (100 km resolution)
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resolution
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Ice + GIA mass change (400 km resolution)
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Ice + GIA mass change (200 km resolution)
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Ice + GIA mass change (100 km resolution)
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Surface mass change from ICESat
(crossovers, 03/03-03/08)




GIA and GPS (Rulke et al., 2009)
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Elastic deformation and
upcoming GPS
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Conclusions

= GIA signature is significant in Fennoscandia and North America, values
of up to 2.0 — 2.5 yGallyear

= Fennoscandia: uplift center and shape comparable with terrestrial
measurements such as GPS and AG

= Longer time spans sharpen uplift structures

= For hydrology reduction: better hydrology models would be helpful

= |n Antarctica, the (expected) gravity change signature of GIA has a
magnitude comparable to that of changes in the ice sheet

= High-resolution gravity can help isolate both that part of the signal which
is only due to ongoing ice sheet changes and dome structures from the
GIA component

= Separation of ongoing ice mass variations from GIA requires
combination with additional datasets, such as GPS measurements
(point-like, therefore better combined with high-resolution gravity) and
altimetry



Possible future GlA-related interests

= Regional signatures, e.g. GIA signature of the Barents Sea area

= Lateral variations: 3D structure of crust, lithosphere and mantle

= Rheology and chemical composition of the Earth’s crust and mantle,
including low-viscosity crustal and asthenospheric zones

= Clear definition of number and position of domes in North America

= Reduction of hydrology and inland seas, and combination with
terrestrial data (AG, GPS) will help improving results

= Investigation of smaller ice sheets



Secular trend of monthly solutions
GFZ monthly
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Recommendations

1. Length of Time Series: Continuous measurements > 15 years

- reduce hydrology effect;

- reduce tidal aliasing and system noise (if random in nature);

- reduce the amount of filtering.

2. Spatial resolution: the higher the better

- See more detail in ice history (Rocky Mountains, Great Lakes area)
- Remove non-GIA processes in and outside North-America

3. Temporal resolution: not critical since GIA is secular effect.
Groundtrack density could be increased at the expense of time
resolution
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