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Youngs, 2003 (Durham University)

Holocene Land Level Changes

e General pattern: o
e Uplift in Scotland and North of England v

e Subsidence in Wales, Central England
and South of England

e London subsidence of 0.8 mm/yr
e Extends to:
e Subsidence on Shetland

e Uplift in Northern Ireland and North of
Ireland

e Subsidence in South of Ireland

Abisp
- O'ossien
LR Qasjan

QRO Aew

on

p—_— [« 2 %)
o~
P ar T Qs
: s %
vy
e S LT

Shennan & Hortan (2002)
T irtversty of
" | Nottingham

QO




Overview

Introduction

Previous UK vertical motion estimates

e First maps of vertical motion from CGPS and AG-CGPS
e GIA modelling results for the British Isles
Current UK vertical motion estimates

e Reprocessing of the UK CGPS data set

e New maps of vertical motion

Improving the constraints for GIA models from CGPS in
the UK:

e Persistent Scatterer Interferometry (PSI)
e Detailed considerations of the geological setting
e Conclusions
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CGPS and AG Stations in Previous Study
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Teferle et al. (2009), GJI, 178, 23-46.

3 B e o
r;:- eanographic ::w/

The Urtversty of

" | Nottingham



Motivation for Using CGPS and AG

e In contrast to North America or Fennoscandia, where
the maximum vertical crustal motion due to GIA is at
the cm/yr level, the British Isles undergo motions of 1-2
mm/yr (0.2-0.4 uGal/yr), placing tight constraints on
any measurement techniques applied to reliably detect
such small changes

e Although, CGPS has been demonstrated as being a very
useful tool for this purpose in North America or
Fennoscandia, it remains a challenge to accurately
determine vertical crustal motions at the magnitudes
expected for the British Isles, given
e the modelling of systematic biases in the processing of CGPS

measurements,

e the current limitations in the accuracies associated with the
International Terrestrial Reference Frame (ITRF), and

e CGPS processing strategies themselves
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CGPS Processing

e Daily RINEX observation data from British and global CGPS stations are
processed to produce daily position estimates using
e IESSG’s GPS Analysis Software version 2.4 (GAS2.4)
to produce a Regional Network Solution (RNS) DDRNF
based on Double-Differencing (DD),
for the period from March 1997 to December 2005
e Bernese software version 5.0 (BSW5.0)
to produce a Globally Transformed Solution (GTS) PPPGTF
based on Precise Point Positioning (PPP),
for the period from January 2000 to December 2005
o With
¢ International GNSS Service (IGS) final products, including satellite orbits,
satellite clocks and Earth orientation parameters
e Corrections made for ionospheric delay/advance, tropospheric delay, relative
antenna phase centre variations, solid-earth tides and ocean-loading effects
e ITRF2000

e Time series of daily position estimates are then analysed using
e CATS software (Williams, 2008) based on Maximum Likelihood Estimation (MLE)

L. Proudman | Tty o
E-~ Oceanographic Laboratory Nottingham



Pr ev

VLM Estimards iyl

L Proudman
&2 Oceanographic Laboratory
= z

1

VM Exmmaten [mmyr]

ous |

= AL Wil al, 2001)

]

y €

Liade ) Cativecho )

" o © " ¥ “ % ] w

— otk [Shetson & Monoa, 202 Woodwonth ef o, | 99

e For DDRNF

| et
Teferle et al. (2006), Phil. Trans., 364, 917-930. kA
" | Nottingham
First maps of Vertical o] e | =
Crustal Motion from | ‘ .
CGPS and AG-CGPS . ﬁ || 5 I
oo bee
2% |1 e |

e Maximum uplift larger than i . | ' -
predicted "L ol [y

e Tilt along SW to NE axis

e Regional reference frame
implementation clearly

inadequate
e For PPPGTF

¢ Global reference frame
implementation gave good

results - no tilt

e AG-alignment seemed to “over- wy o 2

correct” CGPS estimates Ic T ! ' ST o 2 !
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British Isles GIA Model

e (a) Predicted Uplift rate

e GIA model constrained by Holocene
sea-level data (Shennan et al.
006b)

5 km x 5 km grid

71km lithosphere thickness

upper mantle viscosity 5*102° Pa s

e |ower mantle viscosity 1*1022 Pa s

e (b) Same as (a) except that
predicted velocity field sampled only
at GPS site locations

e (c) Component of total predicted
signal (a) associated with non-local
ice sheet loading.

e (d) Component of total predicted
signal (a) associated with local
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Data-Model Fit for Upper and Lower Mantle
Viscosity and Lithosphere Thickness

e Lithosphere thickness (a) 71 km, (b) 96 km, and (c)
120 km

e Black lines indicate x2 values below which all viscosity
models fit the data to within 95% confidence level
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CGPS and AG Stations in Current Study

_| Absolute Gravity (AG)
| measurement as a
< ./ | complementary (and
= I .New’yn“ independent) technique to
>100 CGPS stations processed with at -10 5 CGPS for monitoring

least 2.5 years of data within BIGF vertical motion

‘ Proudman Tive ety of
2= Oceanographic Laboratory

R e ot oo " | Nottingham

Re-processing of the UK CGPS data set

Longer time period and more stations considered

e Time series to end of 2008 not 2005, as in GJI paper

e >100 stations considered not just 30 stations, as in GJI paper
Bernese GPS Software v5.0 (Dach et al., 2007) used

e Models for absolute satellite and receiver antenna phase centre
e Modified internally to allow use of GMF (Boehm et al., 2006)
Consistent GPS satellite orbit and EOP products used
from 1997 to 2008:

e 1997:001 to 2006:112, re-analysed , "~
MDA (Steigenberger et al. 2006)

e 2006:309 to 2008:366, new IGS finaf »
Ambiguity resolution achieved
e Following Steigenberger et al. (2006) L=
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Re-processing of the UK CGPS data set

e Our reference frame implementation

e uses a semi-global network of approximately 50 IGS stations to
align our daily position estimates, using a no-net rotation (no

scale) minimum constraints approach, to ITRF2005
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e L€ final stages of reprocessing Py
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Reprocessing to form longer coordinate time
series for more stations
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Validation of Vertical Rates

e Vertical Rates for NEWL and LERW from Absolute Gravity (AG) and
CGPS

Station  4-char  AG  GJI* (PPPGTF

name station ITRF2000
ID

(mml/yr) (mm/yr)
Lerwick LERW -0.49 -0.09+ 05

Newlyn TG NEWL -0.74 0.13+ 0.6
*GJI (Teferle et al., 2009)

e From Altamimi et al (2007)

Toble &, Transformateon Paramevers From TTREFZO05 1o TTRF2000

000 o
) O 0ol ol

(1] X Q0 100 (X o
L) 0 o)

e TZ rate effect on vertical rates at UK latitudes ranges from +1.4 to
+1.6 mm/yr (50° to 60° N)

e ITRF2000 scale rate w.r.t. ITRF2005 of 0.08ppb/yr (equivalent to
0.5mm/yr in vertical motion)
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AG-Alignment or TZ Rate Correction?

Station 4-char GPS minus AG CGPS
name station GJI CGPS ITRF2005
ID (PPPGTF) ITRF2005 (ZCORR)
ITRF2000
(mm/yr) (mm/yr) (mm/yr)
Lerwick LERW 0.40 0.96 -0.60
Newlyn TG NEWL 0.87 1.38 0.00
Weighted Mean (o0.56) 1.11 -0.38
Standard Deviation +0. +0.20 +0.29

Is this related to the ITRF2000 scale?
Is this related to the ITRF2005 Z-translation rate?
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New maps of current vertical motion:
CGPS in ITRF2005, then AG-aligned
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New maps of current vertical motion:
CGPS in ITRF2005, then TZ rate corrected
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New maps of current vertical motion:
GJI 30 stations extended to ~60 stations
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Identifying anomalous stations using
Persistent Scatterer Interferometry

B Y P )

GPS vertical rates:
IESG: 0.1£0.2 mm/yr
NOTT: 1.24+0.3 mm/yr
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Leighton (2009)
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Identifying anomalous stations based on
geological setting

CGPS Station:
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New maps of current vertical motion:
~60 stations, then 5 anomalies removed
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Comparison of current vertical motions and
Holocene land level changes
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Comparison of current vertical motions and
Holocene land level changes
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Conclusions

e We have derived a new map of current vertical motions in the UK

e based on ~60 CGPS stations and a recent reprocessing that included data
for the period from 1997 to 2008

¢ including, for the first time, stations in Northern Ireland, to better define the
westerly extent of uplift associated with the glacio-isostatic processes active
in the region
e QOur CGPS estimates of current vertical motions

e agree with AG estimates of current vertical motions at two sites to 0.6 and
0.0 mm/yr, with the CGPS estimate showing more subsidence than the AG
estimate for the site on Shetland

e provide a ‘geodetic map’ of current vertical motions with similar
characteristics to the ‘geological map’ of Holocene land level changes

e generally agree with estimates of Holocene land level changes but the CGPS
estimates typically show less uplift for sites in Scotland

e We show how PSI and consideration of the detailed geological
setting can be used to further improve the geodetic constraints for
GIA models
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A NRevisedo GI A Model for the Br

e Ice model:

Global Background model (Basset et al., 2005)

Regional Model (Shennan et al., 2002)

Terrain correction

Rapid glaciation begin at 34k yr BP with no isostatic equilibrium
at Last Glacial Maximum

e Earth model:

e 1D, spherically symmetric, self gravitating. linear Maxwell
viscoelastic rheology

e Lower mantle - 4*¥10722 Pa s - (Basset et al., 2005)
e Upper mantle - 5¥10720 Pa s - (Peltier et al., 2002)
e Lithosphere — 71km (10743 Pa s) — (Shennan et al., 2006)
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Why revisit the GIA of the British Isles?

e Discrepancies in models published by different groups:
e Pre-LGM ice build up
e Inferred values of lithospheric thickness
Limitations of previous studies:
e Inconsistent use of trimline elevation data
New observational constraints:
e Geomorphological (Carr et al., 2006)
e Sea-level data (UK and Ireland)

e GPS data
North Jlkkck 66 model
261 25 Kyr
3271 27 Kyr 247 21 Kyr

EETT [ T T . Ice thickness (m)

125 250 375 500 625 750 875 1000 1125 2000
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Revised Ice Model: Predictions

Investigation into shallow earth structure:

—— 71km, 5*102°Pas, 4*1022 Pas

-——— 71km, 4*10%2%Pas, 4*1022 Pas

— ——_ 96km, 5*10%°Pas, 4*1022 Pas
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Data-Model Fit for Upper and Lower Mantle Viscosity
and for an alternative Ice Loading History
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