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Overview

e Holocene land level changes in the British Isles

e Current vertical motions of the UK
e Continuous GPS (CGPS)
e Absolute gravity (AG)

e Comparison of AG-aligned CGPS and Holocene land level
changes

e Changes in sea level (decoupled from changes in land
level) around the coast of Great Britain
e CGPS and AG at Tide Gauges (TGs)

e Conclusions
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Relative land-level changes for British Isles

from late Holocene relative sea-level data

e General pattern

e Based on geological evidence:

Subsidence on Shetland

Uplift in Scotland, Northern
Ireland, North of Ireland and North
of England

Subsidence in Southern Ireland,
Wales, Central England and South
of England

>1250 radiocarbon dated samples
constrain relative sea levels over
past 16,000 years with little
information for last 4,000 years

Shennan and Horton (2002)
then Shennan et al. (2006) then
Shennan et al. (2009)

Dominant signal from glacial
isostatic adjustment (GIA)

‘ L8

Shennan et al. (2009): Rates in mm/yr
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Tide Gauge

87 CGPS stations processed (mostly
with >6 years of data within BIGF)
including 10 CGPS@TG stations
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UK CGPS and AG Stations

Absolute Gravity (AG)
measurement as a
complementary (and
iIndependent) technique to
CGPS for monitoring
vertical motion




Re-processing of the UK CGPS Data Set

In-house modified* Bernese GPS Software v5.0 (Dach et al., 2007)
at the University of Nottingham

e Models for absolute satellite and receiver antenna phase centres

y r.l'!'.t\"\r

Consistent GPS satellite orbit and Earth
Orientation Parameter products used:

e CO1: 1997:001 to 2007:365

e COD: 2008:001 to 2010:010

_ _ St :
Reference frame implementation » Reference Frame Site

: : » Global Network Site
e 104 global IGS sites with homogeneous geometry over complete period

e 67 global IGS sites to align daily position estimates to ITRF2005 (using

a no-net translation and no-net scale minimum constraints approach)
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CGPS aligned to AG at LERW and NEWL
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gravity — 981046500 ocgals

gravity — 981944000 ocgals

rate for LERW = +0.19
rate for LERW
rate for NEWL
rate for NEWL
AG-alignment = -0.73
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Station selection for Geodetic Map:
Classification by Site Suitability Rating

THAEE YARD LIMEATENE UEMRER

Geological / Connected Connected to Connected to Connected to Not connected to |Not connected to [Not connected to [Not connected to |Not connected to |Not connected to
engineering directly to solid solid rockviaa [solidrockviaa |solidrockviaa |[solid rock, but on |solid rock, but on [solid rock, but on |solid rock, but on |solid rock, but on [solid rock, but on
setting of CGPS [rock. monolith, building or building or a monolith, a building or a building or a monolith, a building or a building or
station concrete block or [structure w hich |structure which |concrete block or |structure: thatis [structure: thatis |concrete block or |structure: thatis [structure: that is
concrete plinth.  [has no structural |may have concrete plinth on top of, or piled |on top of, or piled |concrete plinth on top of, or piled |on top of, or piled
deformation. structural that is on top of |into, consolidated |into, consolidated [that is on top of |into, into,
deformation. consolidated sediments; and |sediments; and |unconsolidated |unconsolidated [unconsolidated
sediments. w hich has no w hich may have [sediments. sediments; and |sediments; and
structural structural w hich has no w hich may have
deformation. deformation. structural structural
deformation. deformation.
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Structural Structural Structural
deformation deformation deformation
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Rating (SSR)
What is being VCM VCM VCM VCM, if structural |VLM VLM VLM, if structural |VSM VSM VSM
measured? deformation can deformation can
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Comparison of current vertical motions and
Holocene land level changes
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UK CGPS@TG Stations

Lerwick Aberdeen i
Lowestoft Sheerness
North Shields

Liverpool
Dover Portsmouth Newlyn

The University of

Nottingham

Stornoway
&) Bty cor

g




Changes in sea level (decoupled from
changes in land level)
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Changes in sea level (decoupled from changes in
land level) around the coast of Great Britain

2010 IESSG (F.N. Teferle)

- Station ID AMSL;¢ ASL(dALL)

name (mm/yr)

* Lerwick LWTG -0.68 -0.28 -0.96 * ST H%@ﬁg'
Stornoway  SWTG +2.22 -0.16 +2.06 N seiEgaare 1 ]
Aberdeen ABER +0.87 +1.00 +1.87 = % Livewrlg
N. Shields NSTG +1.92 +0.01 +1.93 & | 4 ]
Liverpool LIVE +1.60 0.00 +1.60 s | T
Lowestoft LOWE +2.57 -1.34 +1.23 2 ol |

? Sheerness SHEE +2.23 +0.55 +2.78 ? § - i

~ Dover DVTG +2.18 +0.10 +2.28 ~ = 4f L -
Portsmouth PMTG +1.58 -0.37 +1.21 :

Newlyn NEWL +1.70 -0.69 +1.01 2
Negative of E/S rate [mm/yr]
e Notes:

e MSL estimates taken from Woodworth et al. (2009)

e * = |atest estimates suggesting spurious tide gauge record, as LERW CGPS on solid
rock has a similar (-0.54 mm/yr) change in land level to LWTG

e 7? = latest estimates suggesting recent local scale movements
e — = |latest estimates compromised by monument replacement
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Changes in sea level (decoupled from changes in
land level) around the coast of Great Britain

e Station ID
name
* Lerwick LWTG

Stornoway SWTG
Aberdeen ABER
N. Shields NSTG
Liverpool LIVE
Lowestoft LOWE
? Sheerness SHEE

~ Dover DVTG
Portsmouth PMTG
Newlyn NEWL

e Notes:

e Mean (excl. LWTG, SHEE and DVTG) of +1.56mm/yr
e Possible increase with latitude?
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Changes in sea level (decoupled from changes in
land level) around the coast of Great Britain

e Station ID
name
* Lerwick LWTG

Stornoway SWTG
Aberdeen ABER
N. Shields NSTG
Liverpool LIVE
Lowestoft LOWE
? Sheerness SHEE

~ Dover DVTG
Portsmouth PMTG
Newlyn NEWL

e Notes:

MSL time
series
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e Mean (excl. LWTG, SHEE and DVTG) of +1.56mm/yr
e Possible increase with latitude?
e No apparent correlation with MSL time series length
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Conclusions

e \We have derived a geodetic map of current vertical
motions in the UK:

e pbased on 2 AG stations and 51 CGPS stations, and a recent
reprocessing that included data for the period from 1997 to
2010;

e which has similar (but not identical) characteristics to a
‘geological map’ of Holocene land level changes;

e which is available for use in any assessments of future changes
INn relative sea level for flood and coastal risk management in the
UK
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Conclusions

e We have derived new estimates for the changes in sea
level (decoupled from changes in land level):

e pased on 2 AG stations and 7/10 CGPS@TG stations, and a
recent reprocessing that included data for the period from 1997
to 2010;

e with an average for around the coast of Great Britain of
+1.56mm/yr, when combining the current vertical motions from
CGPS and AG, and changes in sea level for the past few
decades/past century;

e with an average for around the coast of Great Britain which is
similar but slightly larger than the +1.4mm/yr obtained by
Woodworth et al. (2009) using vertical motions based on
geological evidence;

e showing a possible correlation between changes in sea level and
latitude over the 8 degrees extent in latitude of the British Isles

5 S National
The University of Cent
,it Nottingham ° il




g

ABER
DVTG
LIVE
LOWE
LWTG
NEWL
NSTG
PMTG
SHEE
SWTG

13231M0O01
13283M002
13233M0O01
13232M001
19159M001
13273M0O01
13216M001
13289M003
13236M001
19158M001

The University of

Nottingham

Additional Slides

Aberdeen TG
Dover TG
Liverpool TG
Lowestoft TG
Lerwick TG
Newlyn TG

North Shields TG
Portsmouth TG
Sheerness TG
Stornoway TG

3C
2C
3C
3C
1C
1C
3C
3C
4C
1C

National
Oceanography Centre




) g

Averaged Sea Level Changes
from Geodetic Techniques

TG+ TG+ TG+ TG+

Station ID TG* GPS1 GPS2 GPS3 GPS4 GPS1 GPS2 GPS3 GPS4
Lerwick LERW -0.65 + 0.54 -0.57 + 0.28 -1.33 -1.25
Lerwick LWTGH -0.68 + 0.34 -0.44 + 0.76 -1.12
Aberdeen** ABER ggy (ai0 000 03¢ 0895 (g [ | 1 g 9 0 15 0
N. Shields NSTG 192 1 012 026 052 0U3 015 o6 | BY
Liverpool**  LIVE 1.60 + 0.17 0.51 + 0.43 -0.09 + 0.26 A e ELSN
Lowestoft LOWE 257 + 31 1.40 1.19
Sheerness SHEE 3 + 0 2,59
Portsmouth PMTG 1.58 + 0.44 -1.15 + 046 -0.35 + 0.34 0.43 1.23
Newlyn NEWL 1.70 + 0.10 =043 + 0.70 -0.66 + 0.33 -021 + 027 025 1.27 104 149 145
*TG trend Woodworth et al. (2009) Mean (long TG records): 1.68 1.62 1.52 1.61
**Composite record S.D.:. 034 035 0.04 0.22

NWTG not used further as time series still short
MSHEE but only with data up to 2003

GPS1: AG-aligned PPPGTF (Teferle et al, 2009)
GPS2: AG-aligned CGPS (this study)

GPS3: Wgppelmann et al. (2009)

GPS4: King et al. (2009)

The University of
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Units in mm/yr
Uncertainties are 1-sigma
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Averaged Sea Level Changes
from Geology and GIA Models

TG+ TG+ TG+ TG+ TG+ TG+ TG+
Station Geology Site TG* GEO1 GEO2 GEO3 GIAl1 GIA2 GIA3 GIA4 GEOl1 GEO2 GEO3 GIAl1 GIA2 GIA3 GIA4
Lerwick Shetland -0.68

+ 0.34 -0.87 -0.47 -0.12 -0.27 -1.07 -1.55 -1.15 -0.80 -0.95 -1.75
Aberdeen** Aberdeen 087 + 010 069 073 054 060 054 001 0372 155 160 141 147/ 141 088 119
NiShields - NE Englifees 192 + 012 000 026 016 000 004 O 3 (78 188 215 198 o2 =8 17 100
Liverpool**  Mersey 1.60 + 0.17 -0.21 0.23 -0.38 0.37 -0.14 -0.14 -024 139 183 122 197 146 146 1.36
+ 178 222 207 206 1.71

Lowestoft East Anglia 2.57 0.33 -0.61 -0.51 -0.79 -0.35 -0.50 -0.51 -0.86 1.96 2.06
Sheemess  Thames | . 38

99 1838 179 150

Portsmouth Hampshire 1.58 + 0.44 -0.58 -0.30 -0.76 -0.14 -0.38 -0.39 -0.73 1.00 128 082 144 120 1.19 0.85
Newlyn Cornwall 1.70 + 0.10 -1.12 -0.63 -0.25 -0.88 -0.53 -1.16 0.58 1.07 145 082 117 054
*TG trend Woodworth et al. (2009) Mean (long TG records): 1.38 1.68 144 174 144 140 123
**Composite record S.D.: 049 039 024 0.28 044 040 0.44

GEO1: Shennan and Horton (2002); Shennan et al. (2006)
GEO2: Shennan et al. (2009)

GEO3: Gehrels (2009), in press

GIAL: ICE-4G (VM2) as per Peltier (2001)

GIA2: ICE-5G (VM2) (Peltier, 2004)

GIA3: Stocchi (2009), personal communication _ _Umts In m_m/yr
GIA4: Bradley et al. (2009) Uncertainties are 1-sigma
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