Height Determination for the most
Accurate SLR Stations

Peter Dunn, Van Husson, Frank Whitworth: Peraton Inc; Greenbelt, USA

Recent advances in SLR data analysis allow the separation of accurate height
measurements from the non-geodetic signal, to complement the more easily
resolved horizontal motion.

A constant range bias has the simplest, the most common and the most easily
accommodated form: it can be resolved during the reference frame analysis
process, given an accurate time interval over which it is expected to apply.

We examine the emerging results from ITRF2020 (Pavlis et al, REFAG 2022) and
prioritize the most accurate geodetic products.




Non-geodetic Signals which affect
Orbit and Station Positioning

0 Microchannel Plate (MCP): GGAO (GREENBELT, MD)
» Discriminator time walk

0 Compensated SP Avalanche Diode (C-SPAD):GRAZ AUSTRIA
» Profile Clipping

0 Single Photon: HERSTMONCEUX UK

» Return signal profile
» Time Interval Unit (TIU) non-linearities

0 Common to each system:

» Horizontal target survey error
» Optical path filter delay
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0 ITRF2020 SSEM Range Bias(RB) results can be found on the JCET website




ITRF2020 Range Biases at Yarragadee,
Australia (MOB5)
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d SSEM RBs show > 5mm offset in 2019




Minico Results at Yarragadee,
Australia (MOB5)
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O Multiple Target Ranging shows Target B moved 6 mm between 2018 and 2021




SSEM Results at Yarragadee
match Minico
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Two 3 mm target B shifts between 2018 and 2021 are seen in the SSEM RB signal
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ITRF2020 Position Time Series: GRZL and HERL

Residual time series

The plot below shows the differences (residuals) between the daily/weekly station position estimates provided by the techniques and the ITRF piecewise linear

[+post-seismic deformation] model and the ITRF piecewise linear [+ post-seismic deformation + annual & semi-annual; from ITRF2014 on] model.
It is possible to restore the ITRF kinematic model into the plot by clicking "Trended" option and resubmit the form.
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ITRF2020 Position Time Series: GODL and GRZL

Residual time series
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ITRF2020 Position Time Series: GODL and HERL

Residual time series ITRE

ITRF2020 v
The plot below shows the differences (residuals) between the daily/weekly station position estimates provided by the techniques and the ITRF piecewise linear

[+post-seismic deformation] model and the ITRF piecewise linear [+ post-seismic deformation + annual & semi-annual; from ITRF2014 on] model.

It is possible to restore the ITRF kinematic model into the plot by clicking "Trended" option and resubmit the form. Filter station search by techniques

E @D vLBI
1985 1990 1995 2000 2005 2010 2015 2020 @ str
120 @D GNSS
20 @D DORIS
60
30 ¥ - - —— . Station C
. v —— ‘h‘;‘ -
o 7 " GODL 40451M105 (7105) X v
30 Tuesday, Apr 19, 1983
@4 o -39.44
-60 e E: 33.92 Station B
-90
N HERL 13212S001 (7840) X v
45
30 B Trended
15 .
. 2 . A__:A—
0 42 2e g o, ot 204 . M
I R s m
-15 s +
Tuesday, Apr 19, 1983 s GODL 40451M105
30 (o) o N:-31.59 . HERL 13212S001
*q o N:-6.97 . et i 7840132125001 ajctory
_a5 q
15 o, |
£l o | Tuesday, Apr 19,1983 $ B \\
5 9| eH: 572 3 P
<3 eH:588 — \ 5
0 . e
TS . & .
-5 ecs :: S
< | S
-10 L ;S . oon
-15 *
-20

1985 1990 1995 2000 2005 2010 2015 2020




ITRF2020 Position Time Series: GODL and HERL

Bird’s Eye View of ITRF2020 plots:
Greenbelt subsiding
Hx not (since 2002)

Greenbelt: conforms with prevailing
GIA model

Hx: forebulge collapse compensated
by Greenland Ice melt VLM

2010 2020
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ITRF2020 Position Time Series: GODL and HERL

Bird’s Eye View of ITRF2020 plots:
Greenbelt subsiding
Hx not (since 2002)

Greenbelt: conforms with prevailing
PGR model

Hx: forebulge collapse compensated
by Greenland Ice melt VLM
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Height Determination for the most
Accurate SLR Stations

O ITRF2020 Analysis
» SSEM RB estimates improve Reference Frame and Station Calibration

O Station Height Quality

» Stations with constant RB errors benefit from SSEM
» mm RB closure enables sub-mm/year rate resolution
» The remaining SSEM RB signal can improve the CoM model

O Application

» Accurate height collapse and uplift rates can improve Earth Models for the monitoring of Sea

Level Rise
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Height Determination for the most
Accurate SLR Stations

Peter Dunn, Van Husson, Frank Whitworth: Peraton Inc; Greenbelt, USA

Recent advances in SLR data analysis allow the separation of accurate height measurements
from the non-geodetic signal, to complement the more easily resolved horizontal motion.
However, elimination of engineering and environmental effects requires knowledge of the
form of the signal.

A constant range bias has the simplest, the most common and the most easily
accommodated form: it can be resolved during the reference frame analysis process, given
an accurate time interval over which it is expected to apply.

We examine the emerging results from ITRF2020 (Pavlis et al, REFAG 2022) and prioritize the
most accurate geodetic products.

We will show height variations from a variety of SLR stations in different tectonic regimes.
They contribute to long-term tectonic Earth models and monitor vertical variation at higher
frequencies: annual, tidal, and diurnal.

Data handling techniques will be outlined to enhance the isolation of the geodetic signals
and enable their application to Earth and Ocean model development.
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Abstract

Vertical land motion (VLM) of Earth’s surface can aggravate or mitigate ongoing relative sea
level change. The near-linear process of Glacial Isostatic Adjustment (GIA) is normally
assumed to govern regional VLM. However, present-day deglaciation of primarily the
Greenland Ice Sheet causes a sif int non-inear elastic uplift of >1 mm yrtin most of
the wider Arctic. The elastic VLM exceeds GIA at 14 of 42 Arctic GNSS-sites, including sites in
non-glaciated areas in the North Sea region and along the east coast of North America. The
combined elastic VLM + GIA model is consistent with measured VLM at three-fourth of the
GNSS-sites (R=0.74), which outperforms a GlA-only model (R=0.60). Deviations from GNSS-

VLM, are il as estil of local ci causing VLM. Future
accelerated ice loss on Greenland, will increase the significance of elastic uplift for North
America and Northern Europe and become important for coastal sea level projections.

ce loadin odel

The main component of the elastic VLM model is the ice loading model. The mean elevation change
[m yr?] rate from 2003-2015 for the ice areas included is shown in the figure below. We include all
We are aware that also Southern Hemisphere may impact the region of this study (Riva et al.,
2017). However, mass loss of the Southern Hemisphere is considerably smaller and specifically
Antarctica is so far away, that it safely can be neglected.
Glacial mass balance change**
estimates from Marzeion et al.
(2012) and shapefiles of the
Randolph Glacier Inventory
(RGI 6.0) (Pfeffer et al., 2014)
are used to create estimates of
yearly ice elevation change in
a2x2 km spatial grid assuming
uniform ice density of 917 kg
m-=. This combined with a
Greenland Ice Sheet model
build on Khan et al, 2013.

ce Mass Change (G
Sea Lovel Cortrbution fmil

Top: Total ice loss and equvalent

sea level contribtuion. The ice 105§%:;
included accounts for 80% of the
global ice loss.

- /gt m yr]

Importance of Northern Hemisphere Vertical Land Motion for Geodesy and e
Coastal Sea Levels

Carsten A. Ludwigsen', S. Abbas Khan', Ben Marzeion? and Ole B. Andersen'

DTU Space

Q INTAROS

'DTU Space, National Space Institute, Lyngby, Denmark, 2University of Bremen

aps of elastic deformation and GIA

Average VLM rates (mm yr?) from
2003-2015 from Glacial Isostatic
Adjustment (Caron et al, 2018)
3 (left) and elastic rebound from
contemporary land ice loss with
of Svalbard (right).

[Elastic VLM ,, i
- 20032015 _»
W

Elastic VLM is the immediate rebound when mass is removed
from the surface, i.e. by melting Ice Sheets. The ice-model
surface loading described above, used as input for the REAR-
model (Regional ElAstic Rebound calculator, Melini et al., 2014)
to make an elastic VLM-mode! with the same, high resolution
(2x2 k). REAR is build on the sea level equation of Farrell and
Clark (1976) and assumes a solid, non-rotating and isotropic Melini
earth. By combining GIA with the elastic VLM-model, the p:
combined VLM-model can be evaluated against GNSS
measurements. The Love numbers used in REAR are defined
with respect to Earth's centre of mass (CM-frame).

Gegour,
REAR-v

Caron 2018 GIA-mod
elastic VLM-model available: ftp.spac

Ludwigsen et al (submitted) -

Key points:

1. Elastic Vertical Land Motion caused by present-day melt of
Greenland causes significant uplift of coastlines in North
America and Northern Europe and thus is Greenland ice loss
in part mitigated by rising coastlines in the Northern
Hemisphere.

A combination of GIA and the elastic deformation from
present-day ice loss yields good agreement, and outperforms
a GIA-only model at most GNSS-sites located above 50N.

Differences between GNSS and the combined VLM-model
can potentially quantify local circumstances causing VLM,

like past ea
like Iceland.

hquakes or extraordinary subsurface properties,
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VLM-model compared to GNSS and GIA

Elastic + GIA Uplift 2003-2015 [mm/yr]
GIA + elastic VLM | y

Rt South Const

Left and top: Average VLM-rates (mm yr) from 2003-2015 from the VLM-

model (Glacial Isostatic Adjustment + elastic VLM). The color of the squares

represent the GNSS measured average VLM-rate for the same period. For
ification Alaska South Coast, enlarged (top).

Below: The share of GlA-rate and elastic VLM-rate from the total absolute
ViM-ate (in absolute terms) in percentage. Red colors indicate areas
where GIA dominates VLM while blue colors indicate where the elastic
VLM is larger.

100% GiA

Below: 2003-2015 average VLM change [mm yr -1 ] from the elastic VLM model (blue)
and GIA (red) at 42 GNSS-sites shown in the figure above from most west (left) to most
east (right). The dotted cyan-colored line indicates the average barysteric sea level rise (~
1.4mm yr* ) from the ice loss included in this study. The lighter red indicates where GIA s
negative  and  hence  overlaps  the  positive  elastic  VLM.
Bottom: The residuals between GNSS-measured VIM and the combined VLM-model
(blue) and Glé-only (red). The average of the absolute residuals (equivalent to Mean
Absolute Error) is 1.54 mm yr -1 and 2.09 mm yr -1 respectively.

;.,JMI[B.-....,,

H|w‘lh

100% slastic VLM

b o THULE 2
[

VO e I G
§ ol

il

o it

PERFCES

Below: VYearly displacement {mm) for Thule {Northeast
Greenland) from 2003 to 2013, measured by GNSS (green line -
shaded green area is 10)) and from the VLM-model (black line
shaded grey area is 10). The elastic VLM is represented by the
blue area and Gi by the orange area, which in this case is small.
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GPS Imaging of Global Vertical Land Motion for Studies of Sea Level Rise
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