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Processing of the NKG 2003 GPS
Campaign

1 Introduction

The Nordic countries have implemented national realizations of
ETRS 89. Depending on when the realizations were made and on
which ITRF the realizations are based, there are differences between
the realizations up to a few cm. The national realizations have
already been introduced to the users and will not be replaced. There
are however situations were a common reference frame could be
useful, e.g. for the Nordic Position Service which is under
development. A common reference frame could also act as a link for
transformations between the different national realizations and
between the realizations and ITRF.

Resolution No 3 of the 14t General Meeting of NKG recommends
the development of a unified ETRS 89 reference frame on the cm
level for the Nordic area and of formulas for transformation from
such a reference frame to the national realizations of ETRS 89, as well
as the transformation from ITRF to the unified ETRS 89 reference
frame.”

The NKG working group for Positioning and Reference frames was
given the task to develop such a common Nordic reference frame
and transformation formulas. The chairman of this working group,
Per Knudsen at DNSC, is leading the activity.

A working group meeting was held in Gavle in June 2003 to plan and
organize the work.

GPS observations for the NKG 2003 GPS campaign were carried out
from September 28th to October 4th, 2003 as a co-operation between
members of NKG and the Baltic Countries. The observation
campaign and data quality assurance were coordinated by Finn Bo
Madsen at KMS?/DNSC.

The campaign has been processed by four analysis centres, using
three different softwares:

" Danish National Space Centre

% Kort og Matrikelstyrelsen, Denmark
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e NMA?, Torbjern Nerbech, GIPSY/OASIS II
e 0OSO* Martin Lidberg, GAMIT/GLOBK
e LMV’ Lotti Jivall, Bernese version 5.0

e KMS (Kort og Matrikelstyrelsen, Denmark), Mette Weber
/Henrik Rennest, Bernese version 4.2

The processing was coordinated by Lotti Jivall at LMV, Sweden, who
also is responsible for calculating the final combined solution.

The last part of the project is the development of transformation
strategies and formulas. This work is lead by Torbjern Nerbech at
NMA, Norway.

This report documents the processing of the campaign.

3 Norweigian Mapping Authority
* Onsala Space Observatory, Sweden

3 Lantmdéteriet, Sweden



2 The campaign

GPS observations for the NKG 2003 GPS campaign were carried out
from September 28th to October 4th, 2003 (day 271 to 277, GPS-week
1238). The observation campaign was co-ordinated by Finn Bo
Madsen at KMS, Denmark.

Stations from Denmark, Estonia, Finland, Greenland, Iceland, Latvia,
Lithuania, Norway and Sweden - finally 133 stations - participated
in the campaign - see figure 1 and 2.
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Figure 1: Stations in the Nordic-Baltic part of the NKG 2003 campaign.
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Figure 2: Stations in the Atlantic part of the NKG 2003 campaign.

Table 1 contains names, sorted by country, for all the observing
locations found. Most of the GPS sites are permanent. Non-
permanent stations have been written under a line.

Data and sitelog information for all stations have been transferred to
an ftp-server (ftp2.kms.dk) at KMS in Copenhagen.

The RINEX-files and site log files were checked for quality,
completeness and correctness by Henrik Rgnnest at KMS. This
quality control is documented in a special Data Validation Report.

The station characteristics (antenna, receiver and eccentricities) are
found in appendix A.

The Lithuanian colleagues noticed problems with one of their
stations (L311). To be sure to have this station included in the
resulting coordinate set from the campaign, this station was
observed for 5 extra days (292-296), ten days after the campaign
together with the Lithuanian stations VLNS and KLPD.


ftp://ftp2.kms.dk/

Table 1: Stations included in the NKG 2003 GPS Campaign.

Denmark
BUDP
SMID
SULD

Estonia
SUUR

Finland
JOEN
KEVO
KIVE
KUUS
METS
OLKI1
ouLu
ROMU
SODA

TUOR
VIRO
VAAS

Greenland
QAQ1
SCOoB
THU3

Iceland
AKUR
HOFN
REYK

Latvia
IRBE
RIGA

Lithuania
KLPD
VLNS

PRES
SAND
SIRE
SKOL
SOHR
STAS
TGDE
TONS
TRDS
TRMS
TRO1
TROM
TRYS
ULEF
VARS

Sweden
ALMU
ARHO
ARJE
ASAK
ATRA
BIE_
BJOR
FALK
FBER

FROV
GAVL
HALE
HALV
HARA
HASS
HILL
JONK
KALL
KARL
KIRO
KIRU
KNAR
LEKS
LJUN
LODD
LOVO
MARG
MARI
MJOL
NORB
NORR
NYHA
NYNA
ONSA
OSKA

OSTE
OVAL
OVER
OXEL
RORO
SKAN
SKEO
SKIL
SMOG
SMYG
SODE
SPTO
STAV
SUND
SVEG
UMEA
UPPS
VANE
VAST
VILO
VISO
VOLL
ZINK
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3 Guidelines for the Processing

3.1 Introduction

Martin Lidberg and Lotti Jivall were assigned the task to propose
guidelines for the processing of the NKG 2003 campaign. A draft
was written in January 2004 and distributed to the analysis centres.
The document was never finally published. During the processing
some of the guidelines were changed, mainly concerning division
into sub-networks and the connection to ITRF. The guidelines in this
section are updated with those changes.

Guidelines are proposed for the following areas:

e the troposphere,

ocean tide loading,

e atmospheric loading,

e orbits,

e other processing options,

e possible sub-network division

e connecting the campaign network to ITRF2000,

3.2 General strategy

At the meeting in Géavle in June 2003 of the working group for
positioning and reference frames it was concluded that it would be a
good idea to process the GPS campaign using the different software
packages available within the group. These are:

e the Bernese GPS processing software
e GIPSY/OASIS II
e GAMIT/GLOBK

As a general philosophy for computing a GPS campaign using
different software packages, we have concluded that each software
package should be used together with the recommended settings for
the respective software. Using this approach we will be able to check
for possible differences in the result not only depending on the
programs used, but also due to differences in processing strategy.

No attempt is therefore done to fully harmonise the processing
strategy. We have rather tried to document how the programs are
commonly used and if possible explain and compare differences.

Just for a few (but important) parameters, common recommen-
dations were set: elevation cut-off = 10°, elevation dependent



weighting of the observations, ocean tide loading corrections using
the FES 99 model (values from Onsala provided for the stations in
the campaign), and no atmospheric loading correction.

3.3 The Troposphere

See appendix A for a theoretical background.

3.3.1  Proposal

For handling the troposphere it is proposed to use the settings
recommended for the particular software.

3.3.2 The Bernese GPS software Version 4.2

In the manual for Bernese v 4.2 (pg 191) it is recommended to
estimate the total zenith delay together with the use of the dry Niell
mapping function (Niell 1996).

In previous versions of the software it was recommended to use an
apriori model for the delay and to estimate only the corrections to this
model. But because the mapping functions included in these models
(e.g. Saastamoinen or Hopefield) is not the best anymore, this is no
longer the recommendation.

According to “Guidelines for EPN analysis”

(http:/ /www.epncb.oma.be/ ¢guidelines/ guidelines _analysis centres
.html ) the recommendation is to estimate hourly troposphere
parameters. The estimated parameters are valid for the time period
(ti to ti+1). The troposphere modelling may thus be considered as a
step function (Bernese GPS software Version 4.2 documentation).

Since the objective of this campaign is to get a common co-ordinate
set, the tropospheric parameters are just a bi-product, it is allowed to
increase the interval for the tropospheric parameters to hold down
the number of unknowns.

3.3.3 The Bernese GPS software Version 5.0

The recommendations for the troposphere handling have been
changed for this new version (according to the help function in the
program).

It is recommended to model the hydrostatic (dry) component of the
tropospheric path delay using the Saastamoinen model with 'dry’'
Niell mapping function to obtain troposphere slant path delay


http://www.epncb.oma.be/guidelines/guidelines_analysis_centres.html
http://www.epncb.oma.be/guidelines/guidelines_analysis_centres.html
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values. The wet part is estimated as troposphere zenith path delay
corrections using the ‘wet” Niell mapping function.

In addition to this horizontal gradient parameters should be
estimated using the tilting-function - one set for 24 hours - to model
azimuthal asymmetries.

334 GAMIT

In GAMIT the troposphere delay is divided into its dry and wet
components.

The zenith dry delay is determined from a model, and the estimated
deviation from this model is considered to be the wet delay. An
apriori value for zenith wet delay is determined from a model. To
convert the zenith dry delay and the estimated wet delay to delay at
a particular elevation, separate mapping functions for the dry and
wet delay are applied.

According to the GAMIT documentation the proposed models and
parameters to use is Saastamoinen model for dry and wet zenith
delay, the Niell dry and wet mapping functions, and a sea level
pressure of 1013.25 mbar, temperature of 20°C, and 50% relative
humidity.

3.3.5 GIPSY

The handling of troposphere in GIPSY is principally very similar to
GAMIT. A value for the zenith hydrostatic delay is achieved from an
apriori model, and a value for the wet zenith delay is determined
during parameter estimation. An apriori value for the wet zenith
delay of 0.10m is used. Unfortunately, the apriori model for the
hydrostatic zenith delay is not known for the authors.

The Niell (1996) are the current choice of hydrostatic and wet
mapping functions.

3.3.6  Short comparison of the different approaches
for handling of troposphere between the
software

The “error” in modelling of the troposphere done by the Bernese
version 4.2 approach is to model the complete tropospheric delay
using the dry Niell mapping function. Therefore the wet part of the
tropospheric delay is modelled with “wrong” mapping function (the
dry and not the wet mapping function). If the wet part of the zenith
tropospheric delay is considered to be less than 25 cm (extreme
value), the amount of tropospheric zenith delay that is not optimally
modelled is 25 cm. A typical value is at the level of 10 cm at mid to
high latitudes.



The “error” in modelling done while using the Bernese version 5.0,
GAMIT or GIPSY approach, is that the value for the hydrostatic
delay is achieved from an a priori model and variations from the
actual hydrostatic delay is thus modelled using wrong mapping
function (the wet and not the dry mapping function). The correct
value for the hydrostatic delay can be computed accurately from
measured air pressure using (7) and (8) in appendix.

A simple check of the RINEX m-files from Metsdhovi at noon during
year 2003 give a (minimum, mean and maximum) value of (970,
1005, 1034) hPa. The variation is thus -35 to +30 hPa. Applying this
variation to the typical sea level pressure of 1013.25 hPa and
computing hydrostatic delay for Onsala following eq. (7) and (8) of
the appendix, gives the results presented in Table 1.

Table 2: Hydrostatic delay computed for Onsala (latitude 57.2°, ellipsoidal
height 45m) following equation (7) and (8) of the Appendix.

Air pressure at | Hydrostatic Deviation from a|Comment
Sea level (hPa) |delay (hd) in|priorihd in (m)
(m)
1013.25 2.288 Normal pressure
1043.25 2.355 +0.067 + 30 hPa
978.25 2.208 -0.080 -35 hPa
1083 2.445 +0.157 Siberia 1969 *
870 1.964 -0.324 Philippines 1969 *
1064 2.402 +0.114 Kalmar, Sweden,
1907*

(* Source: http://www.aftonbladet.se/vss/vader/story/0,2789,328755,00.html , and Eva Brokhgj,
SMHI, Gefle Dagblad 2003-11-06).

From table 2 it can be concluded that the hydrostatic delay deviate
from its a priori value by less than 10 cm except for extreme events.
This is thus the miss modelling introduced in the GIPSY and GAMIT

approach.

Comparing the tropospheric modelling in the Bernese version 4.2
and Bernese version 5.0, GIPSY or GAMIT software it may be
concluded that modelling errors would be expected to be slightly
smaller in the Bernese version 5.0, GIPSY or GAMIT approach.

3.4 Ocean tide loading

It is proposed to model the ocean tide loading in the processing.
Hans-Georg Scherneck, OSO, has generously offered the help to
compute ocean tide loading parameters for all stations included in
our campaign.


http://www.aftonbladet.se/vss/vader/story/0,2789,328755,00.html
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The primary recommendation model for our project is to use FES99,
or GOTO00 as a second choice. The differences in the result of our GPS
campaign due to different models for Ocean tide loading would
however be very small in our area, especially while computing 24 h
sessions (Scherneck, personal communication).

For Bernese users some active steps are needed to include ocean tide
loading parameters.

In the GAMIT distribution, ocean loading parameters from the
OSCR4.0 model are available for a list of IGS stations, and a grid is
available for interpolation of parameters for other new stations.
However, the grid and model are not at the latest state-of-the-art
standard anymore. Therefore it is proposed to use the new
parameters according to FES99 for all stations included in the
campaign.

Ocean tide loading parameters are commonly included in processing
using GIPSY. How new parameter values are included is however
not investigated in this paper.

See (http://www.oso.chalmers.se/~hgs/README.html) for more
information on ocean tide loading.

3.5 Atmospheric loading

The variation in load from the atmosphere on the earth crust, due to
variation in air pressure, will cause displacements of the crust in the
vertical as well as the horizontal components. A rough look at the
time series of displacements for Metsdhovi available at Hans-Georg
Schernecks home page (see link below) indicate a magnitude of
vertical displacements at the 1 cm level with maximum values at 2
cm. Horizontal displacements are usually below a few mm.

The magnitude the atmospheric loading displacements could
motivate the inclusion of corrections for this effect. A brief look at the
air pressure data from Metsdhovi give a minimum and maximum
value of 990 and 1007 hPa respectively, that can be compared to the
mean value for year 2003 of 1005 hPa. It may also be expected that
the air pressure variation is fairly regular within the area of interest
for our campaign (this likely for high pressure, while the variation is
usually more irregularly for low pressures). So, if our campaign is
connected to ITRF2000 using stations within or close to the
Nordic/Baltic region it can be justified to neglect the atmospheric
loading.

Conclusion: For the time being is it not recommended to include
corrections for atmospheric loading.

More information is available at
(http:/ /www.oso.chalmers.se/~hgs/apload.html ).



http://www.oso.chalmers.se/~hgs/README.html
http://www.oso.chalmers.se/~hgs/apload.html

3.6 Orbits

As already decided at the meeting in Gavle in June 2003 of the
working group for positioning and reference frames, IGS final orbits
and the corresponding earth orientation parameters should be used.

This is not applicable for the GIPSY since orbits and satellite clocks
corresponding to the models in GIPSY have to be used for the PPP
solution. Normally products from JPL are used. JPL is one of the IGS
analysis centres.

3.7 Other Processing Options

As decided at the meeting in Gévle in June 2003, the elevation-cut-off
angle should be set to 10° and elevation dependent weighting should
be applied.

It is recommended to make an optional solution with a higher cut-off
angle, e.g. 25° (or make an elevation dependency study in some other
way). A large elevation dependency is an indication of shortcomings
of the used antenna model, i.e. the used antenna model does not
describe the real antenna and its environment perfectly, which leads
to uncertainty in the estimated co-ordinates, especially the height
component.

3.8 Possible Sub-networks

During the discussions before writing the guidelines we anticipated
that the stations in Greenland and Iceland would have a negative
impact on the central Nordic-Baltic part in network solutions. The
recommendation for network solutions was therefore to divide the
network in two parts - the central Nordic-Baltic part and the Atlantic
(Greenland- Island-Svalbard) part. When processing the data it
turned out that this was not a problem.

There might however be other reasons for dividing the network into
sub-networks, e.g. limitations in number of stations processed
simultaneously. No special recommendations for how this sub-
division should be made are given here.

3.8.1 Bernese

There are no hard coded limitations of the network size (number of
stations), the declarations for the variables could be edited by the
user and the software re-compiled. Though, the memory size of the
computer might set limitations. It is quite common to divide large
regional networks into clusters, where the clusters just are connected
with one baseline to each other.
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3.8.2 GIPSY

The precise point positioning (PPP) strategy applied using GIPSY
implies that stations are computed on a per point basis. Therefore the
discussion on networks and sub-networks are not applicable.

There is also possible to perform ambiguity fixed solutions using the
GIPSY software. This kind of solution is however be based on double
differences and then we are back to some kind of network solution.
For our project there will be no attempt to resolve ambiguities to
integers in the GIPSY solution.

3.8.3 GAMIT/GLOBK

In the version (compilation) of GAMIT available to the Onsala group
at the moment, there is a limitation of 45 stations that can be
processed simultaneously. Therefore some division into sub-
networks will be needed. The different sub-networks will then be
merged using the GLOBK part of the software. Division of the
computation into sub-networks is usually not considered as a critical
issue for GAMIT/GLOBK users. Let’s assume this is true also for the
NKG 2003 campaign.

For the GAMIT processing is proposed to compute a “backbone”
including most EPN stations within and close to the area of interest.
The all stations within each country are processed including some
stations in neighbouring countries to get the relations of close by
stations and maybe improve the overlap. Sweden with more than 45
stations may be divided by geography in a north-south part, or by
function in “original stable SWEPOS” and “additional new roof-
mounted network RTK-stations”.

3.9 Connecting / constraining to ITRF 2000

The connection to ITRF 2000 could either be done as a global
connection, where globally distributed stations are used for the
connection, or as a local/regional connection just connecting to

stations in the region. The latter one is most commonly used for
ETRS 89 realizations.

A global constraint may be considered most correct (on a general
level) when connecting to a global reference frame, while
local/regional  constraints may reduce influence from effects
common or similar to stations in the area of interest (e.g. atmospheric

loading).

Independent of the choice of a global or regional connection, the
stations for the connection must have reliable ITRF 2000 coordinates,
i.e. if extrapolated the coordinates must be based on long and reliable
time series.



Many of the EPN-stations are included in the IERS ITRF 2000-
solution, but the estimated velocities of the non-IGS-stations are not
good enough considering that the co-ordinates will be extrapolated
almost 4 years to the epoch of the campaign. The conclusion is that
just IGS-stations should be considered for the (direct) constraint.

Stations with shifts that not have been taken into account in the IERS
ITRF 2000 solution should not be used, e.g. ONSA, which had a
height shift when the radome was replaced February 1st 1999.

Furthermore, the constrained stations should be chosen in such a
way that (major) extrapolation is avoided.

3.9.1 GIPSY

The GIPSY PPP strategy result first in a “no-fiducial” solution and in
the next step a transformation (7-parameter) to ITRF2000 is
performed. While using satellite position and clock information from
JPL, the transformation to ITRF2000 are usually based on some 20
globally distributed stations. The selection of the stations is made by
JPL as they provide the transformation files.

39.2 GAMIT/GLOBK

The daily solutions of the local campaign computed using GAMIT
will be merged using GLOBK with daily global solutions of IGS
stations fetched from SOPAC. The result will be daily solutions of
our campaign, constrained to ITRF2000 using a set of global stations.
The selection of stations used for the constraint is made by the user.
While examining the daily repeatability etc. a local connection to
ITRF2000 may be considered.

3.9.3 The Bernese GPS software

In the Bernese Software the alignment to a reference system is
performed either by constraining, fixing or fitting a number of
stations to known co-ordinates in the desired reference frame. This
means, in any case, that a certain minimum number of stations with
reference co-ordinates, covering the area to avoid extrapolation, have
to be included in the solution.

3.9.3.1 Daily and Combined solutions

First daily solutions are processed, for these we recommended to
make minimum constrained adjustments. In Bernese version 4.2 one
station could be constrained and in version 5.0 we recommend to a

21
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use minimum constraint with no-translation condition. Normal
equations are saved.

The daily solutions are then combined to a campaign solution by
minimum constraint with no translation condition. .

As the possibilities to make minimum constrained solutions are
better in version 5.0 we decided to use this version for the final
combination for both the KMS and LMYV solution.

3.9.3.2 Selection of stations and coordinates for the
constraint

Different strategies for selection of stations and coordinates for the
constraint to ITRF are possible. Here some alternatives:

1. The standard way used by Bernese users of connecting a
network solution to ITREF, is to directly use the ITRF solution
published by IERS including coordinates and velocities. The
coordinates are extrapolated to the epoch of the campaign
using the velocities. However for this campaign not enough
stations with good coordinates in ITRF 2000 are included in
the network, thus this alternative was not used. Note that the
extrapolation of the coordinates to the campaign is almost 4
years.

2. In the draft of the guidelines (January 2004) a coordinate set in
ITRF 2000 for the EPN stations in the Nordic Baltic part was
proposed for the constraint (NORDBALT.CRD). This was
based on 5 weekly solutions of the EPN network densifying
the IERS ITRF 2000 solution. This strategy was used for the
computation of SWEREF 99, the Swedish ETRS 89 realization.

3. Strategy number 2 did not solve the connection of the Atlantic
part (Greenland-Island-Svalbard). A similar approach for this
part (or the whole network) would imply the use of IGS
solutions. The IGS produces cumulative solutions including
all weekly solutions from 1996-01-01 up to the current week.
These solutions include coordinates in a reference epoch and
velocities, which are connected to ITRF 2000 using some 90
stations over the globe constrained to the IERS ITRF 2000
values.

Note that all three above mentioned strategies are regional
connections to ITRF, which imply that common mode errors in the
network are reduced.

For this campaign we recommend to use alternative 3, i.e. using the
IGS cumulative solution.



3.10 Antenna models

The guidelines did not include anything on which antenna models
should be used. However, usually relative antenna models from IGS
have been used, occasionally supplemented with models from NGS.
For the Bernese processing (KMS, LMV) the NGS model has only
been used for the antenna type ASH701008.01B. For the GAMIT
processing (OSO), NGS models have been used also for the antenna
types ASH701073.1, ASH701945C_M, and ASH 701945E_M. For the
site L312 the IGS antenna model ASH700228 NOTCH has been used
in the GAMIT processing. In the GIPSY processing (NMA) NGS
antenna models have been used for several antennas (ASH700228D,
ASH700936A_M (=B_M, D_M, E), ASH701008.01B, ASH701073.1,
ASH701933B_M, ASH701945B_.M  (=C_M), ASH701945E_M,
TRM22020.00+GP and TRM29659.00).

The radome codes were not considered except for “SNOW” in the
GIPSY (NMA) processing.

The used antenna models are presented in appendix B.

23
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4

NMA, GIPSY/OASIS II

Truong-An Phong processed a preliminary solution of Norway and
Sweden under supervision of Torbjern Nerbech in the beginning of
2004. During Truong-an Phong’s stay at NMA, they did also start to
look into the transformation part of the project.

Torbjern Nerbech carried out a new preliminary solution of all 133
stations during November 2004.

A final solution was carried out February 2005.

4.1

Characteristics of the processing
RINEX-files from directory “ready” at the KMS ftp server,

30 sec. epoch interval. The additional observations in
Lithuania (L311, VLNS and KLPD, day 292-296) have also
been included in the processing.

Fiducial free Precise Point Positioning solution for all 133
stations, 5 min. epoch interval.

JPL satellite clock corrections (yyyy-mm-dd_nf.tdp and yyyy-
mm-dd_nf.tdpc), orbits (yyyy-mm-dd_nf.eci) and earth
orientation parameters (yyyy-mm-ddtpeo_nf.nml).

Local tie information is taken from RINEX file header
Antenna type information is taken from RINEX file header

Antenna characteristics information from the antenna file
ant_info.003, including both IGS and NGS models - see
appendix B.

Ocean loading coefficients from
http:/ /www.oso.chalmers.se/~loading/

Float,L3 solution (no ambiguity resolution)
10 deg elevation cut-off

The fiducial free solutions are then transformed with so called
JPL products X-files (yymmmdd.itrf00.x) to ITRF 2000. The X-
tiles contain 7 parameters parameters for a Helmert
transformation. The parameters are determined daily by JPL
from a global fit on 65-70 IGS stations. So this is a global
connection to ITRF 2000.

Finally the daily transformed solutions are combined to a
weekly solution/solution for the campaign. This combination
is performed as a least square adjustment of the daily
transformed PPP solutions weighted by their corresponding
co-variance information.


http://www.oso.chalmers.se/~loading/

4.2 Results

The internal estimated standard deviations (from the covariance
matrix of the least square adjustment) on the combined solution of
seven days are:

Sx: max 1.7 mm, min 0.5 mm, average of 0.6 mm
Sy: max 1.8 mm, min 0.4 mm, average of 0.5 mm
Sz: max 2.9 mm, min 0.7 mm, average of 1.0 mm

The standard deviations for each station have been plotted in
appendix D.

4.3 Problems

Some modifications of the RINEX files where necessary because
GIPSY is not quite RINEX compatible. All COMMENT lines after
END OF HEADER line had to be removed. If the file contain
GLONASS observations they have to be removed.

RINEX file IRBE2740.030 was empty.

The stations L311, L312, L408,L.409 have a variations from one day to
another of local tie values during the observation period. L311, L312
and L409 have maximum 1mm, [L409 have maximum 2 mm. These
variations are compensated for.

Antenna type information in the RINEX file header does not always
correspond to the antenna type in the IGS antenna file ant_info.003.
Antenna type information filed shall consist of 20 characters. In some
RINEX file headers, position 16-20, in the antenna type field contain
the additional characters NONE, OSOD, DUTD, or SCIS. These are
radome codes and do not appear in the IGS antenna file. These
antennas are interpreted as antennas without these radomes.

Problems with processing of the Swedish stations

GAVL/273, NYHA/271, OSKA/271, OVAL/271, SKIL/271,
SODE/271, UMEA/271, VAST /271, ZINK/274.

Lotti Jivall told us that all the doy 271 RINEX files have been
manually edited, due to some problems. She had no explanation for
the stations GAVL/273 and ZINK/274 except that the ZINK/274
had “large position change” in the s-file.

The problem was however overcome by using the program
“clockprep” in the GIPSY software package to identify problems and
then do manual deleting of some data. We discovered no regular
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pattern, but did some data deleting until GIPSY was running
properly.

We have to emphasize that this manual editing is only done on one
of seven days for the actual stations. The total amount of data was

not dramatically reduces, except for the station ZINK/274 which was
reduced by 60%.



5

0SO, GAMIT/GLOBK

Martin Lidberg processed the campaign during the summer 2004.
Some antenna model errors were found, which were corrected in a
new preliminary solution delivered in November 2004. The final
solution was processed and delivered in February 2005, where
incorrect handled horizontal GPS antenna eccentricities have been
corrected.

5.1

Characteristics of the processing

GPS observations (RINEX data) are processed using GAMIT
up to so called “quasi-observations” including relative station
position, satellite orbits and their co-variances.

Network solution divided into 7 sub-networks with many
common stations. Additional EPN and IGS stations added to
the network.

Double differences

Ambiguity resolution

10° elevation cut off

Saastamoinen a priori troposphere model

troposphere zenith delay parameters estimated every 2nd
hour (piece-wise-linear)

daily gradient parameters estimated
the Niell mapping function

a priori orbits from SOPAC

Solving for orbit corrections

“Quasi observations” from the 7 sub networks of the stations
in the current campaign processed using GAMIT are
combined with “quasi observations” of global/regional
networks of IGS stations (from SCRIPPS) are combined using
GLOBK.

The connection to ITRF 2000 is done in the combination
(stabilization) with the global quasi observations. 39 “good”
IGS stations globally distributed are constrained to IERS ITRF
2000 when solving for daily Helmert parameters (3
translations, 3 rotations and a scale). This is a global
connection to ITRF.

IGS antenna models except for the antenna types
ASH701008.01B, ASH701073.1, ASH701945C_M, and ASH
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701945E_M. For the site L312 the IGS antenna model
ASH700228 NOTCH has been used. See further appendix B.

5.2 Results, problems e.t.c.

Daily repeatability and position standard error for the
GAMIT/GLOBK solution is shown in Appendix E, where the

position standard error is computed as s = \/ @/n)- {Z:V2 /(n —l)} .

The standard errors are usually below 1 mm in north and east
components, and below 2 mm in the vertical component. Exceptions
are DOMS (e 1.5 mm), IRBE (u 4 mm), KONG (n & e 1.5 mm), L311,
L312, L409 (u 4 mm) and QAQ1 (u 3mm).

The success rate of the resolved ambiguities are not presented in the
result reports from GAMIT, so it is not known if the fixed solutions
really are fixed solutions, some baselines might be mainly (closer to)
float solutions.

In the results of the GAMIT processing, the stations BRGS, HALD,
KONG and SAND get phase observation residuals exceeding 10 mm
which are above the usually considered acceptable level.

For the station BRGS, the daily repeatability is satisfactory in this
solution. However, the east component may get bad repeatability
depending on GPS processing strategy and choice of stations
included in the GAMIT computation. Therefore, there are indications
of possible problems in the GPS data collection at the station BRGS.

(In the preliminary solution submitted in November 2004, there were
some errors in the east component of some stations due to a known
bug concerning handling of horizontal antenna eccentricities in the
used version of GAMIT, which was not recognised by the operator.
This mistake is now corrected.)
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LMYV, Bernese ver 5.0

A preliminary processing was carried out during November 2004
using version 5.0 of the Bernese Software by Lotti Jivall. Some
improvements concerning exclusion of stations and replacement of
the BRGS fixed solution with a float solution was carried out in
February 2005.

6.1

Characteristics of the processing

RINEX-files from directory “ready” at the KMS ftp. Final
solution just containing GPS week 1238 (day 271-277).

Network solution, full network 133 stations

Double differences, baselines formed with OBSMAX strategy
(maximizing the number of observations)

ambiguity fixing (QIF)

Orbits, EOPs and Satellite clocks from IGS
P1-P2 and P1-C1 code biases from CODE
Global ionosphere model from CODE
Ocean tide loading FES 99 from Onsala

Relative antenna models from IGS + NGS model for antenna
ASH701008.01B - see appendix B.

Saastamoinen apriori troposphere model (hydrostatic part)
with dry Niell mapping function

Estimating ZTD using wet Niell mapping function (2 h
intervall)

Horizontal gradient parameters: tilting (24 h interval)
10 deg cut off , elevation dependent weighting
Data files shorter than 12 hours were rejected

ITRF coordinates from IGS cumulative solution (up to week
1294) used for connection to ITRF, which was done through
minimum constrained adjustment with no translation
condition. This is a regional constraint to ITRF.

(Alternative connection to the EPN based ITRF was also
performed)
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6.2 Results, problems e.t.c.

6.2.1  Quality of daily solutions

The daily solutions of the full network were of good quality, rms = 1-
1.1 mm, average rate of resolved ambiguities per day vary between
86% and 89%. The worst individual ambiguity resolution was the
baseline HOFN-SCOB with 65% resolved ambiguities day 277.

The following observations were rejected because of less than 12
hours with good observations per day: MYGD day 271, IRBE, SKOL
and VLNS day 272 and finally SKOL day 273. UMEA had problems
with the single point positioning (determination of receiver clock
correction) day 271 and was also rejected. (The same problem as was
found with GIPSY/OASIS II. It should be noted that UMEA did not
show any problems that day in the ordinary SWEPOS processing,
which is performed with the Bernese version 4.2.)

The daily repeatability expressed in rms values are up to 2-3 mm for
the north component, up to 1 mm for the east component (except for
station BRGS which had an rms of 3 mm) and up to 6 mm for the up
component (except for L311, L312, L409 and QAQ1 which had rms of
11-13 mm in the up-component. L311 and L409 were excluded day
273 and QAQ1 day 271 reducing the rms values to 5-7 mm for these
stations.

Position standard errors, computed as s :\/ @/ n)-{Z:V2 /(n—l)}, ie.

same formula as used for the presentation of the OSO solution, are
presented in appendix F.

6.2.2  Comparison between fixed and float solution

The combined float and fixed solutions were compared to each other
to see if there were any possible erroneous fixed solutions. The
differences are normally below 5 mm in the horizontal components,
but BRGS is an outlier with 23 mm difference in the east component
- see appendix F. The float solution of BRGS has a better agreement
with the GIPSY and GAMIT solutions as well as with the long time
series (5 years) of GAMIT solutions processed by Martin Lidberg.
The float solution for BRGS was considered to be more reliable. Float
solutions are in general noisier than fixed solutions. For this network
the average rms values of the 7 days were 1, 1, 3 mm (north, east and
up) for the fixed solution and 2, 3, 12 mm for the float solution. This
means that just use the combined float solution (for all stations)
because of the problems with BRGS is not a very good idea. We
decided just to replace the fixed solution of BRGS by the float
solution at this station after a Helmert fit to the 5 closest stations
(ALES, DOMS, DAGS, PRES and AKRA).



6.2.3 Elevation cut-off test

An elevation cut-off test was performed by comparing the final 10°-
solution with a 25°-test solution. This test indicates that the station
ANDO is less accurate in height, which might be caused by the used
antenna model (AOAD/M_T) not perfectly modelling the antenna
and its environment at this station. Also the stations ARNE, SPTO,
ARA]J, KONG, DOMS, NYA1, KUUS and L312 and have somewhat
larger differences between the two solutions than normal - see
appendix F.

6.3 Connection to ITRF 2000

The connection of the final solution of LMV was made using the IGS
cumulative solution. The cumulative solution up to GPS week 1294
was used, i.e. the latest solution available when the processing was
carried out. This was chosen to get the best velocities for the
calculation of the coordinates at epoch of the campaign.

Eleven stations from the campaign are included in the cumulative
IGS solution of week 1294. Two of them are twin stations,
TROM/TRO1 and NYAL/NYALI so just one for each site was chosen
for the constraint (TROM and NYAL). REYK and QAQ1 were also
excluded from the constraint as they did not fit so well.

The final LMV solution is a combined minimum constraint solution
of the seven days with no translation condition to the seven
remaining IGS stations.

The rms in the Helmert fittings were 3.1 and 1.5 mm for the 3-
parameter fit and the 6-parameterfit respectively on the seven
remaining stations. The improvement with 6 parameters show that
there are some tilt in the GPS-solution which probably depends on
systematic effects in un-modelled errors - see appendix F.

As a test the GPS solution was also fitted to the EPN based ITRF for
the Nordic-Baltic part. This fit resulted in an rms of 1.8 mm and 1.5
mm for the 3-parameter and 6-parameter fit respectively.

The two different ITRF connections (IGS cumulative solution and the
“EPN based” ITRF, respectively) have a systematic difference of 0, 1
and 5 mm for the north, east and up-component respectively.

6.4 Additional Lithuanian data

The Lithuanian colleagues noticed problems with one of their
stations (L311). To be sure to have this station included in the
resulting coordinate set from the campaign, this station was
observed for 5 extra days (292-296), ten days after the campaign
together with the Lithuanian stations VLNS and KLPD.
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First, it could be noted that when processing the campaign, the
station L311 turned out to be of the same quality as the other
Lithuanian stations (though some data were missing for the first
days).

To further check the station L311, the extra observations were
processed and compared to the campaign solution. In this processing
the EPN stations RIGA and VISO were added. The differences to the
combined solution of the campaign (the LMV solution) are found in
table 3. Both a direct comparison between the additional data and the
LMV solution and a comparison of the LMV solution with and
without the additional data (i.e. the corrections to the LMV solution
if the additional data were added to the solution) are presented.

Table 3: Differences at L311. The left column contains the differences
between the additional data and the LMYV solution. The right column
contains the differences between the LMV solution with and without the
additional data

extra- gw1238+extra-
gw1238 gw1238

N (mm) |0.6 0.3

E(mm) |0.7 0.4

U(mm) |5.9 1.5

The differences between the campaign solution and the combined
solution of the campaign and extra data were below 1 mm in the
horizontal and 2 mm in the vertical component at the station L311.
This comparison shows that we could be confident with the
coordinates for L311 of the original campaign.



7 KMS, Bernese ver 4.2

7.1 Preliminary processing and re-
processing

A first preliminary processing was carried out by Henrik Rennest
during the spring 2004 using the Bernese version 4.2. The network
was processed in two parts, one Nordic-Baltic part and one Atlantic
part (Greenland, Iceland and Svalbard). During this processing he
noticed problems with some of the Swedish RINEX-files for the first
day of the week. The Bernese was not able to convert the files
because of wrong information in the header on the time for the first
observation. The headers were corrected and then there was no
problem. Files with corrected headers were up-loaded to the KMS-
ftp under the subdirectory ready/Sweden_corrected_headers. The
wrong headers seem not to have been a problem for GAMIT and
GIPSY.

Henrik’s solution for the Nordic-Baltic part was delivered in summer
2004. Lotti Jivall noticed problems with some antenna models and
the coordinates used for the constraint. This was further investigated
by Mette Weber. Seven antenna models were wrong affecting 33
stations and 47 baselines in the Nordic-Baltic part. Mette did a re-
processing of the Nordic-Baltic part just before the meeting in
Honefoss (30/11-1/12 2004). As the time was short, the re-processing
was just carried out for the affected baselines and just from the
ambiguity resolution step.

In the Atlantic part of the network there were no problems with the
antenna models and the solution estimated by Henrik during spring
2004 was combined with the re-processed solution for the Nordic-
Baltic part forming a solution for the whole network. This solution
was determined in January 2005.

7.2 Characteristics of the processing

e Network solution in six clusters; four clusters in the Nordic-
Baltic part and two clusters in the Atlantic part (clusters
connected with one baseline)

e Double differences, baselines formed to get the shortest
distances. The same baseline definition for all days.

e Ambiguity fixing (QIF)
e Orbits, EOP’s and Satellite clocks from IGS

e Calculated own regional ionosphere model (used for
ambiguity resolution)
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e Ocean tide loading FES 99 from Onsala

e Relative antenna models from IGS + NGS model antennas not
present in the IGS-file. See appendix B.

e No a priori troposphere model
e Estimating ZTD using dry Niell mapping function
e 10 deg cut off, elevation dependent weighting

e ITRF coordinates from IGS cumulative solution (up to week
1294) used for connection to ITRF

7.3 Network solution in clusters

The network was divided into six clusters A to F due to the capacity
of the machine. The Nordic-Baltic part consists of cluster A to D, and
the Atlantic part consists of cluster E and F. In principle the entire
network was formed in a first step and afterwards divided into
clusters. Therefore there will only be one baseline connecting the
clusters. The network configuration is the same for each day. The
Nordic-Baltic part is shown in figure 3 and the Atlantic part is shown
in figure 4.



5'E 10°E 18'E 20'E 25'E AWE

TO'N TO'N

B5'N 65N

BO'N BO'N

EEB'M EE'M

GMNMT EEEEEREEEEE

Figure 3: ~ Cluster A (pink baselines), cluster B (red baselines),
cluster C (yellow baselines) and cluster D (blue baselines)
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Figure 4:  Cluster E (pink baselines) and cluster F (yellow
baselines)

During the processing one station in each cluster was constrained:
BUDP (A), OSLS (B), SKEO (C), METS (D), HOEN (E) and NYAL (F).
The normal equations for each day were formed by combining the
normal equations from all clusters as shown in figure 3. In each 1-
day NEQ these 6 stations were constrained. In the last step when
forming the 7-day solution for the entire network selected IGS
stations were constrained. This last step was not performed by KMS
as explained in the next section.

1-day 7-day
F >
B >
A > 271
F —’
B >
A » L2121 —
1238
F| —» /
B >
A > 277

Figure 5: Combination of normal equations from each cluster



7.4 Processing problems

Some stations had to be rejected for some sessions due to bad data
quality or missing data. The following stations and sessions were
rejected during the preliminary processing;:

e RINEX-files from directory “ready” at the KMS ftp, INDR day
274 and 276 (Lotti had the same problem first but solved it by

deleting a wrong “extra site info” and the observations before
that)

e [312, L408, L409 day 273, missing observations

e GAVlday 276, problems with the triple difference solution
e SODE day 274, problems with the triple difference solution
e VLNS day 273, connecting baseline missing

e SKIL day 271, problems with the triple difference solution
e [311 day 271, missing observations

e QAQ1 day 271, excluded from 1-day NEQ due to high
repeatability

During the re-processing the wrong antenna models were corrected.
The corrections were in the order of 1-2 cm for the antenna phase
centre offsets for L1 and L2. These corrections resulted in a change in
the coordinates of 2-4 cm in X and Y and 8 cm in Z for the affected
stations. Therefore the a priori coordinates were updated for these
stations before the re-processing from the ambiguity resolution step.

The constrained coordinates in the preliminary solution were wrong.
During re-processing the correct coordinates were introduced in the
tinal step with ADDNEQ as fixed coordinates. In Bernese version 4.2
it is not possible to produce a constrained solution at a new set of
coordinates with ADDNEQ. The correct coordinates have to be
introduced at the beginning of the processing, which was not
possible because the re-processing was only performed from the
ambiguity resolution step and only for some baselines. In Bernese
version 5.0 it is possible to introduce new constrained coordinates in
the final step with ADDNEQ and therefore KMS provided Lotti with
the 1-day NEQ-files from the KMS solution and she performed the
last step of the KMS solution.

7.5 Connection to ITRF 2000

Lotti made a minimum constrained ITRF 2000 solution from the KMS
NEQ-files in the same way as for the LMV solution using Bernese
version 5.0. The condition of the minimum constrained solution was
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no translation to seven IGS-stations (METS ONSA KIRU TROM
THU3 NYAL HOEN ) in the IGS cumulative solution of GPS week
1294. This connection to ITRF could be considered as a regional
connection.

7.6 Results

The results were evaluated in terms of the ambiguity resolution and
the rms of repeatability. The ambiguity resolution in per cent for
each baseline is shown in appendix G. The values are an average of
all 7 days. The baselines are sorted according to increasing baseline
length, which is also shown. The average ambiguity resolution for all
baselines and all days is 66%.

The ambiguity resolution for most of the baselines is rather low; 31
baselines (i.e. 23%) have a resolution less than 60% and only 12
baselines (i.e. 9%) have a resolution of 80% or more. Generally the
long baselines in the Atlantic part have the lowest ambiguity
resolution of less than 50%.

Compared to the Bernese ver. 5.0 solution from LMV, KMS has a
lower ambiguity resolution. Lotti and Mette made a few comparisons
of some parameter settings in MAUPRP and the differences in these
settings can maybe explain some of the differences in ambiguity
resolution (generally more ambiguities are set up in the KMS
solution, but more ambiguities are not resolved). Nevertheless, the
LMYV and the KMS solution seem to agree well.

The daily repeatability expressed in rms values are up to 2-3 mm for
both the north and east components and up to 9 mm for the up
component.

Position standard errors, computed as s = \/ @/n)- {sz /(n —1)}, ie.

same formula as used for the presentation of the OSO and LMV
solutions, are presented in appendix G.



8 Comparison of the solutions from
the four different analysis centres

8.1 Direct comparison of the solutions

The solutions from the different analysis centres were compared to
each other. As mentioned before we have problems (related to
ambiguity fixing) with the east component of the station BRGS. In
the LMV solution BRGS was replaced by a float solution, since the
difference between fixed and float solution was too big (23 mm in the
east component) and the float solution was considered to be more
reliable. In the comparison of fixed and float solutions in the KMS
solution, the problems with BRGS were not so clear so the station
was kept in a first comparison. It turned out that the KMS solution of
BRGS differed c:a 20 mm in the east component, so BRGS was
excluded from the KMS solution in the further comparisons and
combinations. Results from the comparison of the four solutions
(after excluding KMS BRGS) are presented in appendix H as a plot of
residuals from the average value at each station.

The solutions agree for most stations within £3 mm in the horizontal
components and within 10 mm for the vertical. RMS values
computed on all the differences in north, east and up are 1.4, 1.5 and
4.7 mm respectively. There are however shifts between the solutions,
e.g. OSO is c:a 2-3 mm south-east of the other solutions and LMV
and KMS are c:a 5-10 mm below OSO and NMA. The reason for the
shifts is that the connection to ITRF has been done in different ways.
The OSO and NMA solutions are both global connections to ITRF
while the LMV and KMS solutions are regional. Another difference is
that the OSO and NMA solutions are aligned to ITRF 2000 by solving
for 7 parameters and the LMV and KMS solutions are aligned just
with a translation.

A graphical presentation with respect to the position is found in
appendix I. The ITRF 2000 coordinates of each analysis centre have
been transformed to UTM zone 33 before comparison and plotting.
Some systematic effects besides the shifts between the solutions
could be seen, see e.g. the comparison between OSO and KMS.

8.2 Harmonizing the solutions

In order to better detect outliers and get an impression of the internal
consistency between the solutions, we decided to harmonize/align
the solutions to each other or a common coordinate set.

First all four solutions where fitted to common coordinate sets with
different number of parameters. The IGS-realizations of ITRF 2000
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where used as common coordinate sets, both the weekly IGS-
solution (GPS-week 1238) and the cumulative IGS-solution
containing solutions up to GPS-week 1294. (Both solutions are
connected to IERS ITRF 2000 and not IGS 2000.) The result of the fits
is to be found in appendix J.

It could be noted that the RMS for the fits with 7 parameters are on
the same level for all four solutions. The fits of the KMS and LMV
solutions are improved quite a lot when a scale and rotations are
solved for. The KMS and LMV scales are c:a 2 ppb. The improvement
is not so large for the NMA and OSO solutions, since they already
estimated these parameters, though on a daily basis.

The four solutions of the Nordic campaign were also fitted to each
other - see appendix K.

The two Bernese solutions (KMS and LMV) do of course agree best
with each other, but the agreement between KMS/LMV and OSO is
not much worse. The RMS for the fits between KMS/LMV and NMA
is a little bit higher (but still nothing to worry about). NMA has its
best agreement with OSO.

Regarding the translations between the solutions, LMV and NMA
differ c:a 1 cm in height . KMS and OSO are in the middle. The OSO
solution differs c:a 2 mm in the north component and a little bit less
for the east component in comparison to the other solutions.

As the regional connection of the two Bernese solutions (LMV and
KMS) could be questioned (which stations should be used for the fit
(there are some problems with some IGS stations on Greenland and
Island)?, which coordinates? solving for scale and rotations? e.t.c.),
we decided to let the two global solutions (OSO and NMA) decide
the connection to ITRF 2000.

An average of the OSO and NMA coordinates was calculated for
each station (and component). All four solutions were then
transformed to this averaged coordinate set with a 7-parameter
transformation.



NMA NMA
transformed
0SO 0SO
transformed
Average {
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Figure 6: Harmonization of the solutions.
8.3 Comparison after harmonization

The four solutions transformed to the averaged NMA /OSO solution
were compared to each other. Residuals from mean are presented in
appendix L and M. (Appendix M contains a graphical presentation
with respect to the geographical position, after transformation to
UTM zone 33.)

The differences are after this harmonization generally very small and
the systematic effects seen before have (almost) disappeared. (Some
small systematic effects in height are left.) The RMS values of all
differences in each component are 0.9, 1.2 and 2.5 mm (north, east
and up), which should be compared to the corresponding values
before harmonization (1.4, 1.5 and 4.7 mm). Especially in height there
is a large improvement. Just 7%, 17% and 11 % of the stations have
residuals larger than 2 mm in the north , 2 mm in east and 5 mm in
up, respectively.

In table 4 residuals larger than 3 mm in north and east and 6 mm in
up are presented. The limits are just chosen to get a reasonable
number of residuals to present. Even the largest residuals are not
really much to bother about. We think that we have been able to
correct/handle the real outliers, which were found when the
preliminary solutions from November 2004 were compared.

The NMA solution has the largest noise and thus most of the “large”
residuals. The Lithuanian stations L311 and L312 have the largest
residuals in height. These stations have a quite bad repeatability in
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the individual solutions and e.g. in the Bernese solutions one day
was excluded for L311, which might explain why we get
discrepancies between the different solutions. Other differences are
that different antenna models have been used for the ASH700228D
antenna at L312 and that the NMA solution contains also the
additional data for L311 (but according to section 6.4 the impact of
these extra data is negligible).

Table 4: The largest residuals between the harmonized solutions.

Sol/comp Station Residual (mm)
NMA-N  L312 53
NMA-N  AKUR -3,7
NMA-E DOMS 5,2
LMV-E  KONG 4
KMS-E  KONG 3,9
NMA-E  SUUR 3,2
NMA-E OVER 3,1
OSO-E  KRSS -3,1
NMA-U  L312 -15,5
LMV-U  L312 11,4
NMA-U L311 -10,1
NMA-U  ARAJ -9,4
NMA-U  VIRO 9,3
NMA-U QAQ1 9,1
NMA-U  RIOO -8,7
KMS-U NALS 8,4
NMA-U  JOEN 8,1
KMS-U KONG -8
KMS-U NYAL 7.9
NMA-U  KUUS 7,6
KMS-U  L312 7,5
NMA-U KONG 6,9
NMA-U ROMU 6,7
LMV-U  VIRO -6,4
KMS-U  ARAJ 6,4
LMV-U  KUUS -6,1
KMS-U NYAl 6,1




9 Combined solution

The final combined solution of the NKG 2003 campaign is the
average of the four harmonized solutions - see figure 7.

Using the harmonized solutions, instead of the original solutions, for
an average is motivated by the fact that the agreement between the
solutions is improved after harmonization. The Hemert-fits in
appendix 3 and 4 do also show that there are significant scales and
rotations between the different solutions.

The choice of letting the NMA and OSO solutions define the
connection to ITRF means further that we have a pure global
connection to ITRF. If we should have used the Bernese solutions
with regional connections as well, we would have got a mixture of
global and a regional connection.

NMA 0SO

Average,NMA/OSO

Figure 7: Calculation of the combined solution. 7-parameter
transformations have been used for the transformation to the averaged

NMA/OSO-solution.

NMA NMA transf.
OSO transf.
080 Average
Average,NMA/OSO Combined
solution
LMV LMV transf.
KMS KMS transf.
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Final combined coordinates in ITRF 2000 epoch 2003.75 are given
both expressed as geocentric Cartesian coordinates and geodetic
coordinates in appendix N. RMS values of the differences between
the harmonized solutions and the combined solution (for the north,
east and up-components) are given in appendix O.

The RMS values have been computed with the following formula for
each component:

2
aMs — |2
4

Note that this not could be interpreted as the standard error of the
final combined coordinates. These values do just reflect the
discrepancies between the four solutions and remember that the
solutions basically are based on the same data (just a few
stations/days have been treated differently). The RMS values are
therefore much lower than the real accuracy, but they are included
here to get an impression of the relation between the accuracy of
different stations.

The real accuracy depends on the following components:
e Accuracy of the ITRF connection

e Systematic effects depending on un-modelled errors or wrong
models

e Random errors, noise in the solutions

The accuracy of the ITRF connection could be estimated to a few mm
in the horizontal components and 1 cm in height based on the direct
comparison between the different solutions.

Neglected systematic effects, e.g. air pressure, might contribute to the
relative uncertainty of maybe a few mm in the horizontal and half to
one cm in the height component (left after the ITRF connection).
Shortcomings in the used antenna models could add errors of up to a
few cm. This type of error could mainly be expected for non choke
ring antennas. In the performed elevation cut-off tests a few stations

with possible antenna model problems were identified - see section
6.2.3.

The random errors in the solutions are reflected in the estimated
standard errors/rms from repeatability of the four individual
solutions - see section 4 - 7 and corresponding appendices - and in
the comparison of the four harmonized solutions (see e.g. RMS
values in appendix O).



Considering the estimations in the error components above, an
estimation of the real accuracy would be 0.5-1 cm in the horizontal
components and 1-2 cm in the vertical on 95% level for the main part
of the stations. ANDO, L311 and L312 might be less accurate in
height.
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A. Station characteristics

Appendix A

Station | Antenna Receiver H E N
Denmark
BORR ASH701945B_M JPS LEGACY 0.1390 0.0000 0.0000
BUDD ASH701945B_M ASHTECH UZ-12 0.8701 0.0000 0.0000
BUDP ASH701941.B ASHTECH UZ-12 0.0000 0.0000 0.0000
HVIG ASH701941.2 JPS LEGACY 0.7564 0.0000 0.0000
MYGD ASH701945B_M JPS LEGACY 0.1393 0.0000 0.0000
SMID ASH701941.B ASHTECH UZ-12 0.0000 0.0000 0.0000
STAG ASH700936B_M JPS LEGACY 0.1258 0.0000 0.0000
SULD ASH701941.B ASHTECH Uz-12 0.0000 0.0000 0.0000
TYVH ASH701941.B JPS LEGACY 0.1360 0.0000 0.0000
VAEG ASH700936B_M JPS LEGACY 0.1339 0.0000 0.0000
Estonia
SUUR AOAD/M_T ASHTECH zZ-XI113 0.0000 0.0000 0.0000
Finland
JOEN ASH700936A_M ASHTECH Z-XI113 0.0000 0.0000 0.0000
KEVO ASH700936A M ASHTECH z-XI113 0.0000 0.0000 0.0000
KIVE ASH700936A_M ASHTECH z-XI113 0.0000 0.0000 0.0000
KUUS ASH700936A M ASHTECH zZ-XI113 0.0000 0.0000 0.0000
METS AOAD/M_B ASHTECH zZ-XI113 0.0000 0.0000 0.0000
OLKI AOAD/M_T ASHTECH z-XI113 0.0000 0.0000 0.0000
OouLU ASH700936A_M ASHTECH zZ-XI113 0.0000 0.0000 0.0000
ROMU ASH700936A_M ASHTECH z-XI113 0.0000 0.0000 0.0000
SODA AOAD/M_T ASHTECH z-XI113 0.0000 0.0000 0.0000
TUOR AOAD/M_T ASHTECH z-XI113 0.0000 0.0000 0.0000
VIRO AOAD/M_T ASHTECH z-XI113 0.0000 0.0000 0.0000
VAAS ASH700936A M ASHTECH Z-XI113 0.0000 0.0000 0.0000
Greenland
QAQ1 ASH701941.B ASHTECH UZ-12 0.1206 0.0000 0.0000
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Appendix A

sScoB TRM29659.00 TRIMBLE 4000SSI 0.0000 0.0000 0.0000
THU3 ASH701073.1 ASHTECH UZ-12 0.1002 0.0000 0.0000
Island
AKUR TRM29659.00 TRIMBLE 4700 0.0550 0.0000 0.0000
HOFN TRM29659.00 TRIMBLE 4000SSI 0.0510 0.0000 0.0000
REYK AOAD/M_T AOA SNR-8000 ACT 0.0555 0.0000 0.0000
Latvia
ARAJ TRM33429.00+GP TRIMBLE 4700 1.5561 0.0000 0.0000
INDR TRM33429.00+GP TRIMBLE 4700 1.5759 0.0000 0.0000
IRBE ASH700936D_M TRIMBLE 4000SSE 5.1115 0.0000 0.0000
KANG TRM33429.00+GP TRIMBLE 4700 1.4089 0.0000 0.0000
RIO0 TRM22020.00+GP TRIMBLE 4000SSE 1.3633 0.0000 0.0000
RIGA ASH700936D_M ROGUE SNR-8000 0.0850 0.0000 0.0000
Lithuania
KLPD ASH700936E ASHTECH zZ-XI113 0.0000 0.0000 0.0000
L311 ASH701008.01B ASHTECH UZ-12 1.7701* 0.0000 0.0000
L312 ASH700228D ASHTECH zZ-XI113 1.6511* 0.0000 0.0000
L408 ASH701008.01B ASHTECH UZ-12 1.6763* 0.0000 0.0000
L409 ASH701008.01B ASHTECH UZ-12 1.7498*‘ 0.0000 0.0000
VLNS ASH700936A M ASHTECH zZ-XI113 0.0730 0.0000 0.0000
Norway
AKRA TPSCR3_GGD JPS LEGACY 0.0000 0.0000 0.0000
ALES TRM29659.00 TRIMBLE MS750 5.5360 0.0050 | -0.0010
ANDE AOAD/M_T ROGUE SNR-800 0.0000 0.0000 0.0000
ANDO AOAD/M_T AOA BENCHMARK ACT 3.1650 0.0000 0.0000
ARNE TRM41249.00 TRIMBLE MS750 0.0000 0.0000 0.0000
BODS TRM29659.00 TRIMBLE MS750 5.5000 -0.0020 | 0.0080
BRGS TRM29659.00 TRIMBLE MS750 5.5120 -0.0030 | -0.0100
DAGS TRM33429.00+GP TRIMBLE MS750 0.0000 0.0000 0.0000
DOMS TRM29659.00 TRIMBLE MS750 0.0000 0.0000 0.0000

instead.

" The anfenna height at L311, L312, L408 and L409 differed from day to day ao an average is used




Appendix A

HALD TRM41249.00 TRIMBLE MS750 0.0000 0.0000 0.0000
HONE TRM41249.00 TRIMBLE MS750 0.0000 0.0000 0.0000
KONG TRM41249.00 TRIMBLE MS750 0.0000 0.0000 0.0000
KRSS TRM29659.00 TRIMBLE MS750 5.5050 -0.0130 | -0.0010
LYSE TPSCR3_GGD JPS LEGACY 0.0000 0.0000 0.0000
NALS ASH701073.1 TRIMBLE 4000SSI 0.0000 0.0000 0.0000
NYA1 ASH701073.1 AOA BENCHMARK ACT 0.0000 0.0000 0.0000
NYAL AOAD/M_B AOA BENCHMARK ACT 5.2160 -0.0010 | 0.0040
OSLS TRM29659.00 TRIMBLE MS750 5.4960 0.0130 0.0170
PORT TPSCR3_GGD JPS LEGACY 0.0000 0.0000 0.0000
PRES TPSCR3_GGD JPS LEGACY 0.0000 0.0000 0.0000
SAND TRM41249.00 TRIMBLE MS750 0.0000 0.0000 0.0000
SIRE TPSCR3_GGD JPS LEGACY 0.0000 0.0000 0.0000
SKOL TPSCR3_GGD JPS LEGACY 0.0000 0.0000 0.0000
SOHR TRM41249.00 TRIMBLE MS750 0.0000 0.0000 0.0000
STAS TRM29659.00 TRIMBLE MS750 5.5590 -0.0050 | -0.0020
TGDE AOAD/M_T AOA SNR-12 ACT 0.0000 0.0000 0.0000
TONS TPSCR3_GGD JPS LEGACY 0.0000 0.0000 0.0000
TRDS TRM29659.00 TRIMBLE MS750 5.5460 0.0070 0.0180
TRMS ASH701073.1 TRIMBLE MS750 0.0100 0.0000 0.0000
TRO1 ASH701073.1 AOA BENCHMARK ACT 0.0000 0.0000 0.0000
TROM AOAD/M_B AOA BENCHMARK ACT 2.4750 0.0000 0.0000
TRYS TRM29659.00 TRIMBLE MS750 5.5700 0.0010 | -0.0040
ULEF TPSCR3_GGD JPS LEGACY 0.0000 0.0000 0.0000
VARS TRM29659.00 TRIMBLE MS750 5.5120 0.0170 0.0060
Sweden

ARHO ASH701945C_M ASHTECH UZz-12 0.0710 0.0000 0.0000
ARJE AOAD/M_T ASHTECH zZ-XI113 0.0710 0.0000 0.0000
ASAK ASH701946.3 JPS E_GGD 0.0710 0.0000 0.0000
ATRA ASH701946.3 JPS E_GGD 0.0710 0.0000 0.0000
BIE_ ASH701945C_M ASHTECH UZ-12 0.0710 0.0000 0.0000
BJOR ASH701945C_M ASHTECH z-XI113 0.0710 0.0000 0.0000
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FALK ASH701945C_M JPS E_GGD 0.0710 0.0000 | 0.0000
FBER ASH700936D_M ASHTECH UZ-12 0.0710 0.0000 | 0.0000
FROV ASH701941.B ASHTECH zZ-X113 0.0710 0.0000 | 0.0000
GAVL ASH701933B_M ASHTECH Z-XI1I13 0.0710 0.0000 | 0.0000
HALE ASH701945C_M ASHTECH Z-XI1I3 0.0710 0.0000 | 0.0000
HALV ASH701945C_M ASHTECH UZ-12 0.0710 0.0000 | 0.0000
HARA ASH700936D_M ASHTECH UZ-12 0.0710 0.0000 | 0.0000
HASS AOAD/M_T ASHTECH UZ-12 0.0710 0.0000 | 0.0000
HILL ASH701946.3 JPS E_GGD 0.0710 0.0000 | 0.0000
JONK ASH701073.1 JPS E_GGD 0.0710 0.0000 | 0.0000
KALL ASH701945B_M ASHTECH UZ-12 0.0710 0.0000 | 0.0000
KARL AOAD/M_T ASHTECH Z-XI113 0.0710 0.0000 | 0.0000
KIRO AOAD/M_T JPS E_GGD 0.0710 0.0000 | 0.0000
KIRU ASH701945C_M ASHTECH UZ-12 0.0620 0.0000 | 0.0000
KNAR ASH701946.3 ASHTECH UZ-12 0.0710 0.0000 | 0.0000
LEKS AOAD/M_T ASHTECH zZ-X113 0.0710 0.0000 | 0.0000
LJUN ASH701946.3 JPS E_GGD 0.0710 0.0000 | 0.0000
LODD ASH701946.3 ASHTECH UZ-12 0.0710 0.0000 | 0.0000
LOVO ASH700936D_M ASHTECH UZ-12 0.0710 0.0000 | 0.0000
MARG AOAD/M_T JPS LEGACY 0.0710 0.0000 | 0.0000
MARI ASH701073.1 ASHTECH Z-XII3 0.0710 0.0000 | 0.0000
MJOL ASH701945C_M ASHTECH Z-XI113 0.0710 0.0000 | 0.0000
NORB ASH701945C_M ASHTECH Z-XI113 0.0710 0.0000 | 0.0000
NORR ASH700936D_M ASHTECH zZ-X113 0.0710 0.0000 | 0.0000
NYHA ASH701946.3 ASHTECH UZ-12 0.0710 0.0000 | 0.0000
NYNA ASH701945B_M ASHTECH UZ-12 0.0710 0.0000 | 0.0000
ONSA AOAD/M_B JPS LEGACY 0.9950 0.0000 | 0.0000
OSKA ASH700936D_M ASHTECH Z-XI113 0.0710 0.0000 | 0.0000
OSTE AOAD/M_T ASHTECH Z-XII3 0.0710 0.0000 | 0.0000
OVAL ASH701945C_M ASHTECH Z-XI113 0.0710 0.0000 | 0.0000
OVER ASH700936D_M ASHTECH Z-XI113 0.0710 0.0000 | 0.0000
OXEL ASH701945C_M ASHTECH zZ-X113 0.0710 0.0000 | 0.0000
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RORO ASH700936E JPS E_GGD 0.0710 0.0000 | 0.0000
SKAN ASH701945C_M ASHTECH UZ-12 0.0710 0.0000 | 0.0000
SKEO AOAD/M_T JPS E_GGD 0.0710 0.0000 | 0.0000
SKIL ASH701945E_M ASHTECH UZ-12 0.0710 0.0000 | 0.0000
SMOG ASH700936E JPS E_GGD 0.0710 0.0000 | 0.0000
SMYG ASH701945C_M ASHTECH UZ-12 0.0710 0.0000 | 0.0000
SODE ASH701945C_M ASHTECH Z-XI1I13 0.0710 0.0000 | 0.0000
SPTO AOAD/M_T JPS LEGACY 0.0710 0.0000 | 0.0000
STAV ASH701946.3 ASHTECH Z-XI113 0.0710 0.0000 | 0.0000
SUND AOAD/M_T ASHTECH Z-XII3 0.0710 0.0000 | 0.0000
SVEG ASH701946.3 ASHTECH Z-XI113 0.0710 0.0000 | 0.0000
UMEA AOAD/M_T ASHTECH Z-XI13 0.0710 0.0000 | 0.0000
UPPS ASH701941.B ASHTECH Z-XI1I3 0.0710 0.0000 | 0.0000
VANE AOAD/M_T JPS E_GGD 0.0710 0.0000 | 0.0000
VAST ASH700936E ASHTECH UZ-12 0.0710 0.0000 | 0.0000
VILO AOAD/M_T ASHTECH Z-X113 0.0710 0.0000 | 0.0000
VISO AOAD/M_T JPS E_GGD 0.0710 0.0000 | 0.0000
VOLL ASH701946.3 ASHTECH UZ-12 0.0710 0.0000 | 0.0000
ZINK ASH701945C_M ASHTECH zZ-X113 0.0710 0.0000 | 0.0000
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B. Used antenna models

Bernese software (LMV and KMS)

(Format of antenna file: Bernese version 4.2)

RECEIVER ANTENNA PHASE CENTER OFFSETS AND VARIATIONS

RECEIVER TYPE
DEPENDENCE OF PHASE CENTER (MM)
ANTENNA  TYPE FROM TO
55 50 45 40 35 30 25 20 15 10 05 00

Kk Kk khk hk Khhk Kk kk hk Kk kk hk Kk

* 0 999999
AOAD/M_B

* 0 999999
AOAD/M_T

* 0 999999
ASH700228D

ASH700228 NOTCH (used by GAMIT, see below)

* 0 999999
ASH700936A_M

* 0 999999
ASH700936B_M

* 0 999999
ASH700936D_M

* 0 999999
ASH700936E
* 0 999999

ASH701008.01B NGS!

* 0 999999
ASH701073.1

L*

NORTH

EAST

ANTENNA S/N FREQ PHASE CENTER OFFSETS (M)

upP

*x

0.0000
0.0000

0.0000
0.0000

0.0005
-0.0012

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

0.0000
0.0000

-0.0007
0.0015

0.0000
0.0000

ASH701073.1 NGS! (used by GAMIT, see below)

* 0 999999
ASH701933B_M

* 0 999999
ASH701941.2

* 0 999999
ASH701941.B

1
2

0.0000
0.0000

-0.0002
-0.0003

-0.0002
-0.0003

*x

0.

-0000
-0000

.0000
.0000

-0003
-0008

-0000
-0000

-0000
.0000

-0000
-0000

.0000
.0000

.0007
.0020

.0000
.0000

-0000
0000

.0001
.0002

.0001
.0002

*x

.0780
-0960

.1100
.1280

-0799
-0792

.1100
.1280

.1100
.1280

-1100
-1280

.1100
.1280

.0832
.0617

.1100
.1280

.1100
.1280

.1080
.1267

.1080
.1267

FMT

AppendixB

29-AUG-00

ELEVATION

90 85 80 75 70 65 60

Fhk Kk kk Khk Kk Kk kk



*

ASH701945B

*

ASH701945C

ASH701945C

*

ASH701945E

ASH701945E

*

ASH701946.

*

TPSCR3_GGD

*

TRM22020.0

*

TRM29659.0

*

TRM33429.0

*

TRM41249.0

FORMAT IND
FMT=0 :
FMT=1 :

FMT=2 :

ANTENNA PHASE CENTER OFFSETS MEASURED FROM ANTENNA REFERENCE POINT (ARP)

999999

999999

GAMIT,

999999

GAMIT,

999999

999999

999999

999999

999999

999999

see

N

see

0.0000
0.0000

0.0000
0.0000

below)

0.0000
0.0000

below)

0.0006
0.0007

0.0001
0.0007

0.0015
-0.0011

0.0000
0.0000

-0.0002
0.0006

0.0003
-0.0004

ONLY PHASE CENTER OFFSETS ARE USED

ZENITH DEPENDENT CORRECTIONS GIVEN TO THE RIGHT OF THE OFFSET

0
M
0
M
M NGS! (used by
0
M
M NGS! (used by
0
3
0
0
0+GP
0
0
0
0+GP
0
0
ICATOR:
VALUES ARE USED

PHASE CENTER MAPS OR SPHERICAL HARMONICS ARE USED (ZENITH/AZIMUTH

DEPENDENT)

TO THE MEAN L1/L2 PHASE CENTER.

PHASE CENTER MAPS AND/OR COEFFICIENTS OF SPHERICAL HARMONICS

TYPE 1 :
TYPE 2 :
TYPE 3 :

D(D
DCA)
N(D
NCA)

ELEVATION/AZIMUTH GRID
SPHERICAL HARMONICS COEFFICIENTS (UNNORMALIZED)
SPHERICAL HARMONICS COEFFICIENTS (NORMALIZED)

ZENITH TABULAR INTERVAL (DEGREES)
AZIMUTH TABULAR INTERVAL (DEGREES)
DEGREE OF SPHERICAL HARMONICS DEVELOPMENT
ORDER OF SPHERICAL HARMONICS DEVELOPMENT

-0000
-0000

-0000
-0000

.0000
.0000

.0008
.0014

.0000
.0008

.0012
.0017

-0000
-0000

.0012
-0009

.0005
.0001

.1100
.1280

-1100
-1280

.1100
.1280

-1098
.1284

.0805
.1035

.0751
.0692

.1100
.1280

.0740
.0703

.0714
.0682

IN MILLIMETERS:

Appendix B
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RECEIVER TYPE ANTENNA TYPE FROM  TO

* ASH700228D 0 999999
A\Z 0 5 10 15 20 25 30

60 65 70 75 80 85 90

L1 0O 0.00 0.10 0.50 1.20 1.80 2.10 2.10

2.60 2.30 1.50 0.70 0.90 0.90 0.90

L2 0 0.00 0.40 1.10 1.50 1.60 1.80 2.20

1.50 1.80 2.40 1.0 -1.80 -1.80 -1.80

RECEIVER TYPE ANTENNA TYPE FROM  TO

* ASH701008.01B  NGS! 0 999999
A\Z 0 5 10 15 20 25 30

60 65 70 75 80 85 90

L1 0O 0.00 0.70 2.00 3.60 5.30 7.00 8.40

7.80 6.30 4.50 2.70 1.00 0.00 0.00

L2 0O 0.00 -2.00 -3.50 -4.70 -5.60 -6.30 -6.80

6.00 -5.10 -3.90 -2.30 -0.30 0.00 0.00

RECEIVER TYPE ANTENNA TYPE FROM  TO

* ASH701941.2 0 999999
A\Z 0 5 10 15 20 25 30

60 65 70 75 80 85 90

L1 0O 0.00 -0.30 -0.50 -0.50 -0.40 -0.30 -0.20

0.00 -0.10 -0.20 -0.20 -0.20 0.00 0.00

L2 0 0.00 -2.20 -3.30 -3.50 -3.30 -2.90 -2.50

3.20 -3.20 -2.70 -1.30 1.30 0.00 0.00

RECEIVER TYPE ANTENNA TYPE FROM  TO

* ASH701941.B 0 999999
A\Z 0 5 10 15 20 25 30

60 65 70 75 80 85 90

L1 0O 0.00 -0.30 -0.50 -0.50 -0.40 -0.30 -0.20

0.00 -0.10 -0.20 -0.20 -0.20 0.00 ©0.00

L2 0 0.00 -2.20 -3.30 -3.50 -3.30 -2.90 -2.50

3.20 -3.20 -2.70 -1.30 1.30 0.00 0.00

RECEIVER TYPE ANTENNA TYPE FROM  TO

* ASH701946.3 0 999999
A\Z 0 5 10 15 20 25 30

60 65 70 75 80 85 90

L1 0 0.00 -0.120 -0.20 -0.20 -0.10 -0.10 ©.0O0

0.30 0.20 0.20 0.10 0.10 ©0.00 ©0.00

L2 0 0.00 -0.20 -0.30 -0.30 -0.30 -0.30 -0.30

0.30 -0.30 -0.20 -0.20 0.00 ©0.00 ©0.00

RECEIVER TYPE ANTENNA TYPE FROM  TO

* TPSCR3_GGD 0 999999

AppendixB

TYP  D(2) D(A)
E = E = E =
1 5 360
35 40 a5 50 55
2.40 3.00 3.30 3.00 2.80
2.30 2.10 2.00 1.90 1.70
TYP  D(2) D(A)
E = E = E =
1 5 360
35 40 a5 50 55
9.40 10.10 10.20 9.90 9.00

-7.10 -7.20 -7.20 -7.00 -6.60 -

TYP  D(2) D(A)
E = E = E =

1 5 360

35 40 45 50 55
-0.10 0.00 0.10 0.10 0.00

-2.20 -2.10 -2.20 -2.50 -2.90 -

TYP  D(2) D(A)
E = E = E =

1 5 360

35 40 45 50 55
-0.10 0.00 0.10 0.10 0.00

-2.20 -2.10 -2.20 -2.50 -2.90 -

TYP  D(2) D(A)

E E E

1 5 360

35 40 45 50 55
0.10 0.20 0.20 0.20 0.20

-0.30 -0.20 -0.20 -0.20 -0.30 -

TYP  D(2) D(A)

*k*k *k*k *k*k

1 5 360



A\Z 0
60 65
L1 O 0.00
2.00 1.80
L2 0 0.00
1.10 0.70

RECEIVER TYPE

ANTENNA TYPE

25
90
1.80
0.00
0.70
0.00

FROM

A\Z 0
60 65
L1 O 0.00
11.90 10.40
L2 0 0.00
3.60 2.80

RECEIVER TYPE

TRM22020.00+GP

8.10 11.70

ANTENNA TYPE

A\Z 0
60 65
L1 O 0.00
14.90 13.00
L2 0 0.00
3.90 3.00

RECEIVER TYPE

TRM33429.00+GP

7.60 11.10 14.10
11.50 10.40 10.20

ANTENNA TYPE

25
90
16.50
0.00
4.40
0.00

FROM

A\Z 0
60 65
L1 0 0.00
5.50 4.50
L2 0 0.00
0.60 0.20

TRM41249.00

25
90
4.10
0.00
0.10
0.00

TYP

EcE

35

16.90

TYP

*kk

35

19.20

TYP

*kk

35

5.60

0.80

Appendix B

55

55

13.40

55

16.60

55

Different models used in the GAMIT processing (OSO):

The GAMIT (v10.0) format is used in order to avoid mistakes in translation to the BERNESE

format

# ANTYP freq
# Elev ang O

70 75 80

ASH700228 NOTCH

ASHP12 L1
0.0

2.1 1.7 1.3

0.0

2.1 1.7 1.3

ASHP12 L2

Model

30

2.4

2.4

azinc elinc sign

40

05
3.0

3.0

05

60 65

1.0 ASHTECH 700228.D NOTCH
2.6 2.4

2.6 2.4

1.0 ASHTECH 700228.D NOTCH
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0.0 0.0 -2.3 -3.0
-2.5 -1.7 0.0
0.0 0.0 -2.3 -3.0
-2.5 -1.7 0.0

-3.1 -2.9 -2
2.6 -2.8
-3.1 -2.9 -2

2.6 -2.8

ASH701073.1 NGS

ASHGG1 L1 108.9 1.4 -1.0 N3_NGS03

GPS/GLONASS,REV .3, chokerings NGS (

0.0 0.0 0.8 0.9 1.0 0.9 0.

0.9 0.9 0.8 0.5 0.0

0.0 0.0 0.8 0.9 1.0 0.9 0.

0.9 0.9 0.8 0.5 0.0
ASHGG1 L2 127.4 1.0
GPS/GLONASS,REV.3,chokerings

0.5 N3_NGSO03
NGS (
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0.0 0.0 0.1 0.3 0.4 0.5 O.
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0.0 0.1 0.1 0.0 O0.0

0.0 0.0 0.1 0.3 0.3 0.3 O.

0.0 0.1 0.1 0.0 0.0

ATDM1C L2 127.9 0.3 1.2 N3_NGS03

element,REV.C,chokerings NGS ( 2)
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0.1 -0.1 -0.1 -0.1 0.0
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0.1 -0.1 -0.1 -0.1 0.0
ASH701945E_M NGS
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element,REV.C,chokerings NGS ( 2)
0.0 0.0 0.0 -0.1 -0.2 -0.2 -O.
0.1 -0.1 -0.1 -0.1 0.0
0.0 0.0 0.0 -0.1 -0.2 -0.2 -O.
0.1 -0.1 -0.1 -0.1 0.0

.5 -2.1 -1.8 -1.6 -1.5 -1.7 -2.
.5 -2.1 -1.8 -1.6 -1.5 -1.7 -2.
360 5 1.0 ASH701073.1

0) 00/04/20

9 0.8 0.7 0.7 0.7 0.8 0.

9 0.8 0.7 0.7 0.7 0.8 0.

360 5
0) 00/04/20

5 0.4 04 0.4 0.4 0.4 oO.

5 0.4 04 0.4 0.4 0.4 oO.

360 5
00/04/20

1.0 ASH701945C_M

3 0.3 0.2 0.2 0.1 0.1 oO.

3 0.3 0.2 0.2 0.1 0.1 oO.

360 5 1.0 ASH701945C_M
00/04/20
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360 5 1.0 ASH701945E_M
00/04/20

3 0.3 0.2 0.2 0.1 0.1 oO.

3 0.3 0.2 0.2 0.1 0.1 oO.

360 5 1.0 ASH701945E_M
00/04/20
2 -0.3 -0.2 -0.2 -0.1 -0.1 -O.
2 -0.3 -0.2 -0.2 -0.1 -0.1 -O.

0 -2
0 -2
8 0.
8 0.
5 0.
5 0.
1 0.
1 0.
1 -0.
1 -O.
1 0.
1 0.
1 -0.
1 -0.

D/M

D/M



GIPSY processing (NMA):

<ant_info.003>

ANTENNA ID DESCRIPTION
[north] [east] [ up ]

[90] [85] 1[80] 1[75] [70]
[40] [35] 1[30] 1[25] [20]
[north] [ east] [ up]

[90] [85] 1[80] [75] [70]
[40] [35] 1[30] 1[25] [20]

NONE NONE
0.0 0.0 0.
0.0 0.0 0.0 0.0 O.
0.0 0.0 0.0 0.0 O.
0.0 0.0 0.
0.0 0.0 0.0 0.0 O.
0.0 0.0 0.0 0.0 O.
AOAD/M_B
0.0 0.0 78
0.0 0.0 0.0 0.0 O
0.0 0.0 0.0 0.0 O
0.0 0.0 96
0.0 0.0 0.0 0.0 O
0.0 0.0 0.0 0.0 O
AOAD/M_B NONE
0.0 0.0 78
0.0 0.0 0.0 0.0 O
0.0 0.0 0.0 0.0 O
0.0 0.0 96
0.0 0.0 0.0 0.0 O
0.0 0.0 0.0 0.0 O
AOAD/M_B 0S0D
0.0 0.0 78
0.0 0.0 0.0 0.0 O
0.0 0.0 0.0 0.0 O
0.0 0.0 96
0.0 0.0 0.0 0.0 O
0.0 0.0 0.0 0.0 O
AOAD/M_T
0.0 0.0 110
0.0 0.0 0.0 0.0 O
0.0 0.0 0.0 0.0 O
0.0 0.0 128
0.0 0.0 0.0 0.0 O
0.0 0.0 0.0 0.0 O
AOAD/M_T DUTD
0.0 0.0 110
0.0 0.0 0.0 0.0 O
0.0 0.0 0.0 0.0 O
0.0 0.0 128
0.0 0.0 0.0 0.0 O
0.0 0.0 0.0 0.0 O
AOAD/M_T NONE
0.0 0.0 110
0.0 0.0 0.0 0.0 O

O OO o oo

O OO o oo

O O O O o o

O OO o oo

O O O O oo

O O O O o o

o

o

0.0 0.0 0.0 0.0 O.

[65]
[15]

[65]
[15]

0.0
0.0

[60]
[10]

[60]
[10]

0.0
0.0

<CBL-04/08/31=157>

DATA SOURCE (# OF TESTS) YR/MO/DY

[55]
[ 5]

[55]
[ 5]

0.0
0.0

[50]1 [45]
L 0]
[501 [45]
L 0]
0.0 0.0
0.0
0.0 0.0
0.0

0.0 O
0.0
0.0 O
0.0
0.0 O
0.0
0.0 O
0.0
0.0 O
0.0
0.0 O
0.0
0.0 O
0.0
0.0 O
0.0
0.0 O
0.0
0.0 O
0.0
0.0 O
0.0

AVE = # in average
L1 Offset (mm)
L1 Phase at
Elevation (mm)
L2 Offset (mm)
L2 Phase at
Elevation (mm)

NGS ( 0) 99/10/04
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0.0 0.0

0.0 0.0 0.0

0.0 0.0 0.0
AOAD/M_T 0SOD
0.0 0.0

0.0 0.0 0.0

0.0 0.0 0.0
0.0 0.0

0.0 0.0 0.0

0.0 0.0 0.0

ASH700228D

-3.2 .1

.0 .8 1.4

2.6 2.3 1.9
-1.9 4.9

.0 -1.0 -1.5

1.2 -1.4 -1.7

ASH700936A_M

1.4 -1.0
0 .5 8
7 .8 9
1.0 5
0 .3 4
4 .4 5
ASH700936A M SNOW
.3 -2
.0 1.0 1.5
7 .8 1.1
.9 5
0 .1 3
.5 .4 4
ASH700936B_M
1.4 -1.0
0 .5 8
7 .8 9
1.0 5
0 .3 4
.4 .4 5
ASH700936D_M
1.4 -1.0
0 .5 8
7 .8 9
1.0 5
0 .3 4
.4 .4 .5
ASH700936D_M  NONE
1.4 -1.0
0 .5 8
7 .8 9
1.0 5
0 .3 4
.4 .4 .5
ASH700936D_M  0SOD
1.4 -1.0
0 .5 8
7 .8 9
1.0 5
0 .3 4
.4 .4 5
ASH700936E

128.

110.

128.

108.

125.

108.

127.

108.

127.

108.

127.

108.

127.

A O~ O © © A O O © © A O A O © © N O O 0o » OO © © P OO NPk ON O O O o oo

» O O © ©

0

o

0.0

0.0

0.0
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ASH700936E
1.4

.0 .3

.4 .4

ASH701008.01B
-.7

-7.0 -6.6
ASH701073.1
1.4

1.0

.0 .3

-4 -4
ASH701073.1
1.4

ASH701073.1
1.4

1.0

.0 .3

.4 .4
ASH701933B_M
-.3

.0 -.5

.2 1
-1

.0 -2.3

-2.7 -3.1
ASH701941.2
-.2

.0 -.3

1 .0
-.3

.0 -2.2

-2.5 -2.9
ASH701941.B
-.2

-4.
-5.

NN

108.

127.

108.

127.

108.

127.

108.

127.

108.

127.

© o g Fr o O O O O © ~ O O O © OO O © © © O N O wN ~ 00 O O © A OO O O ©

N W NN MO

~N N B~ O

10.

10.
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ASH701941.B
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.0 -.
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.0 -.

.1
-.3
.0 -2.
-2.5 -2.
ASH701945B_M
.5

.0

.2
.3
.0 -.
-.2 -.
ASH701945B_M
.5

.0

.2
.3
.0 -
-2 -
ASH701945C_M
-5

.0

.2
.3
.0 -.
-2 -
ASH701945C_M
-4

.0

21
-.2
.0 -
.0 -.
ASH701945E_M
.5

.0

.2
.3
.0 -.
-.2 -.
ASH701946.3
.6

.3

.3

1

0SOD

SNOW

0SOD

N

i

.2
0SOD

P oW

1
2

P W R

1
2

1

2

-3.

109.

127.

109.

127.

109.

126.

109.

127.

109.

NP © WO O N P © WO O NP © WO O N W NN MO N w NN B~O N W NN B~O

P ODNPFPFDNW

NP © WwWwOoOOo

~N W

AppendixB



0o -.1 -
2 .2

7

0 -2 -

-2 -.3 -.
TPSCR3_GGD
.1

.0 .8 1.

1.9 2.0 2.
7

0 -5 -.

1.7 1.5 1.

TRM22020.00+GP

-.1
.0 4.6 8.
19.5 18.1 16.
-.5
.0 .3 1.

4.7 4.1 3.

TRM29659.00

1.2 -

0 .3 .5

4 .4 .4

1.2 -

0 .0 .0

-.1 -.1 -.1

TRM29659. 00 NONE

1.2 -

.0 .3 .5

.4 .4 .4

1.2 B

.0 .0 .0

-.1 -.1 -.1
TRM33429.00+GP

-.2 1.

.0 3.9 7.6

18.1 16.6 14.9

.6 -

.0 .6 1.4

5.3 4.7 3.9

TRM41249.00

.3 B

0 .6 1.4

6.4 6.1 5.5

-.4 -

.0 -.5 -.6

1.0 9 -6

w W WEFEr WwN

[

W O N WO

12.
14.

11.
13.

128.

80.

103.

74.
15.
13.
70.

109.

128.

109.

128.

P A WO EFL O O OO u o O O O U1 U1 ™ A OO OO 0ON NN OO N O N W AN

NNDNEDND

18.
12.

16.
10.

20.
11.

18.
10.

20.

19.

21.1

19.5

1.8

1.8

20.6

19.1

Appendix B

61



62

Appendix C

C. Troposphere models

a. The Saastamoinen model for total
zenith delay used in GAMIT

saaszd = 0.002277£ p+ [1?55

+0.05Je]/ ffun

K

where:

govrrj

ty —a-h ( a
P=Pg|——F
%

e=rh- 6.11-10(”;753"t'lej

ffun =1-0.00266 - cos(2 - ¢) —0.00028 - h

with:

Py = pressure at sea level in [mbar]
t = temperature i [°C]

t, = temperature in [K]

¢ = latitude

h = site geodetic height in [km]
govrr = 34.1

a=45

In the GAMIT processing, the a priori zenith delay is separated in its
dry and wet components:

1255

dry _zenith _delay = 0.002277[ p+ ( + 0.0Sj . 0.0J/ ffun

K



Appendix C

1255

wet _ zenith _delay = 0.002277[0.0 +[ + 0.0SJeJ/ ffun

K

In the processing the dry part is kept fixed to its a priori value, while
the wet part is estimated.

b. Theoretical background to
troposphere (from Emardsson 1998)

Electromagnetic radio waves are affected in various ways while
passing through the atmosphere from the satellites to the user
receiver close to the surface of the earth (Emardson 1998). Since the
velocity of light varies between different media, the refractive index,
n, is introduced:

n=c,/c

where cp is the speed of light in vacuum and c is the speed of light in
the media. The extra time needed for the signal to travel through the
media compared to travel the same distance through vacuum can
thus be written:

& ==[(n-1ds
COS

where S is the actual travelled distance which deviates from a
straight line due to the bending effect.

In processing GPS data collected close to the surface of the earth, the
effects from the ionosphere and the troposphere is the most
considered.

The troposphere is the lower part of the atmosphere, usually said to
extend up to 10 km, but may vary from 8 km at the pole to 17 km at
the equator (Geerts, B., Linacre, E., 1997). The mixing ratio between
the different species, where nitrogen and oxygen is the main
contributors, is fairly constant throughout the troposphere. An
exception is water vapour which is varying between 0-4% volume
mixing ratio with a typical value of 1% at ground level (Brasseur
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Appendix C

1999). The Troposphere is electrically neutral and effects
electromagnetic waves of different frequencies equally. We may

introduce refractivity y as 10°(n-1). A common expression for y at
frequencies below 10 GHz is

p _ e.__ e __
X = kl?dzdl +k2 ?Zwl +k3 T—zzwl

where p, and e are partial pressure of the dry species and water
vapour in mbar respectively, T is temperature in K, and Z, and
Z,are compressibility factors for the dry air and water vapour. The
terms in (3) can be rearranged as

R e e _
X = klpM_+k2 ?Zwl +k3_|_—zzwl

d

where p is the density of the atmosphere, R is the universal gas
constant, M, is the molar weight of dry air, and k, =k, —mk, with m
as the ratio of molar masses of water vapour and dry air. The
coefficients k;, k, and k; have been determined from laboratory

experiments to 77.6 K(mbar)1, 70 K(mbar)! and 3.7 K*(mbar)! . By
this rearrangement the refractivity can now be written as

Z:Zh—l_lw

where y, , the first term in (4) is called the hydrostatic refractivity and

is only dependent on the total density and not on the wet/dry
mixing ratio. By integrating according to (2) we get the total delay (in
distance unit) from the neutral atmosphere as the sum of the
hydrostatic and wet delay

=1, +1,

where |=c,xdt have been used. The hydrostatic delay can be
approximated using ground pressure measurements
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P

|, = (2.2768+0.0024)
f(p,H)

with
f (p,H) =1-0.00266 cos(23) —0.00028H 8)

where |, is the zenith hydrostatic delay in mm, P is the pressure in

mbar, ¢ is the site latitudes in degrees, and H is the station height in
km. The hydrostatic delay in zenith is typically around 2.3 m, while
the wet delay is typically below 30 cm but is highly variable.

To relate the delay at a certain elevation angle above the horizon to
the delay in zenith, it is common practise to use a mapping function

_ 1)
m(e) =1 (90°) ©)

where ¢ is the elevation angle to the observed satellite. The approach
assumes in principle a horizontally stratified atmosphere. The form
of the mapping function is close to 1/sin(e), at least for higher
elevation angles.
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Appendix D

D. The NMA solution - GIPSY/OASISII

Position standard errors
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Appendix E

The OSO solution - GAMIT/GLOBK

E.

Position standard errors

Position standard error (mm)
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Appendix E

Daily repeatability

Repeatability north component (mm)

Repeatability east component (mm)

Repeatability up component (mm)
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Appendix F

The LMYV solution - Bernese ver 5.0

F.

Position standard errors
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Appendix F

Daily repeatabili
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Appendix F

Fixed - float solution

Fix-float north (mm)
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Appendix F

Elevation cut-off test (25 deg - 10 deg)

Diff:25 deg and 10 deg solution (up mm)
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B 1 AL L M T
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mmmmmmmmmmm

Largest differences:

Station Diff up

(mm)
ANDO 38,9
ARNE -25,5
SPTO -24,7
ARAJ -24,3
KONG 23,7
DOMS 21,9
NYA1l 21,7
KUUS 21,1
L312 -20,9




Helmert transformations to ITRF 2000 (IGS
cumulative solution (GPSWeek 1294)

3-parameter fit to IGS cumulative solution G1294
ep G1238, Unit:mm

STN N E U Not used
HOFN -1.9 | -1.7 1.5
KIRU -20 | 0.7 0.5
METS -1.6 1.1 -6.0
NYA1 -2.7 0.3 6.3 *
NYAL 1.7 0.3 0.6
ONSA -09 | 0.6 -4.0
QAQ1 16 | -23 | 21.6 -
REYK -09 | -1.9 | 239 =
THU3 0.7 0.4 9.5
TRO1 -1.8 | 05 3.0 @
TROM -1.2 1.2 -0.2
RMS 1.6 1.0 4.9 3.1

6-parameter fit to IGS cumulative solution G1294
ep G1238, Unitmm

STN N E U Not used
HOFN -21 | -1.9 -0.1
KIRU -16 | 04 2.4
METS -06 | 0.7 -1.1
NYA1 -21 | 01 4.0 -
NYAL 2.3 0.2 -1.8
ONSA 0.0 0.7 0.3
QAQ1 -05 | -2.7 | 14.8 =
REYK -1.4 | -2.2 | 21.3 =
THU3 -0.2 | -1.5 1.1
TRO1 -1.4 | 0.2 4.1 @
TROM -0.8 | 0.9 0.9
RMS 1.5 1.1 1.4 1,5
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Appendix G

The KMS solution, Bernese ver 4.2

G.

ion and Baseline length. resolved

Ambiguity resolut

ambiguities in percent for each baseline. The values are an average of all 7 days.
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Appendix G

Position standard errors
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Appendix G

Daily Repeatability North (mm)
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Appendix H

H. Direct comparison

Diff from mean North 1 (mm)
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Appendix H

Differences from mean East 1 (mm)
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Appendix H

Diff from mean Up 1 (mm)
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Appendix |

I. Comparison between solutions after
transformation to UTM zone 33
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Figur I-1: OSO-NMA, horizontal differences.
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Figur I-2: OSO-NMA, vertical differences.



Appendix |

Figur I-3: OSO-KMS, horizontal differences.

Figur I-4: OSO-KMS, vertical differences.
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Figur 1 -5: OSO-LMYV, horizontal differences.
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Figur I-7: LMV-NMA, horizontal differences.
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Figur I-8: LMV-NMA, vertical differences.
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Appendix |

Figur I-11:KMS-LMYV, horizontal differences.

Figur I-12:KMS-LMYV, vertical differences.
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Appendix J

Helmert-fits to IGS realizations of

I'TRF 2000

Helmert to IGS weekly sol 1238 (in ITRF 2000)

fitted on METS ONSA KIRU TROM THU3 NYAL HOFN QAQ1 REYK

#par 3] 4] 6] 7] Scale dN | dE | du
RMS (mm) ppm Translations (mm)
NMA 3,3 3,2 2,9 28| -0,0011 0,6 1.4 -8,9
0SO 2,3 2,3 1,6 1,5| -0,0005 2,0 -0,7 -2,5
LMV 6,3 6,2 3,0 2,3 0,0021 0,4 -2,1 4,4
KMS 6,4 6,4 2,6 2,1 0,0018 0,0 -1,4 3,1
Helmert to IGS cumulative sol 1294 (in ITRF 2000)
fitted on METS ONSA KIRU TROM THU3 NYAL HOFN QAQ1 REYK
#par 3 | 4| 6 | 7 Scale dN | dE | du
RMS (mm) ppm Translations (mm)
NMA 3,4 3,2 3,4 3,2| -0,0015 0,2 2,1 -8,4
0OSO 3,2 3,2 2,9 2,9| -0,0009 1,7 0,0 -2,1
LMV 6,4 6,4 3,9 3,7 0,0017 0,0 -1,4 4.8
KMS 6,3 6,3 3,1 2,9 0,0014 -0,4 -0,8 3,6
Helmert to IGS cumulative sol 1294 (in ITRF 2000)
fitted on METS ONSA KIRU TROM THU3 NYAL HOFN (not QAQ1 and REYK)
#par 3] 4] 6] 7] Scale dN | dE | du
RMS (mm) ppm Translations (mm)
NMA 2,2 2,1 19 1,8 -0,0009 0,0 1,6 -9.4
0SO 2,7 2,6 1,9 19| -0,0011 1,1 0,4 -3,5
LMV 3,1 3,0 1,5 1,3 0,0010 0,0 0,0 0,0
KMS 5,2 5,3 2,9 2,9 0,0010 0,0 0,0 0,0
Explanations:
# par | Parameters
3 translations
4 translations + scale
6 translations + rotations
7 translations + rotations + scale

The presented scale is taken from the 7-parameter transformation but
it is almost in all cases identical to the scale in the 4-parameter

transformation. dN, dE and dU are the translations in a topocentric

system when solving for 3 parameters.




Appendix K

K. Helmert-fits between solutions

Helmert to NMA, sigma, unit mm, ppm
#par 3] 4] 6| 7[Scale  [dN |dE | du

RMS (mm) ppm Translations (mm)
0so 3,0 3,0 2,6 2,6| 0,0000 2,2 -1,7 3,2
LMV 4.2 4,0 3,7 3,5| 0,0028 -0,2 -0,5 9,5
KMS 4,7 4,6 3,8 3,7 10,0024 -0,2 0,2 6,0

Helmert to OSO, sigma, unit mm, ppm

#par 3] 4] 6] 7]Scale  [dN |dE | du

RMS (mm) ppm Translations (mm)
LMV 2,8 25 25 21| 0,0028 -2,4 1,2 6,3
KMS 3,1 29 2,4 21| 10,0023 -2,4 1,9 2,8

Helmert to LMV, sigma, unit mm, ppm

#par 3] 4] 6] 7]Scale  [dN |dE | du
RMS (mm) | ppm Translations (mm)
KMS 20/ 19| 18] 1,8 -0,0005 0,0] 0,7 -3,5

All 133 used as fitting points (except for KMS where BRGS is

excluded).

Explanations:

# par | Parameters

3 translations

4 translations + scale

6 translations + rotations

7 translations + rotations + scale

The presented scale is taken from the 7-parameter transformation but
it is almost in all cases identical to the scale in the 4-parameter
transformation. dN, dE and dU are the translations in a topocentric
system when solving for 3 parameters.
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Appendix L

Comparison after harmonization
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Appendix L

Differences from mean East 1 (mm)
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Appendix L

Diff from mean Up 1 (mm)
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Appendix M

M. Comparison between harmonized
solutions and combined solution after
transformation to UTM zone 33.
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Figure M-1: OSO to combined solution, horizontal differences.
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Figure M-2: OSO to combined solution, vertical differences.
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Appendix M

Figure M-3: NMA to combined solution, horizontal differences.

Figure M-4: NMA to combined solution, vertical differences.
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Appendix M

Figure M-5: LMV to combined solution, horizontal differences.

Figure M-6: LMV to combined solution, vertical differences.
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Appendix M

Figure M-7: KMS to combined solution, horizontal differences.

Figure M-8: KMS to combined solution, vertical differences.
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Appendix O

RMS values for the final combined
coordinates in ITRF 2000 epoch

2003.75
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Appendix P

P. Atmospheric pressure

The pressure data from HOFN, JOZ2, METS, POTS and REYK are
gathered from the IGS Met-files during the GPS week 1238.

The observations have been reduced to MSL using the following

formula:

Pus. = Pogs /(1—0.0000226* H)*#*

Used heights: HOFN 14.5m, JOZ2 115.3m, METS 70,6m, POTS
133.6m and REYK 22.7m (Ellipsoidal heights are taken directly from
the Met files or from the logfiles, in the latter case adding height for

antenna and difference for meteorological equipment. EGM geoidal
heights are then subtracted to get MSL heights.)
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Pressure at JOZ2
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——observed preassure
——reduced preassure
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Observatory.
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HOFN/ REYK , ONSA /METS and POTS/JOZ2 do look similar
between themselves but different to the other “pairs”. The pressure is
a bit higher than normal in the south and lower in the north.
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- en jamforelsestudie.
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Jamtnis Lars & Ahlm Linda: Filtstudie av Internet-distribuerad nitverks-
RTK

Engfeldt Andreas (ed.) Network RTK in northern and central Europe.
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