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Motivation

Many model improvements for DORIS

Infrastructure
— Development of space and ground infrastructure
— More data collected from DGXX receiver (on Jason-2 first) — seven stations

observed in parallel

Modelling: satellites

— Physical models of satellites

— Improved solar radiation pressure modelling

— Improved air drag parameterization

—  Gravity field: EIGEN-6S2 which includes annual variations
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Modelling: station antennae

—  Frequency offset considered (difference between actual admitted frequency
and the nominal value)

— antenna phase center corrections

Willis, P.; Lemoine, F.G.; Moreaux, G.; Soudarin, L.; Ferrage, P.; Ries, J.; Otten, M.; Saunier, J.; Noll, C.;
Biancale, R.; Luzum, B., in press. The International DORIS Service (IDS) - Recent developments in preparation
for ITRF2013, IAG SYMPOSIA SERIES, 143




Input data and parameterization ()

O Input data

—  SINEX files between 1993.0 and 2014.0
—  Weekly solutions (minimum constraints, not booked in SINEX - cannot be
removed; need to introduce 7 similarity transformation parameters)

[u x u) [u x u] [(u 4 wa) % (0 + )]

introduction of infinitesimal
similarity transformation parameters

free
NEQ

reconstruction of free NEQ

correlations

correlations

additional parameters
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Input data and parameterization ()

O Input data

—  SINEX files between 1993.0 and 2014.0

—  Weekly solutions (minimum constraints, not booked in SINEX - cannot be
removed; need to introduce 7 similarity transformation parameters)

[u x u] [ > u] [(w+ uq) % (u+ ug)]

free
NEQ

introduction of infinitesimal

reconstruction of free NEQ similarity transformation parameters

correlations

correlations

additional parameters
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—  Satellite constellations (changes might have an effect on many time series)
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Input data and parameterization ()

O Input data

—  SINEX files between 1993.0 and 2014.0

—  Weekly solutions (minimum constraints, not booked in SINEX - cannot be
removed; need to introduce 7 similarity transformation parameters)

[u x u] [ > u] [(w+ uq) % (u+ ug)]
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NEQ

introduction of infinitesimal

reconstruction of free NEQ similarity transformation parameters
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—  Satellite constellations (changes might have an effect on many time series)
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Input data and parameterization (ll)

>
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& O Input data
& — 6 different Analysis Centers (ACs) using 5 different software packages
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Input data and parameterization (ll)

O Input data
— 6 different Analysis Centers (ACs) using 5 different software packages
8 \ | | \ |
- ESA + GOP - GSC - IGN - INA  LCA variance factors
6 | .
®)
< 4 ]
i “r ;f.-
Al i |
I | | | |
800 800 1000 1200 1400 1600 1800

O  Weekly SINEX files contain
— 3D station coordinates at mid-week epoch
— Terrestrial pole coordinates as offsets at 12h epochs (7 per week)

O Up to now, four iterations with IDS Combination Center, last iteration is expected

for mid of November

CGE



Combination strategy at DGFI

0 Combination at DGFI is performed on normal equation (NEQ) level

Input SINEX time series

Changes w.r.t. DTRF2008 processing:

[ Reconstruction of constraint free NEQ from SINEX ]

1 I | | _
SLR GPS
weekly NEQ weekly NEQ

VLBI DORIS

session NEQ weekly NEQ

Correction for non-tidal atmospheric
loading (NT-ATML) at NEQ level
using an unique model provided by

GGFC

NEQs to one NEQ per technique
- Set up station velocities
- Epoch transformation of the VLBI EOP

SLR GPS DORIS
TRF+EOP TRF+EOP TRF+EOP

Combination of the technique NEQ }

Analysis of time series and accumulation of J

— A posteriori estimation of annual/-
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semi-annual signal of station position
VLBI

TRF+EOP time series

= Selection of local ties

- Combination of station velocities
- Realisation of the geodetic datum
= Estimation of variance factors

Global Terrestrial Reference Frame + EOP

DTRF2013

Picture taken from

Seitz M., Angermann D., Blof3feld M., Drewes H., Gerstl M.:

The 2008 DGFI Realization of the ITRS: DTRF2008.

Journal of Geodesy, Volume 86, Issue 12, pp 1097-1123 ,

doi: 10.1007/s00190-012-0567-2 8

CGLE
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Stochastic model

-

N=i2N1+...+i2Nm Nuxu
0'1 o-m
1 1 >.
y=Fy1+...+Fym yuxl
1 m J

b™Pb = —b,"Pb, + .. + —b_TPb_
61 o-m

n=n;+ ..+ny,
u= u; + ..+ uy

Q Reduced by the number of
common parameters

G
-

JA\L

Solution of combined system

X = N1y

o2 = (PTPP)/(n —u) with v"Pv=bTPb — b
Cy;» = o2N1

with C4% Is the variance-covariance matrix of the

estimated variables. )

Solution of NEQ
pseudo-observations
are necessary

Solution
TRF+EOP




Stochastic model

4 ; ) = )
N=FN1+"'+FNm Nuxu
1 m
1 1 - 1 Solution of NEQ
y=gz¥it -t =¥m ) yux pseudo-observations
s ~ are necessary

b™Pb = —b,"Pb, + .. + —b_TPb
61 Gm

m

n=n;+ ..+ny,

Solution
' TRF+EOP
Q Reduced by the number of

u= u; + ..+ uy

orkshop 2014, Konstanz, Germany

common parameters
s > p )) | Erroneous or missing bTPb
4 N IO
Solution of combined system n and u lead to incorrect
X = N1y standard deviations and affect

o2 = (VTPY)/(n — u) with TPy =bTPb — #Th the relative weighting of the

1 techniques!
ny = o°’N

I Correct SOLUTION/STATISTICS

with C4% Is the variance-covariance matrix of the .
are required!

_ estimated variables. ) > Now, IDS SINEX contain n, u

CGE and dof values. 10
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Analysis of DORIS input data

reconstructed
from SINEX

Accumulation

Set up of velocities
(ATM loading)
Discontinuities

4

combined
NEQ

« Alignment to DTRF2008

\Z

DORIS
multi-year
solution

\d

Similarity transformations
w.r.t. DTRF2008

\

— datum differences

LS

~

(ATM loading)
Discontinuities
Alignment to DTRF2008

\

Similarity transformations
w.r.t. DTRF2008

|

11
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# stations

Analysis results

O Histogram of length of station time series (many short-terms?)
— 149 stations in total (DTRF2008: 136)
— 182 solution numbers - 33 jumps (DTRF2008: 48)

12

107

— 35% of stations contain less than 3.5 years of data (25% less than 2.5)

- Estimation in DTRF2013? Final decision after a detailed analysis of the remaining signals in station
position time series (correcting for NT-ATML may allow shorter length of time series (<2.5 years?)).
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Analysis results

d Number of stations vs. DTRF2008

— Three new stations

—  Replacement of all Alcatel antennae with Starec generation (Willis et al., 2014)
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Analysis results

O Number of discontinuities; Which of DTRF2008 can be removed?

IDGFIdiwotiseitzI TRF2013/0_inputfmisc/ID S_jumps_|ITRF2002

ADEA 915015001 -647.0 0AD2 # Earthquake 8.1 Mw
] AMTE 914015003 2153.0 0A02 # Antenna offset

COLA 235015001 -1872.0 GADZ  # Unknown

COLA 235015001 547.0 QARS # Earthquake

DIOA 128025011 -1736.0 GAGZ # unknown

DJIE 399015003 2400.0 0AG2 # data gaps

EVEE 215015001 805.0 OADZ # Unknown

FAIA 404085004 -1462.0 GADZ # unknown

FAIE 404085005 1037.0 0AQ2 # Earthquake

FAIE 404085005 1128.0 0ADS # Postseismic

FAIE 404085005 1310.0 CAQ4 # Postseismic

FAIE 404085005 2191.0 QAQS # Postseismic

GAVE 126185001 2276.0 0ADZ # Unknown

GOME 404055037 -77.0 DADZ # Hector Mine Earthg.

GOME 404055037 1603.0 0A03 # Oscillator problem

HELE 306065003 31.0 0ADZ # Antenna tilt

HELE 206065003 943.0 OABS # After gap

KESE 912015004 1496,0 CAGZ2 # Unknown

KRAE 1234595001 -485.0 0AG2 # Unknown

KRAE 123495001 2070,0 QARS # Earthquake

MANE 22006S002 1652.0 GAG2 # Unknown

MAMNE 220065002 2018.0 GAOS # Unknown

MARE 303135002 899.0 0ADZ # Unknown

MATE 303135003 2191.0 0A02 # Antenna offset

MATE 303135003 2504.0 0ADS # Antenna offset

MATE 303135003 2650.0 0AG4 # Antenna offset

MORE 510015002 1249,.0 0AD2 # Equipment problem

MORE 510015002 1694.0 0AO3 # Equipment problem

REUB 274015002 3131.0 0AOZ # Beacon event

REYE 122025002 169.0 OADZ # Earthquake

FEZE 102025003 1837.0 0A0Z # Unknown

REZE 102025003 3076.0 0AD3 # Earthquake

RIPE 415075005 1980.0 GADZ # Unknown

ROTA 880075001 743,0 0ADZ # Unknown

SAKA 123295001 -1909.0 GADZ # Unknown

SAKA 123295001 -371.0 GAGS  # Unknown

SAKA 123295001 1363.0 0AG4 # Unknown

SANE 417055009 1242.0 0A02 # Unknown

SPIE 103175004 805.0 OAGZ # Unknown

SPIE 103175004 1200.0 0AGE # Unknown

STJB 401015002 960.0 0ADZ # unknown

TRIA 306045001 -167.0 0A02 # Unknown

TRIB 306045002 1674.0 0A02 # Unknown

¥ASE S01075011 1897.0 QAG2 # Unknown

YASE S01075011 2800.0 QAG3 # Unknown

METE 105035015 701.0 0AB2 # after data gap

SPJE 103175005 1807.0 0A02 # after data gap

JIUB 216025005 1891.0 0A0Z2 # affer data gap

CGE

1084
1 327
1320
1182
1092
1208
1075
1001
1307
1033
1215
1001
1085
1289
1143
1031
1213
1036
1246
1244
1192
1184
1168
1365
§EMLES
1134
1152
1234
1210
1168
1072
1157
1154
1013
1283
: 360
1 268
1147
1073
1205
1230
1198
1213
1071
1244
1336
1347
1065
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Browse...

& | /D &FI4iwondse itz TRF2013/0_inputimiscii DS _jumps_I TRF2013_Mathis

ADEA 915015001 -647.0 0AD2 # Earthquake 8.1 Mw
> € CADE 416055002 3119.0 0AQz2 # 7
CHAE 502075001 2139.0 QAD2 # 7
o COLA 235015001 -1872,0 CAG2 # Unknown
EVEE 215015001 805.0 OAOZ # Unknown
FAIE 404085005 1037.0 0A02 # Earthquake
FAIE 404085005 1128.0 0AQ3 # Postseismic
> FAIE 404085005 1310.0 0AD4 # Postseismic
FAIE 404085005 2191.0 QAQS # Postseismic
GOMB 404055037 1603.0 0A03 # Oscillator problem
€ GREE 404515176 2216.0 0AQ2 # 7
HELE 308065003 51.0 DADZ # Antenna tilt
> 4 HEMB 306065004 31596.0 0ARZ2 # 7
KESE 912015004 1496.0 CAGZ # Unknown
4 KRLUE 5973015004 1557.0 QA02 # 7
MAHE 358015005 3070.0 0AD2 # 7
> MARE 203135002 899.0 0ABZ # Unknown
MATE 303135003 2191.0 0ARDZ # Antenna offset
- REUE 974015002 3131.0 0AD2 # Beacon ewvent
REZE 102025003 1897.0 CAGZ # Unknown
REZE 102025003 3076.0 0AQS # Earthquake
RIPE 415075005 1980.0 0AGZ # Unknown
ROTA 880073001 743.0 0ADZ # Unknown
SAKA 1232535001 -1909.0 0AOZ # Unknown
-»> SAKA 123295001 -371.0 CAG3 £ Unknown
4 SANE 417055009 2153.0 0A02 # 7
SAMNE 417055009 3745.0 0AQS # 7
SAME 417055009 4001.0 QAQ4 # 7
SYPE 5600685003 4575.0 0AQZ2 # 7
-» STJE 401015002 960.0 0A02 # unknown
TRIA 306045001 -167.0 0A02 # Unknown
TRIE 306045002 1674.0 0AQ2 # Unknown
[¢] #

SPJB 103175005

1807,

0ADZ after data gap

>
Reduction
A of necessary
discontinuities
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Analysis results

>
C - - - - -
g L  Number of discontinuities; Which of DTRF2008 can be removed? - unify with IGN, JPL!
—
Y O ' d land
O e.g., Station AMTB (Amsterdam Islands)
-~
E DG Flwo ddseitz/ TRF2013/0_inputimisc/IDS_jumps_|TRF2008 v | |Browse... & | /D &FI4iwondse itz TRF2013/0_inputimiscii DS _jumps_I TRF2013_Mathis
S e e e e A = L LA LS e L T ADEA 015015001 -647.0 OAO2 # Earthquake 8.1 Mw 98: 084 2
- I ] AMTE 914015003 2153.0 0AG2 # Antenna offset 05:327 1 I - € CADB 416095002 3119.0 0AOZ # ? 08:198
S0 e — —— CHAB 502075001 2139.0 0AG2 # 7 05:313
2 COLA 235015001 547.0 0AD3 # Earthquake 01:182 1 > COLA 235015001 -1872.0 0AD2 # Unknown 94:320 1
C DIDA 126025011 -1736.0 0AO2 # unknown 05:092 3 EVEE 215015001  805.0 0AD2 # Unknown 02:075 1
(@) DJIB 395015003 2400.0 0AG2 # data gaps 02:307 1
N7 EVES 215015001  805.0 0AO2 # Unknown 03:033 2
FAIA 404085004 -1462.0 0AG2 # unknown 03:215 2
=~ FAIB 404085005 1037.0 0AD2 # Earthquake 91401 1 North WRMS=0.53126 06:001 2
< FAIB 404085005 1128.0 0AD3 # Postseismic 50 lem  04:143 1
FAIB 404085005 1310.0 0AD4 # Postseismic J 06:025
— FAIB 404085005 2191.0 0AOS # Postseismic — 00:031 2
o GAVB 126185001 2276.0 0AG2 # Unknown = . . . 08:275
~ GOMB 404055037  -77.0 0AD2 # Hector Mine Earthg. . R . 04:036 2
GOMB 404055037 1603.0 0AO3 # Oscillator problem E . R LT 05:131
o HELE 305065003  31.0 0AD2 # Antenna tilt or - N L L Y . 08:149
HELB 306065003 ©043.0 0AG3 # After oap = T S T 02:169 2
(@) KESE 912015004 1496.0 0AD2 # Unknown 5 cr. v b <, : : 05:365 2
c KRAB 123495001 -485.0 0AD2 # Unknown * : : : : : 08:210 2
KRAB 123495001 2070.0 0AD3 # Earthguake Z : : - - . . 05:072 1
v MANE 220065002 1652.0 0AD2 # Unknown | | A X . | 08:157 2
{ MANE 220065002 2018.0 0A03 # Unknown =50 05:154 1
MARE 303135002 899.0 0AD2Z # Unknown b 02:013 2
O MATE 303135003 2191.0 0AD2 # Antenna offset 2001 2002 2003 2004 2005 4006 2007 2008 94:283 1
MATE 303135003 2504.0 0AD3 # Antenna offset 98:360 1
MATE 303135003 2690.0 0A04 # Antenna offset 91401S003A01 East WRMS=0.83345 05:327
MORE 510015002 1249,.0 0AD2 # Equipment problem 10:097
MORE 510015002 1694.0 0AO3 # Equipment problem 50 T T T T 10: 349
REUB 274015002 3131.0 0AOZ # Beacon event - . - - . . 12:133
REYB 122025002 169.0 0AD2 # Earthguake — R . : . : : 02:230 3
REZE 102025003 1897.0 0AO2 # Unknown = . L . . . I . : 99:198 2
REZE 102025003 3076.0 0AD3 # Earthquake £ P I I R 04:213 1
RIPE 415075005 1980.0 0AG2 # Unknown = R L P w. ot | 04:347
ROTA 660075001  743.0 0AD2 # Unknown — 0 Tle e e e R
SAKA 123295001 -1909.0 0AG2 # Unknown 1] . ot L. St
SAKA 123295001 -371.0 0AD3  # Unknown @© e Soe e e
SAKA 123295001 1363.0 0AG4 # Unknown L : ' : -
SANB 417055009 1242.0 0AG2 # Unknown St
SPIE 103175004 805.0 0ADZ # Unknown -50 =t L 1 1 1 I
SPIE 103175004 1200.0 0A®3 # Unknown A
STJB 401015002 960.0 0A02 # unknown 2001 2002 2003 2004 2005 4006 2007 2008
TRIA 306045001 -167.0 0AG2 # Unknown
TRIB 3065045002 1674.0 0AG2 # Unknown ;
¥ASB 501075011 1897.0 0AG2 # Unknown 91401S003A01 Height WRMS=0.7p399
YASB 501075011 2800,0 0AG3 # Unknown 50 | T | T
METB 105035015 701.0 0AB2 # after data gap k X !
SPJB 103175005 1807.0 0AG2 # after data gap — :
JIUB 216025005 1891.0 0AD2 # affer data gap £
E o 1
—
—
iy
% 50" G L -
I
_1 DD ] | 1 | | |
2001 2002 2003 2004 2005 2006 2007 2008
CGLE year 15
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Analysis results

mmm  \Neekly IDS (DTRF2013) w.r.t. DTRF2008

O Datum parameter series vs. DTRF2008
mmm  \Weekly IDS (DTRF2008) w.r.t. DTRF2008

| | | | | | | | | |
1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014

4 x
T
5 ; mew{ ’hvvﬂq”
S o |
> ,

_oL !
_4 | | | | | | | | | |
1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014

10 | | | [ | |
5 o i AT
el ~ | W —
N WW WW

1B

| | | | | | | | |
1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014
year
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Analysis results

| | | | | | | | |
1994 1996 1998 2000 2002 2004 2006 2008 2010 2012 2014
year

O Datum time series of IDS weekly (DTRF2008) vs. IDS multiyear (DTRF2008)

>
C - -
& O Datum parameter series vs. DTRF2008 - z translation
& 10 | | | | | mmm  \Weekly IDS (DTRF2013) w.r.t. DTRF2008
N _ o mmm  \Weekly IDS (DTRF2008) w.r.t. DTRF2008
© = il N
17 S, 0o (AN b -
O, 1A | | Al
S N dull WWW
S ~10 “
o
oN
Q.
(@)
L=
(%)
4
—
@)

= : . : : ; 250

E 40+ 4{sunspots
5 %ol I ’p | '

= O0F H q { '“ l y

] lI 0 i|

E) —20 | ” ' [ l l l \ ““ ;tartgof .Jaso ' W Hl “l| l' 710

o _40 TOPEX/I oselon shifted _Sunspots
= _@(0 LSP2+Tp_ SP2:TP:SP3 . _ SP2+TP o §P2+TP+SP4, rSF>2+T|=*+S|=’5+EL1 SP2+SP4+SPR+EN 5

N 1994 1996 1998 2000 2002 2004 2006 2008 2010

Picture taken from Seitz M., Angermann D., Blo3feld M., Drewes H., Gerstl M.: The 2008 DGFI Realization of the
ITRS: DTRF2008. Journal of Geodesy, Volume 86, Issue 12, pp 1097-1123, doi: 10.1007/s00190-012-0567-2

- Correlation with solar cycle is still visible.

CGE 17
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Analysis results

0 Datum parameter series vs. DTRF2008 - scale and RMS of transformation

| | \ !
Inclusion of Saral N

Inclusion off HY-2A
" 'Driftin DTRF2008 IDS 1" | T
input: ~1.8 mm/yr

i | |
2000 2005 2010 2015

mmm  \\/eekly IDS (DTRF2013) w.r.t. DTRF2008

N
[

RMS [cm]

mmm=  \Weekly IDS (DTRF2008) w.r.t. DTRF2008

Extrapolation

of DTRF2008
N & | i -

1%90

CGE

1995 2000 2005 2010 2015
year
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Analysis results

IERS 08 C04 - IDS multiyear (DTRF2013)
IERS 08 C04 - IDS multiyear (DTRF2008)

O Terrestrial pole coordinates

x-pole w.r.t. IERS 08 C04
T T T

" M A

orkshop 2014, Konstanz, Germany

K ! | ! ! | I I 25 L L I I L L L L L L L
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related to the more realistic stochastic model?

Why is scatter of DTRF2013 IDS input higher than DTRF2008 IDS input?
What cause higher STDs in DTRF2013 IDS input? Can the effect be just
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— GPS draconitics in x-pole; good agreement in y-pole

— Why are the GPS draconitics for the IDS DTRF2013 input higher than for the IDS

DTRF2008 input?

CGE
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Analysis results

0 DORIS multi-year solution
RMS of transformation > Agreement of network geometries
—IDS multiyear (DTRF2013) w.r.t. DTRF2008: 7.9 mm (coord), 1.6 mm (vel)
— IDS multiyear (DTRF2008) w.r.t.
IDS multiyear (DTRF2008): 7.0 mm (coord), 1.5 mm (vel)

L Histogram of transformation residuals
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Summary & Outlook

Many model improvements for DORIS since DTRF2008
Realistic stochastic model due to the availability of stochastic values
Annual signal in translation time series is reduced vs. DTRF2008

Correlation of Tz with solar cycle still visible but with a slightly smaller amplitude

U N W W N

Scale drift seen in DTRF2008 input data is removed but scale jump in 2012 needs
to be further investigated. Correlation with HY-2A and Saral?

Pole coordinates of DTRF2013 input show higher scatter and STDs than

U

DTRF2008 input. Can the increased STD be explained by the more realistic
stochastic model only?

Outlook

O Unification of discontinuity list with IGN and JPL

O Application of a posteriori NT-ATML correction at normal equation level

O Please keep in mind that another iteration will be provided by the IDS CC.

Therefore, results may slightly change!
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Thank you very much for your attention!

Many thanks to the IDS for providing the data!

DTRF2013: Results of the analysis and

impact of the contribution of the
International DORIS Service

Manuela Seitz, Detlef Angermann, Mathis Blof3feld

Deutsches Geodatisches Forschungsinstitut (DGFI), Munich, Germany

e-mail: seitz@dgfi.badw.de
For more details on DTRF2013, please visit http://dgfi.badw.de/en/products/dtrf2013
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Analysis results
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