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Absrac In 2022 and a he beginning o 2023, he
hree laes realizatons o he Inernatonal Terresrial
Reerence Sysem (ITRS) became available: ITRF2020,
JTRF2020, and DTRF2020. Among ohers, he daa
conributon by he Inernatonal VLBI Service or
Geodesy and Asromery (IVS) o hese reerence
rames conains new models or he graviatonal
deormaton o six VLBI anennas. In partcular, hese
models affec he estmaed heighs o he corre-
sponding satons. In 2023, he IVS Analysis Ceners
(ACs) reprocessed heir session series rom 1979 o he
presen. The respectve series o he AC a DGFI-TUM
is dg2023a. The main changes w.r.. he previous
series dg2020a, which served as inpu daa or he
ITRS 2020 realizatons, are a) he usage o ITRF2020
as a priori reerence rame, and b) he correctons
or he graviatonal deormaton o anoher seven
anennas. Thereby, he choice o satons used or he
no-ne-ranslaton and no-ne-roaton conditons is a
crucial issue. Furhermore, he additonal deormaton
models will likely influence he scale parameer o
similariy ransormatons (including he respectve
satons) beween VLBI single-session solutons and
he ITRS realizatons. Three o he corresponding
seven anennas belong o he nex generaton VLBI
Global Observing Sysem (VGOS). In his presenaton,
we examine he effecs o he abovementoned novel-
tes in soluton dg2023a. In partcular, we ake a look
a he similariy ransormatons, i.e., he tme series
o daum parameers, and we pu special emphasis
on he scale parameer. Above all, a drif in he VLBI
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siä München (DGFI-TUM), Arcissrasse 21, 80333 München,
Germany

scale was observed or sessions afer abou 2013.75
during he compuaton o he ITRF2020. No leas o
investgae his finding, we also apply he oher wo
ITRS 2020 realizatons, JTRF2020 and DTRF2020, as a
priori reerence rames.

Keywords VLBI, IVS, ITRS realizaton, similariy rans-
ormaton, scale

1 Introduction

The laes realizatons o he Inernatonal Terresrial
Reerence Sysem (ITRS) conain geodetc space ob-
servatons up o he end o he year 2020, and sev-
eral new geophysical and echnique-specific models
have been incorporaed. In he case o Very Long Base-
line Inereromery (VLBI), graviatonal deormaton
(GD) has been modelled or six anennas (EFLSBERG,
GILCREEK, MEDICINA, NOTO, ONSALA60, YEBES40M),
or insance. The corresponding VLBI soluton by DGFI-
TUM is called dg2020a, and he a priori anenna posi-
tons have been aken rom he previous ITRF2014 (Al-
amimi e al., 2016).

Three ITRS 2020 realizatons (erresrial reerence
rames, TRFs) are available: ITRF2020 (Alamimi e
al., 2023) by he Instu natonal de l’inormaton
géographique e orestère (IGN, France), JTRF2020
(hps://jpl.nasa.gov/sie/jsg/jr/caegory/jr2020/)
by NASA’s Je Propulsion Laboraory (JPL, USA), and
DTRF2020 (Seiz e al., 2023) by DGFI-TUM (Germany).
ITRF2020 is a secular TRF which has been combined a
he soluton level, and he saton positons have been
reduced or pos-seismic deormaton (PSD) as well as
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Fig. 1 Time series (reduced by some mean value per coordinae) o saton positons or he VLBI anenna GILCREEK in he ITRS
2020 realizatons (only linear and PSD pars or ITRF2020 and DTRF2020) and in DGFI-TUM’s new soluton dg2023a.

(semi-) annual and draconitc (or seleced satons)
signals. DTRF2020 also is a secular TRF in which
PSD has been reduced. However, i was calculaed
by a combinaton o normal equatons (NEQs) afer
he additonal reducton o geophysically modelled
non-linear saton motons, i.e., non-tdal loading
displacemens, a NEQ level. JTRF2020, on he oher
hand, is an epoch reerence rame which has been
compued sequentally wih a square-roo inormaton
filer. Corresponding positon tme series or he VLBI
anenna GILCREEK are shown in Figure 1.

In additon, Fig. 1 shows he tme series o est-
maed GILCREEK positons rom DGFI-TUM’s new VLBI
soluton dg2023a. The a priori TRF used or his solu-
ton is he ITRF2020 (linear plus PSD pars), and new
GD models or anoher seven anennas are consid-
ered. In his sudy, we investgae he impac o hese
changes on he estmaed anenna coordinaes and
he corresponding similariy ransormatons beween
he single-session solutons and he (a priori) TRFs.
Thereby, we pu special emphasis on he choice o
daum satons (affectng ranslatons and orienaton)
and he scale parameer (affeced by he choice o sa-
tons or he ransormatons).

Table 1 The distnc seups investgaed in his sudy. Old reers
o he original six anennas wih a GD model in he ITRS 2020
inpu series, and new o he additonal seven anennas wih sub-
sequenGDmodels. The aserix (*) highlighs daum saton liss
no recommended by Gipson (2019) (compare ex).

soluton a priori TRF GD models daum satons
dg2020a ITRF2014 old excluding old
dg2023a old* ITRF2020 old excluding old
dg2023a old ITRF2020 old all
dg2023a* ITRF2020 old + new all
dg2023a ITRF2020 old + new excluding new
dg2023a JTRF JTRF2020 old + new excluding new
dg2023a DTRF DTRF2020 old + new excluding new

2 Method

We analyse he ransiton rom our ITRS 2020 con-
ributon dg2020a o he new soluton dg2023a by
inroducing he distnc modificatons successively.
The resultng seups are lised in Table 1. In partcular,
we swich he a priori TRF and he amoun o models
or GD. The laer are empirical excess delay unctons
depending on he anenna elevaton  (see Figure 2).
Since he estmaed anenna heigh is proportonal
o −sin , which is a uncton o elevaton, oo,
he GD models will mainly affec he heighs o he
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Fig. 2 Empirical excess delay models accountng or gravia-
tonal deormaton. The dashed lines reer o he seven new
models.

respectve anennas. According o Gipson (2019), or
example, hese vertcal changes have an impac on
no-ne-ranslaton (NNT) and no-ne-roaton (NNR)
conditons. Hence, i we apply an a priori TRF ha
has no ye been compued wih cerain GD models,
he corresponding anennas should no be par o
he daum satons or he single-session solutons,
eiher. To investgae his, we include solutons wih
differen liss o daum satons, and he aserix (*) in
Tab. 1 highlighs hose seups wih liss no ollowing
he recommendaton by Gipson (2019). The seven
anennas wih GD models only available afer he
2020 realizatons o he ITRS are he legacy anennas
NYALES20, KOKEE, WETTZELL, and WETTZ13N, and he
nex generaton VLBI Global Observing Sysem (VGOS)
anennas ONSA13NE, ONSA13SW, and WETTZ13S.

3 Results

3.1 A priori TRF

Firs, we replace he a priori ITRF2014 wih he
ITRF2020 (linear and PSD pars) bu do no inroduce
he new GD models. The estmaed anenna nework
geomeries (i.e., he baseline lenghs) do no change
wih a new a priori TRF. However, he applicaton
o NNT and NNR consrains w.r.. his TRF affecs
he final coordinae estmaes. I he lis o daum
satons remains consan (dg2023a old*), he impac
is comparatvely small i he a priori coordinaes
in a session nework do no change much. The
larges positon deviatons occur afer 2014, since he

ITRF2014 is only exrapolaed or his period, while
he ITRF2020 conains acual observaton daa and
provides significanly differen secular positons or
anennas wih only shor observaton hisories beore
2015. The additon o daum satons, on he oher
hand (dg2023a old), creaes additonal noise or he
entre tme span.

Second, he new GD models are included and
he corresponding anennas are removed rom he
daum satons, bu we compare he effecs o using
he hree differen ITRS 2020 realizatons as a priori
TRFs (only linear plus PSD pars or DTRF2020, oo).
Namely, we compue 7-parameers similariy rans-
ormatons beween he ITRS realizatons and he
respectve single-session solutons. As expeced, he
hree ranslaton and hree roaton parameers are
all closely disribued around 0 due o he NNT and
NNR consrains (no shown here). The session-wise
scale parameers, which can be realized by VLBI, are
ploed in Figure 3. They conain a seasonal signal and
are significanly differen rom 0. The scale drif or he
ITRF2020 afer abou 2013.75, which was repored by
Alamimi e al. (2023), is also revealed by our soluton.
A similar drif is obained or he JTRF2020, bu no
or he DTRF2020. The reason or his apparen drif
is stll under investgaton by a working group. An
obvious difference beween he realized scales is he
choice o echniques used or is realizaton wihin
ITRF2020/JTRF2020 (VLBI and Saellie Laser Ranging,
SLR) and DTRF2020 (VLBI and Global Navigaton
Saellie Sysems, GNSS). We urher observe ha he
anenna heighs are generally smaller in he ITRF2020
compared o he DTRF2020 (see Fig. 4). And when
resrictng ourselves o he VGOS sessions (bi-weekly
sessions sartng in 2019), basically all scales are
positve or ITRF2020 and JTRF2020.

3.2 Gravitational deformation

Now, we stck wih he a priori ITRF2020 and swich
he GD models. As shown by Gipson (2019) and
Glomsda e al. (2020), he change in estmaed
heighs or he respectve anennas generally depends
on he maximum model excess delay and he sign o
is slope w.r.. elevaton  : a sricly positve [negatve]
slope induces an increase [decrease] in heigh. This is
due o he aorementoned connecton o heigh wih
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Fig. 3 Time series (blue) and moving 20-session medians (red) o he scale parameer in 7-parameers similariy ransormatons
beween an a priori TRF and he corresponding single-session solutons.

Fig. 4 VLBI anenna heighs according o DTRF2020 (linear par plus PSD) subraced rom he corresponding heighs according o
ITRF2020. Each do reers o a session in which he anenna (each represened by a differen color) was acually observing.
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Fig. 5 Themoving 20-sessionsmedians o he scale parameers
or similariy ransormatons beween various single-session so-
lutons and heir respectve a priori TRFs.

−sin . Hence, we expec an increase in heigh or he
new Onsala win elescopes only, and a decrease or
he oher five anennas (compare Fig. 2). The queston
remains wheher hese seven anennas should be
removed rom he daum saton lis. Unorunaely,
KOKEE, NYALES20, and WETTZELL have remoe lo-
catons and/or long observaton hisories, so hey
are very beneficial or he NNT and NNR consrains.
Likewise, he curren VGOS nework is stll very small,
and neglectng ONSA13NE, ONSA13SW, and WETTZ13S
would mean neglectng abou a hird o he nework.
In boh seups, dg2023 and dg2023*, he median
changes in anenna heigh have he expeced sign,
excep or WETTZ13N when he seven anennas are
removed rom he lis o daum satons. In his case,
he overall scaer in heigh changes is also larger,
since he lis o daum satons is alered (compare
he previous subsecton). However, his lis seems o
no impair he general effec o he correcton or
GD. The larges impac or boh seups is obained
or WETTZELL and KOKEE, which have he larges
maximum excess delay (see Fig. 2).

Finally, we check he scale parameers afer he in-
roducton o he additonal GD models. In Fig. 5, he
moving 20-sessionsmedians o he scale are shown or
he seups dg2023a old and dg2023*, which boh use
he ull lis o daum satons bu differ w.r.. he anen-
nas ha are correced or GD. In eiher case, he simi-
lariy ransormaton w.r.. he ITRF2020 incorporaes
he seven anennas wih a new GD model. The figure
reveals ha he scale parameers are hardly affeced
by he laer, and he scale drif is stll existng.

Fig. 5 also conains he moving medians or he
scale parameers o he similariy ransormatons be-
ween he session-wise soluton dg2020a and is a pri-

ori ITRF2014. Beore 2016, hey agree well wih he
medians or ITRF2020 (wih and wihou he new GD
models), bu hey do no show he drif aferwards.

4 Conclusions

The impac o replacing he a priori ITRF2014 wih any
o he new ITRS 2020 realizatons on he final, NNT-
andNNR-aligned coordinaes is naurally larges or an-
ennas wih a shor observaton hisory beore 2015. I
he lis o daum satons is alered as well, he diffe-
rences are enlarged or all estmaed coordinaes o all
epochs. Reasons or modificatons o his lis are, e.g.,
he availabiliy o longer observaton periods or part-
cular (young) satons, or he inroducton o anenna-
specific GD models ha have no been applied in he
compuaton o he a priori TRF.We ound ha, on ave-
rage, he changes in estmaed heighs due o GD had
he expeced sign andmagniude or he respectve an-
ennas, independen rom heir appearance in he da-
um saton lis.

The scale parameers o similariy ransormatons
beween he single-session solutons and heir a priori
TRFs stll need o be investgaed in more deail. We
could replicae a scale drifw.r.. ITRF2020, andwe also
ound one w.r.. JTRF2020 bu none w.r.. DTRF2020
and ITRF2014. Furhermore, we did no observe a sig-
nifican impac o he new GD models on he scale.
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