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Meteorological data
used in Calc/Solve

» Pressure: itis used to calculate the zenith hydrostatic delay.

« Temperature: a temperature mean is used to calculate the linear
expansion of the telescope components as VLBI telescopes are
deformed by time-dependent temperature effects.

— The meteorological data affects the results of Calc/Solve.

o C(Calc/Solve uses meteorological data from databases. The data in
these databases is coming from different sources: observations
done onsite by a met sensor (ideal case), observations recorded by
another met sensor in the neighborhood of the VLBI antenna (GPS
network for example) or data from a model.
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Pressure and Temperature:

2008 VLBI sessions (167)

Stations (46) Missing
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e What is in the databases?
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Pressure and Temperature:
Missing data strategy of Calc/Solve

Difference in WRMS - VMF  met data wrt Data Base met data for Zelenchk
o015 ¥

Use of a default value computed

! _Stsarrain et from the position of the station
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Pressure and Temperature:
Abnormal behavior

Quality of the meteorological data in the databases?

Westford temperature on
—zof 17/18 June 2002 according

to the Calc/Solve databases.

The temperature is in Celsius degrees.

17-Jdun—-2002 173103 1E-Jun-2002 17:31:03
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Pressure and Temperature:
Intermediate conclusions

The data base is not homogeneous in terms of meteorological data. It
contains missing, biased and inaccurate data.

That impacts directly the quality of the VLBI processing, as shown in
previous studies:

— The WRMS is affected (for example, by using CALC/SOLVE default value:
0.12mm for 2 weeks in the case of Zelenchukskaya and 1mm for 9.5 years in
the case of Westford);

— The determination of the Up component varies within a significant level
(8.9mbar/mm for Svetloe).

Using a constant default value to replace missing data is not a satisfying
solution.

It is necessary to have a homogeneous data base for the meteorological
data:

— Homogeneous meteorological sensors in the global network (VLBI2010
specification);

— Meteorological data time series derived from a model.

K. Le Bail - IVS GM 2012 Madrid, Spain
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A homogeneous set of
meteorological data

e Data in netCDF format downloaded from the European Center for Medium-Range
Weather Forecasts (ECMWF) website: www.ecmwf.int. The data is given on a
1.5x1.5 degree equal angular grid every six hours from 1979 to 2012.

= First step: determination of the four points around the VLBI station P. We obtain
four time series of pressure and temperature at geopotential height (Q points).

= Second step: extrapolation of the pressure and temperature IS S S
time series of those four points from the grid height to the L, é
height of the station: T

e Temperature: After calculating the geometric height difference, we
use the lapse rate of 0.006499° K/m to height adjust the temperature

series. o _ o im o
e Pressure: We use the barometric height formula (Zdunkowski and |
Bott, 2004): pn — reference pressure % ¥ a
v Ty — reference temperature
TO . FAE g Fg I.IL e}ﬁl(; emperature
- 7 —"'—RF = lapse rale .
p , <) = p[} g — acceleration due to gravity
TQ R — gas constant

Az — difference in geopotential height

= Third step: bilinear interpolation of the four sets of pressure and temperature time
series — linear interpolation in the x-direction first and then, in the y-direction.
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A homogeneous set of
meteorological data

GSFC - pressure and Temperature service
h"'ct|:|:,|’,|’I=1v:lzrm.gs.l‘v:.n:as.-;l.gu'n.ul,|l'rr'|m.,.lI

The webpoge provides inks to files relevant to the sendce of
the pressure and temperature prowided by the VLB] group at
NASA Goddord Spoce Flight Cemter. The service provides
interpoloted ond exitrapoipted temperoture ond pressure
tirme serfes pvery 5" hour From 1979 to 2011 for ofl VLB
sites. These time series are updated every month when new NV] INC
temperature gnd pressure daoto is released by the European ' —
Center for Medium-Ronge Weother Forecosts [FCATWE]L
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A homogeneous set of
meteorological data

Tt
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Recent developments in Calc/Solve

» Choice in using external sources for meteorological data:
— Databases data (default);
— GSFC service meteorological data.

 Thermal deformation model:

— Time lags: 2 hours for steel (Nothnagel et al. 1995) and 6 hours for concrete
telescope structures (Elgered and Carlsson 1995) or values defined by user;

— Temperature used: either from the databases or from external sources.
« Those new options will be available in the next release of Calc/Solve.

» Tests done with those new options:

— Using GSFC-ECMWEF derived time series instead of the meteorological data of
the databases:

1/ impact of the improvement in homogeneity of the Pressure time series;
2/ impact of the improvement in homogeneity of the Temperature time series;
3/ impact of using the time lag option with 2 hours for steel, 6 for concrete.
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Comparison with VMF-ECMWF
Pressure and Temperature

« VMF-ECMWF: meteorological Pressure dlfferences moving average in mbar
data from the ECMWF model

interpolated to the VLBl Westford /ﬁ“\ ’-e«wa*v‘:“ ”W“W»H *‘
station positions (J. Boehm). o i M ||| o .
Grid resolution: 0.25°x 0.25°. - Wﬂ ‘F*"'"\*Wa#ifmw‘] ﬁM aﬂww f,"h,"* i 3.2mb

e A jump between the data in 206z 7004 2008 7007

the databasaes fanél VMhF- 0 .
ECMWEF is identified at the -
end of 2004. This jump can be IW i hﬂM WWH NW ML",“ HM P[ .Mh 1.6 mbars
seen with different -/ o b3 Whmﬂ# #qV”W'f iy
magnitudes in other stations L

2001 2002 2I:ICI:1 ECII:Id- 2005 I:I?

pressure time series (Kouba,
2007). This is partly explained  °r
ettzell
(cf. J. Boehm) by the - O TR TR IO [T AR L
modification of the analysis [ /[Wias) 'u~1*'.fu,“.-ﬁh-Jer-.ﬂ'q\”w';\ e T, il
- I ' 1) ﬁ wr.lfnmw Jﬂm Al

strategy (geoid model). - a \f

° PrObIem Of hOmOgenelty |n “o0r 2002 2003 2004 2005 2006 2007
the VMF-ECMWEF time series.
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)

Lallarance |m

W s

Impact of the improvement in homogeneity
of the Pressure time series

VA ME differance frem SOLVE-run 20022011 BR1/B4

IOWMF 50ER%s improved, 33.33% worse
GSFC  52.08% improved, 36.1 1% worse
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Baseling lenglh (km)

All R1 and R4 sessions
from 2002 to 2011;

Using the Pressure from
either GSFC-ECMWEF or
VMF-ECMWEF  compared
with using the Pressure
from the databases:

— Using GSFC-ECMWF
instead of the databases
improves 52.08% of the
baselines considered
(11.81% unchanged);

— Using VMF-ECMWF
instead of the databases
improves 50.69% of the
baselines considered
(15.98% unchanged).

K. Le Bail - IVS GM 2012 Madrid, Spain



Improving VLBI processing by using
homogeneous data for Pressure and Temperature NVI ine.

Impact of the improvement in homogeneity

of the Pressure time series
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Impact of the improvement in homogeneity
of the Temperature time series

oa WRIMS differance from SOLVE-run 2002-2011 R1/R4 e All R1 and R4 sessions
‘ | from 2002 to 2011;

 Using the Temperature
from either GSFC-ECMWF
or VMF-ECMWEF
compared with using the
Temperature from the
databases:

— Using GSFC-ECMWF

| instead of the databases

e o improves 46.53% of the

s baselines considered

0.3 | (18.75 % unchanged);

— Using VMF-ECMWEF

—0.4 External ' MF 45.13% improwed, 4.3.05% worse instead of the databases

| Esttarna SSF A6_53% Improved, 34.729% warse imprqves 4513% of the

_Eju 2000 4000 BOC0 BOOD 10000 12000 14000 baselines considered
Baseline length (km} (11.82 % unchanged).
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Impact of the improvement in homogeneity
of the Temperature time series

- s | All R1 and R4 sessions
o 5 1 from 2002 to 2011;

 Using the Temperature

0.08 -

006 from either GSFC-ECMWF
or VMF-ECMWF
0.08 compared with using the
Temperature from the

databases;
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Impact of the improvement in

homogeneity of the Temperature time series and

usmg a (2,6) time lag for the thermal deformation model

S Aerenes o SO B A -+ AllR1 and R4 sessions from
2002 to 2011;

__ | ¢ Using the Temperature from
T - GSFC-ECMWF  with  or

I 0 | without time lags compared
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g oo el P o0 ok Wy or 3 ohd o g — from the databases:

A — Using GSFC-ECMWF

% 01 | instead of the databases

p | improves 46.53% of the
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(18.75 % unchanged);

Y ‘ | — Using VMF-ECMWF and a
(2,6) time lag instead of
the databases improves

B s ' 41.67% of the baselines

Extemsl Lagged 20 6.0 41.67% improved, 34.72% wersa ] considered (23.61 %
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Impact of the improvement in
homogeneity of the Temperature time series and
using a (2,6) time lag for the thermal deformation model

008 , : —— » AllR1 and R4 sessions from
B o Lo 206 2002 to 2011;
006 e Using the Temperature from
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without time lags compared
with using the Temperature
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Impact of the improvement in
homogeneity of the Temperature time series and

using a (2,6) time lag for the thermal deformation model
« Al R1 and R4

sessions from
- 2002 to 2011,
« Using the
Temperature
“ from GSFC-
2o ECMWF with or
without time lags
compared  with
using the
o 7 Temperature from
i - the databases;
P %E« M»_‘MMM ,,,,,,,, T T "“‘*m,; ° Se as Onal Chang e
e R P In annual
9% = T ; e o ~ amplitude for the
B - — messsssssm ~ Up component.
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Conclusions and perspectives

The databases used to process VLBI data with Calc/Solve contains missing and
inaccurate data that affects the quality of the Calc/Solve solutions;

GSFC has developed a homogeneous set of Temperature and Pressure time series
derived from ECMWEF data. This set IS available online:
http://lacerta.gsfc.nasa.gov/met/ . It can be extended to any stations, given its
position. GSFC has the tools to easily compute Pressure and Temperature time series
for new stations or stations of other techniques.

Using the GSFC ECMWF-derived Temperature and Pressure time series improves
considerably the VLBI WRMS of the solutions and decreases the annual amplitude of
the vertical components.

New options in Calc/Solve allow the user to use these time series. The next release
of Calc/Solve will contain those options.

Since the processing results are significantly affected by the homogeneity of the
data, a global reanalysis of the data may be necessary.
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