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GOP NRT tropospheric product for the COST-716 campaign 2001

J. Dousa*

1. Introduction

The European action for the expl oitation of ground-based
GPSfor climateand numerical weather prediction applica-
tionsisorganized withinthe COST project, Action 716 www.
0s0.chalmers.se/geo/cost716.html (COST-716 [ ELGERED,
2001]). Theproject wasstarted in 1999 and one of themain
goalsof the COST-716 isto demonstratethat it is possible
to use the GPS data for the operational meteorology. The
COST-716 near real-time (NRT) demonstration campaign
hasbeeninitiated in February 2001, [MAREL et a ., 2002],
and the Geodeti c observatory Pecny (GOP) hasbeen operat-
ing from the beginning as one of the GPS analysis centers.
Wepresent heretheresultsof our NRT tropospheric monitor-
ing during thisdemonsgtration campaignin2001. Theanalysis
has been purely based on the use of 1GS ultra-rapid orbit
product, wethusfirstly givean overview of itsperformance
during 2001 as it was monitored by GOP.

2. 1GSultra-rapid orbits (2001)

ThelGSultra-rapid orbits (IGU) have been availablesince
March 2000, [ SPRINGER and HUGENTOBLER, 2001]. Since
the IGU product isavailable two times per day, we usethe
identification|GU_00and |GU_12labelsfor themoorning
and the afternoon orbits respectively.

From the beginning, the product suffered especially of the
lack of dataand afew participating ana ytic centers. Never-
theless, mostly six centers hasaready delivered their con-
tributions during the whole year 2001, and thanks to the
effort of many operational centers, data centers and the
coordination by 1GS, the IGU product started to be very
stable. ThisisobviousfromFig. 1, which demonstratesthe
mean and median RM Ss derived independently for each
satellitecomparing the ultra-rapid and thefinal IGS orbits.
The comparisonsare based on daily positional differences
over thewholeyear 2001 separately for fitted and predicted
orbit portions. Thequality canbe characterized asthemedian
RMS 8cm and 18cm (or the mean RM S 10cm and 50cm)
for daily fitted and predicted part respectively. Thefigure
showstheresultsof theafternoon product, but themoorning
onelooksvery similar. Fromthefigure, weclearly seeafew
satellites mostly cause the problemsin 2001: PRN15, 17,
19, 21, 23, (24). These were also very often missing inthe
product as obvious from Fig.2.

There was only a single missing |GU solution during the
year 2001: doy 310 (IGU_12). Using the product in NRT
aswell aslooking at a posteriori comparison time-series,
wecouldidentify about 2 - 4 further solutionshardly useable
inits predicted parts. These are IGU_12 - doys 059, 064,

079and 112. Sincetheproblemawaysdealt withthesingle
IGU combination, we could simply use the extended
(predicted) orbit arcsfromtheprevious| GU productinour
NRT analysis.

3. The COST-716 near real-time campaign

Since the beginning of 1999, the GOP analysis center has
been routinely analysing a part of the EUREF Permanent
GPS Network (EPN) for the NRT monitoring of the
tropospheric delays. Our solution hasbeen processed using
the Bernese GPS software[ HUGENTOBLER et d., 2001] and
the double-differenced observation approach. From the
beginning, various strategies of NRT analyses, especialy
concerning different orbit handling, were performed, [ Dousa,
2001].

High stability of thel GU product in the second hal f of 2000
alowed usto simplify aprocedureby fixing theorbitsduring
analysisfor the COST-716 NRT campaign. Theprocedure
of satellite checking is based on the residua monitoring
[SPRINGER and HUGENTOBLER, 2001]. Inour NRT processing
this is performed in two steps. 1) very bad orbits are
completely excluded from the processing and 2) in other
cases of instability, the PRNs are excluded on every
problematic baselineindividualy (typically by long base-
lines). Thenecessity of thefirst step wasrather exceptional
during theyear 2001, because these satelliteswere already
excluded during the IGS combination.

The procedure of our NRT analysis has been running for
every hour by estimating one zenith tropospheric delay
parameter (ZTD) per hour and site. The whole procedure
is based on the pre-processing hourly batch data followed
by the stacking of last 12 hourly normal equations. The
coordinates are solved for thelast 7 daysin step beforethe
final ZTD estimation and then they are already kept fixed.
The latency of the COST-716 NRT tropospheric product
isrequiredto belessthen 1 hour 45 minutes. In our process-
ingtheresultsareusually availablein 1 hour, half of which
theprocessingisjust awaiting timefor thedata. Thenetwork
analysed by GOPfor the COST-716 project mostly consists
of approx. 40 EPN sitesproviding GPSdataon hourly basis.
Thecentral andtheeastern part of the Europeisthe preffered
location, see Fig.4. The GPS sites operated by the UK
MetOfficeare processed additional ly within our contribution
to the COST-716.

ApartfromtheNRT solution, GOPanaysiscenter provided
routinely apost-processed GPSsolution (PP) in2001. This
is based on the daily processing and the use of IGS rapid
orbits. Presented ZTD comparisons between our NRT and
PP solutions trepresents the internal GPS quality (Table 1
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and Fig. 3) of two dightly different approachesand applying
different fixed orbits.

Inaddition, for somesitesof our network, whereradiosonde
stesto GPSgtations(< 80km) areavailable(Fig.4), wecould
compareour ZTD results(transformedinto the precipitable
water vapor, PWV) with those PWV s integrated from the
radiosonde profiles. Thetotal PWV comparisonissumma-
rizedin Table 2, while monthly comparisonsinFig. 5. The
only short examples of the PWV time-series are available
inFig. 6.

4. Conclusion

Theresultspresentedinthispaper proved that thel GSultra
rapid orbits have reached the stability sufficient for the
operational NRT tropospheric monitoring in 2001.

Summarizing theresults, wecould find thetypical standard
deviationsof 4-6mminour GPSZTD estimates, whileabout
7mmin ZTD for siteson margin of our network (baselines
2000km). Thestandard deviation of 1.2-2.1mmisstemming
onthepreliminary PWV comparisonswith anindependent
technique — radiosonde profiling.
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Table 1. GPSZTD comparisons (NRT - PP)

Site
ABYW
BEAU
BOGO
BOR1
BUCU
BZRG
CAGL
CAMB
DELF
DENT
DOUR
DUNK
EIJS
GOPE
HELG
HERS
HOFN
HURN
ISTA
KIRU
LERW
MALL
MARG
MATE
ONSA
ORID
OSJE
PENC
PERS
PFAN
POTS
REYK
SBGZ
TERS
TORI
TUBO
UPAD
VALE
VENE
VISO
WROC
ZWEN

Bias [mm]
-0.3
-04
-0.1

0
-0.7
-0.9
0.9
-0.8
04
-04
-0.8
-1.1
-04
-0.8
-04
0.3
-0.6
-04
-0.8
0.3
-04
-1.2
0.3
-0.9
14
-0.9
-0.8
-0.1
-11
-04
0.7
3.9
-0.3

0
-0.6
-0.2
-04
-0.6

0
0.4
-0.7
0.6

Sdev [mm]
5.4
51
4.7
4.4
5.9
5.8

7
53
4.8
51
49
53
4.3
5.2
5.3
5.4
5.7
53

7
5.2
4.8
7.4
4.7

7
45
6.1
51
4.8
51

4
4.1

7

44
5.8
4.3
52
7.5
51
4.6
4.6
6.6

#
3996
4246
3288
5171
4118
3999
3050
4739
4472

758
4574
5112
4479
4863
5179
3613
3776
4080
4041
2079
5168
4813
4958
4244
4985
4157
4978
4562
3839
2757
5493
4982
3166
4538
3742
1732
4290
4427
4529
5010
3578
3605




388 Posters
Table 2. PVWV comparison (GPS— radiosondes). IGU_12 [fitted] / IGS
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Figure1l. Themean and median RMSsfor all satellites based
onthe |GSultra-rapid and final orbit comparisons 2001. The
left figurerepresents24-hour fitted portionsand theright plot
24-hour predicted portions (notice the different scales, both
in[m]).
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Figure 2. Satistics of the satellites missing in the IGU_00 and IGU_12 products during the year of 2001.
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Figure 3. ZTD comparison statistics between the near real-time and the post-processed results (May-Dec, 2001).
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Figure 4. Maps of GPS and radiosonde sites available for the comparison.
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Figure 5. Site std.dev. of integrated water vapor (IWV in [kg/n?] » PVWV in [mm])
for the monthly differences. GPS - radiosondes.

a . T ' 1arm . ) : - e
VL AT PP o Mka M )
aegd NI i r‘ ’ ] -
E uf H -F-.Hi A W’ i"“‘\‘t d‘f\, 'y&- \: EN W”‘t -\‘,;. ',s‘ki\&\f. a.‘ %
:E HERS ff‘“’“ e
I =} i ,n-\ A ; i
ik ,{““""‘ .d'T i ‘-
E . L] .\M..,"“'r Pt \/ ’) :‘. 2 '\f V’\m »\ fﬂA‘I’J\!‘ \,‘,

Figure 6. GPS and radiosonde derived precipitable water vapor [mm] time-series for the
sites BOGO and HERS



