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BACKGROUND GNSS-METEOROLOGY REQUIREMENTS

For more than a decade, the Royal Observatory of Belgium (ROB) has supported ground-based Global Navigation Satellite System  Table 1 ises the requi to and deliver ZTD products for nowcasting and forecasting (NWP). For each criteria, 3
(GNSS) meteorology, participating in European projects such as COST-716, TOUGH and the EUMETNET EIG GNSS Water Vapour values are given : the threshold (minil perfe e to be useful), the target (mostly achievable today) and the optimal
Program (E-GVAP 1&ll). To this aim, ROB by ping and maintaining an operational Analysis Centre (AC) providing  (performance under optimum conditions, needs further developments) value.

meteorologists with Zenith Tropospheric path Delays (ZTD) from a European network of GNSS stations using the Bernese GPS rrpm——— e OB 7 e Timeliness (95%)
Software V5.0 [2]. This poster presents the status of recent Research and Developments (R&D) and services at ROB to enhance its m_ e "' e ’e'“ sl “""’" reciion '“ ness

support to Numerical Weather Prediction (NWP) and to prepare support to the nowcasting and forecasting of severe weather ERVENEN D GEEiY B/ DS
activities that emerge within E-GVAP and a proposed EU COST Action “Advanced Global Navigation Satellite Systems tropospheric Nowcasting Europe /Europe to national / Regional to national 100/50/20km Sub-Hourly 15/10/5mm 60/30/15min
products for monitoring Severe Weather Events and Climate” (GNSS4SWEC, see related Poster P06-14). Table 1 i for ZTDs as De 1.

1.GNSS-METEOROLOGY R&D AND SERVICES

At the end of 2011, ROB started to developa %=
new Hourly-updated GPS-based ZTD solution

(ROBT = future ROBH) to enhance its current e
support to European NWP models. In (TR r—
ad n, ROB started in March 2012 to

[T SI——

develop a Quick solution (ROBQ) based on the
processing of real-time GNSS observations 1\” Fﬂwm
l rpsnton ok et I e for

(NTRIP streams) to support assimilation in the
emerging rapid-update high-resolution NWP

models and nowcasting tools. This is ‘”.% S S ™ ‘ = 2
particularly important for monitoring and """ a
forecasting severe weather. The development Figure 1 : Timeline of the recent ROB R&D and services implementation

Pl s toenh 1t t0 E-GVAP and the future £.U. COST Action GNSSSWEC.
timeline is illustrated in Fig. 1. o enfance support o andthefuture ton

MAIN OBJECTIVE:

Satisfy all GNSS-meteorology requirements listed in Table 1, with a focus on (w.r.t. the previous
ROB_ contribution to E-GVAP):
1. Improving significantly the horizontal observation domain and sampling (e.g. by adding

2. REQUIREMENT VALIDATION

Hereafter, we validate the new ROBH, ROBQ and ROBP solutions w.r.t. the GNSS meteorology requirements listed in Table 1. The validation period covers from
15t January 2012 to 15t July 2012 for ROBH and ROBP, and from 15t March 2012 to 1%t July 2012 for ROBQ.

HORIZONTAL DOMAIN: HORIZONTAL SAMPLING (H.S.)
The network of GNSS stations processed for ROBH/ROBQ solutions are shown in Fig. 2 Fig. 4 shows the horizontal sampling
and 3. W.rt. the previous ROB_ solution, ROBH has extended its domain eastward distribution (nearest observation, Delaunay
(better support to NWP in eastern countries) and includes ~90% more stations. triangulation) within the ROBH network
(Fig. 2). 73.49% of them are below 200 km
(Table 3). This requirement for European
NWP still need to be satisfied as a common
effort of all European ACs. In the nowcasting F,gme«:Nonzanmlmmpn"'ng distribution in the
domain, ROBQ (Fig. 3) only performs 'ROBH network of GNSS stations (Fig. 2.
better for baseline lengths of 20-50 km , i.e. in Belgium. Processing the FLEPOS
network will further enhance this difference. In the European domain, ROBH
clearly outperforms ROBQ because of lack of real-time GNSS observations.
| [ Wowcasting Domain (SW-A0'E 4757 | European NWP Domain G5 W-S0'E 5072 |
<100km  <50km  <20km  95%<  <200km <100km <30km  95%<  MeanHs.
ROB_(old)  4274%  1532%  484%  320km  6087%  21.71%  290%  630km  2143km

. " " ROBH (new)  68.37% 21.43% 5.44% 200 km 73.49% 35.71% 3.72% 560km 180.1km
more GNSS stations and extending the network domain eastward), Figure 2: Network of~373 GNSS permanent stations processed  Figure 3: Network of ~ tat RoBQ 5613%  3871%  387%  470km  4133%  2526%  510%  810km  2967km
2. Improving the timeliness of ROB products‘(e .g. by ipfedlng up the pro:esslng, using real- by ROB to support assimilation N Dr;ode(s.) byROBI¢ ‘sever weather. e BT |(moh | (RoTh | ZEnlan | GArEh | SR | MG | | el
time GNSS observation streams and preparing to GNSS data pi fomain) Table 3 Horizontal sampli ROBsolutic EGUAR
HOW WAS IT ACHIEVED? LATENCY AND TIMELINESS:
+ A new High-Performance Computer infrastructure (2 Intel Xeon CPU X5690 @ 3.47GHz, 6 cores). * Fig. 6: ROBH (resp. 'ROBQ) processing starts at Tmeliness - age “;E:I"";Vm;’:'l':;g tme (in minutes) of the product “"'e“;':;';* epoch s last GNSS observaton processed).
+ Several strategy changes and optimisations (BPE sequence, options. H” 8min (resp_. H+3min) and ha‘s amean processing
time of 7+2min (resp. 6+0.5min), i.e. at least two - T — — [

* Heavy parallelisation (BPE scripts, Perl scnpts and Fortran code).
+ Hourly RINEX script imp (imp d data latency,

y and

The ROBQ solution is p hourly and provit within E-GVAP as a prototype.
Operationally, it is intended to compute ROBQ solutions every 15min. Finally, ROB carries out also a
daily Post-processing name ROBP (with 5 days latency) for precise coordi and heri

times quicker than ROB_,

Fig. 6: ROBH/ROBQ deliver almost 100% of their
solutions. However, ROBQ has few drops in the
number of stations |ncluded due to partial/complete

products determination, and hence for vali The ing of the different solutions and the
main processing options of the ROBH/ROBQ/ROBP analysis are summarised below:

. revious solutions based on hourly RINEX. *  ROBQ =new Quick on real-ti
. ew solutions based on Hourly RINEX * ROBP =new Post-processing solution based on daily RINEX.
(ROBT acronym was used during the Test phase).
T — T E——
" (2]

Network / Nb. Stations Reglonal/ 373 stations Reglon:l/ 157 stations Reglon:l/ 800 stations

orbit 1GS Rapid / Final

‘Sat. Antenna Model 1GS08.ATX 1GS08.ATX 1GS08.ATX

Rec.AntennaModel  IGSOBATX + ndiv. EPN) 1GS08.ATX.+ Indiv. (EPN) 1GS08.AT.+ Indiv. (EPN)

Tropo. Model STP/NMF SPT/NMF SPT/NMF

Elev.Cutoff Angle. 100 100 F

RINEXType Hourly High-Rate / NTRIP Daily

Data Time Span 1 Hour+ 6 hour stacking 1 Hour+ 6 hour stacking 24hours

Data Sampling in o 30 sec 30sec 180sec

Estimated Param. 1ZTD per 15 min/No gradient 12T per 15 min/No gradient 1 ZTD per hour/ 1 gradient per day

Ambiguity Resolution  Float Float Fixed (QIF)

Table 2: Mair i RO t0GN: 9

3. EUROPEAN TROPOSPHERIC MODELS

We developed a method based on ordinary krigging interpolation [4,5,6] to model the total & wet
tropospheric delay over Europe using ROB's contributions to E-GVAP. The flowchart of the method is
illustrated in Fig. 11 and its main characteristics are listed in Table 5. The method consis'

Data selection (with a larger domain than the interpolation domain).
Robust algorithms for data cleaning and pre-processing (gross error

I-time data ition failure. For both solutions,
the processing time increases with the number of
stations.

Fig. 5 and 7 (top): 95% of the ROBH solutions have a
latency below 27min and 97% of the ROBH solutions
achieve the targeted timeliness requirement for
NWP (90min).

Fig 5 and 7 (bottom): 95% of the ROBQ solutions
have a latency below 7min and 100% of the ROBQ
solutions achieve the targeted timeliness
requirement for NWP and nowcasting (15min),

P T r—

Figure 5 : istribution of the latency (upload time on the UK. Figure 6 :Time series of the latency (upload time on the UK. Figure 7:Timeliness of the ROB solutions

L e . Met Office ftp hub) of the ROB solutions. Period: 1 Jan. - 1 Jul. ‘Met Office ftp hub) of the ROB solutions. Period: 16 Feb. - 1 as distributed through the GTS by the U.K.
P that ROBQ are ¢ P every 2012 (Upper graph: ROBH, below graph ROBQ). Jul. 2012 (Upper graph: ROBH, below graph ROBQ). Met Office Period: 4 June - 4 July 2012
15min. (Upper graph: ROBH, below graph ROBQ).
PRECISION: ACCURAC

To validate the precision of the ROBH/ROBQ/ROBP ZTD estimates we compared To validate the accuracy of the ROBH/ROBQ/ROBP ZTD estimates we compared
them to the IGS and EUREF Final Troposphere products [3,8]. Our main findings, them to the radiosonde (RS) observations and to background field provided by
summarised in Table 4 and Fig. 8, are : the global U.K. Met Office NWP model [9,10]. Our main findings, summarised in

« Biases are below a few mm (except for some stations for ROBQ) = level Table 4and Fig. 9, are:

impacted by the strategy differences (cut-off angle, mapping functions...). * 84.20% (resp. 98.09%) of the ROBH ZTDs achieve the optimal (resp. target)
+ The precision of ROBH/ROBQ and ROBP ZTDs is in the range of 2.5-6.5mm and accuracy requirement. The same holds true for ROBQ except for a few stations

1.5-4mm respectively. 100% of them achieve the target requirement. which show a significant bias (probably linked to the ADVNULLANTENNA
* No clear geographical dependency (except some border effects) could be “issue” of the real-time streams).

detected. * No clear geographical dependency could be detected.

T RoBHvs EUR | ROBQS EUR | ROBPsEUR | ROBHvs.iGS | | ROBQva.GS | | ROBPvsIGS | ROBHvs ROBP aoaqv;ncsv ROBH v NWP | ROBQ v NWP | ROBHvs.AS | ROBQvs 85

Figure 11 model.
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Table 5 : Main characteristics of the European tropospheric model,

Application of this method to the different ROB solutions is
illustrated in Fig. 10. The overall pattern is rendered by the
three ROB solutions. However, as the horizontal sampling
increases, more small-scale structures can be extracted. This
can be seen in several regions in Fig. 10. Fig. 13 shows an
example of the variance of the estimations computed during
the krigging. Over countries, it generally remains below 5-
10mm. In the worst cases, it reaches up 15mm.

Figure 10: Map of the European wet tropospheric delay  Figure 12: Meteosat images taken on the 2" Figure 13: Variance of the krigging interpolation
(ZWD) based on the ROBQ (top), ROBH (middle) and ROBP July 2012 at 13:00 UTC. based on the ROBH solution on the 19% July 2012

(bottom) solutions on the 2" July 2012 at 13:00 UTC. at6:15UTC.

CONCLUSION AND PERSPECTIVES

MAIN CONCLUSIONS:

e e . of Stations
rejection, formal error filtering based on last 3 day:
Fully automated/adaptive ordinary krigging method (experimental W OfObservations 551852 284955 685011 864299 428049 286328 1303912 494501 198500 4129295 281375 13119 21022
,,a,mgmm, adaptive power variogram model, finear variogram fall-back | EEEIEIEESt ) WSS T e s N e e o) e ) ) NG ) ) s
tatisti for td. Dev.  5td. D 485£097mm  474:104mm  253:081mm  553+176mm  551179mm  435+178mm  6.56+191mm  604+153mm  298+135mm  113:4lmm  105:20mm  824+292mm  7.88+171mm
B Ful\ graphical (based on GMT [7]). Table 4: summary of the ROBH, ROBQ and ROBP validation in terms of precision (w.r.t. the EUREF, IGS, ROBP) /1.t the UK. Met Of
+ User-web interface (based on OpenLayer and jQuery).
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hs) of the ROBQ and ROBH ZTD Figure it phs) [( 1phs) of
Solutions wn the EUREF Tropospheric products. Period: 1Jan. - 1Jul. 2012 (Left:ROBQ, ight: ROBH). ROB i the UK. Met O Period: 1 Jan. - 1Jul, 2012 (Left : ROBH, right ROBQ).

4. DEVELOPMENT OF A WEB PORTAL

We also started the development of a GNSS meteorology web portal. Access is
presently internal-only, but future public access is foreseen. The portal aims at
providing (current existing features are in bold) :

« Information on the different ic products and services developed by ROB.
Access to these tropospheric products and services (ZTD time series, tropospheric
delay maps...).
A continuous monitoring of all ROB solutions (network status, processing output,
availability...).
* A continuous validations of the different products against post-processing solutions,

. . Figure 14 : Screenshot of Figure accuracy

NWP model output, radiosondes observations... ‘monitoring of ROBH (status: 10 July 2012 15:30 UTC). monitoring of ROBH w.r.t. the U.K. Met Office NAE and Global
‘Models (period: 26 June 2012 15h45 UTC - 3 July 2012 15:45 UTC).
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1. W.r.t. the old ROB_ solution, the new ROBH solution includes 90% more GNSS stations, extends its domain eastward and improves the horizontal  data providers below:
sampling by ~12-25% while lowering the latency of the solution. 96% of the ROBH ZTD estimates have a precision better than 6.5mm (100% of

them have a precision better than the 10mm target requirement). 98% of the ROBH solutions have an accuracy better than the 10mm target
requirement (w.r.t. N\WP model output). Consequently, ROBH is now provided as an official solution within E-GVAP and assimilated operationally t

at national meteorological services (e.g. at Météo France and the U.K. Met. Office).

2. Both ROBH and ROBQ have advantages and disadvantages. ROBQ cannot replace ROBH (e.g. because of the horizontal sampling). ROBQ is now
provided on an hourly basis as a prototype solution within E-GVAP. It is expected to further develop ROBQ towards a sub-hourly update rate,
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