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"INTRODUCTION

Global Navigation Satellite Systems (GNSS) are designed for positioning, navigation'and amongst other possible applications it can also be used to derive information about the state of the atmosphere. Continuous observations
from GNSS receivers provide an'excellent tool for studying the neutral atmosphere, currently in near real time. The Near Real Time rieutral atmosphére and water vapour distribution models are currently obtained with high
resolution from Ground Base Augmentation Systems (GBAS), where reference stations are equipped with GNSS and meteorolégical sensors. Poster presents current status of activities related to the construction, of the
troposphere model on the area of Poland for E-GVAP support, IWV Estrmatmn 3D trﬂpusphere tom ugraphy and positioning. |

ZTD GNSS-MODEL ZTD METEOROLOGICAL MODEL

Since 2008 in the territory of Poland a Ground Base Augmentation System T Bl L There are 15 EUREF Permanent Network (EPN) stations in Poland,
called ASG-EUPOS has been established by Head Office of Geodesy and e M7 . equipped with new uniform meteorological infrastructure Paroscientific,
Cartography in frame of EUPOS project. The reference stations network o 2 IR g Inc. MET4A or equivalent (BOR1). Meteorological data is supplied with
oresently consists of 100 Polish and 22 foreign stations. airports (METAR) and synoptic (SYNOP) stations located in Poland.

RTCM 3.x data from 113 stations is recorded in real-time using the BNC 2.5 ;ﬁezr;ﬁ:arﬂerzgﬁ:%ﬁ:i d?ﬁ?::ﬁ;;:;ﬂ TE;ZL;::Z}EF:S:{?:EE
software and stored in 30s interval using RINEX 2.11 format. Data from P . 9

12 stations is downloaded via ETP servers in RINEX 2.4, Processing of with different time resolution, so the integration and cross-validation is

: : : required, as well as space interpolation procedure.
hourly RINEAX data is being done with half-hour delay by the batch Bernese After interpolation of meteorological parameters into specific location, the

GFS Soiwareq.5.0 Process, Willh i pased o ampigUity fixes doupie- S strpe ZTD value is obtained from Saastamoinens model.
differenced solution of baselines. e A !
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100 ASG-EUPOS  5.x every 35 minute after full hour

EPM RINEX
5 |2 >
& 13 EPH streams with: owm SKL

STATIONS 120504 001931 GR9.1 127 040
12 06 04 00 20 01 989.1 127 950

[xyh'IHF’J [%.y.h.T.H.P]

r--...---

Fl;lin‘ltr:ry1 - {_f:hr.:r-cul 1 L5 salution

produet y chsersation j

i data i Widsane

Saaciamoinen 1 Eeliminary 1 solubion
=

12 EPN stations i XX

L ]
l L3 selutlon : *  Final F::Lﬂ? ARPORTS METAR

i L3 solution ‘ STATIONS EPWR 0411302 20009KT 240v330 9999 SCTO17 BKMO30 16111 Q1M1

i l Mamowdane 1 Inleger SyEiem - 51 i AL 4
Ssasiamanen § el | WEETe § coaron i ORI . LY p EPWR 0307302 VRBO3KT CAVOK 1803 01012

bt L i product : '||'|:-:-:l.|||r-.= prﬂs.g.j;;d l Ay iies
hincsion, ' ntr-:d:cm |' ) bt ' . SYNOPTIC SMNOP

,f_f.;,re:gm“": e g amtiouses Wt Niet STATIONS AAXK 04081 12270 42580 B2603 10138 20076 J0910 40087 52014 a:.zk

esfrrated on ': ' " MEREING . SA00C 00D 12530 42581 73003 10165 20112 30007 40000 51013 B423= :
1.3 Tt soluticms : y : funcion = - ; hiih
CWOP CWOP METEQ RAW DATA > r hTH.P HTH FI’] oghimbghonid 18400(1 + T
STATIONS 530087 L8| WIDET-2, g ST20% SULTIE A90000NTEFOTE32 ) U005 HFS) D001 02 GOUSS12E8800001 1 L g ] [x.y.h,THP]
SHI0C1 > HPATIE WDLE-2 o8, SRIEPA: SULTIRAIERDE ] BII01EX2TEZI00SNFA7 000 ) IZERHRSEZLTINEN ) A4

N

Humidity: & +— H
EEG‘ELE_E BKG, siation logfiles i =z —m ) Hlr—0 )+ (=TT,

vitlidation of RINEX

headers using lntest
station milarmation

- h-d--—-—ﬁ-

Pressare: 5 +— F o
wy =z -2 +ly—w)]?

BKGICODISLPL  osultra-rapid products
SOMETS

Satellite haalth Information,
ultra-rapid icnosphenc maps, constants

I-----------

CODE (AIUB)

- E-GVAP SUPPLY DATA

bl e oo Gl o b ol Rl sl 0 eSimatod ot Thalitats, of Deodeny s Con ot e Pilond Histogram of Jactepancies betyer. ags feni-ime
theuseo ata is supporting the E- service. Comparison : |

of estimated ZTDs with the rapid solution made by Military University

of Technology Analysis Centre (MUT-AC) in Warsaw shows
« Significant outliers (see right figures). This is mainly caused by the
breaks in availability of the data from different stations and changes
in baselines design. Currently diffrent baselines configuration
strategies are tested to achieve more stable solution.
The estimated ZTD values shoud be delivered to E-GVAP in 15
minutes interval and no longer then 1hour 45 min after the receiving
of data. Our results meets both of this criteria, so as soon as the
translating service from troposphere SINEX to COST-716 format will -30Q, . — - T4 o e =45 T T —
be established, the ZTD product will be uploaded to E-GVAP. Consecutive days of year 2012
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2D INTEGRATED WATER VAPOUR RN T A ot B A

The information about contents of water vapour  The ZWD values are derived from subtraction of ZHD
(2D model) above GNSS stations, represented  (derived from Saastamoinen model) from ZTD

by Integrated Water Vapour IWV, is obtained (ggtimated using near real time products). The input
directly from ZWD, according to the equation:

DOY 044

parameters for ZHD calculations are surface
meteorological parameters (temperature, pressure)
WV = ZWD (ft.;- ) interpolated for ASG-EUPQOS stations as described
10°°-R, T” earlier. Therefore it is possible to derive WV for any
:> location inside the GBAS network. There are no
where R,=461.525+0.003 [J kg' K'] is the  assumption about the temperature or air-pressure
specific gas constant for water vapour, k'= profiles, since only surface values are used. _ S — T — g ——
24+11 [KhPa'], k,=3.75+0.03 [105 K2 hPa ] are } .
refraction constants and T,, = 70.2+0.72 T, is
weighted mean water vapour temperature of the
atmosphere, T,is the surface temperature.
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GNSS 3D TOMOGRAPHY
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To estimate the 3D distribution of water vapour in the troposphere, Model A Model B AN, = (AT + AY* - AT - ASWD
tomography method was applied. The input data of GNSS tomography Ny =(A" P A)*- A" P SWD (ﬂ_’ A=y sty
are: the signal Slant Wet Delays SWD, which are the results of the el ':HP '_F;H"f'}_f. E‘B.-,;t“ Y N = Nyapriori + BNy,
GNSS data processing, the meteorological observations from synoptic WIEEE =ty DA MERT BRI
stations and the Numerical Weather Prediction (NWP) models data. The gty
STD can be separated like into hydrostatic SHD and wet SWD
components and represented by the well-known relation:

STD = SHD + SWD = my,(e)ZHD + m,,(e)ZWD

where ¢ is the satellite elevation angle and m () and m, () are the mapping

functions. In the GNSS tomography SWD extracted from above equation is
linked with the wet refractivity N, by the given equation:

SWD =A-N,,

where A is the design matrix.
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Model A: Solution comparison, epoch number = 24 Model B: Solution comparison, epoch number = 1
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APPLICATION INTO GNSS PRECISE POINT POSITIONING (Hadas T. et. al. Regional troposphere models application into GNSS Precise Point Positioning technique)

CONCLUSIONS

Two parallel services producing ZTDs are established at Institute of Geodesy and Geoinformatics of Wroclaw University of Environmental and Life Sciences. Both of them requires further improvement. Resultant ZTDs and IWV may be
included into weather prediction and monitoring services like E-GVAP. The use of estimated ZTDs in PPP-RTK processing (see poster: Hadas T. et. al. Regional troposphere models application into GNSS Precise Point Positioning technique)
proves their utility in improving positioning accuracy.
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