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GMN=S ETK (Real-Time Kinematic) positioning technigues are based on precise but ambiguous carner phase observations. The ambiguities can be resolved by properly modelling the 1onosphenc influence. However, under perturbed ionosphenc conditions, the

lonosphenc modelling may become inaccurate and thus to lead to degraded networlk performance. Addressed here are the adverse space weather effects on GMNSS-based positioning and discusses possible problems of reference networl concepts that can be attribute d
to lonosphenc interference in particular. For the purpose, analysed is the relation between the residual 1onosphernc error and the lonosphenc activity. Generally, the lonosphenc impact 15 noticeably stronger during lonosphenc perdurbatons/storms, which raises the

question of how the reference networks perform during such unfavouratle conditions. Analysed also s the feasibility and effectivty of an operational space weather monitoring service for mproving the performance and maintaining the integrity of network BT

Products

wWithin the SWIFPA project, several near real time data products and services — such as TEC maps, TEC spatial and temporal
gradient maps, cycle slip montoring, spac e weather warnings, etc. -- are offered to the consotium members, designated users,
and dgeneral public, These products and services are based on information of the actual and predicted state of the ionosp here-
plasmasphere systerm and deliver anly such type of space weather information which GMEE users need for the exec ution of their
moutine tasks [1,3].

Service

Space Weather is the set of all conditions -- on the Sun, and inthe solar wind, magnetosphere, ionosphere and
thermosphere -- that can influence the perfomrmance and reliabilty of ground-based and space-horne
technological systerms and can endandger human healtth and life. The project provides specific space weather
information to GMSS reference network operators to help them deliver more reliable, precise and secure
positioning services and to reduce operation, production, and other business costs. Another major task is to
regularky provide relevant infoarmation and suppotrt to the Space Weather European Metwork (SYWEMET).
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electron content over the European region.

Measurerments from the sscos ground reference nar:mri—*a
frarm other geodetic networks via BRG (Bundesamt fir
Kartografie und Geodesie) are used.

The 1sec GPS data alow the determination of slsptFEC:
values along numerous  satellte-recemer lnks 1:|'u‘rar ﬂ-’&&
European areawith a high time resolutian. The _I-4r|t

are then mapped onto the vedical axis by appiving -:1L

function which is based on the :|r||:|I|-' layer approxirmation at
hep=400km. Finally, to produce regional TEC rrHFL-
Europe, the measured and calibrated TEC
assimilated into the regional TEC model Ble IJEI’IE'rE!:_Ht_E’_ TE';’.‘J-
Model (MTCM2).
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Network Model Integrity |

The Metwork Model [ntegrity module s used within the software of the ascos sstelite positoning senices
reference network to describe the non-linear error in the generated data. The software determines the
lonospheric influence on GMSS signals and then removes the linear parts of these effects by appling
ionospheric and g eametric corrections to the rawe data. An associated problemis that, during periods of disturbed
lonosphere, the ionospheric residuals cannot be considered as linear. The integrity module estimates the nor-
linear errar in the generated data. The error itself is determined by omitting one station from the calculation of the
ionospheric influence, and then the surmunding stations are employved to predict the ionospheric influence for the
site of the omitted station. Finally, the predicted erraris compared with the measured walues and the ionospheric
and geometic errors are shown separately. Hecent expenences teach that it is hardl possible to obtain precise
and accurate resultswhile the erroris larger than 8 cm. If the error is between 4 and 8 cm, the reference netaork
user has to accept longer times to fix ambiguities. Smaller value s represent a quiet ionosp here.
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The MMl graphs show the remaining errors at different locations as estimated by the network model integrity on
29 duly 2004, The remaining error of a single subnet is plotted with an average value. The plots of the different
subnets are shown according to the area they cover in Germany W — Marth West, ME - Modh East, MW — hlid
West ME — Mid East, 5WW - South West, SE — South East). Around noon, higher-tharrusual v alues are observed
inthe easternareas ME and SE. Later, the influence is detected in the western areas B, MW, and SWY as well.
As the ionosphere perurbations propagate from polar to lower [attudes, GRSS applic ations are also affected.
Howewer, the influence decreases at iower latitude =.

Early detection of disturbances |

Cemonstrated next is how SWAC| products and services can help. By generating higheresolittion maps of TEC
spatial and temporal gradients, padiculary at higher higher latitudes, onospheric disturbances become. As the
space weather f ionospheric disturbances lead to increase in the residual erar (decreased Ml respectively, the
TECZ maps can be effectively used for alerting the GMNSS user for possible Ml dedradation.
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Phase scintillations are traditionally monitored by estimating
the standard dewistion of the power spectrum of defrended
carrier phase of GHMEE satellite signals.

cintillatio ns are montored viathe 54 index. The 54
index value, normally calculated over a G0 second irerval i
deduced from detrended signal intensity {(actually, the receied
signal poweer) of GHES satellite signals.

Amplitude =

Latitude Gradient [TECUA(
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To better monitor the polar scintillation activities, DLRE has
nstalled a GPS receiver in Tromsoe (data analysed and
processed at a0Hz sampling frequency) and started to
produce estimates of 54 and Sigma-phi.
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of the scintilation

Additionally, the |EEA Global lonospheric
|_|-| ) 5 used to provide estimates
intensity [4].
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The transfer of generated data products, senices and addiional information to both the consodium and the
external users is realzed by an independent server unit. To safeguard the integrity of the service, preliminarny
registration of all users is required. Upon redistering, each user obtains a password to access the
productsfservices according o the already established rdes and membership status; Consortiom, Mon-

comimercial, Commenzial and Public

Access

Space Weather Application Centor - Iunuaphu?u {SWALCT)

Products & Data

Products

Ground basad:

To facilitate the post analysis and further development of the service an independent archive unit will be
maintained during the project

Prospective for service improvements

The experience gained o far by s2rvice developers and users sofar during the project guarantees the rich
prospective for improvement and expansion:

» Deyelop new improved service to address alarger set of GMNSS users

» Focus onforecast products;
» Spatial resolution less than 100 km
* Forecast up to 24h ahead

» [mprove spatial and termporal resolution of nowecast

» [mprove guality of shot-term ionospheric fore cast

» LHilize space-bhased measurements for plasmasphere reconstruction

= Deliver new, more specific, products to be directly used in GRES algarthims
» Extend current redional mapping towards local and global coverage
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