New space weather service for monitoring and forecasting Regional lonospheric Perturbations over Australia based on GNSS techniques.
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Abstract:

lonospheric perturbations can degrade precise positioning services and affect Safety of Life (SoL) applications of Global Navigation Satellite Systems (GNSS). Near real time detection and forecasting of ionospheric perturbations might warn users of a potential degradation of the performance of these systems. In this
paper, a new Australian Regional lonospheric Disturbance Index (AusRDI) is introduced based on a regional dynamic approach ignoring smooth large scale and slowly developing deviations. The Spherical Cap Harmonic Analysis (SCHA) method was firstly used to estimate TEC at evenly distributed grid polnts from
GPS data collected from the Australian Regional GPS Network (ARGN). The SCHA model is based on longitudinal expansion in Fourier series and fractional Legendre co-latitudinal functions over a spherical cap-like region including the Australian continent. This harmonic requires fewer to
represent the fine structure of regional ionospheric features and may be adapted to take advantage of regions of densely distributed observations in order to observe and model |onosphenc dynamics over Australia on a range of spatial scales. Principal Component Analysis (PCA) was then used to decompose the TEC|
dataset into a series of orthogonal Eigenfunctions (EOF base functions) and associated coefficients. PCA is non parametric and as such does not utilize deviation from a p| i average to ine perturbations. The new disturbance index provides an objective measure of ionospheric perturbation
processes reflected in small spatial and rapid temporal variations. Furthermore the index is predictable using early space weather information. Such index can provide rellable information and has great practical value for operational radio systems sensitive to current space weather conditions.

lonospheric perturbation detection and monitoring: Regional monitoring : spherical Cap Harmonic Analysis (SCHA) Eignmode Decomposition (Lin, 2011) : PCA
P 2(t,X) : Matrix of N Regional TEC maps at P locations
Geomagnetically based detection of lonospheric perturbations: Proposed TEC based lonospheric Disturbance Index: e e o o omospheric perturbations which are characterized |\ "\ mber of hours (January ~December, 2010)
~lonospheric perturbations are strongly couplled with severe disturbances in the magnetic field Actual and reliable index which describes the regional ionospheric state to be used in operational GNSS applications are in particular sensitive to spatial gradients -Spatial structures: E,(9,9) Eigenvectors (Basis Function)
-Preliminary indicator of the perturbation: Geomagnetic indices (Kp, Ap, and Dst.... ) applications. . . . . (generated directly by themselves) X )
-Modelling and characterizing the planetary perturbation degree. . ) ) ) -SCH model for mapping the Australian Regional TEC: (ranged in descending order according to the proportion of variance
- NOT a correct description of the perturbation degree of the local or regional fonosphere. -Objective measure of the the regional ionospheric state explained (Londono et al, 2005))
~Temporal resolution: in the order of 1-3 h (NOT sufficient to fulfl customer needs. ) ~Relevance to practical needs - ) grieigtimeéleVolitionty
geuitedjiorforscasting VIEC(6,.7,)= Z 237;‘,‘,,“»(9‘ et costma) +iftsingmA,)] A1) =2" (1.6.9)E (0.9)
Deogroe of < Parameter for quantifying the range error and also the strength of ionospheric perturbations: Total Sk (uncorrelated and carrying information about the variation along E)
P o o P Electron Content (TEC) (electron conceniration over the local vertical) (Haines,1985) k=nk(m)  Noninteger degree (§ = 7) Dynamic approach: Ignoring smooth and slowly developing variations
. = SCHA accommodates spatially confined observations without G sesona et et sl dependenceof e backor (R
Minor k=3 having to redistribute the data coordinates over the earth. @ (eI g
over Australia ( Mao ct al., 2003). “Regional Climatology”
~ ionospheric range error(1*torder) 1
Severe B TEC f”eds -Reconstruction of regional ionosphere needed for getting reliable information
extreme B

-lonospheric response to space weather factors depends on the time and location.
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-Geomagnetic indices really match to customer needs (ionospheric information in near real time). Dual frequency measurements = TEC
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Seasonal variation and the solar dependence: lonospheric perturbation: Regional TEC map on 02/01/2010 at 04:00UT(right) and 15:00UT(left). -The meteorology of the regional TEC perturbation is investigated.
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