
Catalogue of ionosphere forecasting models developed in the framework of COST actions 238, 251, 271, and 296 – brief description of models.
1. TECKpFOR

Developer name\contact person:

Dr. S. M. Stankov

German Aerospace Center (DLR)

Institute of Communications and Navigation

Kalkhorstweg 53, D-17235 Neustrelitz, Germany

Telephone: +49 3981 480 113

Telefax:   +49 3981 480 123

Email: Stanimir.Stankov@dlr.de

Affiliation:  German Aerospace Center (DLR)

 Characterize your model in respect to the lead-time of forecasting:

· specification (up to 1 hour ahead):

forecast, 1 hour ahead

· short-term forecasting (1 to 3 days ahead):

· mid- and long-term forecasting (1 week to 1 month/or more).

TEC forecast maps are generated based on prediction of the TEC geomagnetically quite time behaviour by using the latest SWACI TEC maps, the TEC gradient estimated by the regional NTCM model, and the sub-sequent correction for geomagnetic / ionospheric storm influence (Jakowski et al., 2006; Stankov and Jakowski, 2006). The store-time correction assumes that the GPS TEC storm-time fluctuations depend solely on the level of geomagnetic activity; therefore it was necessary to analyze the relation between the relative TEC value, TECrel (= TECmeas-TECmed)/TECmed) and the Kp index of geomagnetic activity. Since this relation depends on geographic location, most strongly on latitude, a preliminary latitude-dependent model of the average TECrel value as a function of Kp has been developed. The model allows if the quite-time TEC value is available for a given location, this TEC value to be multiplied by a coefficient provided by the model and thus the TEC value to be corrected for geomagnetic storm influence. Hence, if predicted TEC for non-storm (median) conditions and predicted Kp values are both available, a new (more reliable) TEC forecast value can be produced. The forecast based on this method is realised for a lead time of 1 hour, considering the availability of Kp prediction from solar wind estimations and the majority of user requirements.

 Operational since January 2007.  Website: (http://w3swaci.dlr.de/)

 References

Jakowski, N., H. Maass, S.M. Stankov, K.D. Missling, C. Becker, C. Mayer, M. Hoque, V. Rudenko, M. Tegler (2006): SWACI - Space weather service for high precision GNSS positioning. Proc. Third European Space Weather Week ESWW-2006, 13-17 Nov 2006, Brussels, Belgium.

Stankov, S. M., Jakowski, N. (2006): Indexing the local ionospheric response to magnetic activity by using total electron content measurements. Acta Geodaetica et Geophysica Hungarica, 41(1), 1-15.

2. Short Term Ionospheric Forecasting (STIF)

 Developer name\contact person:

Dr. Lj. R. Cander

l.cander@rl.ac.uk
Affiliation:

Rutherford Appleton Laboratory, Chilton, Didcot, Oxon, OX11 0QX, UK

 Characterize your model in respect to the lead-time of forecasting:

· specification (up to 1 hour ahead):

· short-term forecasting (1 to 3 days ahead):

· mid- and long-term forecasting (1 week to 1 month/or more).

An operational Short-Term Ionospheric Forecasting (STIF) tool for the European region based on continuous monitoring of the ionosphere has been developed and is available on the World Wide Web for interactive use (Levy et al., 1999; Dick et al., 1999, Muhtarov et al., 2002). It provides forecasts for up to 24 hours ahead and archive measurement maps of the critical frequency foF2, the Maximum Usable Frequency for a 3000 km range MUF(3000)F2,  total electron content (TEC) and FOT (Frequency of Optimum Traffic) for the area of interest at an each UT hour. The STIF over Europe has been recommended by the COST 251 Management Committee as the official COST 251 product.

An auto-correlation procedure was developed for the short-term forecasting of ionospheric characteristics (Kutiev et al., 1999; Muhtarov and Kutiev, 1999). This is applied to produce forecast values of foF2 and MUF(3000)F2 at integer hours UT up to 72 hours ahead at each vertical incidence station where sufficient measurements are available. This is necessary to ensure a forecast for up to 24 hours ahead over weekends. Values from the past 60 days are used to construct an auto-regressive filter. The values of MUF(3000)F2 are derived from the measured values of foF2 and M(3000)F2. 

Forecast and archive maps for all characteristics are drawn using a commercial package with a Kriging option, which is particularly suitable for contouring sparse data (Samardjiev et al., 1993). The grid resolution is 2.5 degrees in latitude and 5 degrees in longitude. Following Stanislawska et al. (1996), an anisotropy factor of 2.1, which gives greater weight to variations along the longitudinal axis, is employed. Contour maps of forecast values and of the most recently available measurements are produced and updated daily at a fixed time. Therefore, it is important to continue within COST 296 Action a free data exchange at the time of the observations or with a maximum delay of up to about 24 hours.
Using the grid values, several statistical comparisons of maps obtained from forecast and measured values of foF2 and MUF(3000)F2 have been carried out. The forecast values selected were those deduced for one day ahead of the measured values. The principal results concern: (1) Comparisons at 0000, 0600, 1200 and 1800 UT on Tuesdays and Thursdays in June 1998 gave the Root Mean Square Error (RMSE) of 0.65 MHz and 2.15 MHz respectively; (2) Global statistical comparisons for the 5 months of March to September 1998 involving a total of 3672 maps (Table 2). These gave RMSE for foF2 and MUF(3000)F2 of  0.63 MHz and 2.10 MHz respectively. 

Table 2.1.  foF2 and MUF(3000)F2 RMSE in MHz

	Characteristics
	foF2
	MUF(3000)F2

	Date and times
	RMSE
	RMSE using persistence
	RMSE
	RMSE using persistence

	June 1998 (selected 8 days, every 6 hours)
	0.65
	0.67
	2.15
	2.36

	5 months (March-September, 1998, every hour )
	0.63
	0.64
	2.10
	2.22


The model is operational at http://ionosphere.rcru.rl.ac.uk/  since 1998. This web site is currently under the reconstruction.
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3. NNARX - Neural network based autoregressive model with additional inputs(X)

Developer name\contact person:

Dr Lj. R. Cander

e-mail: l.cander@rl.ac.uk
Affiliation:

Rutherford Appleton Laboratory, Chilton, Didcot, Oxon, OX11 0QX, UK

Characterize your model in respect to the lead-time of forecasting:

· specification (up to 1 hour ahead):

· short-term forecasting (1 to 3 days ahead):

· mid- and long-term forecasting (1 week to 1 month/or more).

Short-term forecasting model: up to 3 hours ahead.

A neural network based auto-regressive model with additional inputs is one possible approach that uses the hybrid time-delay multi-layer percepton with only the critical frequency of the F2 layer as input parameter to produce one output foF2 value at hour t+1. Inputs include the foF2 value at time t and at particularly selected hours (t, t-1, t-23, t-47) as well calculated means of foF2 from the learning set of data to generate the background ionospheric daily variation. Detailed description of this type of the neural network as far as its architecture, first and second hidden layers, learning and test data sets are concerned can be found in Cander et al. (1998, Cander 1998). The predictive accuracy of the NN model is summarised in the table below. All errors are quoted using the RMSE in MHz, with respect to the one step ahead predictive model, for the entire test set in each instance. The persistence model is included as an effective reference in each instance. Table 1 shows RMSE results at the few European ionospheric stations during the geomagnetically active months of February 1986 and September 1990. These results clearly demonstrate the potential of neural networks to forecast the ionospheric parameter foF2 one-hour ahead during extremely disturbed ionospheric conditions (Cander et al., 2003). 

Table 3.1. foF2 RMSE in MHz

	Ionospheric stations/periods
	RMSE (MHz)

	
	PERSISTENCE                       
	NN model

	Slough - February 1986
	0.6482                        
	0.4456

	Poitiers - February 1986
	0.6178
	0.4460

	Rome - September 1990
	0.8097
	0.4745

	Sofia - February 1986
	0.7213
	0.5258

	Moscow - February 1986
	0.6121
	0.3778


NRMSE=0.2123 for Rome (41.9N, 12.5E) ionospheric station in September 1990.

 (i) Model has MATLAB type of friendliness. System requires MATLAB 5.2.1 installation on PC Pentium II platform. 

(ii) Data quality is within standard requirements. 

(iii) Low level of interaction

(iv) Training data for foF2, Ap and Rp for recent 365 days.
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4. METU-NN foF2 FORECAST MODEL

Contact person: Prof. Dr. Ersin Tulunay

Affiliation: Middle East Technical University, Department of Electrical and Electronics Engineering, 06531, Balgat, Ankara, Turkey, ersintul@metu.edu.tr, Tel: +90 312 210 2335, Fax: +90 312 210 2304

   Natural processes such as the near-Earth space are highly complex, nonlinear and time varying.  Therefore, mathematical modeling is usually very difficult or impossible.   Data-driven approaches such as the Neural Network (NN) based modelling are shown to be promising for such cases.  The only basic requirement is the availability of some representative data. 

   An artificial NN is a system of inter-connected computational elements, the neurons, operating in parallel, arranged in patterns similar to biological neural nets and modeled after the human brain (Tulunay, E., 1991). Highly nonlinear and complex processes in the Near-Earth Space can be modeled by the METU-NN models, which have been developed by the Group since 1990 (Altinay et al., 1997).

   The METU-NN, Neural Network, has one input one hidden and one output layer. Levenberg-Marquardt Backpropagation algorithms with validation stop are used for training the METU-NN.

   The METU-NN foF2 Forecast Model is employed to forecast the ionospheric foF2 values up to 24-hour in advance. As a case study, the foF2 values obtained at the VI stations in Poiters, Slough and Uppsala are considered.

   The foF2 data of 1968 and 1979 obtained during September and December in Poiters, Slough and Uppsala are used to train and to validate in test the model. The periods of validation in operation and the performance of the model in the form of the rms errors are presented in Table 1.1 (Tulunay et al., 2000).

   This model can be adopted to another important case by considering the presence of the mid latitude electron density trough (Tulunay et al., 2001).

Table 4.1. rms errors of the foF2 forecast 1 h. in advance 

	
	Sept. 1990
	Dec. 1990

	STATION
	rms (MHz)
	rms (MHz)

	Poiters
	0.13
	0.12

	Slough
	0.13
	0.11

	Uppsala
	0.17
	0.14


   To be equipped with some forecast ability of the foF2 values is important, in particular, for the telecommunication system planners, operators, users. The end users can include for example, even the insurance companies.

   The METU-NN foF2 Forecast Model learned the shape of the inherent, nonlinearities of the processes. The NN system reached the correct operating point that is the global minimum. The only requirement is the availability of some representative data.
   References
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Tulunay Y., E.Tulunay, E.T.Senalp, An Attempt to Model the Influence of the Trough on HF Communication by Using NN, Radio Sci.,.36(5), 1027-1041, 2001.

5. METU-NN GPS TEC FORECAST MAP MODEL

Contact person: Prof. Dr. Ersin Tulunay

Affiliation: Middle East Technical University, Department of Electrical and Electronics Engineering, 06531, Balgat, Ankara, Turkey, ersintul@metu.edu.tr, Tel: +90 312 210 2335, Fax: +90 312 210 2304

Lead-time of forecasting: - specification (up to one hour ahead)

The neural network-based model is operational at METU LAN.
     Natural processes such as in the near-Earth space are highly complex, nonlinear and time varying. Therefore, mathematical modelling is usually very difficult or impossible. Data-driven approaches such as the Neural Network (NN) based modelling are shown to be promising for such cases. The only basic requirement is the availability of some representative data.
     An artificial NN is a system of inter-connected computational elements, the neurons, operating in parallel, arranged in patterns similar to biological neural nets an modelled after the human brain (Tulunay, E., 1991). Highly nonlinear and complex processes in the near-Earth space can be modelled by the METU-NN models, which have been developed by the group since 1990 (Altinay et al., 1997).

     The METU-NN neutral network has one input, one hidden and one output layer. Levenberg-Marquardt backpropagation algorithms with validation stop are used for training the METU-NN.
     The METU-NN GPS TEC forecast map model is employed to forecast the total electron content (TEC) maps one hour in advance.

     As a case study, ten minute vertical TEC data evaluated from the GPS data between 1 November and 15 November 2003, and between 30 November and 11 December 2003 over Europe centred over Italy are used to train and validate in test the METU-NN. Validation in operation has been performed on another data set by using the TEC over the same region for 16-29 November 2003. The geographic coverage of the TEC data is between latitudes 35.5-47.5oN and longitudes 5.5-19.5oE. The data belong to the 104 grid locations spaced every 2o longitude by 1o latitude intervals in space (Tulunay et al., 2006).
     Bezier surfaces, which are used in such mapping have some advantages. The availabilibty of GPS data to be used for TEC evaluation provides larger number of polygon vertices for Bezier surfaces. Thus, better surface fit is achieved.

     TEC values are forecasted by using METU-NN model. Mapping is performed over the area of interest by using Bezier surface. Error table of forecast and observed TEC maps one-hour ahead are shown in Tab. 5.1 (Tulunay et al., 2006).
Tab.5.1. Errors of the TEC forecast 1 hour in advance, 16-29 November 2003.

	Location
	Absolute (TECu)
	Cross. Corr. Coef.

	11.5oE, 38.5oN
	1.58
	0.9775

	13.5oE, 41.5oN
	1.49
	0.9746

	15.5oE, 44.5oN
	1.52
	0.9696

	Overall TEC map
	1.65
	0.9999


     Forecasting the TEC values is important, in particular, for the telecommunication system planners, operators, and users since the map contains important operation information on the whole region of interest. The end users can include, for example, even insurance companies.
     The METU-NN GPS TEC forecast map model learned the shape of the inherent nonlinearities of the process. The NN system reached the correct operating point that is the global minimum. The only requirement is the availability of some representative data,
References:
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Tulunay E., E.T. Senalp, S.M. Radicella, Y. Tulunay,  Forecasting total electron content maps by neural network technique, Radio Sci., 41(4), RS0416, 2006.
Tulunay Y., E. Tulunay, and E.T. Senalp, The Neural Network Technique-1: A General Exposition, Adv. Space Res., 33(6), 983-987, 2004-a. 

Tulunay Y., E. Tulunay, and E.T. Senalp, The Neural Network Technique-2: An Ionospheric Example Illustrating its Application, Adv. Space Res., 33(6), 988-992, 2004-b.
 6. METU-NN GPS TEC FORECAST MODEL

 Contact person: Prof. Dr. Ersin Tulunay

Affiliation: Middle East Technical University, Department of Electrical and Electronics Engineering, 06531, Balgat, Ankara, Turkey, ersintul@metu.edu.tr, Tel: +90 312 210 2335, Fax: +90 312 210 2304

 Characterize your model in respect to the lead-time of forecasting:

· short-term forecasting (up to 1 day ahead)

 The model is operational at METU LAN. Web access will also be available.
   Natural processes such as the near-Earth space are highly complex, nonlinear and time varying.  Therefore, mathematical modeling is usually very difficult or impossible.   Data-driven approaches such as the Neural Network (NN) based modelling are shown to be promising for such cases.  The only basic requirement is the availability of some representative data. 

   An artificial NN is a system of inter-connected computational elements, the neurons, operating in parallel, arranged in patterns similar to biological neural nets and modeled after the human brain (Tulunay, E., 1991). Highly nonlinear and complex processes in the Near-Earth Space can be modeled by the METU-NN models, which have been developed by the Group since 1990 (Altinay et al., 1997).

   The METU-NN, Neural Network, has one input one hidden and one output layer. Levenberg-Marquardt Backpropagation algorithms with validation stop are used for training the METU-NN.

   The METU-NN GPS TEC Forecast Model is employed to forecast the Total Electron Content (TEC) values up to 24-hour in advance. 

   As a case study, the TEC data evaluated from the GPS data obtained between 2000 and 2001 at Chilbolton (51.8º N; 1.26º W) receiving station for April and May are used to train and validate in test the METU-NN. Validation in operation has been performed on another data set by using the TEC values at Halisham (50.9º N; 0.3º E) receiving station for selected months in 2002.  Errors and forecast of TEC one-hour ahead results are shown in Table 2.1 and Fig. 2.1 respectively (Tulunay et al., 2002).

Table 6.1. Errors of the TEC forecasts 1 h. in advance 

	
	Apr. and May 2002

	STATION
	Absolute (TECu)
	Normalized (%)
	rms (TECu)
	Cross Corr. Coef. (10-2)

	Halisham
	1.22
	7.26
	1.88
	98.50
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Fig. 6.1. Observed (red), 1h ahead forecast (blue), monthly median (black) of TEC for  18-22 April 2002
   Forecasting the TEC values is important, in particular, for the telecommunication system planners, operators, and users especially during disturbed solar terrestrial conditions. The end users can include for example, even the insurance companies.

   The METU-NN GPS TEC Forecast Model learned the shape of the inherent, nonlinearities of the processes. The NN system reached the correct operating point that is the global minimum. The only requirement is the availability of some representative data.
   References
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7. METU-NN-C GPS TEC FORECAST MAP MODEL

Contact person: Prof. Dr. Ersin Tulunay

Affiliation: Middle East Technical University, Department of Electrical and Electronics Engineering, 06531, Balgat, Ankara, Turkey, ersintul@metu.edu.tr, Tel: +90 312 210 2335, Fax: +90 312 210 2304

Lead-time of forecasting: Up to one hour ahead.
The model is operational at METU LAN.
   Natural processes such as the near-Earth space are highly complex, nonlinear and time varying.  Therefore, mathematical modeling is usually very difficult or impossible.   Data-driven approaches such as the Neural Network (NN) based modelling are shown to be promising for such cases.  The only basic requirement is the availability of some representative data. 

   An artificial NN is a system of inter-connected computational elements, the neurons, operating in parallel, arranged in patterns similar to biological neural nets and modeled after the human brain (Tulunay, E., 1991). Highly nonlinear and complex processes in the Near-Earth Space can be modeled by the METU-NN models, which have been developed by the Group since 1990 (Altinay et al., 1997). The METU-NN has one input one hidden and one output layer. Levenberg-Marquardt Backpropagation algorithms with validation stop are used for training.

   A cascade model based on Hammerstein system modeling has a nonlinear static block cascaded with a linear dynamic block. METU-C is a cascade model. METU-NN estimates the internal state-like variables of the METU-C. Different representations of nonlinearities have been used in the first block of the cascade model. METU-NN-C model consists of one METU-C and one METU-NN (Senalp et al., 2006-a).

   The METU-NN-C GPS TEC Forecast Map Model with polynomial and Bezier curve nonlinearity representations are employed to forecast the Total Electron Content (TEC) values and maps up to one hour in advance. 

   As a case study, ten minute vertical TEC data evaluated from the GPS data between 1 November and 15 November 2003; and between 30 November and 11 December 2003 over Europe are used to train and validate in test the METU-NN-C model with Bezier curve nonlinearity representations and Bezier surface mapping. Validation in operation has been performed on another data set by using the TEC data for the same region in between 16 November and 29 November 2003. The geographic coverage of the TEC data is between latitudes of (35.5º N; 47.5º N) and longitudes of (5.5º E; 19.5º E). The data belong to the 104 grid locations spaced every 2º longitude by 1º latitude intervals in space (Tulunay E. et al. 2006; Senalp et al., 2006-b).

   TEC maps are forecast by using METU-NN-C model. Error table and absolute error map of forecast and observed TEC one-hour ahead are shown in Table 4.1 and Fig. 4.1 respectively (Senalp et al., 2006-b). 

                                Table 7.1. Errors of the TEC forecasts 1 h in advance
	
	16-29 Nov. 2003

	LOCATION
	Absolute (TECu)
	Cross Corr. Coef. (10-2)

	11.5˚E; 38.5˚N
	1.42
	97.74

	13.5˚E; 41.5˚N
	1.32
	97.56

	15.5˚E; 44.5˚N
	1.38
	97.27

	Overall TEC Map
	1.50
	97.08
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Fig. 7.1. Absolute error map for observed and 1 h. ahead forecast TEC during 16-29 Nov. 2003.
     In this case study, METU-NN-C has a 0.15 TECu decrease in the overall absolute error when compared with METU-NN.
   Forecasting the TEC maps is important, in particular, for the telecommunication system planners, operators, and users since the map contains important operation information on the whole region of interest. The end users can include for example, even the insurance companies.

   The METU-NN-C GPS TEC Forecast Map Model learned the shape of the inherent, nonlinearities of the processes. The system reached the correct operating point that is the global minimum. The only requirement is the availability of some representative data.
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 8. CLUSTERING BASED MODEL

Contact person: Prof. Dr. Ersin Tulunay

Affiliation: Middle East Technical University, Department of Electrical and Electronics Engineering, 06531, Balgat, Ankara, Turkey, ersintul@metu.edu.tr, Tel: +90 312 210 2335, Fax: +90 312 210 2304

Characterize your model in respect to the lead-time of forecasting:

· a preprocess to obtain a forecast curve for the ionospheric critical frequency foF2
 The model is tested but not operational.

   Cluster analysis is used to classify monthly medians of the ionospherical critical frequency foF2 data for 13 stations in Europe during the period 1958-1998. The algorithm used agglomerates the data consisting of 4801 samples of daily variations into 6 sets of sizes ranging from 1334 to 431 samples, characterized mainly by R12 and seasons.

   Monthly medians of the ionospherical critical frequency foF2 for the years 1958 to 1998 for the 13 European ionosonde stations Ashkhabad, Novokazalinsk, Poitiers, Lannion, Dourbes, Slough, Kaliningrad, Moscow, Sverdlovsk, Uppsala, Arkhangelsk, Lycksele, Kiruna are studied. The data from these stations were not completed and we also disregarded data samples with missing values and we worked with a total of 4801 samples of daily variations indexed by the month, year and station. Based on our previous experience, we eliminated the longitudinal dependency by a local time shift (Mizrahi et al., 2002). We overlooked any dependency on the geomagnetic coordinates and identified the dependency on the calendar year by a dependency on R12, hence over looking any possible dependency on atmospherical conditions [Mizrahi et al., 2002]. The work aims to be a pre-process to obtain a forecast curve for the ionospheric critical frequency foF2.

   The clustering algorithm we use starts with a random element from the sample and finds those samples that lie in a certain neighborhood (here %22) with respect to the l2 norm. We then repeat the procedure after removal of the samples lying in this cluster from the whole data. This procedure gave a total of 27 clusters, 15 of which containing less than 30 elements ( less than %0.62 of the data). A qualitative study of these tiny clusters showed that clusters containing less than 10 elements were rather related to bad data and they were overlooked. As a first step we studied the larger 12 clusters, containing 1296 to 34 elements.

   The representative curves were characterized by 4 parameters, the width (w), the baseline (b), the center (c) and the peak amplitude (a). Based on these parameters, we merged the 16 clusters (the larger 16 of the 27 clusters), obtaining 6 groups.

   In order to study the structure of each cluster, we obtained histograms of the distribution of the stations (latitude dependency), months (seasonal dependency) and years (R12 dependency) inside each of the 6 clusters.

   We can see that one cluster is linked to high latitude stations while another cluster contains low latitude stations. Samples in other clusters seem to have a uniform latitude distribution.

   By using clusters, we can see equinox conditions summer and winter data are grouped in certain clusters. It can also be seen that low R12 data and high R12 data are grouped clearly in separate clusters. We also obtained clusters containing data corresponding to diminishing R12 level.     

References

Mizrahi E., A.H. Bilge and Y. Tulunay (2002): “Statistical properties of the deviations of foF2 from monthly medians”, Annals of Geophysics, 45(1), 131-143.

Tulunay E., E.T. Senalp, Lj. R. Cander, Y. Tulunay, A.H. Bilge, E. Mizrahi, S.S. Kouris, N.Jakowski (2004), Development of algorithms and software for forecasting, nowcasting and variability of TEC, Annals of Geophysics, Supplement to Vol. 47, N. 2/3, pp. 1201-1214.
9. FORECASTING OF THE FOF2 AND THE M(3000)F2 USING THE NEAREST NEIGHBOUR (NN) ALGORITHM
Developer name\contact person:

Michal Tomasik 

(tomasik@cbk.waw.pl)

Affiliation:

Space Research Centre, 
Bartycka 18a str.,

00-716 Warsaw,

Poland

Characterize your model in respect to the lead-time of forecasting:

· Term forecasting minimal 1 hour ahead  (standard 24 hour ahead) 

The “nearest neighbour” method is a case based on statistical approach used to predict the ionospheric conditions. This algorithm belongs to the group of the deduction methods by analogy. . Its idea consists of finding the specific class of measurement vector from the past that in the best way describes the similarity of the situation when we want to make a forecast.

Input parameters: day of year, daily solar flux, magnetic index (index ap - interval 3 hours), foF2, M(3000)F2. 

This Algorithm need the big database to the work.

model error(s): 

-RMS error.
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References:
M. Tomasik: “Algorithm „nearest neighbour” for 24 hours ahead foF2 forecast” – Paper send to Adv. Space Res
10. EUROPEAN IONOSPHERIC FORECAST AND MAPPING (EIFM)

Principle developer: Ivan Kutiev 

Affiliation: Geophysical Institute, BAS

Short-time forecast: 1 to 3 days ahead

Empirical model based on foF2 and M(3000)F2 from European ionosonde network

Not operational

The model EIFM is developed for forecasting and instantaneous mapping of the ionospheric parameters over Europe based on analytical presentation of the mapped quantities. The diurnal and seasonal variations of the ionospheric foF2 and M(3000)F2 parameters are represented by a modified version of the regional model ISIRM adjusted to the past measured data. An autoregressive extrapolation of the data from the past month enables the 15-day-ahead forecast of the quiet ionospheric distribution to be performed. In addition, the short-term variations due to geomagnetic activity are defined as a plane surface superimposed on the quiet distribution. This correction is obtained by two plane characteristics as functions of the geomagnetic three-hour Kp index. In this way the 24-hour forecast can be obtain during quiet as well as disturbed ionospheric conditions. The corresponding EIFM software provides a variety of options to perform the short-term forecast depending on availability of the measured ionospheric data and predicted Kp values.

Reference paper: Phys. Chem. Earth, 25, 5, 2001, 347-351.

The EIFM software

Based on the above described theory, the European Ionospheric Forecast and Mapping (EIFM) software is designed to produce and forecast maps of the distribution of the ionospheric characteristics foF2, M3000F2, MUF3000F2 and TEC over the geographic region (-10E, 90E) and (30N, 70N) as well as single station forecasts in the same area. EIFM is developed by Plamen Muhtarov, Geophysical Institute, Sofia. Contributing institutes are Rutherford Appleton Laboratory, Chilton, UK and Instituto Nazionale di Geofisica, Roma, Italy.
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Figure 10.1. A preview map of the forecasted grid file. The contour lines divide the map into five value zones. The user can evaluate the value at any location by placing the pointer on it. The four forecasted parameters at any hour of the current day can be viewed alternatively. For final presentation of maps, EIFM provides an output file in ASCII format.

11. SWILM
Developer name\contact person: G. De Franceschi

Affiliation:INGV

Characterize your model in respect to the lead-time of forecasting:

mid- and long-term forecasting (1 week to 1 month/or more).

This is empirical model.
The Space Weighted Ionospheric Local Model (SWILM) covers the area from 35°N to 70°N in latitude and 5°W to 40°E in longitude, and provides monthly medians of foF2 at a given epoch (month and time of day) on a grid with a step of 5° in longitude and 2.5° in latitude.

The model is not operational.
References:
De Franceschi, G., L. Perrone, B. Zolesi and S. Pau (2000): The SWILM approach for regional long term modelling of middle/high latitude ionosphere, Phys. Chem. Earth, 25, 343-346.

12. PASHA

Developer name\contact person: Giorgiana De Franceschi

Affiliation: INGV

Mid- and long-term forecasting (1 week to 1 month/or more) empirical model.
The method of Spherical Cap Harmonic Analysis, SCHA , has been applied to the critical frequency of the F2 layer observed at several European vertical incident stations. The aim was the regional mapping and modeling of this parameter in Europe. To make it possible a spherical cap including Europe, centered at 50 deg N, 14 deg E with the half-angle of 20 deg has been considered. The model is based on the expansion of Fourier longitudinal series and Legendre colatitudinal functions as the orthogonal basis functions over the caplike region of interest.
The model is not operational.
References

G. De Franceschi, and A. De Santis, PASHA: regional long term predictions of ionospheric parametrs by ASHA, Annali di Geofisica, 37,(2), 209-220, 1994.

G. De Franceschi, A. De Santis and S. Pau, Ionospheric mapping by regional spherical harmonic analysis : new developments, Adavnces in Space Research, 14 (12), 61-64, 1994.

A. De Santis, G. De Franceschi, B. Zolesi, Lj. R. Cander,  Regional modeling and mapping of the ionospheric characteristic parameters by spherical cap harmonic expansion, Advance Space Research, Vol. 12, N. 6, pp. (6)279-(6)282, 1992.

A. De Santis, G. De Franceschi, B. Zolesi,  S. Pau and Lj. R. Cander, Regional mapping of the critical frequency of the F2 layer by sperical cap harmonic expansion, Ann. Geophysicae, 9, 401-406, 1991. 

A. De Santis, G. De Franceschi and D. J. Kerridge, Regional spherical modelling of 2-d functions: the case of the critical frequency of the F2 ionospheric layer, Computers and Geosciences, 20 (5), 849-871, 1994. 

13. Autocovariance prediction method applied to ionospheric characteristics and TEC (ACION)
Developer name\contact person: Iwona Stanislawska

Affiliation: Space Research Centre PAS, Warsaw, Poland
Lead-time of forecasting:  Reasonable results up to 24 hours ahead.

The autocovariance prediction method is used for ionospheric forecasting of ionospheric characteristics as foF2,  foF1, foE, M(3000)F2 and TEC values for 1 up to 24 hours ahead at a single location. Time series of measurement data for ionospheric quiet and disturbed conditions at different European stations were studied in order to clarify the forecasting capabilities of the method for ionospheric purposes. The accuracy of the method varies within reasonable limits depending on the time range of the forecast for different conditions. 

This is operational model working at RWC Warsaw: http://www.cbk.waw.pl/rwc and ftp://cbk.waw.pl/idce
References:
I. Stanislawska and Z. Zbyszynski, Forecasting of the ionospheric quiet and disturbed foF2 values at a single location, Radio Sci., 36, 5, 1065-1071.
I. Stanislawska and Z. Zbyszynski, Forecasting of the ionospheric characteristics during quiet and disturbed conditions, Annals of Geophysics (Annali di Geofisica), Vol. 45, N. 1, 2002, 169-176.

I. Stanislawska and Z. Zbyszynski, Forecasting of the Total Electron Content at a Single Location, Cosmic Res, 2003, 41(4), 1-4.
14. Monthly median foF2 forecast (OSSNNF2) 
Developer name\contact person: Iwona Stanislawska

Affiliation: Space Research Centre PAS, Warsaw, Poland
Lead-time of forecasting:  1 hour ahead
This is neural network-based model.
The neural network approach has been used for foF2 long-term prediction in one hour ahead. The feed forward multilayer structure has been applied. The neural network was trained at the base of the data from Uppsala station. Comparisons of NN model with conventional models (after Alberca et al., 1999) - Model I (Stanisawska et al., 1991), Model II (Mikhailov and Mikhailov after Bradley, 1995), Model III (Pancheva and Mukhtarov, 1996), Model IV (Sole, 1996), Model V (Xenos et al., 1996), CCIR, IRI.       Sentence looks incomplete
The model is not operational

References:

Stanisławska I., 1999, foF2 long-term prediction at a single station with the use of artificial neural network, Acta Geophysica Polonica, Vol. XLVII, No. 2, 223-229.

15. OSSNNPROF
Developer name\contact person: Iwona Stanislawska

Affiliation: Space Research Centre PAS, Warsaw, Poland
Lead-time of forecasting:  Long-term forecast

This is neural network-based model.
While classical prediction methods for ionospheric radio wave propagation only consider conditions at the peak more sophisticated methods need the full sub‑peak electron density profile. Instead of a direct prediction of this profile it is apparently easier to predict the  ionogram which is unambiguously connected with the profile. Since ionospheric stations use to possess a large thesaurus of evaluated  ionograms such prediction may be based on one of the standard ionogram characteristics that are available for the past in the thesaurus. In this context we shall consider three models, two of which (P and  R) are assuming a standard profile formula that must be adapted to the given characteristics while the third more sophisticated model (N) is based on a previously established special formula obtained by a fit to past data of the particular station. Neural network technique is applied in this operation. In order to check their relative merits we shall apply the three prediction techniques to the characteristics of early observed ionograms and compare the so "predicted" profile with the "real profile" (D for data, i.e. the inverted ionogram). It may be noted that when the standard characteristics are unknown, a prediction may be obtained from special maps (one for each characteristic) by interpolation (Bradley, 1995).

The model is not operational.

References:

Stanisławska, I., 1999, Construction of the instantaneous N(h) profiles at single location, 1999, Adv. Space Res., Vol. 25, No. 1, 125-127.

16. The mid-latitude trough operational model (MAG-Trough)
Developer name\contact person: Hanna Rothkaehl

Affiliation: Space Research Centre PAS, Warsaw, Poland

Lead-time of forecasting:  Reasonable results up to3 hours ahead

This is semi-empirical model.
MAG-Trough model describes a new first-order trough model to serve as a correction to the mapped foF2 values on the equatorial side of the nighttime auroral oval. The model has been elaborated by means of Magion 3 HF radio spectrometer data.

Bradley et al. (1998) produces instantaneous maps of the European ionosphere with this model. When such maps were compared with the internationally recommended monthly median predicted maps it turned out that the latter maps were lacking some spatial structures. The depth of the trough is treated as a linear reduction from the no-trough case, depending on the value of Kp value. Assuming a Chapman layer formation, the daytime foF2 values are computed, which made the trough detectable longer under disturbed conditions. The accuracy of the model varies within reasonable limits depending on the time range of the forecast for different conditions (Rothkaehl, 2000). Successful application of this model for plasmapause diagnostics has been shown in Stanislawska and Rothkaehl (2002).

This is operational model working at RWC Warsaw: http://www.cbk.waw.pl/rwc and ftp://cbk.waw.pl/idce 

References:
Bradley P. A., G. Juchnikowski, H. Rothkaehl, I. Stanisławska, 1998, Instantaneous maps of the European middle and high-latitude ionosphere for HF propagation assessments, Adv. Space Res., 22, 6, 861-864.

Rothkaehl, H., I. Stanisławska, R. Leitinger, Y. Tulunay, 2000, Application of the Trough Phenomena for Telecommunication Purposes, Phys. Chem. Earth (C), 25, 4, pp. 315-318.

Stanisławska, I., i H. Rothkaehl, 2002, PLES model in the plasmapause diagnostics, Adv. Space Res., 29, 6, 833-838.

17. IFELMOR

Developer name\contact person: M. Pietrella, L. Perrone

Affiliation: INGV, Rome

Lead-time of forecasting:  Reasonable results up to3 hours ahead

This is empirical model.
An ionospheric forecasting empirical local model over Rome (IFELMOR) has been developed to predict the state of the critical frequency of the F2 layer (foF2) during geomagnetic storms and disturbed ionospheric conditions (Pietrella and Perrone, 2008). Hourly measurements of foF2 obtained at the Rome observatory, hourly quiet-time values of foF2 (foF2QT), and the hourly time-weighted accumulation series derived from the geomagnetic planetary index ap (ap(τ)), were considered during the period January 1976 - December 2003. Under the assumption that the ionospheric disturbance index log(foF2/ foF2QT) is correlated to the integrated geomagnetic index ap(τ), statistically significant regression coefficients are obtained for different months and for different ranges of  ap(τ) and used as input to calculate the short-term ionospheric forecasting of foF2. The empirical storm-time ionospheric correction model (STORM) was used to make comparisons with the IFELMOR model. A few comparisons between STORM’s performance, IFELMOR’s performance, the median measurements and the foF2QT values, were made for significant geomagnetic storm events (ap > 150) occurring from 2000 to 2003. The results provided by IFELMOR are satisfactory, in particular, for periods characterized by high geomagnetic activity and very disturbed ionospheric conditions.
The model is not operational.

References:

Pietrella M. and Perrone L., 2008   A local ionospheric model for forecasting the critical frequency of the F2 layer during disturbed geomagnetic and ionospheric conditions, Ann. Geophys., 26, 323-334.
18. ap(() model
Developer name\contact person: L. Perrone

Affiliation: INGV, Rome

Lead-time of forecasting:  Reasonable results up to3 hours ahead

This is empirical model.
To forecast the ionospheric response to geomagnetic storms, geomagnetic indices have been introduced taking into account their past history (Wrenn, 1987; Fuller-Rowell et al., 1998; Perrone and De Franceschi, 1999). 

One of these is ap() (Wrenn, 1987) derived with a time weighted series accumulation from the geomagnetic planetary index ap. An improved linear correlation was found between transformed data obtained from hourly and monthly median values of foF2 and ap() with  = 0.8 (Perrone and De Franceschi, 1999; Wu and Wilkinson, 1995). The transformed data of foF2 that gives the best result is log(NmF2(t)/NmF2M(t)), where NmF2(t) is the hourly value of the  maximum electron density at the F2 peak and the suffix M indicates the monthly median value of ionospheric parameter ( Perrone et al.,  2001). 

The data utilised are the foF2 hourly values measured in Rome (41.9° N; 12.5° E) observatory. Geomagnetic storms with a maximum of ap132, classified as strong events, are selected between 1996 and 2003.

Good results have been obtained during negative ionospheric storms with r.m.s. ranging between 0.74-2.0 MHz.(Perrone et al., 2007).

The model is not operational.

References:

Perrone, L., De Franceschi, G., A correlation study between time-wighted magnetic indices and the high latitude ionosphere. Physics and Chemistry of the Earth, 24, 4, 389-392, 1999.

Perrone, L.,  De Franceschi, G., Gulyaeva T. The time-weighted magnetic indices ap(t), PC(t), AE(t) and their correlation to the southern high latitude ionosphere. Physics and Chemistry of the Earth, 26, 5, 331-334, 2001.

Perrone L., Pietrella M.  and Zolesi B.,  A Prediction of fof2 during a geomagnetic storm in Rome observatory, Proceedings  2nd Workshop Cost296” Radio Systems and Ionospheric Effects”, Rennes, 3-7 October 2006.

Perrone, L., Pietrella M. and Zolesi B.,  A Prediction model of foF2 over periods of severe geomagnetic activity, Adv. Space Res, 39, 674-680, 2007.

Wrenn, G. L. Time-Weighted accumulations ap(t) and Kp(t).  J. Geophys.Res., 92, 10,125-10,129, 1987.
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