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51Appendix A1: Glossary



Ionospheric services

DIAS is a pan-European system that covers the needs of the market for accurate and reliable information on the state of the ionosphere over Europe. DIAS is a distributed information server capable of supporting the acquisition, elaboration, evaluation, dissemination and archiving of the ionospheric information currently obtained from eight European ionospheric stations operating in Athens, Rome, Ebre, Juliusruh, Chilton, Pruhonice, Lycksele and Warsaw (Belehaki et al., 2005). 

Why DIAS is a useful tool for supporting the reliable operation of advanced technological systems
The knowledge of the state of the upper atmosphere, and in particular its ionospheric part, is very important in several applications affected by space weather. The radio frequency communications and the satellite positioning and navigation systems are the most affected ones by ionospheric disturbances. In particular, ionospheric disturbances can cause drastic changes of large-scale to the usable range of HF or below HF frequency bands affecting the standard ground-to-ground and submarine communication systems. The effects are recognized as loss of communications, change in area of coverage, low signal power, fading, and error rate change. Fading and error rate change are also the effects in VHF/UHF frequency bands, causing disturbances in ground-to-satellite communication systems. Ionospheric scintillation and dispersion could lead to loss of phase lock and position errors, affecting strongly the advanced navigation systems. Therefore, to keep different technical systems in function in spite of all these effects, specification and prediction of the state of the upper atmosphere are important and valuable.
In general, the influence of the ionosphere on these systems falls into two categories: the first category involves those systems that depend upon the ionosphere (in other words, the ionosphere may be considered as part of the system), while the second category involves the systems for which the ionosphere is simply a problem. In addition to this classification, the various systems belong to: communication, navigation and surveillance (see Table 1).

Table 1: Technological systems affected by the ionosphere 

	Systems depended upon the ionosphere
	Systems for which the ionosphere is a problem

	VLF-LF Communication and Navigation
	Satellite Communication

	HF Communications
	Satellite Navigation

	HF Broadcasting (“shortwave” listening) 
	Space-based Radar & Imaging

	OTH Radar Surveillance
	Terrestrial Radar Surveillance & Tracking


Considering the range of applications influenced by ionospheric effects, it is obvious that the community of potential users of DIAS products and services is quite extensive. The top users of DIAS are identified as follows:  

· Defence Industry

· Aviation Industry (both civil and military)

· Civil HF Broadcast Operators

· Upper Atmospheric Researchers
· Amateur Radio Operators
Nowcasting, short-term and long-term prediction services delivered by DIAS system are essential for ionospheric propagation users:

· Ionospheric specification in real time (nowcasting): real time observations are used to show the spatial and temporal variations of the ionospheric parameters over Europe. It is useful for management of radio services in near real time.
· Short-term ionospheric forecasting: forecasting of ionospheric conditions up to 24 hours ahead, for the purpose of management of radio services. This service could be particularly useful to: i) Defence Industry. Defence has a wide variety of systems (communications, radar, surveillance, intelligence gathering, etc) that may be directly affected by space weather events. An input to many of the defence industry procedures may be the Effective Sunspot Number. ii) Aviation Industry. The aviation industry use HF communication for long-haul air traffic control (ATC) over the oceans, and major disturbances can result in significant flight delays on routes between Europe and US. Much of the operational planning for civil airline flights appears to be carried out in the period 3-12 hours immediately prior to take-off. Short-term operational procedures use (or could use) a parameter equivalent to the Effective Sunspot Number to characterise ionospheric behaviour in these applications.
· Long-term ionospheric predictions: these supply information about the ionosphere for a particular epoch of solar activity and can be used for planning radio systems operations. For example, the long-term predictions apply very strong to the civil HF broadcast operators. These users are mainly concerned with medium- to long-term predictions of HF conditions for determining frequency schedules, since the frequency schedules need to be published months in advance so that listeners can be informed. 
1 Characterizing the ionosphere

1.1 The Earth’s ionosphere and monitoring techniques

The ionosphere is that part of the upper atmosphere where free ions and free electrons are present in sufficient quantity to have a considerable influence on the propagation of radio waves. The ionization of the neutral atmospheric constituents is caused by the solar electromagnetic and corpuscular radiations and its structures vary greatly not only with time and location but also with certain solar-terrestrial related ionospheric perturbations.

The most important technique for monitoring the ionospheric regions from the ground is the ionospheric sounding, which makes use of the propagation of radio waves by measuring observable parameters at different heights and different frequencies to map out and characterize the structure of the ionospheric plasma. 
The principle of ionospheric sounding by ionosondes is to transmit pulses of radio waves vertically with different frequencies (from 1 MHz up to 20 MHz) and to measure the time which elapses before an eventually echo is received. 
The result of the measurement is usually described as an ionogram with sounding frequency as the abscissa and virtual reflection height as the ordinate. An example is given in Figure 1. These echoes form characteristic patterns of "traces" that are scaled, manually or automatically (URSI Handbook, 1972). 
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Fig. 1: Ionogram from Athens digisonde with automatically scaled ionospheric data

The resulting structure is traditionally divided into four broad regions called D, E, F, and topside. These regions may be further divided into several regularly occurring layers, such as Es, F1 or F2.
The D region covers altitudes between about 75 and 95km where relatively weak ionization is mainly responsible for absorption of high-frequency radio waves. 
The E region is a mostly solar-controlled ionospheric region between about 95 and 150km altitude that marks the height of the regular daytime E-layer. Other subdivisions, isolating separate layers of irregular occurrence within this region, are also labelled with an E prefix, such as a highly variable thin layer, the sporadic E layer Es. This layer is not directly controlled by the sun. Ions in this region are mainly O2+ and NO+.
The F region is the region above about 150km in which the important reflecting layer, F2, is found. Other layers in this region are also described using the prefix F, such as a temperate-latitude regular stratification, F1. Ions in the lower part of the F-layer are mainly NO+ and are predominantly O+ in the upper part. The F-layer is the region of primary interest to radio communications because it is present 24 hours a day, it allows the longest communication paths and it usually refracts the highest frequencies in the HF range.

The topside part of the ionosphere starts at the height of the maximum density of the F2 layer and extends upward with decreasing density to a transition height where O+ ions become less numerous than H+ and He+. The transition height varies but seldom drops below 500km at night or 800km in the daytime, although it may lie as high as 1100km. Above the transition height, the weak ionization has little influence on radio signals. Note that the topside cannot be explored by ground-based Ionosondes because it is effectively hidden by the F2 layer peak. Consequently, all of the DIAS products concentrate on the bottom side ionosphere extending up to the F2 layer but not higher.

1.2 Ionospheric characteristics
Most ionograms contain an immense amount of information about the conditions in the ionosphere. Ionospheric characteristics usually scaled from ionograms include, among others, critical frequencies (foE, foF1 and foF2), virtual heights (h’E, h'F, and h'F2) and propagation factors (M(3000)F2 and MUF (3000)F2) of each layer as shown in Figure 2. 
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Fig. 2: Critical frequencies and virtual heights as defined from ionograms

(picture is taken from http://www.wdc.rl.ac.uk/ionosondes/ionogram_interpretation.html) 

The critical frequency of a layer is the highest frequency at which the layer reflects and transmits equally.  The minimum virtual height is the height at which the trace is horizontal. The Maximum Usable Frequency (MUF) is defined as the highest frequency for ionospheric transmission over an oblique path for a given radio system performance. 

The f plot is a daily graph of the frequency characteristics of the traces of the ionograms as a function of time (Figure 3). In principle, any frequency characteristic can be indicated on an f plot. For particular DIAS project purposes the f plot enables transient phenomena to be recognized readily and thus aids in the identification of more stable phenomena in local or regional ionospheric response. 
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Fig. 3: An example of f-plots from the ionosonde station at Athens

Modern ionosonde stations with computer-driven automatic scaling procedures routinely scale all the ionograms recorded every 15 minutes. Manually scaled ionospheric data are normally available only for the hourly recordings that are routinely reduced to numerical data. The resulting numerical values, sometimes along with the original ionograms, are archived at World Data Centers (WDC) for Ionosphere.  This gives DIAS project a significant role in complementing existing data provision and archiving facilities (Cander et al., 2005).
1.2.1 Special information derived from ionograms
Old Ionospheric sounding gave as the fundamental data a picture, an ionogram. From that picture one derived the different parameters of which some are used today. A modern ionospheric sounding gives parameters as the fundamental data and from them the ionogram is created. According to this the older ionograms can in a way contain more information than the modern ones.
A lot of parameters are available from ionograms and SAO-files within DIAS but additionally there are some other types of useful information in special applications. Sporadic-E, z-traces and stations-absorptions are some examples and are briefly described here.
1.2.1.1 Sporadic-E

Sporadic-E, also known as Es, is a thin, patchy area of high electron density that irregularly occurs in the E region (altitudes from about 95 to 150 km). Seasonal variation of Es is seen at all latitudes. Sporadic-E occurs at all latitudes and longitudes around the globe, but they have traditionally been divided into three classes: Equatorial or low-latitude, Temperate or middle latitude and Auroral or high-latitude, each assumed to represent rather different formation mechanisms.
At low and middle latitudes sporadic-E may occur at any time, but is most common in the northern hemisphere during the daytime and early evenings in summer. Sporadic-E at the high-latitude is more common in summer than in winter.
Sporadic-E areas are thought to be caused by long-lived metallic ions which are gathered into thin (in height) but dense (in numbers of ions) layers by wind shears or electric fields. Es are spotty in geographical extent and in time. When they’re formed, these areas are so dense that frequencies that normally use F-layer refraction never reach the F layer. Instead, these frequencies are reflected to Earth from the sporadic-E areas and these reflections (radio signals) can be very strong. But if the layer is patchy the signal does not reach the receiver and we have a sporadic-E blanketing. 
The sporadic-E layer might be partially transparent, which can lead the radio wave to be refracted at times from the F-layer and at other times from the sporadic-E layer. This may lead to partial transmission of the signal or fading. Sporadic-E can persist from a couple of minutes to several hours (Figure 4).
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Fig. 4: Ionogram with a sporadic-E layer from Athens digisonde 

1.2.1.2 Z-traces
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Fig. 5: Ionogram with a z-trace from Lycksele dynasonde (lat 640) 

This type of echo trace at the ionograms can occur at high latitudes, when the ionosphere is stable (Figure 5). The radio wave has followed the magnetic field line at the height were the radio frequency is equal to the plasma frequency, passed it and been reflected higher up, where the frequency is equal the plasma frequency plus half of the gyro frequency.
We note for comparison that in the extraordinary mode the radio wave is reflected where the frequency is equal the plasma frequency minus half of the gyro frequency. 

When the z-trace occurs the ionosphere is tilted a little but stable! 

1.2.1.3 Radio stations – absorption
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Fig. 6: Classical ionogram from Lycksele

Figure 6 shows a classical ionogram from Lycksele with vertical structures indicating ordinary radio stations. These structures can be used as additional information when discussing absorption of radio waves. fmin is the only parameter indicating absorption, but the structures from the radio stations can be more informative.
1.3 Electron density profile, N(h)

Physically as well as practically the most meaningful results from ionospheric soundings are the true heights of the maxima of the reflecting layers and the variation of electron density with height – the electron density profile N(h).The maximum electron densities are given with great accuracy by the critical frequencies. For example, in the case of the F region, maximum electron density, NmF2 is related to the critical frequency foF2 by the formula  

NmF2/m-3 = 1.24 * 1010 (foF2/MHz)2
Generally it has to be said that in mathematical terms, the determination of the real ionospheric height requires the inversion of the integral equation which relates the virtual height with the group refractive index. The numerical inversion of the ionogram into an electron density profile requires that the virtual heights be known at all frequencies.
The complete true height profile of electron density is given by modern Ionosondes, including all layers and the valley between the E and F regions. The profile is reported with the true height as the argument of the N(h) function, i.e. all heights within the valid range are scanned with a fixed increment, say. The height increment and coverage for the profile specification is determined by the program which created the SAO file.
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Fig. 7: Electron density profile and the ionospheric layers and their locations day and night at middle latitudes
The daily solar activity results in the daily variation of the ionospheric electron density profile (Figure 7). Along with the 27-day variations (sun’s rotation), sunspot activity varies in 11-year cycles and has major effects on atmospheric ionization. Sunspots are dark and cooler spots on the sun that change the sun’s radiation intensity. When the number of sunspots that are facing the Earth is high, the amount of solar radiation from the sun is much higher, resulting in higher critical frequencies for the E, F1, and F2 layers, and higher absorption in the D layer. The overall effect on HF communications is that one can use higher frequencies during years of maximum sunspot activity. 
Absorption occurs mostly in the D region and is correlated with the electron density. In a way that absorption is greatest when the electron density in the D region is greatest. When signals enter the D layer they transfer energy to the electrons and set them in motion, vibrating in line with the radio signal. As the electrons vibrate in this manner they can collide with other molecule, ions or electrons. Each time a collision occurs a small amount of energy is dissipated and this is manifested as a loss in the strength of the signal. Only signals that propagate through the daytime ionosphere are affected and lower frequencies are the first to be affected. The same is true for the ordinary radio waves in HF communication/ broadcasting.

A geomagnetic storm is a temporary disturbance of the Earth’s magnetosphere. During a geomagnetic storm the energy of the solar wind are transferred to the magnetosphere, causing Earth's magnetic field to change and energize the particle populations within it. During a geomagnetic storm the ionosphere’s F2 layer will become unstable, fragment, and may even disappear. In the Northern and Southern pole regions of the Earth aurora will be observable in the sky. Ionospheric storms can affect radio communication at all latitudes. Some radio frequencies are absorbed and others are reflected, which can lead to fluctuating signals and unexpected propagation paths. GPS signals scintillate when solar activity causes sudden variations in the density of the ionosphere. Also satellites’ orbit can change slightly due to increased density.
2 Products and services offered by DIAS system

The purpose of the DIAS server is to provide the users with data and value added products and services defined by the users need. 

2.1 Contributing Ionosonde stations

The following ionosonde stations contribute data to the DIAS server:

	Ionosonde Station name
	Location
	Acronym

	National Observatory of Athens
	Athens
	NOA

	Rutherford Appleton Laboratory
	Chilton
	CCLRC

	Leibniz Institute of Atmospheric Physics
	Juliusruh
	IAP

	National Institute of Geophysics & Volcanology
	Rome
	INGV

	Swedish Institute of Space Physics
	Lycksele
	IRF

	Space Research Centre, Polish Academy of Sciences
	Warsaw
	SRC

	Ebro Observatory
	Ebro
	Ebre

	Institute of Atmospheric Physics, Czech Republic
	Pruhonice
	UFA


2.2 Description of products and services
The current set of DIAS recommended data products and added value products are clearly summarised in the Table 2 (Belehaki et al., 2006).
Table 2: List of state of the art models applied to generate the DIAS added value products that are distributed through the DIAS system by html, ftp and email.
	Added value products
	Time Resolution
	Description

	Ionograms
	15 min
	Real-time and archived ionograms from all DIAS ionosondes in a common layout representation

	f-plots
	Daily plots updated automatically every 15 minutes
	Frequency plots of the standard ionospheric characteristics: the lowest frequency at which echo traces are observed on ionogram (fmin), the ordinary wave critical frequency of the highest stratification in the F region (foF2), and the propagation factor M(3000)F2

	Forecasts of foF2
	Hourly, up to 24 hours ahead.
	Plots of foF2 forecasted values in each DIAS station location, calculated following the Geomagnetically Correlated Auto-regression Model – GCAM (Muhtarov et al., 2002).

	Maps of foF2 and M(3000)F2

long-term forecasts
	Hourly
	Ionospheric maps over the European area of monthly median foF2 for different solar epochs for the long-term prediction of frequency planning services. They are based on the improved Simplified Ionospheric Regional Model (SIRM), a model developed specifically for European ionospheric area (Zolesi et al., 1993; 1996; 1999).

	Maps of foF2 and M(3000)F2

now-casting
	15 min 
	Ionospheric maps over the European area of the real-time foF2 and M(3000)F2 for individual epochs for the now-casting frequency management. They are based on the real-time updating of the Simplified Ionospheric Regional Model (SIRMUP) with auto scaled ionospheric parameters observed by DIAS ionosondes (Zolesi et al., 2004; Tsagouri et al., 2005).

	Maps of foF2 forecasting
	Hourly, up to 24 hours ahead
	Ionospheric forecast maps over the European area representative of foF2 conditions up to 24-hours ahead for use in spectrum management. They are based on the SIRMUP technique, using the GCAM forecasted values at the location of DIAS ionosondes for the updating of the grid.


	Added value products
	Time Resolution
	Comments 

	Maps of MUF

now-casting and long-term forecasts
	Hourly
	The MUF-SIRM&LKW is the applied method to produce a grid of the basic MUF values for a given transmission point in the European area and a map of isolines of this parameter. The ionospheric characteristics predicted for a given epoch, namely foF2 and M(3000)F2, come from the SIRM and SIRMUP models. A typical Chapman model is then used for foE required input values (Dominici and Zolesi, 1987; Davis, 1990). Finally, different empirical formulas (Lockwood, 1983; CCIR Report 340-6, 1991) are applied to calculate the basic MUF for a transmission between two given points.

	Maps of electron density
	Time: 15 min

Altitude: 10 km
	The applied method, Ne3D, is a three dimensional model of electron density (Ne) in the ionosphere, using real-time calculated electron density profiles from DIAS ionosondes. It gives instantaneous values of Ne for a given time, altitude, and for a given location in Europe. The resulting Ne at a point (X,Y,h) is a weighted average of measurements made at different points and a value from the statistical model for this point. The mapping scheme applied uses a specific technique that fits the background model to the set of measurements (Stanislawska et al., 2000, Stanislawska et al., 2001). To avoid numerical instabilities and ensure a higher accuracy additional data taken from the NeQuick model (Leitinger et al., 2002) that is used as a background model to add data during the interpolation procedure.

	Real-time Ionospheric alert index (AIR)
	15 min
	To provide a representative picture of the disturbed ionosphere over Europe, the AIR is derived according to the simple formula:

AIR(t) = 100* (foF2(t)-foF2med)/foF2med
calculated at multiple stations simultaneously. Here, foF2(t) is the current observed value at each station and the foF2med is the 30-day running median.

	Forecasted Ionospheric alert index (AIF)
	Hourly
	For customers warning purposes, DIAS provides the AIF index for prediction of ionospheric activity up to 24 hours ahead calculated following the simple formulae:

AIF(t+s) = 100*(foF2f (t+s)- foF2 med(t+s))/foF2 med(t+s)
where foF2f (t+s) is the forecasted value s steps ahead according to the GCAM method and 
foF2 med(t+s) is the 30 days running median for the hour under forecast.



2.3 Description of models used in DIAS
SIRM
Simplified Ionospheric Regional Model

The SIRM, a regional long-term prediction model developed specifically for European ionospheric area. SIRM is a simplified model of the key ionospheric characteristics of vertical incidence such as foF2, M(3000)F2, h’F, critical frequencies of the ionospheric F1 and E layers foF1 and foE that are used for long-term prediction of operational parameters of HF telecommunication systems in a restricted areas. . It is based upon a Fourier analysis of the monthly median values of these characteristics from a number of ionospheric stations operating for several years in Europe. 

The SIRM has been developed and applied to several inhomogeneous ionospheric data sets in different mid-latitude areas. It is shown that the agreement between the SIRM predicted values and observed data of foF2 and  M(3000)F2 is good within the European area defined as between 340 N and 600 N and -50 W and 400 E. The validity of the model could be extended in longitude but not to more northerly latitudes due to the complex ionospheric behaviour in that region.

SIRMUP

Real-time updating of the Simplified Ionospheric Regional Model

The SIRMUP is a simplified approach for real-time mapping of the key ionospheric characteristics foF2 and M(3000)F2 to be used for prediction of operational parameters of telecommunication systems in a restricted area of Europe. It is based on the Simplified Ionospheric Regional Model (SIRM), a long-term prediction model used by DIAS, which is then updated with real-time ionospheric observations to produce now-casting maps over Europe. SIRMUP operates by using real-time automatic scaled foF2 and M(3000)F2 data from DIAS ionosondes to generate the driving parameter of the SIRM, namely an effective sunspot number Reff, calculated by a method described by Houminer et al. (1993). The Reff is chosen to give the best fit between the SIRM model output and the actual measurements obtained from the ionosondes located in the mapping area. The final outputs from the SIRMUP now-casting method are maps of foF2 and M(3000)F2 covering the European area from -5o W to 40oE in longitude and 34oN to 60oN in latitude.

Ne3D

Ne3D is a three dimensional instantaneous model of electron density in the ionosphere. 

Ne3D gives instantaneous values of Ne for a given time, altitude, and for a given location in Europe. Knowledge of electron density is required when considering radio wave propagation, whether reflecting from or passing through the ionosphere.

TSAR-foF2 

Time Series Forecasting Models for Absolute and Relative foF2 by using autoregressive models. The model estimates the value of the absolute foF2 s steps ahead based on a set of M past values of foF2 where M is the order of the autoregressive model.  The present module that estimates the absolute values of foF2 gives short term predictions for up to 24 hours ahead.

GCAM

Geomagnetically Correlated Autoregression Model

The Geomagnetically Correlated Autoregression Model (GCAM) is a method for short-term prediction of ionospheric parameters developed by incorporating the cross-correlation between the ionospheric characteristic of interest and the Ap index into the autocorrelation analysis. It considers the hourly time series of an ionospheric characteristic as composed of a periodic component and a random component. 

The short-term prediction of the F2-region critical frequency (or maximum concentration) is primarily of benefit for high frequency (HF, 3-30MHz) communication users affecting a wide range of application fields such as the defence, civil protection, civil aviation, HF broadcasters and navigation and surveillance systems. During a geomagnetic storm the F-region ionosphere can be either depleted or enhanced. When the ionosphere is enhanced, higher communication frequencies can be used, enabling a reduction in absorption and an increase in received signal strength. If the ionosphere is depleted; the maximum usable communication frequencies must be reduced to assure reflection of the radio signal by the ionosphere to the receiver. To change the frequencies, the output of GCAM model can be used, in real time.

MUF-SIRM&LKW and MUF-SIRMUP&LKW 
Maps of the basic Maximum Usable Frequency

The MUF-SIRM&LKW is a method to produce a grid of the basic MUF values for a given transmission point in the European area and a map of isolines of this parameter. It is based on an empirical method adapted at INGV for the prediction of HF ionospheric propagation conditions applicable in the Mediterranean Area and it was derived on the basic principles applied by the French Service de Prevision Ionospheric National. The ionospheric characteristics predicted for a given epoch, namely foF2 and M(3000)F2, come from the SIRM and SIRMUP models. A typical Chapman model is then used for foE required input values.  Finally, different empirical formulas such as simple INGV or ITU-R and Lockwood formula may be applied to calculate the basic MUF for a transmission between two given points.

The prediction of the Maximum Usable Frequency (MUF) for a radio link between two points is one of the most important requirements for any HF radio user. All the methods to predict this parameter are based on the optical behaviour of the radio wave along its path in the neutral and in the ionised atmosphere.

Ionospheric Activity index (AI)

The DIAS computational infrastructure for a pan-European digital data collection consists of historical data series as well as real-time observations at different European digital ionospheric stations. For a user interested in ionospheric propagation it is important to know if the current ionospheric state is normal for the current mean level of solar activity or disturbed due to short-term solar activity changes or specific solar events (solar flares, coronal mass injections and other sources). The DIAS method of making the distinction between these ionospheric states is by introducing an ionospheric activity index (AI index) for the key ionospheric characteristic of vertical incidence foF2, which is then used not merely to specify but also to predict the future state of the ionosphere. 
3 The DIAS System
3.1 Access to DIAS system

The DIAS server is available on the web and all registered users have free access. The comments and the suggestions received by the users during the testing period have been incorporated in the design and the development of the final DIAS services.   
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Fig. 8: DIAS login page

Figure 8 shows the DIAS login page where users enter username and password. By clicking on the little arrow to the right of the password-box, the information is submitted to the DIAS system and user will be logged in at: http://dias.space.noa.gr:8080/Dias/loginPage.jsp 
3.2 Ionograms 
Ionograms are generated by DIAS as soon as the participating stations complete their soundings and the data is collected, based on a 15 min interval. For a consistent and harmonized look, ionograms from different stations are plotted with homogeneous characteristics (Figure 9). As a result, users will be able to easily compare ionospheric conditions over different areas in Europe. 
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Fig. 9: Ionograms main page
By clicking on All stations button on the right side, it is possible to display the current ionograms as thumbnails produced by all DIAS stations (Figure 10).

By clicking on one of the other station buttons above the All Stations button or by clicking on a specific station on the map, it is possible to view the real-time ionogram provided by a single DIAS station.
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Fig. 10: Ionograms
By clicking on a thumbnail it is possible to get the selected ionogram enlarged in another window.

By selecting the values Station, Year, Month, Day, Hour and Minute in the combo-boxes, it is possible to change station and/or date for the ionograms to be displayed.

The functionality of the buttons above when ionograms from all stations are chosen:
Real-time

To view the latest ionograms from all stations
Previous and Next
To view the previous or next ionograms from all stations in 

chronological order
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Fig. 11: Ionogram from Rome digisonde station
By selecting the values Station, Year, Month, Day, Hour and Minute in the combo-boxes, it is possible to change station and/or date for the ionogram to be displayed.

By clicking on View Data File above the ionogram, it is possible to view the data in ASCII format.

The functionality of the buttons above when a specified station is chosen:
Real-time

To view the latest ionogram
Recent

To view the eight (8) most recent ionograms for the selected 

station

Previous and Next
To view the previous or next ionogram for the selected station in 

chronological order

Example:

A user wants to check the ionospheric conditions over Rome for one hour ago.

· Click on the button Ionograms on the left

· Choose Rome on the right

· Click on the button Recent

· Check the ionogram for one hour ago. 
3.3 Plots

DIAS offers daily plots of the main characteristics of the incoming soundings as follows:

1. foF2 observed values for each station

2. fmin observed values for each station

3. foF2 long-term predicted values (fSIRM) for each station

4. M(3000)F2 observed values for a station

5. M(3000)F2 long-term predicted values for a station (M(3000)F2sirm)
6. Effective sunspot number (Reff) over Europe 

The daily plots are updated every 5 minutes. The data are available in ASCII format (by clicking on View Data File above the plot).

3.3.1 fmin, foF2 and foF2SIRM plots
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Fig. 12: fmin and foF2 plots main page
By clicking on All stations button to the right (Figure 12), or by clicking on a specific station on the map, it is possible to display the current plots as thumbnails produced by all DIAS stations.

By clicking on one of the other station buttons above the All Stations button, it is possible to view the plots provided by a single DIAS station.
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Fig. 13: fmin, foF2 and foF2SIRM plots
The functionality of the buttons above the plots:
Real-time

To view the latest plot(s)

Recent

To view the eight (8) most recent plots for the selected 

station

Previous and Next
To view the previous or next plot for the selected station in 

chronological order
By selecting the values Station, Year, Month and Day in the combo-boxes, it is possible to change station and/or date for the plot to be displayed.

By clicking on a thumbnail it is possible to get the selected plot enlarged in another window, (see Figure 14).
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Fig. 14: Real time fmin, foF2 and foF2(SIRM) plots from Juliusruh ionospheric station
Example:

A user would like to see the current ionospheric conditions over Juliusruh in conjunction to the reference ionosphere. 
· Click on f-plots on the left

· Click on fmin, foF2 on the left

· Click on Juliusruh button on the right (The real-time foF2, fmin and f(SIRM) plot is showed.)
· Click on the button Recent

· The plots from eight days back in time are showed

· Read the value of foF2, marked in green on the plots. 
3.3.2 M(3000)F2 plots
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Fig. 15: M(3000)F2 plot main page

By clicking on All stations button to the right (Figure 15), it is possible to display the current plots as thumbnails produced by all DIAS stations.

By clicking on one of the other station buttons above the All Stations button or by clicking on a specific station on the map, it is possible to view the plots provided by a single DIAS station.
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Fig. 16: M(3000)F2 plots
By selecting the values Station, Year, Month and Day in the combo-boxes, it is possible to change station and/or date for the plot to be displayed.

The functionality of the buttons above the plots:
Real-time

To view the latest plot(s)

Recent

To view the eight (8) most recent plots for the selected 

station

Previous and Next
To view the previous or next plot for the selected station (or all 

stations) in chronological order
By clicking on a thumbnail it is possible to get the selected plot enlarged in another window, (see Figure 17).
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Fig. 17: M(3000)F2 plots from Pruhonice ionospheric station
3.3.3 Effective Sunspot Number (Reff, SSN) plot

Effective sunspot number, Reff, is calculated using real-time foF2 observations. Reff plot is updated every 15 minutes.
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Fig. 18: Reff over Europe the eight most recent days
By selecting the values Year, Month and Day in the combo-boxes (Figure 18), it is possible to change date for the plot to be displayed.

The functionality of the buttons above the plots:
Real-time

To view the latest plot

Recent

To view the eight (8) most recent plots

Previous and Next
To view the previous or next plot in chronological order
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Fig. 19: Reff over Europe on 26 February 2006

By clicking on View Data File above the plot (not in picture), it is possible to view the data in ASCII format.

3.4 Ionospheric Maps over Europe
3.4.1 foF2 and M(3000)F2 maps

DIAS offers:

· nowcast, short-term and long-term prediction maps of foF2 over Europe

· nowcast and long term predictions maps of M(3000)F2 over Europe 

By clicking on View Data File above the map, it is possible to view the data in ASCII format.

· Nowcast Maps: Given the observed values of foF2 and M(3000)F2 from participating stations, SIRMUP model is applied and maps of the ionospheric conditions over Europe are generated (see Figures 20 to 21). These maps are produced every 15 minutes. On the bottom caption of the map you can see which stations, together with the observed foF2/M(3000)F2 values, contributed to the generation of the map.
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Fig. 20: foF2 nowcast over Europe
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Fig. 21: M(3000)F2 nowcast map over Europe
· Long-term predictions: Given the predicted value of the sunspot number, published by the Solar Influences Data Analysis Center at Royal Observatory of Belgium, http://sidc.oma.be, DIAS generates 24 forecast maps for the current month, one for each hour within the day (see Figures from 22 to 25). The functionality of the server has been enhanced so that up to three months' forecasts can be provided.
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Fig. 22: foF2 long-term prediction maps over Europe (9 of 24 maps)
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Fig. 23: foF2 long-term prediction map enlarged
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Fig. 24: M(3000)F2 long-term  prediction maps over Europe (9 of 24 maps)
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Fig. 25: M(3000)F2 long-term prediction map enlarged
· Short-term forecasts for foF2: Given the recent values of foF2 from previous soundings and historical data, the GCAM model is applied to generate the next 24 hours’ ionospheric conditions over Europe.
The functionality of the buttons above the maps:
Nowcasting

To view the latest map

Short Term Forecast
To view the 24 short-term forecasting maps

Long Term Prediction
To view the 24 long-term prediction maps of the current month, 

one for each time within the day
Example:

A person in Athens requires radio contact with someone in London the next day. She wants to know what the maximum frequency will be for this mission.
· Click on maps on the menu to the left

· Click on M(3000)F2 and nowcasting map is shown
· Click on long-term prediction

· Click on the map for the chosen date and time, to get it enlarged

· Check where on the map Athens is and where London is. Go to the middle, where the signal is calculated to be reflected. Read the value of M(3000)F2 over that point which is the maximum usable frequency.

· If the color is almost the same over the whole picture you can be quite safe about your choice of frequency.

3.4.2 MUF maps

The DIAS server generates MUF (Maximum Usable Frequency) maps for both nowcasting and long-term prediction purposes. They are produced on an hourly basis, with several cities regarded as the central, transmitting points. Another service includes on demand MUF map generation, assigning any site in Europe as the transmitting point, MUF Point to point (see Figure 27).
[image: image26.png]DIAS Project is co-funded by the “C2#¢¢47 programme of the European Union KB

l DIAS

NOA 14P CCLRC IRF INGY SRC Ebre LFA
-

Available Maps
Athens
Julusruh
Chitton
Lycksele
Ebre
Prabonice
Rome
Madrd
Stockholm

MUF Point o Point

2004 - DIAS Project. All right reserved Logout | Contact us | E-newsletters | Help | FAC





Fig. 26: MUF map main page
By clicking on the station buttons to the right (Figure 26) and choose a city as transmitting point it is possible to display the nowcasting MUF map generated on the chosen transmitting point.
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Fig. 27: MUF Point to Point example
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Fig. 28: Nowcasting MUF map with Stockholm as transmitting point

By clicking on the button Long Term Prediction above the map, it is possible to view the 24 long-term prediction maps of the current month, one for each hour within the day, with the selected station as transmitting point.

By clicking on View Data File, it is possible to view the data in ASCII format.
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Fig. 29: MUF long-term prediction maps with Stockholm as transmitting point (9 of 24 maps)
3.4.3 Electron Density Map
The DIAS server generates nowcasting maps of electron density over Europe. The results are isoline maps (with colour degradation) for predefined heights of 100, 150, 200, 250 (see Figure 29), 300, 350 and 400 km 

By clicking on the red numbers (height in km) to the right, it is possible to view the map with isolines drown at the selected height.

By clicking on View Data File above the map, it is possible to view the data in ASCII format.
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Fig. 30: Nowcasting map with isolines of the electron density at height 250 km
By selecting the values Station, Year, Month, Day, Hour, Minute in the combo-boxes, it is possible to change date and/or station for the electron density map to be displayed.
The functionality of the buttons above:
Previous & Next
To view the previous or next map in chronological order

The DIAS server also generates electron density height profile over each ionospheric station, as in Figure 31. 
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Fig. 31: Daytime electron density profile over Athens
3.5 Historical Data

DIAS offers two types of historical data sets:

· Data produced by the DIAS system, made available in both image and ASCII text forms. These are related to the DIAS services and products, such as daily f-plots, daily SSN plots, maps of ionospheric characteristics, electron density maps and profile plots, as well as real time alert index plots. All these are found in the main navigation menu. Once you have selected the appropriate item from the menu, to retrieve such historical data please: 

· For f-plots, MUF maps, Electron Density profiles, and real-time Alert index plots 

· Select the required station. 

· Select date and time from the date/time drop-down lists. 

· To produce the image, click on the VIEW button. 

· To download the corresponding ASCII text, click on the View Data File link. 

· For SSN plots, foF2 and M(3000)F2 maps, Electron Density nowcasting maps, and real-time Alert maps 

· Select date and time from the date/time drop-down lists. 

· To produce the image click on the VIEW button. 

· To download the corresponding ASCII text, click on the View Data File link. 

· Raw files in SAO format. These are not produced by DIAS, but are collected from individual stations. To retrieve SAO files, please:

· Select Ionograms from the main navigation menu 

· Select ionospheric station 

· Select required date(s) and time(s) 

· To display the SAO file, click on the View Data File link. 

3.6 Alerts

The service of issuing ionospheric alerts is one of the main DIAS products. Maps of the ionospheric alert indexes foF2AI (%) with the sections of the map coloured appropriately to show where the criteria hold are available (see Figure 33).
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Fig. 32: Alerts main page

By clicking on All Stations button to the right (Figure 32) it is possible to display the current alerts (Real Time) about all DIAS stations.
By clicking on one of the other buttons above the All Stations one or by clicking on the specific station on the map, it is possible to view the alert at a single DIAS station, (see Figure 34).
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Fig. 33: Real time alert map
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Fig. 34 Real time alert for one station (Pruhonice)
By selecting the value Station in the combo-box, it is possible to change alert’s station/kind;

Once the station has been chosen, by clicking on the buttons above, it is possible:

· to view the Alert Index (AI) plot (-24 AI observed, +24 AI forecasted) see Figure 35.
· to view the short-term predicted alerts in text format.
· to view multiple day plots (see Figure 36)
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Fig. 35: Alert Index (AI) plot (-24 AI observed, +24 AI forecasted)
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Fig. 36: Real time AI plots for multiple days
3.7 Subscription service to real-time data
DIAS server will be able to disseminate data on users request as follows:
· Auto scaled information stored in the system database (for instance, values of foF2 for a particular station over a period of time) 

· raw files (SAO) that DIAS is collecting from individual stations (pending authorization) 

· data produced by the services/products of the system (images, plots, maps, variable values, both in image and textual form) 
A user subscription service is available, with registered users being able to enter personalized criteria for periodic data downloads. DIAS will be sending out the data using HTTP/FTP protocols.
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Fig. 37: Subscription main page
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Fig. 38: Available subscriptions options
3.8 Standard Archiving Output (SAO) Format Description

A SAO file is an ASCII text file. Each SAO (text) file contains the scaled data for one ionogram including the echo traces h'(f), echo amplitudes, frequency and range spread, the electron density profile, etc. Making the SAO files together with plots of ionograms available are giving the users the ability to interpret the raw data directly. A detailed description of the SAO file format is provided by UMass Lowell Center for Atmospheric Research, ULCAR: http://ulcar.uml.edu/~iag/SAO-4.3.htm . Users can get SAO files clicking on the View Data File on top of each ionogram.
4 Tutorial on using DIAS services
4.1 Why bother with ionospheric prediction and forecasting? 
The characteristics of an ionospheric propagation channel, whether it is HF or trans-ionospheric, are highly variable on timescales ranging from 11 years of a solar cycle to a few seconds. Even during its quietest periods, the Sun produces the electromagnetic radiation and the solar wind, which simultaneously affect a variety of geomagnetic and ionospheric phenomena. Hence day-to-day and hour-to-hour changes in the channel characteristics occurred. Long-term variations, such as that dictated by the solar cycle are effectively described by the long-term prediction programs which are now in use. Very rapid changes require a significant radio equipment designer’s attention and skills to deal with them. In principle these can be handled by well trained radio operators in their management of channel frequencies. However, such prudent operators are becoming an increasing rarity. Accordingly, users of HF and trans-ionospheric radio systems need assistance with their seasonal frequency planning and day-to-day frequency management. 

Some users apply real-time channel evaluation (RTCE) techniques in their system management. Of course, there is no short-term ionospheric forecasting that can compete with advanced RTCE technique for the fully adaptive radio system. However, ideal usage of the ionospheric propagation channel can not be achieved through RTCE alone because it provides information on existing conditions but not those which are likely to develop over the next few hours or days. Users without ionospheric prediction and forecast information may be badly affected when dramatic foF2 and MUF depressions, polar cap absorption (PCA) or shortwave fadeouts (SWF) cause a total or partial loss of communication. Therefore, in frequency planning and management procedures the ionospheric forecasts, specification in real-time and long-term prediction serve an important purpose.
DIAS has the answer

DIAS will improve the accuracy and value of ionospheric specification, prediction and forecasts over Europe because it is based on real-time data from European ionosondes available to users every 15 minutes in a format shown in figure 39.

[image: image39.png]P T ra—

123456 7 8 9 10111213 14 15 16 17

o [ o (Ko o [ 04 0% O NN OGO 058 0-¢




Fig. 39: Ionogram from the ionospheric station Juliusruh on 14 September 2005 at 14:59 UT

DIAS will improve the accuracy and value of ionospheric specification, prediction and forecasts over Europe because it is based on a regional scale modelling where it is possible to effectively predict months in advance the median ionospheric conditions with sufficient accuracy by using only the predicted sunspot number as required input parameter.

DIAS will provide new MUF, short-term ionospheric forecasting and ionospheric activity index algorithms (Figure 40).
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Fig. 40: Ionospheric activity index at Athens ionospheric station issued on 14 September 2005 at 1400 UT.
Overall DIAS will improve the accuracy and value of ionospheric specification, prediction and forecasts over Europe because it will issue real-time ionospheric information more frequently so that any users’ predictions and forecasts based on an extrapolation of past conditions will be less prone to error. In practice it will operate by automation of data gathering and processing, and message distribution and fulfil their role in the European region as never before (Figure 41).
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Fig. 41: MUF map over Europe on 14 September 2005 at 1500 UT as seen from the transmitting point at Stockholm
4.2 The Ionospheric weather in the past and future 
While the Sun energy is one of the main factors that supports terrestrial life, it can sometimes wreak great havoc on Earth. During solar eruptions the entire terrestrial magnetosphere and ionosphere experienced radical changes. Yet the danger posed by solar flares is not just limited to these regions. The transformation of the ionosphere changed the propagation properties not only for terrestrial waves, but for transionospheric waves as well. Mankind also sometimes witnessed spectacular changes in radio communication and navigation as it happened during October 2003 solar activity increase. The change in the ionosphere’s electron concentration was so great that amateur short-wave radio enthusiasts were surprised to note cases in which frequency bands 20 times beyond their usual frequency ranges could be used. During another disturbances observed in November 2004 situation repeated; most of the previously available radio frequencies were rendered unusable. October 2003 and November 2004 represent most pronounced disturbances during last decade, but smaller disturbances appeared almost every month can remarkably changed usual conditions in the ionosphere. Although solar eruptions cannot be prevented, it is possible to minimize their negative impact. Nevertheless, this requires instantaneous follow and accurate forecasting. DIAS recounted the actual ionospheric situation and offers wide spectrum of predicted maps: long-term, short-term, also in digital form. Following three figures present samples for foF2, MUF and electron concentration for randomly chosen disturbed epoch.
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Fig. 42: Electron concentration given as plasma frequency
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Fig. 43: foF2 map over Europe
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Fig. 44: MUF map over Europe on 14 September 2005 at 1500 UT as seen from the transmitting point at Athens
4.3 Principles for getting useful frequencies for HF communications over known distances – the old way
DIAS gives data in the form of maps, pictures and numerically in ASCII format. Mostly foF2 and MUF are considered. For HF-communication between two stations the parameter foF2 gives the highest possible frequency for very short distances (in theory zero distance) between the two stations and the parameter muf(<a distance>) gives the highest possible frequency for a very long distance. But how will it be for distances in between?
The above-mentioned data can certainly be used with the help of some extra know-how, but more detailed data are available from DIAS.  These include sequences of pairs of numbers for given virtual heights and corresponding frequencies, different kind of traces, which could give more accurate results!  So it is possible in DIAS to get an idea of which frequency is the best to use for communication between two given places. 

In the old days one could proceed as follows to solve the problem;

Please look at the figure below, from “The Swedish Ionosondes”.
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An ionogram is shown together with the two parameters, foF2 and muf(3000). A coloured curve is also shown, which indicates a calculated result from a virtual oblique sounding over a 307 km long distance (this distance can be freely selected by the user). Oblique sounding means transmitting from one place to another a distance away. The highest frequency for the oblique sounding can be seen to be a little bit higher than foF2. The muf(3000) indicates the highest frequency for a sounding over 3000 km and one can see that the frequencies for our oblique sounding are lower than the muf(3000). 

The circles are mark selected points on a trace in the ionogram. These points have been selected manually and the calculation of the virtual oblique sounding is made from these points.  In DIAS, corresponding values are automatically selected from the sounding and included in the data, which are in SAO format, a standard for ionogram data. Some people nowadays think of this data as the primary data from which ionograms are drawn. An ionogram is then a second hand created picture, but in the old days it was the other way around! With a simple calculation it is then possible to get a rough estimate of the ordinary trace for an oblique sounding from the ordinary trace for a vertical sounding. In our case the distance is 307 km. With help of the mouse one can then go around in the modified picture of the ionogram and catch the frequency to be used!

In the figure below an oblique sounding is illustrated for a distance of 1026 km.
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From these two hypothetical-theoretical experiments we can see that it is possible to get a better idea of which frequency is the best to be used, when the distance between the transmitter and receiver is known.

The pictures are taken from sessions for the Swedish Ionosondes at

http://www.irf.se/~ionogram/ionogram/javascaling/viewScaled.html
It is important to note that the sessions in question are interactive and very sketchy and one has to manually create the numerical data for the ordinary trace from the picture of the ionogram, which is the primary data in this old fashionable system.

One question is evident “Don’t we need several vertical sounding stations to make frequency estimates for transmitting over distances?”

The answer is yes, and DIAS’s main goal is to use data from several stations when solving different problems regarding the upper atmosphere over Europe. 
See next section, 4.4 

4.4 Getting useful frequencies for HF communications over known distances, a special service in DIAS

Please find a rough sketch how to use DIAS data in this case. 

Assume we are interested in transmitting from Karlskrona (56.10oN, 15.35oE) in Sweden to London (51oN, 0oE) in England at 14 September 2005 at 1500 UT.
Look at the MUF map below with Athens as the transmitting point. The distance between Karlskrona and London is equal to the distance between Athens and Sardinia. From the MUF map we get the maximum frequency to 13.5MHz for transmitting between Athens and Sardinia.
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Fig. 45: MUF map with the transmitting point at Athens at 14 September 2005 at 1500 UT
Choose the foF2 map over Europe:
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Fig. 46: foF2 map over Europe at 14 September 2005 at 1500 UT
We can see that foF2 is about 5.5 at the place for transmitting and 6.7 between Athens and Sardinia, the reference place.

Finally choose the M(3000)F2 map over Europe and find that the muf factor is about the 3.4 at the two places, the same!
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Fig. 47: M(3000)F2 map at 14 September 2005 at 1500 UT

So we take the maximum usable frequency for our transmitting to be 5.5*(13.5/6.7) ~ 11MHz, using linear calculations. 
(13.5/6.7) is the M(distance Athens Sardinia). The two M(3000) is equal according the maps and we therefore assume the M(distance Athens Sardinia) is equal M(distance Karlskrona London).
This was a little bit technically complicated, but in DIAS we can get it easier and more correct with the following session (Figure 48):
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Fig. 48: Quick session in DIAS to get MUF between two points
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Appendix A1: Glossary

ap index: a mean, 3-hourly “equivalent amplitude” of geomagnetic activity based on K index data.

Ap index: The planetary index for measuring the strength of a disturbance in the Earth's magnetic field, defined over a period of one day from a set of standard geomagnetic observatories around the world.  It is determined from the eight daily ap indexes.

Dst index: A geomagnetic index describing variations in the equatorial ring current. 

Coordinated Universal Time (UTC): The local time at the prime meridian, which passes through Greenwich, England. It is also known as Greenwich mean time, or often simply universal time (UT).
Electron Density: Electron Density in a unit volume recorded in the ionosphere.
fmin: The lowest frequency reflected from the ionosphere and recorded in the ionogram. It gives indirect information on the absorption occurring in the ionosphere.

foE: The critical frequency of the E layer. The maximum frequency which can be reflected from this layer. 

foF2: The critical frequency of the F2 layer. The maximum ordinary mode radiowave frequency capable of vertical reflection from the F2 layer of the ionosphere.
f-plot: The plot of the daily behaviour of a certain ionospheric parameter (e.g. foF2, M(3000)F2, fmin) as scaled from the ionogram, superimposed to the monthly median prediction of the same parameter.

Forecasted Ionospheric alert index (AIF): provides every hour the forecasting of ionospheric activity up to 24 hours ahead calculated according to the formula:

AIF(t+s) = 100*(foF2f (t+s)- foF2 med(t+s))/foF2 med(t+s)

where foF2f (t+s) is the forecasted value s steps ahead and foF2 med(t+s) is the 30 days running median for the hour under forecast. 
Geomagnetic activity: Natural variations in the geomagnetic field classified into quiet, unsettled, active and storm conditions. 

Geomagnetic storm: A worldwide disturbance of the Earth's magnetic field, distinct from regular diurnal variations that can be: (i) Minor:  a storm for which the Ap index was greater than 29 and less than 50; (ii) Major: a storm for which the Ap index was greater than 49 and less than 100; (iii) Severe:  a storm for which the Ap index was100 or more.

h'F2: The virtual height of the F2 layer. At night when the F2 and F1 layers merge to form the F layer, h'F is measured. Similar heights are obtained for the E and F1 layers.

hmF2: The height of maximum obtained by fitting a theoretical h’f curve for the parabola of best fit to the observed ordinary wave trace near foF2 without correcting for underlying ionization.

High latitudes: With specific reference to zones of geomagnetic activity, "high latitudes" refers to 50deg. to 80deg. geomagnetic latitude. The other zones are equatorial, polar and middle latitude.

High Frequency (HF): That portion of the radio frequency spectrum between 3 and 30 MHz.
Ionogram: Diagram of the time delay of HF echoes, in term of the virtual height of the ionospheric layers, recorded by an ionosonde over a range of different frequencies (typically between 1 and 20 MHz).

Ionospheric storm: A disturbance in the F region of the ionosphere, which occurs in connection with geomagnetic storms.

Interplanetary Magnetic Field (IMF): The magnetic field carried with the solar wind.

K Index: A three hourly index of geomagnetic activity relative to an assumed quiet day curve for the recording site. K index values range from 0 (very quiet) up to 9 (extremely disturbed).
Kp index: A 3-hourly planetary geomagnetic index of activity generated in Gottingen, Germany, based on the K index from 12 or 13 geomagnetic observatories distributed around the world. Kp indexes are used to determine the ap indexes.

Lowest Usable Frequency (LUF): The lowest frequency which allows an acceptable grade of HF service.

M(3000):  The ratio of the maximum frequency reflected once from an ionospheric layer over a 3000-km range to the critical frequency of the layer.
M(3000)F2: The ratio of the maximum usable frequency at a distance of 3000 km to the F2 layer critical frequency, foF2. The M factor is a conversion factor for obtaining the maximum frequency usable in a given oblique propagation distance from the critical frequency at vertical incidence. The M factor for the standard distance of 3000 km is called M(3000) which is usually expressed with the name of reflection layers as M(3000)F2 or M(3000)F1.

Median: The middle value when all values are ordered. 

Middle latitudes: With specific reference to zones of geomagnetic activity, "middle latitudes" refers to 20 deg. to 50 deg. geomagnetic latitude.
MUF: Acronym that stands for Maximum Usable Frequency: the highest frequency for which a radio wave can be reflected by the ionosphere.

N (h) profiles:  The variation of ionospheric electron density with height

Optimum Working Frequency (OWF): This is the lower decile MUF. It is the frequency which is usable for at least 90% of the days of the month. 

Plasma: A gas in which there are approximately equal numbers of positive ions and negative particles. There may also be many neutral particles, as is the case for the ionosphere. 

Plasma frequency: The maximum frequency of internal oscillation of a plasma. The plasma frequency is proportional to the square root of the electron density. 

Real-time Ionospheric alert index (AIR): provides every 15 minutes a representative picture of the disturbed ionosphere over Europe. The AIR is calculated at multiple stations simultaneously according to the formula:

AIR(t) = 100* (foF2(t)-foF2med)/foF2med

where foF2(t) is the current observed value at each station and the foF2med is the 30-day running median.

Reflection: Although a radio wave is actually refracted in the ionosphere, it is often permissible to substitute a simple triangular ray path for the real ray path, as if the ray were reflected from a mirror. Thus radio waves are often referred to as being reflected from the ionosphere. 

Refraction: The bending of a wave when it crosses a boundary between media due to a change in velocity of the wave. Until it reaches the ionosphere, a radio wave propagates in a straight line. Once in the ionosphere, it is refracted back towards the ground. The amount of refraction depends on the electron density of the ionosphere and the operating frequency. 

Refractive index: An index to define the amount of refraction a wave will undergo when it enters a medium. 

Retardation: The delay in propagation of a radio wave near the critical frequency caused by the slowing down of the wave by the ionosphere. 

Smoothed Sunspot Number (SSN): An average of monthly sunspot numbers centred on the month of concern. There are various formulas, however, the aim is to smooth discrete data points. 

Solar index R12: The 12-monthly smoothed sunspot number R adopted following ITU-R Recommendations.

Solar index Reff: The effective sunspot number calculated using real-time foF2 observations.
Sporadic E: A thin ionised layer in the E region that occurs irregularly.
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