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Knowledge of the state of the upper atmosphere, and in particular its ionospheric part, is very important in several 
applications affected by space weather, especially the communications and navigation systems that rely on radio 
transmission. To better classify the ionosphere and forecast its disturbances over Europe, a data collection endeavour 
called the European Digital Upper Atmosphere Server (DIAS) was initiated in 2004 by a consortium formed around 
several European ionospheric stations that transmit in real-time ionospheric parameters automatically scaled. The 
DIAS project is a collaborative venture of eight institutions funded by the European Commission eContent 
Programme. The project seeks to improve access to digital information collected by public European institutes and to 
expand its use.  
 
The main objective of the DIAS project is to develop a pan-European digital data collection describing the state of 
the upper atmosphere, based on real-time information and historical data collections provided by most of the 
operating ionospheric stations in Europe. Various groups of users require data specifying upper atmospheric 
conditions over Europe for nowcasting and forecasting purposes. The DIAS system is designed to distribute such 
information.  
 
The successful operation of DIAS is based on the effective use of observational data in operational applications 
through the development of new added-value ionospheric products and services that best fit the needs of the market. 
DIAS is a unique European system, and its continuous operation will efficiently support radio propagation services 
with the most reliable information. DIAS began providing services to users in August 2006.  
 
The Need for Accurate Ionospheric Products  
 
Radio frequency communications and satellite positioning and navigation systems are applications most affected by 
ionospheric disturbances. Such disturbances can cause drastic and large-scale changes in the usable ranges of high 
frequency (HF) or below HF bands affecting standard ground-to-ground and submarine communication systems.  
 
The characteristics of an ionospheric propagation channel, whether it is HF or transionospheric frequencies, are 
highly variable on timescales ranging from a few seconds to the 11-year solar cycle. Even during its quietest periods, 
the Sun produces electromagnetic radiation and solar wind, both of which can affect a variety of geomagnetic and 
ionospheric phenomena, which in turn affect radio waves propagating through the ionosphere. Hence day-to-day and 
hour-to-hour changes in propagation channel characteristics can occur.  
 
Long-term variations, such as that dictated by the solar cycle, are effectively described by long-term prediction 
programs now in use [Sojka, 1989; Szuszczewicz, 1990]. However, the scientific knowledge and practical experience 
gained over the past years have not yet yielded an adequate state-of-the-art capability for short-term forecasting of 
the very rapid ionospheric changes based on real-time observations. In many practical applications, such short-term 
variations require a significant amount of radio frequency designers' 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 transionospheric 
radio systems require assistance with seasonal frequency planning and day-to-day frequency management. Some 
users apply the real-time channel evaluation (RTCE) technique for the fully adaptive radio system in their 
management. As the RTCE technique provides information on existing ionospheric conditions, a number of 
important qualitative predictions can be made with high confidence only by using ionospheric short-term forecasting 
techniques. These techniques provide vital information on ionospheric conditions that are likely to develop over the 
next few hours or days. 
 
Users without ionospheric prediction and forecast information may be badly affected when dramatic depressions in 
foF2 (the maximum ordinary mode radiowave frequency capable of vertical reflection from the F2 ionospheric layer) 
and in the maximum usable frequency (MUF), caused by polar cap absorption (PCA) or shortwave fadeouts (SWF), 
produce a total or partial loss of communication. Therefore ionospheric forecasts, specification in real time, and long-
term prediction serve an important purpose in frequency planning and management procedures.  
 
The DIAS system has as its primary objectives to cover the needs of the market for reliable information on the 
current conditions of the ionosphere over Europe and for accurate forecast information over both long-term and short-
term timescales. Europe has the advantage, in contrast to other world areas, to have in operation many ionospheric 
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stations with a satisfactory geographic distribution. Nevertheless, even until recently, these stations operated 
independently, making the full exploitation of the ionospheric observations a very difficult task. DIAS managed for 
the first time to create a network among most of the European ionospheric stations, to serve radio propagation 
systems.  

Development of the DIAS System and the Distributed Products for Radio Propagation Support 
 
DIAS is a distributed information server [Belehaki et al., 2005] capable of supporting the acquisition, elaboration, 
evaluation, dissemination, and archiving of ionospheric information. Data are currently obtained from eight 
European ionospheric stations operated in Athens, Rome, Ebre, Juliusruh, Chilton, Pruhonice, Lycksele, and 
Warsaw. All stations (mostly digisondes, the digital ionosonde produced by the University of Massachusetts 
Lowell's Center for Atmospheric Research [Reinisch, 1986]) participating in the DIAS network have the capability 
of automatically scaling and transmitting in near real-time all important parameters characterizing the state of the 
ionosphere and the propagation of radio waves.  
 
The basic steps of the development of DIAS can be summarized as follows:  
 
1. The DIAS digital server integrates in the same environment and homogenizes all the raw ionospheric data 
gathered by the eight DIAS ionospheric stations, including ionograms and sounding parameters; the server is 
designed to integrate in the future any new station that might come online. 
 
2. On the basis of the specification of the potential users' requirements, new competitive added-value products and 
services for Europe have been defined and designed.  

 

 

Figure 1. The nowcasting map of the maximum usable frequency for the 
European region using Athens as the transmitting point.

 
3. State-of-the-art models have been 
applied to generate the added-value 
products that are distributed through the 
system by html, ftp, and e-mail, in static 
and mobile platforms; these are listed and 
described in Table 1. An example of one 
such added-value product, an ionospheric 
map of the MUF released by the DIAS 
system, is presented in Figure 1. 
 
4. A network between the DIAS data 
providers and the users from the research, 
academic, and industrial sector has been 
established. Continuous updates on the 
latest DIAS developments have been 
communicated through the circulation of 
monthly e-newsletters. Several meetings 
have been organized where evaluation 
discussions on the current version of the 
DIAS prototype were held, and contacts 
with all the members have been 
established through systematic surveys 
inside the DIAS network.  
 
The DIAS service is already available online (http://dias.space.noa.gr). Users can also visit the Web-demonstrator, a 
static simulation of the operation of the DIAS system, which is available on the DIAS Web site (http://www.iono.
noa.gr/DIAS). 
 
The activities and focused planning surrounding the development and implementation of DIAS also resulted in the 
identification of the avenues for the commercial exploitation of DIAS products and services, including potential 
market sectors that might find such products useful. Possible approaches to marketing were determined by the 
project consortium, and possibilities for future development of DIAS have been considered in order to ensure the 
viability of the system over the long-term.  
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Who will use DIAS?  
 
The demand for reliable products that characterize the state of the ionosphere with high accuracy is great, due not 
only to the specific needs of the European space industry (European Geostationary Navigation Overlay Service–
(EGNOS) and Galileo satellite navigation systems) but also to many applications operated by several market sectors.  
 
DIAS is also able to support the needs of different countries' defense industries, namely the long-term and short-term 
requirements for ionospheric nowcasts and possible forecasts, as defense has a wide variety of systems 
(communications, radar, surveillance, intelligence gathering, etc.) that are affected by space weather ionospheric 
events.  
 
The aviation industry uses HF communication for long-haul air traffic control (ATC) over oceans and in polar 
regions. During major disturbances, aircraft are not permitted to fly at high latitudes (because they would be out of 
contact with ATC), but rather are redirected to midlatitude routes, resulting in significant flight delays on routes 
between Europe and the United States. In disturbed conditions, there will often be poorer communications on 
midlatitude routes, and the resulting increased air traffic requires greater aircraft separations to maintain safety 
standards. These factors combine to have significant implications for the airline operating costs, and the use of DIAS 
products can mitigate these implications. 
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Civil HF broadcast operators are also concerned with short- to long-term predictions of HF conditions for 
determining frequency schedules. For this market sector, DIAS can provide extremely important information, 
especially for civil protection operations during times of natural disasters (such as earthquakes and tornados), where 
the only reliable means of communicating may be through the HF band. 
 
In addition, space agencies and satellite operators are interested in long-term prediction frequency planning services 
and thus DIAS could be an important source of information. Finally, for researchers in various fields of geophysics, 
DIAS could be a useful tool for post-event analysis studies. 
 
In summary, DIAS is the first Europe-wide project aimed at the collection of ionospheric observations from 
European ionosondes and the development of added-value products for radio propagation services. The major 
strength of DIAS is that it can easily integrate new sets of observations from other areas around the world, it can be 
easily updated by newly developed models, and it can follow the latest technological advances. These are the 
elements that will enable the evolution of DIAS services over the next years and into the future. In the near future, 
DIAS could posibly expand its services through collaboration with existing ionospheric service providers on other 
continents–improving the accuracy for the worldwide specification of the ionosphere–and contribute to the 
development of more accurate products for ionospheric prediction. 
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