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Abstract

In this paper, we will shortly highlight some of the aspects that COST Action 296 on Mitigation of Ionospheric Effects on Radio Systems (MIERS) and International Reference Ionosphere (IRI) have in common in an attempt to define science rationale for collaboration between these two international projects. 
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Introduction

The Action 296 on Mitigation of Ionospheric Effects on Radio Systems (MIERS) is a comprehensive grass-roots European effort under the COST (European Cooperation in the Field of Scientific and Technical Research) umbrella to be conducted over the period 2005-2009. MIERS builds on the experience of COST’s several successful actions on ionospheric research and application. This action aims to develop an increased knowledge of the effects imposed by the ionosphere on practical radio systems, and for the development and implementation of techniques to mitigate the deleterious effects of the ionosphere on such systems. The main functions of MIERS are: (a) to provide continues ionospheric monitoring and modelling; (b) to significantly enhance our understanding of ionospheric influence on both advanced terrestrial and space based systems; and (c) to mitigate ionospheric effects on these systems. MIERS would also help the science communities in many similar on-going individual, national and international activities.MIERS also helps the science communities
in many similar on-going: individual activities (e.g. Short Term Scientific Missions); national activities (e.g. Grants to support participation); and international activities; e.g. COST Action724 on Developing the scientific basis for monitoring, modelling and predicting space weather, ITU- International Telecommunication Union,  IHY- International Heliophysical Year, DIAS – European Digital Upper Atmosphere Server (Belehaki et al., 2006) and many others.
The International Reference Ionosphere (IRI) is a joint working group of the International Union of Radio Science (URSI) and of the Committee On SPAce Research (COSPAR) 
with the main objective:  to develop and improve a standard model of the ionospheric plasma parameters (electron and ion densities, temperatures and velocities). COSPAR’s prime interest is in a general description of the ionosphere as part of the terrestrial environment for the evaluation of environmental effects on spacecraft and experiments in space. URSI’s prime interest is in the electron density part of IRI for defining the background ionosphere for radiowave propagation studies and applications. K. Rawer initiated these activities and was the first Chairman of the IRI Working Group (Rawer et al., 1981).

History of the joint COST-IRI meetings involves:  (a) PRIME and URSI Workshop on “Data validation of ionospheric models and maps (VIM), May 1992, Roquetes (Publications del Observatorio del Ebro, Memoria No 16); (b) COST251 and IRI Workshop on “New Developments in Ionospheric Modelling and Prediction”, October 1996 Kuhlungsburn: Advances in Space Research (Rawer and Bradley, 1998). More on COST ionospheric related activities and results could be found in Zolesi and Cander (2004) and references therein.

This paper describes very briefly research programs and some of the main results of two projects: International Reference Ionosphere (IRI) and Mitigation of Ionospheric Effects on Radio Systems (MIERS) to make clear that the COST296/IRI collaboration for better understanding of the ionospheric environment and its impact on radio communications as described in the following section is important and valuable for both communities in question. 
MIERS and IRI research programs and results

MIERS research programme is defined under three topics:

(a) Ionospheric monitoring and modelling:

- Near-Earth space plasma monitoring by vertical incidence and oblique sounding networks and GNSS techniques (retrospective and real-time) (see Bourdillon, 2006, 2007 and reference therein).

- Data ingestion and assimilation into ionospheric models, including data collection and processing, and the adaptation of models to enable data ingestion and assimilation (Angling and Khattatov, 2006; Nava et al., 2006).

-  Near Earth space plasma modelling and forecasting including mitigation of ionospheric perturbations, tomographic imaging for model validation and channel modelling techniques (Bremer et al., 2006; Burešová et al., 2007).

- Climate of the upper atmosphere including long-term ionospheric trends, gravity and planetary wave effects on propagation and ionospheric space weather (Laštovicka et al., 2006).

(b) Advanced terrestrial systems:
- Radar and radiolocation, including ionospheric effects on surface-wave radar and radiolocation systems, frequency management of ground-wave and sky-wave radars and angle of arrival measurements for sky-wave signals (Zaalov et al., 2007).

- HF/MF communications including digital radio systems, wideband propagation modelling and development of a hardware simulator, increased capacity of HF links through MIMO techniques (experimental measurements and simulation) and extension of existing wideband HF simulators to the MF band (see Bourdillon, 2006, 2007 and reference therein).

- Spectrum management, including the use of GPS to improve HF communications management, adaptive waveform management, and the effects of infrasound on radio propagation (see Bourdillon, 2006, 2007 and reference therein).
(c)  Space-based systems:
- Ionospheric effects on space-based remote sensing systems, gravity wave effects on GNSS, space plasma media and security implications (Hernandez-Pajares et al., 2006).

- Special mitigation techniques with emphasis on ionospheric structures, their physical nature and impact on GNSS signals, improved accuracy of GNSS by better ionospheric correction of errors due to ionospheric perturbations (Arbesser-Rastburg and Jakowski, 2006).
- Scintillation monitoring and modelling with emphasis on high-latitude and equatorial scintillation effects (experimental work and modelling), their physical nature and impact on ionospheric radio systems (GNSS signals in particular), highlatitude and equatorial scintillation effects (experimental work and modelling) (Wernik et al., 2006).

IRI results could be seen through four main applications that depend on its IRI model (Bilitza, 2004 and the references therein):

a) Standard for engineering applications:
-  IRI is used as the standard in NASA Guidelines.

- IRI is the standard ionospheric model in the System Engineering Handbook of the European Cooperation for Space Standardization.

-  IRI is currently under consideration to become the ISO standard for the ionospheric parameters.

- IRI is the ionospheric model used in ESA/ESTEC’s Space Environment Information System (SPENVIS) http://www.spenvis.oma.be/spenvis/ and in MSFC’s Space Environment Effects (SEE) web interface.

b) Tool for educational applications:
- IRI Total Electron Content (TEC) world maps at http://ion.le.ac.uk/remote sensing/models /tec.html

- 3D electron density visualization using AVS.
c) Ionospheric correction for single-frequency satellite altimeters:
- Long-time data record of sea surface heights (Pathfinder Project); updating IRI with ionosonde data. 
- ERS Quick-look data (ESA).
- Geosat Follow On (GFO) data.

d) Background ionosphere for valuation of data mapping techniques:
- Testing algorithms that convert GPS measurements into global TEC maps.

- TEC from NNSS Doppler measurements.
-  Reliability of tomographic methods.
Summary: MIERS and IRI themes for joint research

It is clear from the consideration in the previous sections that there are both scientific and applications motivations for MIERS and IRI joint research in identifying and predicting an improved understanding of variations in the ionosphere. Achieving sufficient understanding of our ionospheric environmental and beyond is of great practical significance for both:  to be able to predict adverse conditions, and analyze and mitigate the features of the disturbed systems that cause operational problems. Both IRI, and all COST ionospheric related actions having the similar main research subjects keep together ionospheric communities for more then 20 years or so; support collaborations between institutions and different countries; and organize Workshops and other meetings dedicated to the specific problems. It should be emphasized that IRI organizes Workshops world-wide while COST actions organize Workshops only inside Europe, which influences the number of scientists that can participate. IRI and COST conduct 3 to 5 days meeting while international conferences like AGU, EGU and even URSI are a day or so on the ionospheric and radio propagation topics. It is also important to emphasize that there is a sporadic participation of young scientists at the international conferences do to, among other things, elevated registration fees while at IRI and COST there is a continual and most interactive participation of them. Progress reports of IRI and COST are always the good summary of present results and detailed work to be done in the future.

Without going into the details related to the possible modalities of IRI and MIERS collaboration,  the following areas of joint interest to work on could be proposed: (a) continues exchange of information between two project, not only through scientific communications, but also through official representatives and reporters; (b) modelling of ionospheric variability for space-weather applications; (c) occurrence statistics for Es layer in VHF propagation studies and applications; (d) storm modelling for ionospheric specification and short-term forecasting; and (e) topside ionosphere for application in Galileo.
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