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GOALS AND OBJECTIVES

The aim of this meeting was to assess existing knowledge and identify future actions regarding monitoring, forecasting and mitigation of space weather induced malfunction and damage of vital technological systems operating in space and on the ground. The meeting has the following objectives: 

(a) Review, assess and organize the existing knowledge on dynamic physical processes in the near-Earth space affecting the functionality and integrity of vital technological infrastructure such as satellite communication and navigation and electric power distribution.

(b) Define the major mechanisms in which space weather disturbances influence technological systems such as spacecraft and electric power grids.

(c) Plan the expansion of existing and the development of new reliable methods of monitoring space weather disturbances.

(d) Identify accurate methods of forecasting space weather disturbances and efficient methods of mitigating their effects on technological systems.

(e) Propose directions for future research, and promote co-operation and networking between scientists from different research disciplines.

EXECUTIVE SUMMARY OF SCIENTIFIC / TECHNICAL RESULTS

This conference was unique in that it brought together internationally renowned experts from the physics, engineering and application/user communities. The key speakers covered a wide, yet targeted range of topics, ranging from solar antecedents of space weather to specific problems of the New Zealand power grid during an intense magnetic storm. The character of the workshop was cross-disciplinary, which was an advantage praised by many participants, who enjoyed and benefited from interacting with colleagues from other disciplines. The structure of the meeting reflected its multi-disciplinary character. There were 8 sessions as follows: 
i. Solar-terrestrial coupling and space weather 

ii. Radiation belts and ring current 

iii. Models and Forecasting

iv. Space weather effects on spacecraft

v. Space weather effects on communications

vi. Space weather effects on electric power distribution

vii. Various other effects of space weather

viii. International efforts in space weather research and education

Following we refer to the main points of each session. 

Any monitoring activity and any forecasting ability start at the cradle of space weather, i.e. at the sun and the interplanetary medium. Long-time series of solar wind measurements are now used in several studies to determine the modes of interplanetary driving of magnetic storms in geospace (R. McPherron). On the other hand, long series of solar observations and spacecraft measurements in the interplanetary space are used for large statistical surveys, in order to identify the relation of interplanetary structures with particular solar disturbances (V. Bothmer). The results will form constructive elements for forecasting algorithms using solar observations in combination with real-time solar wind measurements. Efforts to specify and forecast the storm-time ring current (as measured by the Dst index) using simple solar wind parameters have proved highly accurate (X. Li). Solar energetic particle (SEP) fluxes that occur sporadically in the Earth orbit constitute an important factor of space weather; problems of SEP monitoring, modelling and forecasting were discussed in detail (A. Belov, R. Nymmik).

With regard to internal geospace storm dynamics, the meeting illustrated quite clearly and convincingly how far the international community has progressed in its understanding of the operative processes in the inner magnetosphere. Observational and modelling studies indicate the importance of preconditioning of the inner magnetosphere, in particular through magnetosphere-ionosphere coupling and ionospheric outflow, which appears to be the final tuning parameter of the driving mechanisms behind magnetic storms – especially the most intense ones (I. Daglis). The importance of ionospheric dynamics was outlined, both with respect to magnetic storm evolution and with respect to HF communications. The complex effects of solar-wind-magnetosphere effects on the low-latitude ionosphere (which is of particular interest for communications), are investigated by means of radar and satellite observations of ionospheric electric fields and plasma irregularities, and numerical simulations using large convection models (P. Cannon). 

New insights into the underlying physics of the radiation belts and the ring current, as well as the space weather consequences of these geospace features were discussed extensively. Comprehensive modelling has gained in importance and crucial results have been provided to the community for the specification and forecasting of energy dissipation and particle acceleration during storms. Of superior importance is the construction of new particle environment codes describing the radiation belts, which are a particularly hazardous element for human spaceflight (S. Bourdarie). Measurements of recent missions have shown that the flux of relativistic electrons in the radiation belts can vary by several orders of magnitude during magnetic storms. These variations pose a risk to spacecraft that will orbit in the heart of the radiation belts near L=4 (X. Li). Shock acceleration, wave-particle interactions and acceleration by impulsive electric fields are the main mechanisms of radiation belt enhancements considered in studies presented by a number of research groups. New tools, among which a VLF beacon transmitter at the South Pole, are now used to study in a continuous way the precipitation of relativistic electrons from the radiation belts (U. Inan). Colleagues from Russia described several experiments flown on Russian scientific and operational spacecraft that have characterized the structure, dynamics, and composition of the radiation belts (A. Belov, L. Novikov, M. Panasyuk). In particular, extensive information was provided on the long-term variations of outer-belt electrons as measured on Russian spacecraft (L. Tverskaya).

There is accumulating evidence that spacecraft are becoming more susceptible to space weather hazards for a number of reasons. The types of missions being flown are increasingly demanding, and payloads are becoming more sophisticated. In addition, commercial pressures can result in selection of more lightweight spacecraft and less radiation-hardened components, which are sensitive to radiation effects. Serious problems persist with capabilities to evaluate space weather hazards to spacecraft. For example single event upset and internal charging anomalies remain difficult to predict quantitatively. To efficiently assess single event effects, we need innovative methods for predicting charge generation in complex modern component circuit geometries, and improved testing methods, which allow correlations to be made. Electrostatic charging (internal and external) similarly requires improved prediction of the environmental interaction, and testing methods, which can generate quantitative correlations (E. Daly, A. Hilgers). The latest achievements in specifying, modelling and mitigating space radiation effects on spacecraft microelectronic parts were presented in detail (A. Nikoforov, N. Paschalidis).

Among the most interesting issues discussed at the meeting was the potential for interference and interruption of service of wireless communications systems due to solar radio bursts. There have been several reported instances of an enhanced rate of dropped cell-phone calls during solar bursts, and the design of current base station systems make them vulnerable to problems near sunrise and sunset for antennas facing in the direction of the Sun during outbursts.  Further on space weather effects on communications, storm-time ionospheric disturbances can significantly affect the propagation of radio frequency (RF) signals that pass through it or are reflected by it. The effects are varied but include absorption, refraction, retardation and scintillation. The diverse set of affected systems includes ground-ground high frequency (HF) communications, ground-space communications, GNSS (Global Navigation Satellite System) – particularly single frequency, HF over-the-horizon radars, satellite altimeters and space-based radars. If the ionospheric environment were isotropic and stable in time, it would be relatively easy to determine its effects on the propagation of RF waves. Unfortunately, this is not the case. The spatial scales vary from thousands of kilometres to turbulence with scale sizes of a less than a meter. Likewise the temporal scales vary over many orders of magnitude from many years (solar cycle effects on ionospheric propagation) to hours or even minutes (the scale of weather phenomena). As a consequence of this variability, timely and reliable strategies are required to both specify and accurately forecast the environment and to assess the attendant impact on the operational performance of the systems (D. Buresova, P. Cannon, D. Gary, N. Jakowski).

One of the key topics of the workshop was the influence of space weather on power distribution. It was pointed out that the ability to model and assess the implications of geomagnetically-induced currents (GIC) on power grids and other land-based infrastructures has experienced significant advances in recent years. A paradigm shift was introduced at the workshop. Large impulsive geomagnetic field disturbances, associated with auroral electrojet intensifications at mid and high latitudes, have always been well-understood as a concern for power grids in close proximity to these disturbance regions.  However, both research and observational evidence has determined that the GIC risks are much more broad and complex than this traditional view.  In fact a profound new class of GIC risks are now being recognized due to entirely different space weather processes and these risks are capable of producing large GIC risks at any latitude, even equatorial locations.  An example of one new space weather process is the SSC due to large scale interplanetary pressure pulses.  These events are familiar from a geomagnetic disturbance perspective, but have not been understood in the context as a potential driver for large GIC’s.  The idea that small amplitude disturbances can be a source of large GIC conditions is a radical concept unless it is coupled with a more complete understanding of other attributes of impulsive disturbances and how they interact in the electromagnetic coupling processes. To further confirm these findings, observations of large GIC’s in central Japan and New Zealand were presented associated with the SSC on November 6, 2001.  In the case of the power grid operators in New Zealand, surprisingly the failure of a transformer also occurred during this event suggesting that brief GIC levels were sufficient to cause thermal damage to winding insulation. Even more surprising is that turbulent ground level geomagnetic field disturbances driven by intensification of the ring current can also create large GIC flows at low latitudes, which were also observed in central Japan.  These disturbance events have been observed to produce GIC’s of unusually long duration as well. In future, forecasting of GIC related problems must take into account three different geomagnetic disturbance source regions and propagation processes; i.) ionospheric electrojet intensifications and ground level propagation modes, ii.) magnetopause/interplanetary boundary shocks and ground level propagation modes, iii.) ring current intensification and ground level propagation modes.  (J. Kappenman, K. Small, A. Thomson). 
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PROCEEDINGS

The proceedings will be published by Kluwer Academic Publishers in 2004. 
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