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Abstract. The term space weather is used for the solardiffering significantly from the ambient solar wind plasma.
driven variability in particle and electromagnetic conditions Solar activity follows the eleven-year sunspot cycle, which
of the near-Earth space that may harm the performance ofmeans that occurrences of space weather storms also have
ground-based and space-borne technology. The Europeamcorresponding statistical variation. However, severe space
Union (EU) and the European Space Agency (ESA) havestorms can occur during sunspot minima as well.

started a common programme called the Global Monitoring , .
for Environment and Security (GMES). Many of the GMES The Earths magnetosphere Is that part of space where the
geomagnetic field governs the plasma behaviour. Energy,

operational services will rely on technoI(_)gy prone 10 Space ., entum and mass transfers from the solar wind to the
;’xeatthri"serisp:stn;mrig?érrlfogd??o%';emlliCzr:;grr?sngf]fig}(a;]rzzg'tgmagnetosphere cause rapid variations in particle and elec-
mgnt in emer gnc sitljlations thpepim act of space We;lgthetrromagnetic conditions there. Variations in the inner mag-
should be congside)r/ed and evaluated pln this pa or we OIiSr_1etosphere, at the radiation belts, are crucial for geostation-

, . L : IS paper, ary monitoring of the Earth and communication technology.
cuss how ESA' previous activity together with European "&"5ome of the magnetospheric processes are coupled with the
tional initiatives in the space weather area can be used to SUR; her atmosphere. the ionosphere. and conseauently drive
port GMES and how EU could participate in this work in its bp P ' P ' q y

Eramework Proarammes and within the European Researcﬁigniﬁcam variations e.g. in the ionospheric electric currents,
Area (ERA) 9 P which causes geomagnetic disturbances observable on the

ground.

Space weather storms, better known as spectacular au-
roral displays among the general public, may damage and
disturb the infrastructure of the society, e.g. risk manage-

The term “Space weather” refers to particle and electro-Ment operations using optic_a_l data from Low.Earth Orbiting
magnetic conditions in the Earth's space environment thaf -EQ) and Polar Earth Orbiting (PEO) satellites and mete-

may influence the performance of technological systems inorological data from geostationary satellites (GEO). During

space and on the ground (Office of the Federal CoordinaSPace weather storms the ionosphere gets heated and thick-

tor for Meteorological Services and Supporting Research€NS: The consequent enhanced atmospheric drag compli-
1995). The Sun emits a continuous flow of charged Ioarti_cates the attitude control of LEO and PEO satellites. Inten-
cles to the surrounding space. The plasma system of the<dlve variations in the radiation conditions cause anomalies

particles coupled with the solar magnetic field (interplane—'n the geostgtlonary satellite elec.:tromc.s. The global navi-
tary field) is called the solar wind. Space weather phenomgat'on satellite systems (GNSS, including in the future the

ena are associated with distinct structures in the solar windfJS GPS and European GAL”‘EQ systeme://europa._eu.
like bursts of high speed streams or shock fronts. Thesént/comm/dgs/energyransport/gal|Ie))and telecommunica-

structures are caused by activations (flares) and certain strudon systc_em; that ?re rl?ased On_r?d'ci wave propalggtf n (RF-
tures (coronal holes) on the solar surface. The most intensiv&ommun'cat'cl),n) aiso gve crucia LO eshln severalris hmgn—
space weather storms are typically caused by coronal madgementapplications. Space weather phenomena in the iono-

ejections (CME), i.e. plasma bubbles with scale sizes Iarge?phere can cause different problems in such systems (e.g.

than the Earth’s magnetosphere and with intrinsic conditiond 2"9€ €rrors and _rapld ph_ase _and amplitude fluctuations, ra-
dio scintillations in satellite signals) that all lead to pro-

Correspondence tdid. Lappalainen nounced signal degradation causing problems to the system
(hanna.lappalainen@fmi.fi) performance, accuracy and reliability.
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reliable European space weather service to support natural
Woosot hazard monitoring and risk management operations should
be evaluated. The evaluation and the service development
should be made in close collaboration with motivated user
Spacecrat envionment groups such as the aerospace industry, airlines, electric power
-iagggl companies, teleoperators, researchers and general public.
=, ° In the USA the Space Environment Centre of the National
Oceanic and Atmospheric Association (NOAA/SEC) takes
, care of the systematic space weather monitoring. In Europe
e AT there are several on-going national monitoring programmes,

> J i ikl e, o but a NOAA/SEC-type institution coordinating and collect-
X \
i )

S

~ ing the outcome of the national efforts is still under develop-
4 ment.
\\\ A Space-borne monitoring systems at LEO, PEO and GEO
[({: Gaomagnetcally orbits and satellite and ground-based telecommunication net-
indced curnts works will play key roles in future risk management opera-
tions. For example, systems monitoring the potential risk of

Fig. 1. Space weather phenomena and technological systems relefpreSt fires will take advantage of geostationary meteorolog-

vant for risk management and every-day life (Pirjola et al., 2003). ical observations When_ predlctlng the evolution of thur_lder-
storm fronts. In the crisis management of severe accidents

GPS services will be used to coordinate the movements of

In addition to the infrastructural effects, space weatherthe rescue teams. In such cases it is important that the en-
may also affect directly every-day life. For example, avi- Vironmental observations or the position data are correct and
ation utilizes several technological systems prone to spac@vailable with refreshment rates of a few minutes. Conse-
weather effects and anomalies in their operation are of immeguently, although the probability for a severe accident to take
diate concern to the general public. Many of the innovationsPlace during a strong space weather storm is small we should
made in space weather research to mitigate space weath8ather more quantitative information about the reliability of
effects on satellite operations are beneficial for aviation apthe transmitted data and about the available backup systems
plications as well. Solar activity governs also the amount ofin the special conditions.
the unhealthy radiation effects that aircrew and frequent fly-
ers experience. .

Geomagnetically induced currents (GIC) in long man-3 Risk management and the GMES programme
made conductors are the most traditional space weather phe-

nomenon. These ohmic currents are driven by the electrid '€ risk monitoring services along with eleven other

field associated with geomagnetic disturbances. GIC causéate”ite'ba?ed environmental application fields are under de-
problems to power transmission systems and to oil and ga¥€loPment in the programme called the Global Monitoring
pipelines. The first documented GIC events took place in old© Environment and Security (GMES). GMES is a joint un-
telegraph systems in the 1850's (Boteler et al., 1998). Thelertaking by the European Union (EU) and the European
most severe GIC catastrophe took place in the Hydro-QuebecPace Agency (ESA). The risk management is concentrated
power network in Canada in March 1989 (Bolduc, 2002), o_n_enwronmental areas relevan_t forthe se_cunty of E_uropean
when millions of customers had to cope without electricity cngns such as floods, forest fires, oil spills, landslides and
for several hours. More recently in October 2003, a sim-Stability of man-made structures. Many of the GMES ser-
ilar, although smaller, blackout occurred in southern Swe-VICES are, to a large extent, planned to be based on space-

den. More detailed descriptions about GIC and other spac8°'n€ remote sensing instrumentation and on communica-

weather effects can be found e.g. from the review articles by N links to the ground. The GMES infrastructure and op-

Jansen et al. (2000), Koskinen et al. (2001) and Jansen arfgfational services are intended to be operational by the year

Pirjola (2004) and references therein. 200_8 after havmg the |n_|t|al period (2001-2003) followed by

Various space weather phenomena are summarized iH'® Implementation period (2004-2007). _ _

Fig. 1. During the initial period nine potential candidate projects
demonstrated operational services funded by EU, ESA and
national funding institutions. At the end of the initial period

2 Space weather and risk management there finally will be a selection of GMES services for the final
infrastructure, which most probably will include one segment

With the increasing use of satellite systems in the moderrfor risk management. Many of the phenomena to be moni-

European society the need of improved services in spacéored by this service are slowly-evolving, like migration of

weather monitoring and forecasting is obviously becomingthe coastal lines, but the service should also address rapidly-

crucial. Especially, the need for a continuously operatingevolving natural and technological hazards, which implies
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operations prone to space weather disturbances as describg
above.

On the ESA side, the GMES funding is distributed within
the GMES Service Element (GSE) programme. GSE started
with a consolidation phase, which according to the original
plan will be followed by a selection of a few full-fledged ser-
vices starting operation in 2004. One of the GSE projects is
RISK-EOS fttp://www.risk-eos.com/which will use data
from the EUMETNET bttp://www.eumetnet.eu.orgmon- |
itoring system (ground-based, airborne, and marine instru-
mentation) for the prevention, early warning, and crisis and
post-crisis management of floods and forest fires.

On the EU side, the funding for risk-management-related
research and product development is distributed e.g. in con
text of the 6th Framework Programme under the Aeronautics
and Space priority. EU has published calls for risk manage-
ment Integrated Projects (IP) and for smaller Specific Tar- &
geted Research Projects (STREP). An European consortiu
led by the Finnish Meteorological Institute has actively tried
to fit and scope a space weather service into the GMES con
text and has submitted STREP-type proposals for two EU-
FP6-GMES-calls issued in the springs of 2003 and 2004. The
latter proposal followed the above-described GMES philos-
ophy and identified the general goals towards a coordinated
European space weather service infrastructure as a whole
Unfortunately neither of the proposals was considered ma-
ture enough for the GMES and risk management context.

4 COST and ERA activities Fig. 2. Auroras in Northern Finland, 21.10.2001 (Photo by J. Jus-

sila).
European Communities have belonged to the foundation par- )
ties of the European Cooperation in the field of Scientific
and Technical Research (COST) that was set up more thaB ESA space weather activities
30 years ago. Since those days COST has catalyzed Euro-
pean collaboration in different research areas by supportingeSA has taken an active coordinator role in the development
and funding networking, conferences, short-term scientificof operational European space weather services. After con-
exchanges and publications. Recently European Communiducting two studies on the importance of space weather ef-
ties have started common arrangements to establish the Efiects for the European society, ESA started a Space Weather
ropean Research Area (ERA) to search and enhance synerdgilot Project funding 17 Service Development Activities
between national research activities. The COST activitieSDAS) in 2003 [ttp://www.esa-spaceweathernethe Pi-
are anticipated to make a strong contribution to the ERAlot Projectimplies the development of space weather services
progress in the future (Fedi, 2004). From the viewpoint of which are defined and developed by the ESA pilot project
space weather research and product development, these arentractors with the support by specific end user groups.
good news, since a new four-year COST program, “Develop-After evaluation of their usefulness and cost/benefits the
ing the scientific basis for monitoring, modelling and predict- SWENET (Space Weather European Network) infrastructure
ing space weather” (COST 724), started in November 2003will be established in 2005. SWENET will include the public
to support space-weather-related research and to explonearts of the software developed within the SDAs and a partial
methods for providing coordinated European space weathetreplica of the NOAA/SEC data server.
services (Lilensten et al., 2004). COST 724 will be one ofthe The SDAs include several initiatives that will also be ben-
most important coordinating parties when establishing theeficial for the GMES risk management activities. For exam-
practice of the European Space Weather Weeks and a Eurgle, GEISHA (Geosynchronous Environment for Identifica-
pean NOAA/SEC-type space weather centre. COST 724 wiltion of Satellite Hit Anomalies) and SWIPPA (Space Weather
also increase the public awareness of space weather phenonmpact on Precise Positioning Applications of GNSS) will
ena affecting our every day life by having separate outreactbuild data assimilation tools that help mitigate space weather
actions, e.g. web pages. disturbances in geostationary and GPS operations. Both
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DATA SERVERS: For more detailed education suitable e.g. for secondary
-European Space Weather Data Centre school and upper elementary school students EU hgs sup-
-NOAA/SEC ported the development of space weather CD-roms in sev-

-ISES, Regional Warning Centres eral different languages. In the higher level education space
weather matters could provide a relevant topic for joint teach-
ing programmes for technical universities (the engineering

aspect) and traditional universities (the geophysics aspect).

-National servers

Scientific satellite missions

Near-real time and dedicafte(.j Space
weather missions, examples
observations of today:
-SOHO 6 Future prospects
SPACE WEATHER RISK SERVICE -ACE )
MODULES -GOES The ESA-EU GMES programme provides a good reason to
Developed within: sharpen European space weather activities. ESA's SWENET
-“ESA Space Weather Pilot project, SWENET oround.Based and COST 724 within the ERA framework are concrete
-European Research Area, COST 724 Networks, examples efforts towargis a un_ified and coordinated European space
_National initiatives -solar observatories weather service. While COST 724 is more research-oriented
| -magnetometer  chains, SWENET has tight links with the customers and tailored data

ionospheric radars products. Thus, there already exist a basis for space weather

development and research groups which were suggested in
ESA's original implementation plan for a European space
weather programme (Hapgood, 2001). Although the collab-
oration between scientists and engineers is not always fluent
both communities are necessary in the space weather area:
a service cannot be useful without detailed specifications of
customer needs and the predictions cannot be improved with-
out profound solar-terrestrial research programmes.
Aviation GMES risk management applications will be dependent on
the services by commercial satellite designers, operators and
launchers who are not willing to distribute any information
Fig. 3. A suggestion for ESA-EU collaboration for a coordinated aboutanomalous _situations in their systems. Er_ror gyents can
space weather monitoring system to support the future GMES risk0€ analysed practically only from records of scientific satel-
management centre. For the satellite missions SOHO, ACE andites, which are freely available for the whole research com-
GOES find more information frorhttp://www-istp.gsfc.nasa.gov/ munity. Some of the national space agencies collect more
istp/. ISES stands for International Space Environment Servicecomprehensive lists, but for limited access only. One of the
(http://lises-spaceweather.org/ major objectives for the future European space weather ser-
vice is to initiate another way of working, i.e. to have access
to confidential data bases, to keep confidentiality during the
efforts will use state-of-art theoretical models from solar- analyses, and finally to produce results in terms of recom-
terrestrial research and near real-time observations fronmendations, norms and thresholds which may be widely dis-
ground-based and satellite instruments to perform the nowtributed to European authorities, industry and research com-
casting and forecasting. SOARS (Space weather Operationahunity. When the GMES risk management applications will
Airline Risk Service) will develop a simulation of the differ- be up and routinely operated it will be easier for the space
ent space weather impacts on a virtual airline and a prototypgveather community to collaborate with the service develop-
for an airline space weather service. SIDC (Solar Influencesrs and users in order to probe the probable pitfalls that space
Data Centre) is an Internet-based system monitoring solaweather can cause in the monitoring procedures.
activity and generating emails or SMS alerts for interested Space weather forecasts are not possible without near-
customers. real time data. So far NOAA/SEC has been the primary
Auroras provide a nice setting to educate the general pubdata pool that is also widely used by several European space
lic about space weather. Thus ESA has also included aveather applications. Within SWENET the US service will
public outreach aspect in the SW pilot project. One of thebe complemented by European observations. Ground-based
SDA's, called “Auroras Now”, is targeted to the general pub- instrument networks are maintained mainly as national pro-
lic only and it will help indentify the best timing to see auro- grammes while ESA has the primary coordinator role in the
ras (Fig. 2). This service currently maintained by the Finnishdesign and building of instruments for the more expensive
Meteorological Institutekttp://aurora.fmi.fi/publicservice) satellite missions. So far ESA has funded mainly research-
is based on magnetometer and allsky-camera data measuredented missions, but in the future a space-borne monitor
in Southern (Nurmi@rvi Observatory 60.50N, 24.65E) and dedicated especially to space weather applications or space
Northern Finland (SodankilObservatory 67.37 N, 26.63 E). weather instruments as hitch-hikers onboard other satellites

Alerts,
nowcasts,
forecasts

-GPSreceivers

-GIC recordings

P

GMES RISK MANACEMENT CENTRE
Application areas:
-Earth Observation Satellites

-Telecommunication & Navigation

-Ground-Based Technological Systems &|
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