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Abstract

In 1998, the long-term TIGER Program was established within the framework of the SCOSTEP International Solar Cycle Study
Working (ISCS) Group 1, Panel 2. The primary objective of this initiative is to determine the variable solar extreme ultraviolet/ultra-
violet (EUV/UV) and X-ray fluxes to improve the existing and future thermospheric-ionospheric (T/T) models and to derive EUV/
UV indices or proxies for various applications in space research and space-related fields such as navigation and communication. In
2004, the 5th TIGER Symposium was held as a session of COSPAR. The science topics are summarized in the following sections.
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1. The TIGER program

To make continuous progress in understanding and
modelling the T/l processes, it is necessary to envisage
timescales ranging from minutes (flares) to years (solar
cycles). This can be done in the space weather to global
change context by making use of a broad range of
worldwide existing resources with respect to man-
power, experience, hardware, methods, flight opportu-
nities, and funding resources. The TIGER program
aims to facilitate the coordination of these existing
and planned activities and to help define missing links
for achieving the scientific goals. The latter ones are
dealt with at regularly organized symposia (Schmidtke,
2000):
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Ist TIGER Symposium in Freiburg/Germany (1998).
2nd TIGER Symposium in St. Petersburg/Russia
(1999).

3rd TIGER Symposium in Boulder/USA (2001).

4th TIGER Symposium on the Internet (2002).

5th TIGER/COSPAR Symposium in Paris/France
(2004).

6th TIGER/COSPAR Symposium in Bejing/China
(2006).

The topics and subtopics of the scientific program of
the 5th TIGER Symposium were:

1. Measurement of solar EUV/UV radiation.
1.1 Results from recent missions.
1.2 XUV monitoring missions.
1.3 Intercomparison of EUV/UV measurements.
1.4 EUV/UV data base.
1.5 Are there solar XUV precursors to space
weather activities?
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modern upper atmospheric and solar physics and their
various applications in T/l and EUV/UV modelling, ch-

2. EUV/UV space instrumentation and its calibration.
2.1 Calibration standards.

2.2 Common use of calibration equipment/ matology, satellite orbit prediction, navigation and com-
procedures. munication. Based on the recent improvements of the
2.3 Effects causing efficiency changes in EUV/UY complex EUV/UV optfical technology as well as the
instruments. semi-empirical EUV/UV modelling, a threefold philoso-

3. Modelling of solar EUV/UV radiation,
3.1 Empirical modelling of the solar EUV/UV
irradiance.
3.2 Physical modelling of solar EUV/UV emissions.
3.3 Intercomparison of results from EUV/UV

phy has been developed that is already applied and will
further be applied in the frame of the TIGER program
in order to optimize the limited resources available in
international and nafional space programs: first, satellite
missions with sophisticated instrumentation such as

models. spectrometers to be added by missions with low-cost
3.4 Definition and needs ofifor solar EUV/UV broadband instruments are providing the primary data
indices. sets; second, in order to derive these data with highest

possible accuracy, re-calibration of the space instrumen-
tation is one of the central activities; and third, semi-
empirical EUV/UV modelling represents the data sets
as derived from the measurements and tests the compli-
ance of data from different missions. These three points
are discussed in the corresponding topics of the
symposium.

The application of these results in the various fields is
of special interest for T/I modelling as the large number
of talks in Topic 4 underlines the importance.

3.5 Is the use of the Mgl!l index an improvement
over the Fyq -, index?

3.6 ISO solar irradiance standard.

3.7 Can a XUV Space Weather index be derived?
4. Modelling of the thermosphere/ionosphere.

4.1 General circulation modelling.

4.2  Semi-empirical modelling,

4.3 Photochemical and airglow modelling.

2. Measurcment of solar EUV/UV radiation

Quasi-continuous satellite-based measurements from
the total solar disk play 2 key role in the determination
of the highly variable EUV/UYV fluxes relevant to upper
atmospheric physics of the solar system planets. A re-
cent review of solar EUV irradiance measurements is
published by Woods et al. (2004). Though many mis-
sions have been conducted in the past (see Fig. 1 demon-
strating the time/wavelength coverage), our knowledge
still has to be improved strongly to achieve the accuracy
of the results and the solar cycle coverage as needed for

3. EUVJIUY space instrumentation and its calibration

EUV/UYV calibration procedures are well established
in the laboratory at accuracy levels of a few percent.
Howcever, due to various surface clfects on the optical
components of satellite instrumentation in a vacuum,
and by interaction with EUV/UV and particle radiation
in space, the instruments’ clicicneics change with time in
unpredictable ways thus decreasing the reliability of the
detected data. For this reason calibration of the instru-
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Fig. |. Timefwavelength coverage ol solar flux measurements from saiellites: In the spectral region from 100 to 200 nm satelliles lown are providing
a pood temporal coverage of the solar fluxes starting with the mission of the Aunospheric Explorer C. Al shorler wavelengths there are substantial
gaps (EUV holes I and II). OSO, Orbiting Solar Observatory (Timothy, 1977); AEROS, aeronomy satellitc (Limmerzahi and Bauer, 1974); AE,
atmospheric explorer (Hinleregger et al., 1973); SME, solar mesospheric explorer (Mount and Rottman, 1983); NOAA, National Oceanic and
Atmospheric Administration: satcllites (scc NOAA homepage): SM, San Marco satellite (Schmidtke et al., 1985); UARS/SOLSTICE, (Woods ct al.,
1996), SOHO, Solar and Tlctiospheric Observatory (Pauluhn et al., 2002); SNOE. studenis nilric oxide egplorer (Solomon ct al., 2001); TIMED,
thermospheric—ionospheric -mesospheric encrgetics and dynamics (Woaods et al., 2005): SORCE, solar radiation and climate experiment {Woods
ct al., 2000); GOES, geostationary satellite server (see GOES homepage); SDO, Solar Dynamics Obscrvatory (see SDO homepuge).
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ments in the laboratory prior to launch is not sufficient
for extended satellite missions. Instruments must be
re-calibrated or at least be cross-calibrated repeatedly
in-flight to determine the complex set of efficiency
parameters with time and with temperature for each
set of optical components, down to the individual pixel
point of a channel plate. The calibration methods and
procedures for selected components are dealt with in
the course of the TIGER program.

4. Modelling of solar EUV/UYV radiation

Good progress has been achieved in EUV solar flux
modelling in terms of accuracy, as shown notionally in
Fig. 2. Depending on wavelength, the goal is to improve
the radiometric accuracy within one decade to about 5%
in the 120-nm spectral region and better than 10% in the
20-nm spectral region with an almost monotonic inter-
polation in between. This is an ambitious goal for the
TIGER program.

The most used models of the solar spectral irradiance
are compiled in Fig. 3 with their applicable wavelength
ranges indicated.

The improvement of already existing (Schmidtke,
1976) and the evaluation of new EUV/UV indices for
different applications were described m the TIGER
Symposium. Typical examples are given below (Tobiska
and Bouwer, 2005):

EUV/UV - EBUV/UV spectral irradiance (image
calibration).

E\g7 ~ EUV energy flux (satellite drag, TEC, n.)
Etvgc — related to Total Electron Content and iono-
spheric plasma parameters.
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Fig. 2. The progress in EUV solar flux modelling is demonstrated by
achieving higher radiometric accuracy with time. The notional
improvement in measurements (data) is shown by the solid line, the
improvement in physics-based modelling (theory) is shown by the
short dash line and the dark gray dash line, and the improvements in
empirical modelling (proxy) are shown in the long dash line.
Eventually, one expects theory and data to compare very well. The
gray region marks the area where proxy models fill a theory-data gap.
The TIGER 2004 meeting is marked by the vertical black line (today)
and the US National Space Weather Program era is marked by
“NSWP.” For the future it is an ambitious goal for the TIGER
program to improve the accuracy to about 5% in the 120-nm spectral
region and better than 10% in the 20-nm spectral region within one
decade.

S — integrated solar spectrum (solar radiation pres-
sure, s/c attitude)

Rgn — derived sunspot number (HF ray-trace
algorithms)

Ting— derived exospheric temperature (climate change
studies)

Qpruv — thermospheric heat rate
validation)

Pryy — EUV hemispheric power (acronomy compar-
ison w/J heat)

E| 4 — integrated EUV 1-40 nm energy (acronomy
validation)

Xp1o and Xy — X-ray background and flare indices
(flare effects)

Esgrp — Schumann—-Runge band energy (solar-dynam-
ics coupling)

Esgrc — Schumann-Runge continuum energy (solar-
dynamics coupling)

(acronomy

5. Modelling of the thermosphere/ionosphere

Daily solar irradiance measurements in the ultraviolet
have now reached a state of reliability and availability
that enables them to be used directly in general circula-
tion model simulations of the thermosphere—ionosphere
system in place of solar proxy model inputs. Fig. 4 shows
an example of calculations performed using a new meth-
od for incorporating TIMED/SEE measurements
(Woods et al., 2005) in the NCAR Thermosphere-lono-
sphere-Electrodynamics General Circulation Model
(TIE-GCM), (Richmond et al., 1992) including the
effects of photoelectron ionization and subsequent disso-
ciative and photochemical processes.

Advancement is also being made in photochemical
and airglow modelling using recent information on solar
ultraviolet spectral variability. Comparisons between
ionospheric measurements, the International Reference
lonosphere empirical model, and photochemical model
calculations, demonstrate good progress toward im-
proved understanding of energy deposition and ioniza-
tion processes in the lower ionosphere.

6. Outlook

The future activities that will benefit the TIGER pro-
gram are additional measurements of the solar EUV
irradiance and thermospheric airglow and advances in
modelling the solar EUV irradiance and the thermo-
sphere and ionosphere. The continued measurements
of the solar EUV irradiance by TIMED SEE and SOHO
instruments could overlap with the future measurements
by the Russian Solar Patrol mission in 2004, the NOAA
GOES missions in 2005, the ESA SOL-ACES instru-
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Fig. 3. Solar reference spectrum and solar spectral irradiance models with their applicable wavelength ranges indicated (Tobiska and Nusinov, 2005).
The primary window is for models that provide daily solar irradiances and the z-axis windows denoting irradiance cadences (left y-axis drawn) are for
models that provide hourly and minutely spectra, respectively. The 1SO 21348 defined spectral windows are indicated at the top of the figure.
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Fig. 4. An example simulation showing the global neutral temperature in the thermosphere using the NCAR Thermosphere-lonosphere-
Electrodynamics General Circulation Model (TIE-GCM) on 8 September 2002, UT 0, at the +4 pressure level (about 300 km). Measured solar
irradiance from the TIMED/SEE instrument was used to perform the model simulation.

ment aboard the International Space Station in 2006, Geospace missions planned for the NASA Living With
and the EVE instrument aboard the NASA Solar a Star (LWS) program and from a variety of US military
Dynamics Observatory (SDO) in 2008. Continued air- satellites. In addition to the existing models, a new inte-
glow measurements by the TIMED GUVI instrument grated effort for advancing the T/I models has been ini-
could overlap with the future measurements from the tiated by 13 USA institutions that have formed the






