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Validating the Solar EUV Proxy, E,M

W. Kent Tobiska
SpaceWx/Space Environment Technologies, Los Angeles, CA

Abstract. A demonstration of the improvement in thermospheric densities using the daily Eie7
proxy compared to Fiq; is shown. The daily altitude decay for the Solar Mesosphere Explorer
(SME) satellite from April 1, 1982 through August 9, 1983, using both proxies and the actual al- -
titude data, are compared. The Fig; case finished 2 km lower than each of the Ejy7 and actual al-
titude cases which were nearly identical. During active solar conditions, daily F 7 can overesti-
mate the EUV energy input into the atmosphere by up to 60% and also underestimate it by as
much as 50%. Progress is shown towards validating Eyo7 as & more accurate proxy compared to
F 107 for use in atmospheric density calculations that are applicable to satellite drag problems. In
support of the validation of the Ejo7 proxy, an operational prototype hardware/software platform
for visualizing of the near-Earth space environment was created. This platform uses a data-
driven, data visualization environment. Platform development continues so as to accommodate
not only historical data but also nowcast and forecast data streams. Upgrades to the SOLAR2000
Research Grade model are continuing in order to improve the correlation coefficients from mul-
tiple linear regressions in several wavelength regions. Eiq is used in applications that incorpo-
rate F1o7, including empirical thermospheric models, ionospheric models, and general represen-

tations of solar activity ranging from climate research to engineering applications.

1. Introduction

The requirement for accurate solar extreme ultraviolet (EUV)
irradiances, which are a fundamental thermospheric energy input,
is driven by the effort to provide self-consistent models of the
ionosphere and neutral upper atmosphere. For example, space
physics models produce neutral and ionospheric composition,
density, and temperature profiles that can be used with opera-
tional space systems.

There has been considerable research during the past four dec-
ades to measure the variability of solar EUV irradiances or o
model them when the data do not exist. It is known that the varia-
tions of EUV irradiances are the primary cause for changes in
satellite orbital drag, for example. The sources of the solar EUV
emission lines and their variability are generally known. The en-
ergy from nuclear fusion in the Sun's core is released and trans-
ported to the solar visible surface over millions of years by radia-
tive and convective processes in the Sun's interior. This energy
manifests itself in thermal and magnetic processes within the so-
lar photosphere, chromosphere, and corona, and gives rise to a
highly ionized plasma separated into distinct features govemed
by the magnetic fields and layers governed by temperature. Ra-
diation is produced throughout the electromagnetic spectrum. The
short wavelength emissions are significantly greater than the so-
lar blackbody spectrum or continua emission at EUV wave-
lengths. They form in the range of higher temperature layers of
the outer solar atmosphere such as the chromosphere (>10,000
K), transition region, and cooler (1-2 M K) corona. The emis-
sions are strongly related to magnetic activity of the Sun as seen,
for example, in plage regions. Short-term variations, lasting from
minutes to hours, are related to eruptive phenomena. Intermedi-
ate-term variations on the order of months are modulated by the
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27-day rotation period of the Sun and are correlated with the ap-
pearance and disappearance of active regions, plage, and network
on the solar disk. Long-term variability is related to the 22-year
magnetic field cycle of the Sun. Lean [1987, 1991], Rottman
[19871, and Tobiska [1993] have reviewed solar EUV variability.

1.1. Proxy representation of the EUV

Because solar spectral EUV is not continuously measured,
proxies have been used to represent these emissions. The most
common and enduring proxy is the ground-based measured 10.7-
cm solar radio emission, Fjo7, which was originally called the
Covington index [Covington, 1948]. The daily Fig7, formerly
measured and reported at the Algonquin Observatory in Ottawa
between February 14, 1947 through May 31, 1991, has more re-
cently been measured with automated equipment at the Penticton,
British Columbia observatory starting June 1, 1991. The 2800
megaHertz (10.7 cm) radio intensity consists of emission from
three sources including the undisturbed solar surface, developing
active regions, and short-lived enhancements above the daily
level. The Fio7levels are measured at local noon (1700 GMT at
Ottawa and 2000 GMT at Penticton) and corrected to a few per-
cent for factors including antenna gain, atmospheric absorption,
bursts in progress, and background sky temperature (NGDC web
site and Ken Tapping, private communication, at the web site
http://www.ngde.noaa.gov/stp/stp.html, 2000).

The early connections of Fip7with EUV irradiances were
made in the late 1950’s based on observations of 27-day varia~
tions in satellite drag and were linked to solar rotational radiation
variation in Fyg 7. Researchers anticipated that the thermospheric
densities actually varied, although it was known at the beginning
of the satellite era that F g7 did not contribute to heating, ioniza-
tion, nor dissociation processes in the atmosphere., Hence, start-
ing in the late 1950’s, F1o.7 became a surrogate for solar EUV
emissions and has since been used as a standard solar proxy for -
applications requiring a time-variable representation of upper at-
mosphere-relevant solar flux. There has been no significant
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mean Ejo.7 and F107. In the third validation exercise reported here,
it is important to show the differences between the two proxies
for their daily values (see subsection 2.2 Satellite Drag) and to
describe what those differences mean i the context of improved
solar irradiance specification. The following discussion is the
third in a series of on going validation exercises for Ep7.

2. Discussion

2.1. Ratjonale, applications, and availability of Eg 7

The Eio7 proxy is particularly useful for satisfying operational
space system requirements related to space weather information.
It has the capability for providing a temporal solar input to the
near-Earth space environment. This capability exists because
Ejo7 can be generated from historical, nowcast, and/or forecast
solar EUV irradiances. Prior to describing specific applications of
Eig7, it is important to describe why space weather information
and forecasting technologies are receiving attention. The follow-
ing description provides the rationale for developing Ejq7.

The energy, transportation, and commaunication industries that
form three significant economic pillars of our society are exam-
ples of sectors that have grown through remarkable technological
advances. This growth during the past half century is partially
driven by microelectronic advances and increasing utilization of
space. With these new technologies, however, our society has ex-
perienced new types of risks. Hazards originate from the very en-
vironmient that has helped create these new technologies, i.e.,
fromn the Sun and from near-Earth space.

Space weather risks to these new technologies are growing due
to space-related, technology-related, and geo-political-related
trends. It is possible to mitigate these risks. The space-related
trends that are influencing the growth in risk to these industries
are based on the following conditions of:

* an increased understanding of the physical processes that cre-
ate space weather which has lead to a perception of “nothing
can be done” to “we must do something” (basic research is
transitioned into commercial applications);

* an increased spacecraft launch rate and an increased use of
low-Earth space (four-fold increase in last 5 years);

¢ an increase in debris and collision probabilities (more satel-
lites, more debris); )

* the proposed use of the lower thermosphere for suborbital
space plane flights (90-150 km);

¢ the stringent requirements for launch trajectories and impact
limit lines, in the event of launch failure, and for spaceeraft
de-orbit capability without endangering populations or enter-
ing sovereign airspace;

* an increased agency funding profile for monitoring the space
environment {e.g., in the U.S., the NASA Living With a Star
initiative, the NSF space weather funding, the National
Space Weather Program, and the National Polar Orbiting
Environmental Satellite System program);

* an increased public awareness of the phenomena of space
weather (gtreater publicity); and

* the suggestion of increasingly severe space weather (turbu-
lence and/or instabilities in the lower thermosphere).

The technology-related trends influencing the growth in risk to
these industries are based on the following conditions of:

* the increased reliance upon space-based technologies, e.g.,
telecommunications requiring large volumes of data transfer
(more cell-phone, video, and data exchange activity);

* an increased requirement for current and future information in
all commercial sectors (continuing trend);
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» an increased reliance on internet/intranet information ex-
change (expanding infrastructure);

* a desire for no interruption of telecommunications services
under any space weather conditions (continues current
trend); ‘

* an increase in restrictions on telecommunications frequencies
at specific locations so as to accommodate more users and
moré bandwidth (continues current trend);

* an increase in pointing precision and location knowledge re-
quirements (restricted future real estate in space means pre-
cise pointing requirements);

* an increased susceptibility of our teclinology to solar-
terrestrial events (new technelogies introduce new risks);

¢ the emergence of faster computers enabling more rapid and
complex calculations (Moore’s Law implies that speed
translates into enhanced computing/modeling capability);

* a desire for a reduction of technological risks (implies higher
profit margins and is a continming trend); and

* ar increase in customers who want information regardless of
what they decide to do with it.

The geo-political-related trends influencing the growth in risk
to these industries are based on the following conditions of:

* an increased commercial globalization (extrapolation of an
ongoing, multi-decade trend); and

* 3 continued instability in the world political arena that man-
dates greater security capabilities {continued threats from
small wars and terrorism imply greater demand for immedi-
ate, on-demand, and accurate information),

In order to mitigate space hazards and their risks, there are a
number of identified applications of Ejo.7 that serve different us-
ers. Table | outlines the types of users and their needs for which
Eio0.7 provides a service. These users include, but are not limited
to, government agencies, LEO constellation satellite operators,
GEO communication satellite operatots, satellite manufacturers,
insurance companies, commetcial airlines, space-plane manufac-
turers, GPS providers, and cell-phone service providers,

Eio7 is developed for availability in historical, nowcast, and
forecast time categoriés as described in detail by Tobiska, et al.
[2000] and Tobiska [2000]. A summary of these categories, time
frames, the first release status and SOLAR2000 version that pro-
duces Ejo7, the applications types, and the availability dates are
outlined in Table 2.

The SOLAR2000 Research Grade v1.05 model that fitst pro-
duced Ejg.7 was released in September 2000 as an IDL® applica-
tion with a graphical user interface (GUT). It is available in newer
versions for download to researchers at the SpaceWx web site. A
sample listing of the output of the model is shown in Table 3 for
the 7-day period of July 25 - July 31, 1999. This was a period of
high solar activity that included numerous flares toward the sec-
ond half of that 7-day period.

Table 3 presents the ASCII tabular listing format of the
SOLAR2000 output product by the research grade model. It con-
tains a metadata section as well as time-tagged solar data. Three
time formats are listed as YYYY-DDD, calendar, and Julian day.
Solar data is listed as Fi9.7, 81~day Fig7, Lyman-alpha, 81-day
Lyman-alpha, E1o7, 81-day Ei0.3 and the integrated solar spec-
trum, S(t), that is only variable in short wavelengths from 1-122
nm in versions 1.yz The output file has a fixed format and the
E10.7 proxy can be read easily from a unique field in each time re-
cord (row): There is one record for each time step. In the case of
historicat data prior to the current epoch, there is one record per
day. For nowcast data covering the time frame of the current 24-
hour epoch, the operational grade version of the model produces
several records per day including 3-hourly and; eventually, mi-
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Table 1. User types and their needs
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User needs

User types

1) risk assessment and probabilities (quantify
risks and conduct post-analysis studies)

2) system requirement specification (validate
requirements with historical data sets)

3) monitoring service (provide alerts, warnings,
and user-specific displays)

4) near real time TEC uncertainty maps (miti-
gate GPS signal uncertainty resulting from solar
activity, irregularities, and scintillation)

5) high time resolution solar irradiance specifi-
cation (minutes to hours})

6) near-term and long-term forecasts solar irra-
diance specification (hours to days and months
to years)

7) ionospheric height specification (specify and
forecast RY link paths and probabilities)

8) high precision location knowledge {reduce
object orbit/re-entry location uncertainties)

9) high precision pointing capability (reduce
object targeting uncertainty)

10) debris avoidance capability (reduce uncer-
tainty)

11} near-Earth space plane flight control and
trajectory corridor information (improve flight
control and vehicle trajectory safety/efficiency)
12) interplanetary environment specification
(long-term mission planning)

1) government agencies, LEO constellation satel-
lite operators, GEO communication satellite op-
erators, satellite manufacturers, insurance com-
panies, commercial airlines, space-plane manu-
facturers

2) government agencies, LEO constellation satel-
lite operators, GEQ commmmnication satellite op-
erators, satellite manufacturers, insurance com-
panies, commercial airlines, space-plane manu-
facturers

3) government agencies, public institutions, GPS
providers, LEO constellation satellite operators,
GEO communication satellite operators, com-
mercial airlines, cell phone operators

4) government agencies, GPS providers, LEO
constellation satellite operators, GEO communi-
cation satellite operators, satellite manufacturers,
commercial airlines, cell phone operators

5) government agencies, GPS providers, LEO
constellation satellite operators, GEO communi-
cation satellite operators, commercial airlines,
cell phone operators

6) government agencies, GPS providers, LEO
constellation satellite operators, GEO communi-
cation satellite operators, commercial airlines,
cell phone -operators

7) government agencies, GPS providers, LEO
constellation satellite operators, GEO communi-
cation satellite operators, satellite manufacturers,
commercial airlines, space plane manufacturers,
cell phone operators

8) government agencies, LEO constellation satel-
lite operators, GEQ communication satellite op-~
erators, cell phone operators

9) government agencies, LEO constellation satel-
lite operators, GEO communication satellite op-
erators, cell phone operators

10) government agencies, space plane manufac-
turers

11) government agencies, commercial airlines,
space plane manufacturers

12) government agencies, satellite manufacturers

nutely time resolution. Forecast data beyond the current epoch is
produced with 3-hourly or daily time resolution depending upon
how distant into the future the forecast is made. Eyo; is opera-
tionally available on all these time resolutions and categories.
Figure 1 demonstrates the graphical output of the SOLAR2000
research grade model for a broad time frame including the July,
1999 7-day period described above. In this example, a subset of
the input data and results are shown in Table 3. The integrated so-
lar spectrum, S(t), F107, and Lyman-alpha are the 3 panels of the
first row. In the second row, the full 1-nm solar spectrum from 1-
1,000,000 nm and the 1 nm EUV spectrum from 1 — 122 nm are
shown in ST units of W m™. Tt should be noted that although the
ASTM E490 spectrum used by SOLAR2000 v1.yz at each wave-
length longward of Lyman-alpha does not contain measured data
at 1 nm resolution beyond approximately 2000 nm, the solar

blackbody emission is interpolated to provide those values. In the
third row, the comparison between Fio.7 and Eqg7 is plotted for a
user-selected data period.

2.2. Satellite Drag

A rationale for going beyond the Fipy proxy in the develop-
ment of the Ejo7 proxy rests with the fact that contemporary
space system operations require greater precision and accuracy in
spacecraft attitude and orbit determination. The current state-of-
the-art capabilities have 15% uncertainties (J. Owens and F. Mar-
cos, private communications, 2000). This represents the limit of
F1o.7 proxy capability and it is not able to provide the next level of
improvement. While F g7 continues to serve a wide variety of us-
ers, its limitations are not surprising since it has no physical con-
nection to the upper atmosphere, it only marginally represents so-



