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The problems
• COST: Jet fuel is the largest operating expense

for airlines - (LA Times, April 12, 2008)

• in 2007 one major carrier paid $6.7B for
aviation fuel compared with $2.7B in 2003

• since 2007, a year later, aviation fuel price has
increased an additional 76%

• SAFETY: Hemispheric HF outages due to solar
flares impact missions for
• up to 200,000 troops - (2008 estimated U.S. deployment in

Iraq and Afghanistan)

• first responders - (Sep 7, 2005 X17 flare during Katrina rescue)
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Commercial aviation polar routes
Polar route usage is increasing

• Total 1998 flights were less than 10 for 2-3 carriers

• Total 2008 anticipated traffic is >8000 flights for 13
carriers

• Asian carriers are experiencing the largest growth with
one plane per day being added during the next 5
years

• These routes have the advantage of reducing time and
fuel due to prevailing West-East headwinds

• Polar routes typically fly northward of 82N latitude
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Commercial aviation routing incident
September 7, 2005 1931 UT

• a major X17 flare occurred - the
4th largest in 15 years

• the event created a complete radio
blackout on the sunlit hemisphere
of the Earth

• a Chicago to Hong Kong flight on
a polar route 3 was forced to divert
to Anchorage at a schedule
penalty of 180 minutes that cost
additional flight crew time and
required more fuel

• per incident-plane costs for route
diversions start at $1/4 million
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Katrina first responders were affected

Katrina landfall
August 29, 2005 9 days later



7CAPS web site: http://terra1.spacenvironment.net/~ionops/

What is CAPS?
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CAPS is an end-to-end system
Solar events

Spectral
energies

Time variability

Ionosphere changes

solar-ionosphere
coupling affects HF

communications

Radio frequencies

Communication loss
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CAPS is a response to the National
Space Weather Program Assessment

Committee’s recommendation to
strengthen the science-to-user chain

1. CAPS maintains and strengthens both
targeted and strategic space weather research

2. CAPS transitions research models into
operations for specific users

3. CAPS is an example of the private sector that
supplies products and services
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Putting CAPS in context -
operational management

of space weather

CAPS

SAPS

RAPS
LAPS
GAPS

PLANETARY

TERRESTRIAL

EARTH

GROUND

SOLAR

EXTRATERR

MOON

SPACE

SOLAR SYSTEM

AVIATION POWER
LEO GEO

COMM RAD

F & P PHOTONS

NEUTRAL PART

DRAG AO
CHARGE RAD

CHARGE RAD

PART FLD

VIS

CMEs SW

UV



11CAPS web site: http://terra1.spacenvironment.net/~ionops/

CAPS uses a proven methodology

Obtain
observations
and real-time
data through

time

Ingest data into
space physics

models to make
forecasts

Use model output
to create products

that solve ops
problems

Identify the
critical

operational
problems

Identify the
space

weather
behind

problems
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CAPS solves 1 of 3 large
operational problems

Collision?
(neutral

atmosphere)

Discharge?
(GEO charging)

No signal?
(ionosphere)
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GAIM/IFM JB2006/2008

Ionosphere LEO neutral
atmosphere

GEOPOT08

GEO
particles

Space physics model
“workhorses” provide solutions
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Solutions can be tailored for users

HF &
SATCOM

availability

Satellite
reentry &

drag

GEO
spacecraft
charging

GAIM/IFM JB2006/2008 GEOPOT08
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What are examples of solutions?
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HF radio and satcom link
capabilities are identified by CAPS
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HF radio and satcom example
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How is CAPS implemented?
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Physics-based IFM model at the core
of GAIM is driven by real-

time solar irradiances

I(λ,t)

spectral EUV
irradiances

~2000 assimilated
slant TEC
values

Kalman filter
reconstruction

IFM
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EUV and XUV spectral irradiances
are generated with 1-minute and 0.1

nm resolution every 4 minutes
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Real-time solar flux, solar wind,
and geomagnetic
indices are used

to generate the
PBMOD S4

index
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6-hr warnings:  NOAA R scale & flares
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CAPS operational implementation
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CAPS cost-basis for
TRL 7.9 to TRL 9.0 transition

TRL 7.9 – System prototyping demonstrated in an
operational environment - COMPLETED APRIL 2007

TRL 8.9 – Actual system completed and "mission
qualified" through test and demonstration in an
operational environment - COMPLETED APRIL 2008

TRL 9.0 – Actual system "mission proven" through
commercial mission operations - START MAY 2008

CAPS cost-basis = 1 FTE-year per TRL level
for system-level integration of mature
components
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CAPS customers
CAPS provides operational planning

efficiency, increases safety, and
reduces costs by providing current
epoch specification and 1 minute to
72 hour forecast of HF frequency
availability for:
• Commercial aviation (IPS MeteoStar)
• Department of Defense organizations
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IPS MeteoStar LEADS provides
aviation

customers
with tailored

services
 using
CAPS



29CAPS web site: http://terra1.spacenvironment.net/~ionops/

The future of space weather …



30CAPS web site: http://terra1.spacenvironment.net/~ionops/

Importance of visualizing 4D spaceImmediate access

4 dimensional

Real-time

Forecast

Global
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Backup slides
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Our Mantra: solve operational
problems faced by identified

customers
Space Environment Technologies (SET) and its partners identify,
develop, and provide solutions for problems that stem from space
weather and that affect space- and ground-based operational
systems.

These systems include precision satellite orbit determination,
constellation station-keeping, debris avoidance, reentry timing,
satellite charging management, and communication link
enhancement.

Our applications use real-time solar and geomagnetic data as
inputs into space physics models to create historical, current
epoch, and forecast solutions.
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Satellite reentry and drag estimation
are improved by

JB2006/2008

JB2006 web site: http://sol.spacenvironment.net/~jb2006/

  F10, S10, M10 improve solar
energy inputs into JB2006/2008

JB2006/2008
improves
estimates of
satellite
reentry
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Satellite reentry and drag example

JB2006 web site: http://sol.spacenvironment.net/~jb2006/
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Charging on Anik E-2 in 1998 at GEO
caused TV losses

GAPS web site: http://terra1.spacenvironment.net/~gapops/
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GEO spacecraft charging example

GAPS web site: http://terra1.spacenvironment.net/~sat_ops/
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30-day global communications outlook
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Future systems will use SDO data
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Ground/Aviation & space weather

1-12 hour forecasts
of evolving flares,
magnetic field,
charged particles,
and electric fields
1-6 hour forecasts of
evolving solar
energetic particle
events

Unmet needsSolutionsChallenges

specify dose rates as
function of time and
location

radiation effects on
aircrew

1-6 hour forecasts of
evolving flare and
geomagnetic
conditions

identify fo for each
geographic region
Identify scintillation
Identify scintillation

Communication
outages
Satcom outages
Radar outages

identify and reduce
TEC uncertainty

degraded geolocation
& navigation
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Spaceflight and space weather

1-6 hour forecasts of
evolving flare and
geomagnetic conditions

1-7 day forecasts of
evolving solar flux and
geomagnetic conditions

1-6 hour forecasts of
evolving solar energetic
particle events

identify and reduce
TEC uncertainty

precision geolocation
and navigation

Unmet needsSolutionsChallenges

specify dose rates as
function  of time and
location

radiation effects on
materials

1-3 hour forecasts of
substorm 1-50 keV
electron densities

identify 3D densities

precision satellite orbit
determination,
constellation station-
keeping, debris
avoidance, reentry
timing

identify charging
conditions

satellite surface/internal
charging


