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: Research Needed to Fill Operational Gaps §

Geomagnetic Services:

Session Goal

SWPC provides a diverse suite of geomagnetic services
and products

Services need to continually improve to meet increased
customer demand

Therefore, today’s goal is for operations to identify
where research is needed to provide new
understanding, tools, techniques, and models that
can fill the gap between services provided today
and those needed now and in the near future?

Following this introduction, hear from a user:
Don Watkins, Bonneville Power Administration

Then, a panel discussion with audience participation:

Jenn Gannon, USGS

Antti Pulkkinen, NASA

Don Watkins, Bonneville Power
Michael Wiltberger, NCAR HAO


http://www.astrosurf.com/luxorion/Documents/aurore-8sep02-stevoss.jpg

What is our
eomagnetic Environment?

Geomagnetic services are needed to support humans and technological systems
that operate in the region between Earth’s surface and the interface between
Earth’s magnetic field and the solar wind.

Solar influences, such as solar radiation, solar energetic particles, the solar
wind, high-speed streams, and coronal mass ejections all affect the
geomagnetic environment, including its ionized matter, radiation belts, and current
systems; and cause effects such as storms, substorms and ionospheric
disturbances.
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Today s Geomagnetic

Products and Services

Data, Tools and Models
Inform Forecasts and Products
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SWPC Forecast Products and Focus

Cadence
Products of Updates Focus

Watches, Warnings, and Alerts As Conditions Change Operations, Life and Property

I hours Drives Tailored Products

12 hours General, Public, Media

12 hours Technical, 5cientific

24 hours loint NOA&S/DoOD

Credit: D. Marshall, Forecaster




space weather Scales i NOAA Sy ace Weather Scale'sm -

[ Descriptor Duration of event will influence severity of effects I
Kp values* Number of storm events
determined when Kp level was met;
every3hours | (number of storm days)

Power systems: widespread voltage control problems and protective system problems can occur, some grid Kp=9 4 per cycle

tems may experience complete collapse or blackouts. Transformers may experience damasge. (4 days per cycle)

Spacecraft operations: may experience extensive surface charging, problems with orientation, uplink/downlink

and tracking satellite:

Other systems: pipeline currents can reach hundreds of amps, HF (high frequency) radio propagation may be

impossible in many areas for one to two days, satellite navigation may be degraded for days, low-frequency radio

navigation can be out for hours, and aurora has been seen as low as Florida and southern Texas (typically 40°

geomagnetic lat.)**

systems: possible widespread voltage control problems and some protective systems will mistakenly trip | Kp=8, 100 per cycle
out ke_\‘m« ets from the grid. including a9- | (60 days per cy
Spacecraft operations: may experience surface charging and tracking problems, corrections may be needed for

- ~ : o
.‘. Sever orientation pmhlcms.
ation dm.pud Hml aurora )Ia\ oo som0 4 |
b d lnr(lln ( 45°g

Extreme

c lat)* i
arms triggered on some protection devices. 200 per
pacecrat operations: surface charging may occur on satellte components, drag may increase on low-Earth-orbit (130 days per cycle)
- o |satellites, and corrections may be u«detl for orientation problems.
eomaanetic orms 84988 | O1hergystems: itermiteat satllit navigation and low-frequency radio navigation problems may occur, HF
dio may be intermittent, and aurora has been seen as low as Illinois and Oregon (typically 50 agnetic
lat y**

ower high-latitude power systems may experience voltage alarms, long-duration storms may canse <p= 600 per cycle
transformer damage. (360 days per

Spacecraft operations: corrective actions to orientation may be required by ground control; possible chang
Moderate 2 28
drag affect orbit predictions
i pm,mman can fade at higher latitudes, and aurora has been seen as low as New York
sy 5: we lkpo\\ r grid fluctuations can occur
I R d i t i St

s: minor impact on satellite operations possible. 00 days per cycle)
ratory animals ae affected atthis and higher levels; aurora s commonly visible a hgh

Flux level of > | Number of events when
10 MeV flux level was met**
particles Gion

=
Biolosical: unavoidable high radiation hazard to astronauts on EVA (extra-vehicular activty); passengers and Fewer than 1 per cycle
ar IC e Ven S i i g i A kb 5 e o i i
Satellite operations: satellites may be rendered useless, memory impacts can cause loss of control, may cause
Extreme | serious noise in image data, star-trackers may be unable to locate sources; permanent damage to solar panels

possible.
Other systems: complete blackout of HF (high frequency) communications possible through the polar regions

- sition errors make navigation operations extremely difficult.
high latitudes may be exposed to radiation risk.***
Satellite operations: may experience memory device problems and noise on imaging systems; star
problems may cause orientation problems, and solar panel efficiency can be degraded.
Other systems: blackout of HF radio communications through the polar regions and increased navigation errors

over several days are likely. ool - - -
Biological: radiation hazard avoidance recommended for astronauts on EVA; passengers and crew in high-flying 10 per cycle
ircraft at high latitudes may be exposed to radiation risk.***

Strong | Satellite operations: single-event upsets, noise in imaging systems, and slight reduction of efficiency in solar
panel are likely.
raded HF radio propagation through the polar regions and navigation position errors likely. |
s and crew in high-flying aircraft at high latitudes may be exposed to elevated radiation 25 per cycle
risk ¥
Satellte operations: infrequent single-event upsets possible.
effects on HF propagation through the polar regions, and navigation at polar cap locations

Biological: none. 50 per cycle
Satellite operations: none.
Other systems: minor impacts on HE radio n the polar regions

art ed on this measur hysical

GOES X-ray Number of events when
peak brightness | flux level was met;
lassand by | (number of storm day

HE Radio: Complete HF (high frequency**) radio blackout on the entire sunlit side of the Earth lasting for a : ewer than 1 per cycle

0 HE Radio:
number of hours. This results in no HF radio contact with mariners and en route aviators in this sector.
5 |Ex Navigation: Low-frequency navigation signals used by maritime and general aviation systems experience
L} L] L] outages on the sunlit side of the Earth for many hours, causing loss in positioning. Increased satellite navigation

eral hours on the sunlit side of Earth, which may spread into the night side.

8 per cycle
contact lost (lurm». this time. y (8 days per cycle)
N Oulmn of Iow

HF Radio; Wide area blackout of HF radio communication, loss of radio contact for about an hour on sunlit side | X 175 per cycle

f Earth. ( (140 days per

Navigation: Low-frequency navigation signals degraded for about an hour. |

HF Radio: Limited blackout of HF radio communication on sunlit side, loss of radio contact for tens of minutes. | M3 350 per cycle
Moderate | Navigation: Degradation of low-frequency navigation signals for tens of minutes (300 days per

HF Radio: Weak or minor degradation of HF radio communication on sunlit side, occasional loss of radio 2000 per cycle
Minor | contact (950 days per
Navigation: Low-freguency nvigation signal degraded forbrief interval
x, measured m d on this measure, but other ph al measus

frequencies o




Geomagnetic Storm Scales

Category

Effect

Physical
measure

Average Frequency
(1 cycle = 11 years)

Scale | Descriptor

Duration of event will influence severity of effects

Extreme

Power systems: widespread voltage control problems and protective system problems can occur, some grid
systems may experience complete collapse or blackouts. Transformers may experience damage.

Spacecraft operations: may experience extensive surface charging, problems with orientation, uplink/downlink
and tracking satellites.

Other systems: pipeline currents can reach hundreds of amps, HF (high frequency) radio propagation may be
impossible in many areas for one to two days, satellite navigation may be degraded for days, low-frequency radio
navigation can be out for hours, and aurora has been seen as low as Florida and southern Texas (typically 40°
geomagnetic lat. ).

Kp values*
determined
every 3 hours

Kp=9

Number of storm events
when Kp level was met;
(number of storm days)
4 per cycle

{4 days per cycle)

Severe

Power systems: possible widespread voltage control problems and some protective systems will mistakenly trip
out key assets from the grid.

Spacecraft operations: may experience surface charging and tracking problems, corrections may be needed for
orientation problems.

Other systems: induced pipeline currents affect preventive measures, HF radio propagation sporadic, satellite
navigation degraded for hours, low-frequency radio navigation disrupted, and aurora has been seen as low as
Alabama and northern California {typically 45° geomagnetic lat.)*®*.

Kp=8,
including a 9-

100 per cycle
{60 days per cycle)

Power systems: voltage corrections may be required, false alarms triggered on some protection devices.
Spacecraft operations: surface charging may occur on satellite components, drag may increase on low-Earth-orbit
satellites, and corrections may be needed for orientation problems.

Other systems: intermittent satellite navigation and low-frequency radio navigation problems may occur, HF
radio may be intermittent, and aurora has been seen as low as Illinois and Oregon (typically 50° geomagnetic

lat. ).

200 per cycle
(130 days per cycle)

Moderate

Power systems: high-latitude power systems may experience voltage alarms, long-duration storms may cause
transformer damage.

Spacecraft operations: corrective actions to orientation may be required by ground control; possible changes in
drag affect orbit predictions.

Other systems: HF radio propagation can fade at higher latitudes, and aurora has been seen as low as New York
and Idaho (typically 55° geomagnetic lat. )**.

600 per cycle
(360 days per cycle)

Minor

G1

Power systems: weak power grid fluctuations can occur.

Spacecraft operations: minor impact on satellite operations possible.

Other systems: migratory animals are affected at this and higher levels; aurora is commonly visible at high
latitudes (northern Michigan and Maine )**.

1700 per cycle
{900 days per cycle)

*

Based on this measure, but other physical measures are also considered.

** For specific locations around the globe, use geomagnetic latitude to determine likely sightings (see www.sec.noaa.gov/furora)




Geomagnetic Storm Warning issued
upon detection of CME at L1 on ACE
e 15-45 MIN forecast

..; '_f__,:_«:\ Ll* \ |

Geomagnetic Storm Alert
issued upon onset of
geomagnetic storm using
4 { USGS magnetometers

- ' ) e Current condition

~ Geomagnetic Storm Watch issued upon kit

. detection of Earth-directed coronal mass
- ejection (CME) on SOHO LASCO and
STEREO coronagraphs
e 1-3 day forecast

CME measurements from SOHO
and STEREO drive the Enlil model
which predicts arrival time



Potential New
Geomagnetic Services Product
Geospace Model

« Goal: Evaluate Geospace models (MHD and empirical) to
determine which model(s) are ready for transition to operations

- Focus: Regional K and dB/dt (important to electric utilities)

« Partnership: Evaluation at NASA/Goddard CCMC working with
SWPC, modelers and science community

Select Models and Establish Metrics Model-Data CCMC Reports to
Events Comparisons SWPC

Model(s) selection (FY13) by SWPC based on CCMC reports,
internal and external advice, and following considerations:

Strategic Importance

Operational Significance

Implementation Readiness

Solar Influences on Geospace Predicted with Cost to Operate’ Mamtam' and Improve
Geospace Models using Solar Wind Input




Potential New
Geomagnetic Services Product:
Regional Electric Field
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Example of Evolving
Customer Requirements

Electric Utilities

Geoelectric Field Vector

6 hr. forecast,

Varnous Power

To know the key ingredient that plays

updated hourly Companies into the GIC at selected points, is a
critical parameter for the industry. To do
this requires local dB/dt and geologic
conductivities.

K-7 Geomagnetic Storm Minutes to hours Morth America The Midwest Independent System

Warnings

Operators want as
much lead time as
possible, but any
lead time is
considered useful

Electncity Reliability
Corp.

Midwest Independent
System Operator

Electricty Reliability
Coordinators

Operator receives the K-index forecast.
If the index is K-7 or higher, MISO
notifies all NERC reliability coordinators
concerning the level and expected
duration of the specific event. These
forecasts are shared with all power
system operating enfities throughout
Morth America so that those power
systems that are particularly susceptible

SWPC Customer Requirements for Space Weather Services

See: http://www.swpc.noaa.gov/Services/index.html
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§V5 Research Needed to fill
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Solar Wind Drivers (Observations and models): lead time, accuracy,
observation location and instrumentation; model improvements

Geospace Response (Observations and models): What model
Improvements are needed? E.g. in MHD, empirical and GIC models? What
sensitivity studies are needed and what limits model accuracy? What
observations are missing? What data are already available in real-time or
could be made available? How are data and model results best presented to
forecasters? Are there ways to improve coordination among the operations,
research, and commercial services to better serve customers? How do
models perform for extreme events?

Can we follow a CME from sun to Earth?
Can we predict Bz with longer lead time than provided by L1?

Can we identify data and models that already exist that can provide
Improved services today? What more needs to be done to make them
ready for operations?

13

-- and more....



