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Space Weather Action Plan -- Goal 1:

Benchmarks for extreme events:
Induced geoelectric fields
lonizing radiation
lonospheric disturbances
Solar radio bursts

vk w NP

Upper atmospheric expansion

Develop 1-in-100-year and theoretical maximum values that inform
the other Goals of the Action Plan:
. Phase 1: 2016
Quick-turnaround analysis
Public comments received on draft benchmarks
Documents revised, to be published by NSTC
. Phase 2: 2018
More rigorous analysis



Challenges

Various methods for defining the 1-in-100 year event.
1. Statistical analysis of 40-50 years of monitoring measurements
Requires a statistical model.
2. Use sparse historical records
Such for 1859 Carrington event or IGY events.

Convert extreme-event statistics into user-needed parameters.

1. Models of the complex interaction between the Sun and solar wind
with geospace and the solid Earth.

2. Use empirical relationships.



Induced Geoelectric Fields:

Develop benchmarks for geoelectric fields that are induced in the electrically
conducting solid Earth during magnetic storms. Estimated geoelectric fields
can be used in vulnerability studies of electric-power grids that are needed by

the private sector.

Geoelectric

Geomagnetic
field

variation —>

Solid-Earth
impedance



Historical geomagnetic observatory data * magnetotelluric survey impedances:
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Black, C. E., 2016. Geoelectric hazard maps for the continental United States, Geophys. Res. Lett., 43(18), 9415-9424, doi:10.1002/2016GL070469.



lonizing radiation:

Develop benchmarks for

1. Solar energetic particles originating with solar flares and coronal mass ejections
2. Radiation belt particles that are contained in the magnetosphere
3. Cosmic rays that originate from outside the solar system

that affect human health and interfere with and damage technological systems.
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lonospheric Disturbances:

lonospheric disturbances can adversely affect radio signals that propagate
through the upper atmosphere -- disrupting communication, navigation, and
surveillance capabilities over wide areas on timescales ranging from minutes

to hours.

Develop benchmarks that characterize:

* lonospheric radio absorption and duration as a function of frequency
* Total electron content (TEC) (slant, vertical, and rate of change)

* lonospheric refractive index

* Peak ionospheric densities and the height of the peak
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Solar Radio Bursts:

Solar radio bursts are large enhancements
in the solar noise produced by the Sun and
often associated with solar flares. They can
affect a large range of radio frequencies
and can last for 10s of minutes. Solar radio
bursts can interfere with radar,
communication, tracking signals, and GPS

signals. L o o
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Develop benchmarks for solar radio bursts
in several relevant frequency bands.




100 year values were estimated for 5 different frequencies. Each would
result in widespread, day-side disruption of radio reception for tens of
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Upper Atmosphere Expansion:

The upper atmosphere expands in response to
variable ultraviolet radiation from the Sun,
including from solar flares, magnetic storm particle
precipitation and joule heating.

Atmospheric expansion leads to:

* Increased drag on spacecraft, changing their
orbits, increasing position uncertainty, and
reducing orbital lifetime.

* Interferes with the tracking of orbiting debris
(junk) that is required for collision avoidance.




Parameter: Percent Increase at Altitude
Neutral relative to reference
Density 250 km | 400km | 850 km

Solar EUV* 100-year 50% 100% 200%

F10.7/F10.781: 390/280
Ref: F10.7/F10.781: 240/200

Solar EUV* Theor. Max. 100% 160% 300%

F10.7/F10.781: 500/390
Ref: F10.7/F10.781: 240/200

Solar Flare X30 100-year - 75% -
Solar Flare X40 Theor. Max. - 135% -
Geomag. Storm™* 100-year 400%

Ref: Halloween

Combined: EUV, 100-year 900%

flare, CME

* Reference model MSIS
** Reference model CTIPe



Conclusions

Benchmark development will benefit from seeing how their results are used
for estimating and mitigating the potential effects of space weather.

The development of benchmarks highlights the importance of long-term
monitoring, geophysical surveys, and physics-based modeling.

Though the benchmarks were developed as independent estimates, an
extreme space-weather event is likely to push extreme levels of all three types

of benchmarks. The statistical analysis of such correlated occurrences probably
deserves attention.

Additional related work can also concentrate on analysis of specific events
(scenarios) and real-time products.

Plenty of opportunity, here, for other researchers!
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