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Phase 1 Study

. Begun in 2017 SPACE WEATHER PHASE 1

BENCHMARKS

- Published in 2018

- Conducted by the Space Weather
Operations, Research, and Mitiga
(SWORM) subcommittee

- Under the Department of Homeland Security

- Involved >25 federal departments and agencies



Working Toward Phase 2

- Phase 1 was fairly rapid turn-around with little
iInput from the scientific and operator
communities

- The 'Next Steps’ process is currently soliciting
broad community participation to provide input
to Phase 2

- Phase 2 envisions more “scientifically and
statistically rigorous benchmarks”



What are benchmarks?

- They are not metrics for model or prediction
performance but do help set targets

- The benchmarks specify the 1-in-100 year
and theoretical maximum levels of space
weather conditions that can affect the nation

- They do not evaluate or classify the potential
effects of a space weather event on
technologies




What Is the purpose of
benchmarks?

- Enhance awareness of threats among critical
Infrastructure owners and operators

- Provide input for engineering standards

- Provide input for vulnerabllity & risk
assessments

- Help guide development of mitigation
procedures

- Establish thresholds for action



Five Topic Areas - And the
Chairs

Induced Geo-Electric Fields
Pete Riley, Predictive Science Inc.

lonizing Radiation
Christina Cohen, Caltech

lonospheric Disturbances
Susan Skone, University of Calgary

Solar Radio Bursts
Dale Gary, New Jersey Institute of Technology

Upper Atmospheric Expansion
David Jackson, |\ UK Met Office



Elements of Each Topic Area

references)

Define the relevant space weather parameters
Describe and document the methodology (with

Detering drniketOhl-yeal levels and theoretical maxima

Enwironmental parameter

Methodology for determining
benchrmarks

1-in-100-year benchmarks

Thearetical rmaximum
benchmarks

Intense magnetic starms may induce geo-electric fields of sufficient strength to drive
guasi-direct currents in electric power grids, sometimes causing blackouts and
damaging transfonmers.

Benchmarking for induced geo-electric field amplitudes used two geoplvysical
guantities: the surface impedance relationship between geamagnetic variation and
the induced geo-electric field, as well as a measure of geomagnetic activity at Earth's
surface. Surface impedance values are obtained by magnetotelluric sunseys, which
have been completed for about hall of the continental United States. Surface
geamagnetic activity is routinely measured at magnetic obeervatories and
variometer stations, and geomagnetic variations during a once-per-century event
are estimated by & statistical analysis.

The median once-per-century ges-electric exceedance amplitude among surveyed
gites (see Figure 1) is 0.26 volts per kilometer [Vikom), with amplitedes exceading 14
V/krn in Minnesota. One standard-desiation errar, the result of statistical variance in
the geamagnetic data, is estimated to be about 30 percent, which is small compared
to the site-to-site differences. The full benchmark of once-per-century geo-electric
amplitudes acrass the United States, where data is available, is displayed in Figure 1

Mot feasible to compute benchmarks. Higher freguency amplitudes cannat be
reasonably estimated from the abservatory data, and while lower frequency
harmonics generally yield smaller geo-electric amplitedes, additional investigation

wiauld neIE irfarm this issue.



Includes deeper textual

explanations
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Benchmarks for Induced Geo-electric Fields

1. Space Weather Action Plan 1.1.1

Action L1.1 of the Space Weather Action Plan states: “The Department of the Interior (DOI), the
Department of Commerce (DOC), and the National Aeronautics and Space Administration [MASA), in
coordination with the Department of Homeland Security (DHS), the Department of Energy (DOE), and
the Mational Science Foundation (M5F), will: (1) assess the feasibility of establishing functional
benchimarks [for induced geo-electric fields] using currently available storm data sets, existing models,
and published literature; and (2} use the existing body of work to produce benchmarks [for induced
geo-electric fields] for specific regions of the United States.”

2. Induced Geo-electric Fields

Geo-electric fields are induced in Earth's electrically conducting interior by time-dependent
geomagnetic field variation. During intense magnetic storms, induced geo-electric fields can drive
quasi-direct currents of electricity of sufficient strength to interfere with operation of the power grid,
sometimes causing blackouts and damaging transformers. Geomagnetic disturbances have affected
power grids in the past. For example, in March 1988, an intense magnetic storm caused the collapse of
the entire Hydro-Quebec power grid in Canada. More recently, in October 2003, a magnetic storm
caused disturbances in power grids in Scotland and Sweden. According to some scenarios, the future
accurrence of an extremely intense magnetic storm could result in widespread and possibly cascading
failures if the power grid is not sufficiently resilient to the effects of space weather. Even for brief periods
of time, loss of power can prove disruptive for communities.

3. Methodology for Establishing Benchmarks for Induced Geo-electric Fields

This task focused on the development of a formal statistical product in terms of maps of geo-electric
hazard. For practical evaluation of geo-electric hazards, estimates of two geophysical guantities are
needed: (1) the surface impedance relationship between geomagnetic variation and the induced
geo-electric field and (2) a measure of geomagnetic activity realized at Earth's surface,

Surface impedance is a function of the three-dimensional conductivity structure of the solid Earth and
ocean. Itis usually expressed in the Fourler-transformed frequency domain as a tensor. Impedance can
differ greatly from one geographic location to another; it is not readily estimated from geological and
tectonic models. Impedance is measured, however, during magnetotelluric surveys, such as the one
sponsored by the NSF's EarthSeope program,” which has, se far, been completed for about half of the
contiguous United States.

Surface geomagnetic activity is measured at magnetic observatories, such as those operated within the
INTERMAGHET consortium,” or at variometer stations, such as those of the ULTIMA consortium.® For
purposes of hazard assessment, analysis of magnetometer time series can be focused on either the
time-autocorrelated waveform nature of the data, or it can be focused on statistical analysis of

* ok Schultz et al. “USArray TA Magnetotellwric Transfer Functions: REUEO, 2006-2018," doi: 10,1761 1/0F 1 1455918,
Retrieved frarm the IRIS database August 18, 2017.

= 1. 1 Lowe and A Chulliat, “An International Metwork of Magnetic Dbservatories,” E05, Transactions, American Geaphysical
Lo 94, o, 42 [2013): 373-384, doi 10,1002/ 2013E042

® K. Yurnoto et al, “ULTIMA of Ground-Based Magnetometer Arrays for Manitaring Magnetospheric and lonospheric
Perurbiations on a Glabal Scale” presented at 2012 Fall Mesting, AGU, San Francisco, Califormia
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characteristic features identified in the data. These two approaches are orthogonal, but knowing the
results of bath is useful. This report takes a statistical approach for benchmarking induced gea-electric
field amplitudes that are unlikely to cceur more than ence in 100 years.

To use the measured impedances and to perform a statistical analysis of observatory data, Love et al.
focused an sinusoidal variation over a finite window of time.” Analysis of geamagnetic variation is
limited on the high-frequency end of the spectrum by the one-minute sampling rate of the historical
magnetic observatory data. For specificity, the amplitudes of geomagnetic activity Fourier waveforms
having period of 240 seconds and persisting over a duration of 600 seconds were estimated from
approximately 30 years of observatory data. This was done for both north-south (p.) and east-west (p,)
magnetic vector components. These amplitudes were then extrapolated using a simple statistical
maodel to once-per-hundred-year values. The frequency domain multiplication of a Fourier magnetic
field amplitude with an impedance tensor gives a geo-electric amplitude.

4. Benchmarks

For the one-in-100-year benchmark, detailed results are discussed in Love et al.® A map of once-per-
century gen-glectric exceedance amplitudes (E.) for p. is shown in Figure 1. Depending on location,
once-per-century geo-electric exceedance amplitudes can exceed 1 volt per kilometer (V/km} in many
places across the northern Midwest United States and some places in the Eastern United States. Among
the surveyed sites, the median geo-electric amplitude is 0.26 Vfkm, but because of the cambination of
geagraphic differences in geomagnetic activity and Earth-surface impedance, geo-electric amplitudes
differ by over two orders of magnitude. At some sites in Minnesota, for example, once-per-century
amplitudes exceed 3.00 V/km. Across other areas, such as in Florida, these amplitudes are less than 0.1
Vkm. In northern Minnesota, once-per-century amplitudes exceed 14.00 Vikm, while just over 100
kilometers away, amplitudes are only 0.08 V/km. One standard-deviation errar, the result of statistical
variance in the geomagnetic data, is estimated to be about 30 percent, which is small compared to the
differences.

At some sites in the northern Midwest United States, once-per-century geo-electric amplitudes exceed
2\krn, which is the level inferred to have been realized in Quebec during the March 1989 storm. As a
pointof reference only, amplitudes in some regions of northern Minnesota exceed the once-per-century
baszeline amplitude of 8 YW/km (without latitude corrections) used by the MNorth American Electric
Reliability Corporation (NERC] in its benchmark study using synthetic Earth impedances.”
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T 1) Lowe et al., “Geoelectric Hazard Maps for the Continental United States” Geophysical Ressorch Latters, 43, no. 18
[2016.]: 9A15-9424, doi:10.1002/2016GLOTI4ED

¥ Ibid.

“ NERL, “Benchmark Geomagnetic Disturbance Event Description™ (2014): 1-26.
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Example: Atmospheric Expansion
Benchmarks

-  Some benchmarks include multiple scenarios
- |deally benchmarks are quantitive with uncertainties

ldentifies areas where benchmarks are not currently

Benchmark

Il ar Benchmarks
pOS ]I-bllﬂe.e Cause of Upper Atmasphere Altitude [percent neutral Associated
Expansian [kerer) density inoreage]™ Unicertainty
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What will ‘Next Steps’ do?

Primary objective is to provide Peer Review of Phase 1
And provide Recommendations for Phase 2

Are the benchmark parameters the right ones for
users/operators?

Are the benchmark values the best that are currently
possible?

Is the methodology clear and is it up-to-date?
ldentify areas of strength and consensus.

ldentify areas of weakness, errors, or room for
Improvement.



How do you get involved?

Read and review the Phase 1 report!
google “space weather benchmarks”

An RFI was published and advertised but with little
response

https.://iIdalink.org/SWxBenchmarks

Input welcome In any form at any time
Contact Me or the focus area chairs (who will be up next)
International involvement is strongly encouraged

Community Input Workshop April 23, @ Sheraton West,
Denver

AAAdAitinnal wwnarlecham noavt ciimmaoar (Arvaft


https://idalink.org/SWxBenchmarks
https://idalink.org/SWxBenchmarks

Community Input Workshop

Will be held in ~two weeks: April 23, @ Sheraton West,
Denver

There is limited space. We need to know that you are
coming

To RSVP: Email Robin Dorsey (rdorsey@nasaprs.com)
CC Tom Colvin (swx@ida.org)

Please include your name and the benchmark(s) you're
Interested In participating in

If vou forget these e-mails. contact one of the focus area



