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o High frequency (3-30 MHz, HF) communication 1s strongly

Radio Blackout — Peak of signal loss

dependent on the state of the 1onosphere, which 1s fragile to solar
X-ray flares (Davies 1990). ” f-214.81 MHz | | ¥=68.75°
2 AAER I TONE RE TR | s i e
o HF systems observe a sudden enhancement 1n signal attenuation 2 (g8 = S S e P e St S o
: o *°F CESESEETEER I =1l || Ee=feataga :
following a solar flare, commonly known as Short-Wave = e et e
) S =
Fadeout or SWF. 114

o

Gradual Recovery— Signal strength restore back
to preflare condition

o Previous studies described sudden enhancement in D-region
electron density as the primary driver of enhanced HF absorption
[Benson, (1964); Davies, (1990)] and neglected importance of
collision frequency, electron temperature [Zawdie et al., (2017);
Kero et al., (2004)].

Onset — Precursor of absorption

Figure 3: Timing analysis of number of SuperDARN Blackstone
radar’s ground scatter echoes. Three phases of the solar flare driven
SWF 1s 1dentified in the figure with four vertical lines. (Chakraborty

o Existing models [Levine, (2019)] only incorporate et al. 2018)
1. 1mpact due to increase 1n solar soft X-ray irradiance 1. Backscatter signals of the radars located near to subsolar point
2. 1mpact on a narrow band of HF signal. are affected more severely than radars located at larger solar
o This study proposes a physics—based model that zenith angles.
1. Incorporates flare time dynamics from EUV and X-ray data. 2. Backscatter signals of the radars operating at relatively lower
2. Examine the role of collision frequency on HF absorption. frequencies are affected more severely than radars operating at

higher frequencies.

o Can SuperDARN be used to monitor solar flare driven HF
absorption across North American Sector?

o Can we accurately account for the characteristics of SWF 1n SuperDARN Space Weather Monitoring System
terms of 10onospheric processes using physics—based modelling? UT=2017-09.04 00:00:00
Map of SuperDARN
radars distributed across
the North American
Land mass.
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Figure 2: Solar flare event and its impacts on Ottawa riometer on
11t March 2015: (a) GOES-15 X-ray sensor data, (b) riomerer
(Ottowa station) response (HF absorption) to the solar flare.

Figure 5: Response during September 2017 Solar storm. X8.9
Solar flare at ~15:30 UT on 10 Sep 2017.
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o Impacts are mitigated as we move away from the
solar noon position. This can also be interpreted

| Znputs: GOES hard & soft X-Ray. F10.7 |

/[Snlar In‘adialnce Models 1 __:nn(t) ( Background Ionosphere 5\_\ aS local time effeCt.
EUVAC*(A) ) | IRI-16, MSIS—00, IGRF-12 |
[ Chal;n(l;ilhl)‘ayer } n,(t) /—Collision frequency plodels\ . . . .
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Model (6D ne(t=0) ( Solve dispersion relations
[ne, nt,n",nf ] .—L I. ;—;LIpp;etoiJ;I:I]?ﬂ?ee
\ | et T / o A subnetwork of SuperDARN HF Radars can be
[ Qs Bl desiy ()| used to monitor solar flare driven HF absorption
absorption coefficient () height Profile

across the North American sector.
Figure 6: Model architecture for calculating electron density and
HF absorption height profiles showing the component modules

(borrowed, modified, and developed) and their interconnection. o Modeling 1n an event study indicates that the [S-

(Chakraborty et al. 2021) W] dispersion relation with monoenergetic
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Table 1: The four combinations of dispersion relation-collision

Model — Data Comparison: Event Stud - - -
: y o The future extension of this work 1s to develop an
Station - OTT 11 March 2015 10 carly warning system to identify, monitor, and

| forecast radio blackouts wusing HF radars
- T currently deployed to support space science

n 20 g research.

5 157 15 £

; A m% o A statistical study 1s required to confirm the
N My USE findings from the modeling event study.

fime (UT) o Daiki Watanabe, N. Nishitani, Study of ionospheric disturbances during solar flare

events using the SuperDARN Hokkaido radar, 2013.
Figure i Comparison of HF absorption modeled USing different o Chakraborty, S., Ruohoniemi, J. M., Baker, J. B. H., & Nishitani,
dispersion relation and collision fl‘equency combinations and Ottawa N. (2018). Characterization of short-wave fadeout seen in daytime SuperDARN
riometer data in response to a solar flare on 11" March 2015. %:gzngtt s 188;%?2(1?3860648?&@ Science, 53, 472

: s://doi.org/10.
(Chakraborty et al. 2021) P .
o Chakraborty, S., Baker, J. B. H., Fiori, R. A. D., Ruohoniemi, J. M., & Zawdie, K.
A. (2021). A Framework to Estimate Ionospheric HF Absorption in Response to a
1. Event study shows the [S-W] dispersion relation with Solar Flare. Radio Science, Under Review.

monoenergetic collision frequency (black) best reproduces o Fiori, R. A. D., Koustov, A. V., Chakraborty, S., Ruohoniemi, J. M., Danskin, D.
riometer observation. W., Boteler, D. H., & Shepherd, S. G. ( 2018). Examining the Potential of the

Super Dual Auroral Radar Network for Monitoring the Space Weather Impact of

i i ) i Solar X-Ray Flares. Space Weather, 16, 1348— 1362.
2. The [A-H] dispersion relation with Schunk-Nagy and average https://doi.org/10.1029/2018SW001905

collision (Chapman'COW“ng Integral) frequency combinations o Zawdie, K. A., D. P. Drob, D. E. Siskind, and C. Coker (2017), Calculating the

(r-ed & gr-een) best reproduces riometer observation. absorption of HF radio waves in the ionosphere, Radio Sci., 52, 767-783,
do1:10.1002/2017RS006256.

o NOAA, Global D-Region Absorption Prediction Documentation, 20135.

o Davies, Ionospheric Radio 1990.
o Schunk & Nagy, Ionospheres, 2009.

Funding Details:
NASA SWO2R Award 8ONSSC20K 1380
NSF SWR Award AGS-1935110




	Slide 1

