Geoeffectivity of SRFsS
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Analysis of m-dm flares detected
by TSRS in 2005 and 2006
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Outline of the Talk

« The TSRS-Trieste Solar Radio System
« TSRS near-real-time data products
 Radio diagnostics for Space Weather

. » Effects of SRBs on Wireless Systems

o Effects of SRBs on GPSs

 Relevant SRFs oberved in 2005-2006

Conclusions
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The Basovizza Observing Station
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The New Labs
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The TSRS Antenna Systems
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TSRS Trieste Solar Radio System

SPECIFICATIONS

- Metric J\/JIJJ£ narinel Solar - DeciMetric Multichannel Solar
Reaclio Polarirneter (mivVISRP) Reacdio Polarimeter (dmiVISRP)
— 10rn mesn parapolic anternna, — 3m parapolic anterna, alt-az

eq|uziorizal rnournting. rnouriting.
— Log-periodic feeder, — Log-periodic feeder.
— Left- and Rignt-handed Circular — Left- and Rigni-nancded Circular
Polarizatiorn. Polarization,
— 4 recelving frequerncies: — 2 recelving frequerncies:
- 257 Mrlz - 1420 Mrlz
> 327 Mrlz - 2695 Mrlz
- 408 Mrlz
- 610 Mrlz

- Hlign tirne resolution (1 ms) digital data accuisition systern
- Relational Data Base Managernent systern with real-tirme data ingestion
- Real-tirme solar radio indices tirne evolution and nowcasting publicatiorn

o - '.'-0‘
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TSRS Trieste Solar Radio System

OPERATIONAL FEATURES

- FPERATING MODE: - STATUSZ:
— Radio survelllance — Fully operational in Space
— Autornatic start-up ancd shutcown Weatner autornaiic rmocle since

T June 200¢
— Dally opservations June 2000

— L ms routinary sarmpling tirme

- DATA PROCESSING: - PROBLEMS:
— Real-time online calioration — Sir ong rmarn-rnacle interferences
— Real-firne data graphing at the following frequencies:
Lo o R . B o DR \/| |+ g re s
— Real-time solar radio indices 237 Mrlz poradic
y . - 327 Mrlz sporadic
— Real-time data archiving . i
_ g , - 610 Mrlz COrtirLous
— Real-tirne data ounlisning

p " .1?* ..__--_-0-..:
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TSRS Trieste Solar Radio System

- Multichanne!l Synopiic Graprn
- 1L s downsarnpled data
- Updaied every 10 rninutes
- SOJE Racdio Indices Grapns
- L-rnin-average values
- L-rnin-mes values
- L-min-anhead forecast o e s
updated every 10 minuies
k-
- Solar Radio Indices Files giEEE
- ASC) ¥
- Binary ¥
- FITS E
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TSRS Trieste Solar Radio System

(—-

nito://radiosun.is.astro.l

- Mooplle Pniones (WAP)

nito://radiosun.is.astro.it/wap
Jern.wrrl




17 Aug 1399 237 MHz Scan: 1 Hz average 17 Aug 1999
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TSRS DATA PRODUCTS

e 1-min-average and 1-min-max radio indices

e 237, 327, 408, 610, 1420, 2695 MHz

e FLUX DENSITY & CIRCULAR POLARIZATION

-@&[dBm/Hz]

e Observed and 1-min-ahead Predicted Values

olarlzatlon channels & sum of Ch
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S Solar Radio Noise (SRN) Level

o [he Solar Radio Neise (SRN) level is derived according
to a specific thresholding at each receiving freguency,
which Is based on the respective Quiet Sun levels via a
multiplicative facter as

SRN = (Quiet Sun level) * (Activity: Factor)

« SRNIIs therefore classified as Low, Moderate, High

» Obsenved and predicted SRIN values are published on
the wel site inf NRT




Solar Radio System

Coronal
Real-Time Radio
Radio Data Surveillance

:EGS0_SolarEventCatalogue :: Links :: Contacts :: Data policy :: Disclaimer :: Credits

NRT Solar Radio Noise




Solar Radio System

Mear
Real-Time
Radio Data

Coronal
Radio

i ~ -
——

iFrequency.'Mean | Max | Mean | Max
| [MHz] [5Fu] |[5FU]I[dBn1 'Hz] |[dBm/Hz] |

237/ 3] o
32?7____
_____403-
610 |
1420
2605 |

Last update: 17 Jun 2007 16:58 UTC

S8N: Solar Badio Moise
Q=0uiat LR
L =0
M=piaderate
H=High

SEU Solar Flus Unit

Olar Racdio Noi:

[5FU]

| [predicted [ Predicted ||

[d B/ Hz]

Predicted
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SOLPRA Tne TS firne solar racdlo arc

MNear
Real-Time
Radio Data

Coronal
Radio
Surveillance

@l

-ur.pn..'-: :'.'.l:nr.h

® oy time

© cclected time interval

Starting date: EIlE June
Ending date: 7w | June

Time intarvals are basad on the UTC referance system

Data type: AN L

The data type depands on fla contents: sampling rate, fraguencies and palarization of the ohserved data, ske.

File format; FSER b

The &ile format depends on how the file iz physically stored. There are comprezsed or uncompreszsed filas, bext, binary or graphic
filas, atc.

File narme:
(substring search)

Irzert & string to search on matching fle rames, exadtly or partially




The graph represents the output of the Metric and the Decimetric Multichannel Solar Radio Polarimeters, It is generated with 3 time cadence of 10 minuted
automatically updated. The upper panel shows the time evolution of the total {LH + RH) radio flux density for all the receiving channels, whereas the lower |
shows the difference (LH - RH) of the twno polarization channels for each channel, i.e., the circular polarization of the signal.

Graphs of the previous days are available in the

Trieste Astronormical Observatory * Sun Jun 17 05:18:55 2007 * Coronal Radio Surveillance
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Mulilcnannel 1-min Averaged Radio Index Grapr

_ Solar Radio System

Sun 17 Jun 2007 Trieste Sclor Corenal Radio Indices { LH+RH 1—rmin— weruge [ sfu ] wvs Time [ UT ]}
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/g | 1:waP Radiosun  {F )| 44 (X

b= hitp://radiosun.ts.astroit, * ;:;
INAF Trieste Astronomical Observatory
Trieste Solar Radio System

Coronal Radio Tndexes (T mins updsting)

17 Jun 2007 0738 UTC

freq mean pazk SRN

MHz SFU SFU

237 4 19

327 11 25

408 16 43

610 2B 73

1420 44 4%

269569 83

freq meam  pesk SRN

MHz dBm/Hz dBm/Hz

237 -21% =209 Q

327 -214 -210 Q

A LT, 1
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TSRS Real-Time Data Products
|n ESNSWENET

e 1-min- average solar radlo mdex

— 237, 327, 408, 610, 1420, 2695 MHz (6 frequencies)

e LH, RH, LH + RH (3 polarization values)
— SFU, dBm/Hz (2 measurement units)
» Observed, 1-min-ahead Predicted (2 data categories)

e 1-min-max solar radio index

— 237, 327, 408, 610, 1420, 2695 MHz
e LH, RH, LH+RH
— SFU, dBm/Hz
» Observed, 1-min-ahead Predicted

144 Real-Time Data Products
N 4 - . l s
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ESA/SWENET Homepage

SWENET Services
Ground Effects

Introduction

SWENET Services - Welcome to SWENET Ionospheric Effects -
Laok far Services Space Weather European Network Spacecraft Effects
Latest Data . . . . . o

With the increasing importance of space weather aspects in space missions, it is
Space Weather Data  » o n ot b0 provide industry and other users with the means to access space LRIGLEL Blap
Data Browsing ©  weather data and services. The Service Development Activities [SDA) being currently _!"’f_"_[OﬂS‘_Z“ hDIU_rs ¥
FTP Mirror developed as part of ESA's Space Weather Applications Pilot Project will provide a i

Latest SEC Plats series of applications, services and data products involving all space weather aspects
for a wide range of users, The products resulting from these activities will form the
Space Weather European Network - SWENET,

Latest Indices

Statistics 5}

Daily Reports » The SWEMET Infrastructure is a central resource centre for space weather activities,
Message of the Day o providing interested users access to space weather data and services.

Report Browsing 2 To access the different sections of the SWENET Infrastructure use the menu on the
Resources *  |eft,

% — e
Documentation " o e
Release Infarmation Nowcast of foF2 over Central TEC Maps over Europe
WehService Mediterranean Provided by SWIPPA (DLR)

User Area & Provided by GIFINT (iFSI)
Login =} Map of the ionospheric F region critical - TEC maps with a 5 minute resolution
Register frequency foF2 over Central presenting the vertical TEC {in TECLY

Mediterranean area over Europe,

bt

Last update; 2007-06-30 23:00
O B B
Last update: 2007-06-17 06:30

Current Space Weather Forecast, provided by SIDC (ROB/BIRA)

{u:ted AR index; 007 visit us at hitp:ifeaw. sidc.be SIDCIRWC-

You can access more space weather services here,

Thesze pages are an initiative of the Thesze pages are maintained by eta_max space GmbH
ESA Space Enwironments and Effects Section Wou can contact us by clicking here

O B S| , ns 24 Sept. 2007
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TSRS as a SWENET SDA

WENET Contents Related
Introduction TSRS & Latest S0 Data
SWENET Services - SO Imnage Data -
Radio Surveillance of the Solar Corona for SDd Text Data =

Look for Services c ication 5 ice p id
ommunication Service Providers Froject Website

Latest Data

Space Weather Data - Developer ' N A F ESA SWENET ToR

Data Browsing (=)

FTP Mirrar INAF - Osservatorio Astronomico di + SWENET Services
Latest SEC Plots Trigste Ground Effects -
Latest Indices hnical Ionospheric Effects -
Statistics = ‘Technical Group DIFs

Daily Reports v Ionospheric Effects & Activity Forecast SUAT

Message of the Day 8 GPS Validation

Report Browsing &  Products Ionosfera

Resnources Scintillation Quickmaps
Documentation + High time resolution radio flux density evalution in FITS format SE

4

2 * NMultichannel synoptic graphs in PNG format
Relpaze I.m:wmatmn + 1-min-average solar radio indices (radio noise level) in graphic (PHNG), text SIEE
WebService (ASCID and binary format SOARS
User Area hd + Nowcasting and forecasting is presently available only in real-dme graphs SPECTRE
Login 2 + Warning messages in automatic mode via different systems (2.9, email, SMS) STIF
Register SWIPPA
Link to Project WebSite TSRS

go to ESA Spa Spacecraft Effects -

Weather Web Server http:/fradiosun.ts.astroitf

SDA description

TSRS performs a surveillance of the radio emission of the solar corona on
a routinary hasis in automatic mode. It will provide real-time radio indices
measuring the level of solar radio activity at the different receiving
frequencies.

Contact / Manager
Dr. Mauro Messerotti

Address:  Trieste Astronomical Observatory
Basovizza CObserving Station
Basaovizza, 202
[-34012 Trieste

Italy 1“

Ermnail: messerottid@ts. astro.it

Telephone: +39-040-226176 f 226761

Faxi +39-040-226630 / 30941
Thesa pages are an initiative of the These pagas are maintained by ata_max space GmbH
ESé& Space Environments and Effects Section You can contact us by clicking here
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Relevarnce of Solar Radio Ernission to SpYY

> PROAIES OF SOLAR DRIVERS

> DIRECT SOURCE OF GEOEFFECTS
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Solar racdio nolse can

Ennanced solar raclio noise can periurb
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SOLAR
RADIO

PHENOMENA

RADIO DIAGNOSTICS
RELEVANT TO SPACE WEATHER APPLICATIONS

-

LOW

-

-

-

MULTI-
FREQUENCY
RADIOMETRY
FULL-DISK
SPACE
RESOLUTION
RADIO
SPECTROGRAPHY
MULTI-
FREQUENCY
INTERFEROMETRY
SOURCE
SPACE
RESOLUTION
RADIO

HELIOGRAPHY

TIME
RESOLUTION

A

HIG
TIME
RESOLUTION

2007

GLOBAL
DIAGNOSTICS

LOCAL
DIAGNOSTICS

TIMINGS
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T95HS RADIO r\l\J GCOES SAR TIMINGS

237 MHz
327 MHz |

408 MHz |

610 MHz |

1420 MHz

2695 MHz

SXR

14:30 14:40 1460 15:00 1510 15:20 1530 16:40 16:%0 16:00 16:10 16:20 16:30
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T95HS RADIO r\l\J GCOES SAR TIMINGS

237 MHz
327 MHZA_

408 I\/le
610 MHz _

1420 MHz__
2695 MHz

SXR

10:00 10:10 10:20 10:30 10:40 10:60 11:00 11:10 11:20 11:30 11:40 11:50 12:00
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T95HS RADIO r\l\J GCOES SAR TIMINGS

237 MHz
327 MHz
408 MHz

10 MHz

1420 MHz
2695 MHz
' SXR

13:30 13:40 13680 14:00 14110 14:20 14:30 14:40 14:5%0 1500 16:10 156:20 15:30
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Effects of SBRs on Wireless Systems

« Bala et al. (2002):

— For a cellular base station operating at 900 MHz , the
equivalent solar flux (thermal noise=solar noise level) F, ~
960 SFU — more than twice the thermal noise power.

— For a base station operating at 2.4 GHz, F,, ~ 6000 SFU.

— The bit error rate (ber) changes rapidly with the S/N power
ratio. (0.75 dB change — 10x in ber).

— Assuming an SRB effectivity threshold of 1,000 SFU, the
statistics over 4 decades indicates a probability of
Interference every 10-20 days on average per yeatr,
modulated by the solar cycle.




e Cerruti et al. (2006):

— Observed reduced carrier-to-noise ratio in sunlit GPS
receivers over the duration of SRB (8700 SFU RHCP
— 2.3 dB loss; 2005.09.07)

— Estimated L1 C/N, fade of 3 dB and L2 C/N, fade of
5.2 dB for commonly used GPS antennas with a gain

of 4 dBic, from a SRB of 10,000 SFU

— SRB are a potential threat to life-critical systems
based on a Global Navigation Satellite System
(GNSS): a 80,000 SFU SRB can determine a 12 dB
fade at L1 and a 26.2 dB fade on the L2 channel —»
loss of lock in semi-codeless receivers.

e See also Klobuchar et al. (1999)




Solar Radio Outbursts as Potential Radio Communications Jammers: Analysis of
Selected Cases

M. Messerottit?, P. Zlobec?!, I. Coretti!, M. lurcev?, S. Padovan?
1 INAF, Trieste Astronomical Observatory, Trieste, Italy
2 Department of Physics, University of Trieste, Trieste, Italy

=)
e
@,
x
=
(TR
=
e
3
04
=
&
]
o)
x
S
[}
o

100000

06/06/2000

06/08/2000

e Solar radio bursts can lower
the SNR in wireless comms

o Attention level is:
e 1,000 SFU for mobiles
» 40,000 SEU for GPSs

237 MHz

327 MHz = \We analyzed 15 outbursts

408 MHz .
610 MHz detected by TSRS in 2000-03

1420 MHz
2695 MHz

ey = 1,000 SFU was exceeded: by
——GPSRxs » 80% 237 MHz events
= 80% 327 MHz events
e 67% 408 MHz events
e 80% 610 MHz events
e 53% 1420 MHz events
» 53% 2695 MHz events

= No event at 1420 MHz found
larger than GPS threshold

06/10/2000
06/12/2000
06/02/2001
06/04/2001
06/06/2001
06/08/2001
06/10/2001
06/12/2001
06/02/2002
06/04/2002
06/06/2002
06/08/2002
06/10/2002
06/12/2002
06/02/2003
06/04/2003
06/06/2003
06/08/2003
06/10/2003
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ESA Space Weather Workshop:
Developing a European Space Weather Service Network
- Solar Radio System 3-5 November 2003, ESTEC, Noordwijk, The Netherlands




* P. Kintner (Cornell University):

— Large number of recelivers stopped tracking
GPS signal over the entire sunlit side of the
Earth

— First quantitative measurement of the effect

 P. Doherty (Boston College):

— The 6 Dec SRB was the first one ever
detected on the civil air navigation system
(WAAS, Wide Area Augmentation System)

Source: GPS Daily (http://www.gpsdaily.com)




Date

15/01/2005
17/01/2005
19/01/2005
19/01/2005
19/01/2005
20/01/2005
13/05/2005
09/07/2005
10/07/2005
13/07/2005
14/07/2005
07/09/2005
09/09/2005
10/09/2005
11/09/2005
13/09/2005
17/09/2005

PR,
Qg Cesa a SEE 2007 Athens 24 Sept. 2007

Tenflare > 1,000 SFU [2005]

Table obtained via EGSO/SEC search on GEV catalog (http://sec.ts.astro.it)

5.54.00
6.59.00
5.10.00
6.58.00
10.19.00
6.36.00
16.13.00
21.47.00
21.47.00
14.01.00
10.16.00
17.17.00
19.13.00
21.30.00
21.30.00
19.19.00
5.58.00

6.38.00
9.52.00
5.26.00
7.31.00
10.24.00
7.01.00
16.57.00
22.06.00
22.06.00
14.49.00
10.55.00
17.40.00
20.04.00
22.11.00
22.11.00
19.27.00
6.05.00

Time Start Time Max Time End

7.17.00
10.07.00

5.35.00

7.55.00
10.29.00

7.26.00
17.28.00
22.19.00
22.19.00
15.38.00
11.29.00
18.03.00
20.36.00
22.43.00
22.43.00
20.57.00

6.15.00

AR
10720
10720
10720
10720
10720
10720
10759
10786
10786
10786
10786
10808
10808
10808
10808
10808
10808

Latitude Longitude SXR Class OPT Class 245 MHz 2800 MHz Type |I

11

12
19
18
12
12
11
11

44
47
47
58

27
27

M8.6
X3.8
C7.2
M6.7
M2.7
X7.1
M8.0
M2.8
M2.8
M5.0
X1.2
X17.

X6.2
X2.1
X2.1
X1.5
M9.8

sf
2f
sf
2n
1n
2b
2b
1in
1n

3b
2b

2b
2n

41000
39000

1400

420
1200
1200
6600
5400
3200

690

910

910

700

17 EVENTS e [ 1000, 8400 ] SFU

<(0olo) TRUE
i{0[0) TRUE

<z TRUE
paclolo) TRUE

ikslo/o} TRUE

K<Z0[0] TRUE
zafoo] TRUE
Zv(e[0) TRUE
iS0[0} TRUE
(islo/o} TRUE

Type IV
TRUE
TRUE

TRUE
TRUE

TRUE
TRUE
TRUE
TRUE




Date

05/12/2006
06/12/2006
07/12/2006
13/12/2006
13/12/2006
14/12/2006

-q’.'? # -0
: @

NS Spasake

Tenflare > 1,000 SFU [2006]

Table obtained via EGSO/SEC search on GEV catalog (http://sec.ts.astro.it)

10.18.00 10.35.00 10.45.00 10930 -7 -79 X9.0
18.29.00 18.47.00 19.00.00 10930 -6 -63 X6.5
18.20.00 19.13.00 19.33.00 10930 -7 47  M2.0
3.55.00 3.57.00 4.04.00

2.14.00 2.40.00 2.57.00 10930 -6 24 X3.4
2.14.00 2.40.00 2.57.00 10930 -6 24 X3.4

2n
3b
1n

4b
4b

210000
30000
85

460

6 EVENTS e [ 1200, 5800 ] SFU

esa @ SEE 2007 Athens 24 Sept. 2007 @

Time Start Time Max Time End AR Latitude Longitude SXR Class OPT Class 245 MHz 2800 MHz Type Il

iv{0[0) TRUE
stelolo) TRUE

Zve[0) TRUE
Zvs[0) TRUE

Type IV
TRUE
TRUE

TRUE
TRUE




Statistics of Tenflare > 1000 SFU 2005-06
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SXR Flux [W m~-2]

1,00E+00

8.

1,00E-01
1,00E-02
1,00E-03
X
1,00E-04
1,00E-05

1,00E-06

1,00E-07
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[ ]

GOES SXR Lightcurve

GOES SXR Flux 2006.12.05

30 9.00 9.30 10.00 10.30 11.00 11.30 12.00 12.30 13.00 13
Time [UT]

Date Time Start Time Max Time End AR Latitude Longitude SXR Class OPT Class

05/12/2006 10.18.00 10.35.00 10.45.00 10930 -7 -79 X9.0 2n

30



Treste Astronomical Observatory * Tue Dec 05 08:28:55 2006 * Coronal Radio Surveillance
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1420 MHz 10 MHz 408 MHz 327 MHz 237 MH:z

2685 MHz

Tue 05 Dec 2006 Trieste Solar Corenal Radio Indices | LH+RH 1—min—moximum [ sfu ] vs Time [ UT ] )
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TSRS 1-min radio flux density levels
at 1420 Mhz and 2695 MHz

1,00E+05
—_ ~ GOES SXR Flux ||
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Statistics of Max dm RFs 2005

TSRS Trieste Solar Radio System
SOLAR RADIO FLUX DENSITY LEVELS > 1000 SFU (2005)
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Trieste Astronomical Observatory * Thu Jul 14 05:28:55 2005 * Coronal Radio Surveillance
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TSRS 2005.07.14 1420 MHz

TSRS 1420 MHz 2005.07.14
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TSRS 2005.07.14 2695 MHz

TSRS 2695 MHz 2005.07.14
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Statistics of Max dm RFs 2006

TSRS Trieste Solar Radio System
SOLAR RADIO FLUX DENSITY LEVELS > 1000 SFU (2006)
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Imneste Astronomical Ubservatory * lue Dec U3 08:.28:533 2000 * Coronal Kadio sSurvellance
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TSRS 2006.12.05 1420 MHz

TSRS 1420 MHz 2006.12.05
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TSRS 2006.12.05 2695 MHz

TSRS 2695MHz 2006.12.05
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Conclusions 1

« Theoretical estimations and experimental evidences
Indicate that the Sun can directly interfere
communication and navigation systems ]

o Detalled studies of the solar radio noise have to be
performed via diachronic radio observations in order to
better specify the effects of SRBs on wireless systems
and on GNSS

« TSRS Is an effective tools for Space Weather
applications as it measures the solar radio emission In
near-real-time at different frequencies with high time
cadence and near-real-time data ingestion

« TSRS can provide significantly new information in this
framework due to its particularly suitable operatlng mode
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Conclusions %

 The maximum radio flux density values
published on data catalogs often differs
from that obtained by precise, high time
resolution, diachronic measurements

e The use of real-time multichannel solar
radio polarimeters is a key issue for an
appropiate analysis of.the geoeffectivity of
radio flares.
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