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GeoeffectivityGeoeffectivity of of SRFsSRFs
nearnear solarsolar minimum:minimum:

AnalysisAnalysis of mof m--dm dm flaresflares detecteddetected
byby TSRS in 2005 and 2006TSRS in 2005 and 2006

M. MesserottiM. Messerotti1,21,2

11INAFINAF--Astronomical Astronomical ObservatoryObservatory of Trieste, ITof Trieste, IT
22Dept. of Dept. of PhysicsPhysics, University of Trieste, IT, University of Trieste, IT
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OutlineOutline of the Talkof the Talk

•• The The TSRSTSRS--TriesteTrieste SolarSolar Radio SystemRadio System
•• TSRS TSRS nearnear--realreal--timetime data data productsproducts
•• Radio Radio diagnosticsdiagnostics forfor Space Space WeatherWeather
•• EffectsEffects of of SRBsSRBs on on WirelessWireless SystemsSystems
•• EffectsEffects of of SRBsSRBs on on GPSsGPSs
•• RelevantRelevant SRFsSRFs obervedoberved in 2005in 2005--20062006
•• ConclusionsConclusions



SEE 2007 SEE 2007 AthensAthens 24 24 SeptSept. 2007. 2007 33

The The BasovizzaBasovizza ObservingObserving StationStation
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The New The New LabsLabs
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The TSRS Antenna The TSRS Antenna SystemsSystems



SEE 2007 SEE 2007 AthensAthens 24 24 SeptSept. 2007. 2007 66

TSRSTSRS
ReceiversReceivers RoomRoom

SWARM TSRS WWW DVD Juke-box SOLRA Server

NRTAnalyzer TSRS Control System



TSRSTSRS TTrieste rieste SSolarolar RRadio adio SSystemystem
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SPECIFICATIONSSPECIFICATIONS

•• MetricMetric MultichannelMultichannel SolarSolar
Radio Radio PolarimeterPolarimeter ((mMSRPmMSRP))
–– 10m 10m meshmesh parabolicparabolic antenna, antenna, 

equatorialequatorial mountingmounting..
–– LogLog--periodicperiodic feederfeeder..
–– LeftLeft-- and and RightRight--handedhanded CircularCircular

PolarizationPolarization..
–– 4 4 receivingreceiving frequenciesfrequencies::

•• 237 237 MHzMHz
•• 327 327 MHzMHz
•• 408 408 MHzMHz
•• 610 610 MHzMHz

•• DeciMetricDeciMetric MultichannelMultichannel SolarSolar
Radio Radio PolarimeterPolarimeter ((dmMSRPdmMSRP))
–– 3m  3m  parabolicparabolic antenna, antenna, altalt--azaz

mountingmounting..
–– LogLog--periodicperiodic feederfeeder..
–– LeftLeft-- and and RightRight--handedhanded CircularCircular

PolarizationPolarization..
–– 2 2 receivingreceiving frequenciesfrequencies::

•• 1420 1420 MHzMHz
•• 2695 2695 MHzMHz

•• High time High time resolutionresolution (1 (1 msms) ) digitaldigital data data acquisitionacquisition systemsystem
•• RelationalRelational Data Base Management system Data Base Management system withwith realreal--timetime data data ingestioningestion
•• RealReal--timetime solarsolar radio radio indicesindices time time evolutionevolution and and nowcastingnowcasting publicationpublication
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OPERATIONAL FEATURESOPERATIONAL FEATURES

•• OPERATING MODEOPERATING MODE::
–– Radio Radio surveillancesurveillance
–– AutomaticAutomatic startstart--up and up and shutdownshutdown
–– DailyDaily observationsobservations
–– 1 1 msms routinaryroutinary samplingsampling timetime

•• STATUSSTATUS::
–– FullyFully operationaloperational in Space in Space 

WeatherWeather automaticautomatic mode mode sincesince
JuneJune 20002000

•• DATA PROCESSINGDATA PROCESSING::
–– RealReal--timetime online online calibrationcalibration
–– RealReal--timetime data data graphinggraphing
–– RealReal--timetime solarsolar radio radio indicesindices
–– RealReal--timetime data data archivingarchiving
–– RealReal--timetime data data publishingpublishing

•• PROBLEMSPROBLEMS::
–– Strong Strong manman--mademade interferencesinterferences

at the at the followingfollowing frequenciesfrequencies::
•• 237 237 MHzMHz sporadicsporadic
•• 327 327 MHzMHz sporadicsporadic
•• 610 610 MHzMHz continuouscontinuous
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DATA PRODUCTS FOR SPACE WEATHERDATA PRODUCTS FOR SPACE WEATHER

•• MultichannelMultichannel SynopticSynoptic GraphGraph
-- 1 s 1 s downsampleddownsampled data              data              
-- updatedupdated everyevery 10 10 minutesminutes

•• SolarSolar Radio Radio IndicesIndices GraphsGraphs
-- 11--minmin--average average valuesvalues
-- 11--minmin--max max valuesvalues
-- 11--minmin--ahead ahead forecastforecast
-- updatedupdated everyevery 10 10 minutesminutes

•• SolarSolar Radio Radio IndicesIndices FilesFiles
-- ASCII                                     ASCII                                     
-- BinaryBinary
-- FITSFITS
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DATA PUBLICATION AND ACCESSDATA PUBLICATION AND ACCESS

•• InternetInternet

http://radiosun.ts.astro.ithttp://radiosun.ts.astro.it

•• Mobile Mobile PhonesPhones (WAP)(WAP)

http://http://radiosun.ts.astro.itradiosun.ts.astro.it//wapwap
//en.wmlen.wml



SEE 2007 SEE 2007 AthensAthens 24 24 SeptSept. 2007. 2007 1111

Onset of a Strong Type IV BurstOnset of a Strong Type IV Burst
RCPRCPLCPLCP237237

327327
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408408
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TSRS DATA PRODUCTSTSRS DATA PRODUCTS
•• 11--minmin--average and 1average and 1--minmin--max radio max radio indicesindices

•• 237, 327, 408, 610, 1420, 2695 237, 327, 408, 610, 1420, 2695 MHzMHz

•• FLUX DENSITY & CIRCULAR POLARIZATIONFLUX DENSITY & CIRCULAR POLARIZATION

•• [ W / m[ W / m2 2 / / HzHz ]  &  [ ]  &  [ dBmdBm / / HzHz ]]

•• ObservedObserved and 1and 1--minmin--ahead ahead PredictedPredicted ValuesValues

•• Single Single polarizationpolarization channelschannels & & sumsum of of channelschannels



TSRS TSRS SolarSolar Radio Radio NoiseNoise (SRN) (SRN) LevelLevel
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•• The The SolarSolar Radio Radio NoiseNoise (SRN) (SRN) levellevel isis derivedderived accordingaccording
toto a a specificspecific thresholdingthresholding at at eacheach receivingreceiving frequencyfrequency, , 
whichwhich isis basedbased on the on the respectiverespective QuietQuiet SunSun levelslevels via a via a 
multiplicativemultiplicative factorfactor asas

SRN = (SRN = (QuietQuiet SunSun levellevel) * () * (ActivityActivity FactorFactor))

•• SRN SRN isis thereforetherefore classifiedclassified asas LowLow, , ModerateModerate, , HighHigh

•• ObservedObserved and and predictedpredicted SRN SRN valuesvalues are are publishedpublished on on 
the web site in NRTthe web site in NRT



The TSRS The TSRS HomepageHomepage
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The TSRS The TSRS SolarSolar Radio Radio NoiseNoise PanelPanel
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SOLRA The TSRS SOLRA The TSRS realreal--timetime solarsolar radio radio archivearchive
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A A MultichannelMultichannel SynopticSynoptic GraphGraph
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MultichannelMultichannel 11--min min AveragedAveraged Radio Radio IndexIndex GraphGraph
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TSRS on Mobile TSRS on Mobile PhonesPhones
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TRIESTE SOLAR RADIO SYSTEMTRIESTE SOLAR RADIO SYSTEM
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TSRS TSRS RealReal--TimeTime Data Data ProductsProducts
in ESA/SWENETin ESA/SWENET

•• 11--minmin--average average solarsolar radio radio indexindex
–– 237, 327, 408, 610, 1420, 2695 237, 327, 408, 610, 1420, 2695 MHzMHz (6 (6 frequenciesfrequencies))

•• LH, RH, LH + RH                                        (3 LH, RH, LH + RH                                        (3 polarizationpolarization valuesvalues))
–– SFU, SFU, dBmdBm//HzHz (2 (2 measurementmeasurement unitsunits))

»» ObservedObserved, 1, 1--minmin--ahead ahead PredictedPredicted (2 data (2 data categoriescategories))

•• 11--minmin--max max solarsolar radio radio indexindex
–– 237, 327, 408, 610, 1420, 2695 237, 327, 408, 610, 1420, 2695 MHzMHz

•• LH, RH, LH, RH, LH+RHLH+RH
–– SFU, SFU, dBmdBm//HzHz

»» ObservedObserved, 1, 1--minmin--ahead ahead PredictedPredicted

144 144 RealReal--TimeTime Data Data ProductsProducts
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ESA/SWENET ESA/SWENET HomepageHomepage
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TSRS TSRS asas a SWENET SDAa SWENET SDA



RelevanceRelevance of of SolarSolar Radio Radio EmissionEmission toto SpWSpW

•• PROXIES OF SOLAR DRIVERSPROXIES OF SOLAR DRIVERS
– Type I Bursts (magnetic topology changes)
– Type II Bursts (propagating shocks; particle beams)
– Type III Bursts (particle acceleration; particle beams)
– Type IV Bursts (magnetic reconnection; acceleration)
– Spikes (energy release fragmentation; acceleration)
– Precursors (radio signatures preceding flares)

•• DIRECT SOURCE OF GEOEFFECTSDIRECT SOURCE OF GEOEFFECTS
– Radio Flares (Very Intense Broad Band Radio Noise)
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The The SunSun asas a Radio a Radio NoiseNoise SourceSource

•• The The SunSun isis a radio a radio sourcesource
– non-directional
– broad band

•• SolarSolar radio radio noisenoise cancan
– increase by several orders of magnitude during outbursts
– persist at high levels for minutes to hours

•• EnhancedEnhanced solarsolar radio radio noisenoise can can perturbperturb
– HF communications (MIL!MIL!)
– Mobile communications (GSM, GPRS, UMTS!UMTS!)
– Global Navigation Satellite Systems (GPS, GNSS)
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RADIO DIAGNOSTICSRADIO DIAGNOSTICS
RELEVANT TO SPACE WEATHER APPLICATIONSRELEVANT TO SPACE WEATHER APPLICATIONS
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2000 06 2000 06 0606 1525UTC  X3/2B1525UTC  X3/2B

• TYPE II
• TYPE IV
• 2,300 SFU TENFLARE
• 11-DEGREE DSF
• LOOP PROMINENCE SYSTEM
• FULL-HALO CME
• SOLAR PROTON EVENT
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TSRS RADIO AND GOES SXR TIMINGSTSRS RADIO AND GOES SXR TIMINGS

SXR

2695 MHz

1420 MHz

610 MHz

408 MHz

327 MHz

237 MHz



2000 07 14  1024UTC  X5/3B2000 07 14  1024UTC  X5/3B

• TYPE II
• TYPE IV (6.5 HOURS)
• 2,600 SFU TENFLARE
• FAST-MOVING FULL-HALO CME
• HUGE SOLAR PROTON EVENT

SEE 2007 SEE 2007 AthensAthens 24 24 SeptSept. 2007. 2007 3030



SEE 2007 SEE 2007 AthensAthens 24 24 SeptSept. 2007. 2007 3131

GOES SXRGOES SXR

X

C

M



SEE 2007 SEE 2007 AthensAthens 24 24 SeptSept. 2007. 2007 3232

TSRS RADIO AND GOES SXR TIMINGSTSRS RADIO AND GOES SXR TIMINGS

SXR

2695 MHz
1420 MHz

610 MHz
408 MHz
327 MHz

237 MHz



2001 04 15  1350UTC  X14/2B2001 04 15  1350UTC  X14/2B

• TYPE II
• TYPE IV
• 48,000 SFU TENFLARE
• SOLAR PROTON EVENT
• GROUND LEVEL EFFECTS
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TSRS RADIO AND GOES SXR TIMINGSTSRS RADIO AND GOES SXR TIMINGS

SXR
2695 MHz
1420 MHz

610 MHz
408 MHz
327 MHz
237 MHz



SEE 2007 SEE 2007 AthensAthens 24 24 SeptSept. 2007. 2007 3636

EffectsEffects of of SBRsSBRs on on WirelessWireless SystemsSystems
• Bala et al. (2002):

– For a cellular base station operating at 900 MHz , the 
equivalent solar flux (thermal noise=solar noise level) Feq ∼
960 SFU → more than twice the thermal noise power.

– For a base station operating at 2.4 GHz, Feq ∼ 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 year, 
modulated by the solar cycle.
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Effects of SRBs on GPS
• 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/N0 fade of 3 dB and L2 C/N0 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.

• See also Klobuchar et al. (1999)
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Solar Radio Outbursts as Potential Radio Communications Solar Radio Outbursts as Potential Radio Communications JammersJammers: Analysis of : Analysis of 
Selected CasesSelected Cases

M. MesserottiM. Messerotti1,21,2, P. Zlobec, P. Zlobec11, , I.I. CorettiCoretti11, M. Iurcev, M. Iurcev11, S. Padovan, S. Padovan11
11 INAF, Trieste INAF, Trieste AstronomicalAstronomical ObservatoryObservatory, Trieste, , Trieste, ItalyItaly

22 DepartmentDepartment of of PhysicsPhysics, University of Trieste, , University of Trieste, TriesteTrieste, , ItalyItaly

ESA Space ESA Space WeatherWeather Workshop:Workshop:
DevelopingDeveloping a a EuropeanEuropean Space Space WeatherWeather ServiceService NetworkNetwork
33--5 5 NovemberNovember 2003, ESTEC, 2003, ESTEC, NoordwijkNoordwijk, The , The NetherlandsNetherlands

100

1000

10000

100000

06
/0

6/
20

00

06
/0

8/
20

00

06
/1

0/
20

00

06
/1

2/
20

00

06
/0

2/
20

01

06
/0

4/
20

01

06
/0

6/
20

01

06
/0

8/
20

01

06
/1

0/
20

01

06
/1

2/
20

01

06
/0

2/
20

02

06
/0

4/
20

02

06
/0

6/
20

02

06
/0

8/
20

02

06
/1

0/
20

02

06
/1

2/
20

02

06
/0

2/
20

03

06
/0

4/
20

03

06
/0

6/
20

03

06
/0

8/
20

03

06
/1

0/
20

03

Pe
ak

 S
ol

ar
 R

ad
io

 F
lu

x 
[S

FU
]

237 MHz
327 MHz
408 MHz
610 MHz
1420 MHz
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Cell Phones
GPS Rxs

•• SolarSolar radio radio burstsbursts can can lowerlower
the SNR in the SNR in wirelesswireless commscomms

•• AttentionAttention levellevel isis::
•• 1,000 SFU 1,000 SFU forfor mobilesmobiles
•• 40,000 SFU 40,000 SFU forfor GPSsGPSs

•• WeWe analyzedanalyzed 15 15 outburstsoutbursts
detecteddetected byby TSRS in 2000TSRS in 2000--0303

•• 1,000 SFU 1,000 SFU waswas exceededexceeded byby
•• 80%   237 80%   237 MHzMHz eventsevents
•• 80%   327 80%   327 MHzMHz eventsevents
•• 67%   408 67%   408 MHzMHz eventsevents
•• 80%   610 80%   610 MHzMHz eventsevents
•• 53% 1420 53% 1420 MHzMHz eventsevents
•• 53% 2695 53% 2695 MHzMHz eventsevents

•• No No eventevent at 1420 at 1420 MHzMHz foundfound
largerlarger thanthan GPS GPS thresholdthreshold
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Effects of SRBs on 5-6 Dec 2006
• P. Kintner (Cornell University):

– Large number of receivers 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)

SourceSource: GPS : GPS DailyDaily (http://www.gpsdaily.com)(http://www.gpsdaily.com)



Tenflare > 1,000 SFU [2005]
Table obtained via EGSO/SEC search on GEV catalog (http://sec.ts.astro.it)

Date Time Start Time Max Time End AR Latitude Longitude SXR Class OPT Class 245 MHz 2800 MHz Type II Type IV
15/01/2005 5.54.00 6.38.00 7.17.00 10720 11 -6 M8.6 sf 41000 3000 TRUE TRUE
17/01/2005 6.59.00 9.52.00 10.07.00 10720 X3.8 2f 39000 1200 TRUE TRUE
19/01/2005 5.10.00 5.26.00 5.35.00 10720 12 44 C7.2 sf 3500
19/01/2005 6.58.00 7.31.00 7.55.00 10720 19 47 M6.7 2n 5000
19/01/2005 10.19.00 10.24.00 10.29.00 10720 18 47 M2.7 1n 1400 2900
20/01/2005 6.36.00 7.01.00 7.26.00 10720 12 58 X7.1 2b 8400 TRUE TRUE
13/05/2005 16.13.00 16.57.00 17.28.00 10759 12 -12 M8.0 2b 420 2900 TRUE TRUE
09/07/2005 21.47.00 22.06.00 22.19.00 10786 11 27 M2.8 1n 1200 1500
10/07/2005 21.47.00 22.06.00 22.19.00 10786 11 27 M2.8 1n 1200 1500 TRUE
13/07/2005 14.01.00 14.49.00 15.38.00 10786 M5.0 6600 2000
14/07/2005 10.16.00 10.55.00 11.29.00 10786 X1.2 5400 3400 TRUE
07/09/2005 17.17.00 17.40.00 18.03.00 10808 -6 -89 X17. 3b 3200 2700 TRUE TRUE
09/09/2005 19.13.00 20.04.00 20.36.00 10808 -10 -58 X6.2 2b 690 4200 TRUE TRUE
10/09/2005 21.30.00 22.11.00 22.43.00 10808 X2.1 910 1600 TRUE TRUE
11/09/2005 21.30.00 22.11.00 22.43.00 10808 X2.1 910 1600 TRUE TRUE
13/09/2005 19.19.00 19.27.00 20.57.00 10808 -9 -10 X1.5 2b 700 4900
17/09/2005 5.58.00 6.05.00 6.15.00 10808 -10 39 M9.8 2n 1000

17 EVENTS ∈ [ 1000, 8400 ] SFU
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Tenflare > 1,000 SFU [2006]
Table obtained via EGSO/SEC search on GEV catalog (http://sec.ts.astro.it)

Date Time Start Time Max Time End AR Latitude Longitude SXR Class OPT Class 245 MHz 2800 MHz Type II Type IV
05/12/2006 10.18.00 10.35.00 10.45.00 10930 -7 -79 X9.0 2n 210000 1200 TRUE TRUE
06/12/2006 18.29.00 18.47.00 19.00.00 10930 -6 -63 X6.5 3b 30000 5800 TRUE TRUE
07/12/2006 18.20.00 19.13.00 19.33.00 10930 -7 -47 M2.0 1n 85 2600
13/12/2006 3.55.00 3.57.00 4.04.00 460 1500
13/12/2006 2.14.00 2.40.00 2.57.00 10930 -6 24 X3.4 4b 4400 TRUE TRUE
14/12/2006 2.14.00 2.40.00 2.57.00 10930 -6 24 X3.4 4b 4400 TRUE TRUE

6 EVENTS ∈ [ 1200, 5800 ] SFU
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Statistics of Tenflare > 1000 SFU 2005-06
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GOES SXR Lightcurve
GOES SXR Flux   2006.12.05 
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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
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TSRS Synoptic 05.12.2006
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TSRS Indices 05.12.2006
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] GOES SXR Flux
1420 MHz (max)
2695 MHz (max)

TSRS 1-min radio flux density levels
at 1420 Mhz and 2695 MHz

Observed maximum radio flux density significantly exceed reported levels:
S2695max = 10,391 SFU     S1420max = 4,870 SFU
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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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TSRS 2005.07.14



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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TSRS 2006.12.05



TSRS 2006.12.05    1420 MHz
TSRS    1420 MHz    2006.12.05
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TSRS 2006.12.05    2695 MHz
TSRS    2695 MHz    2006.12.05
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ConclusionsConclusions 11
•• TheoreticalTheoretical estimationsestimations and and experimentalexperimental evidencesevidences

indicate indicate thatthat the the SunSun can can directlydirectly interfere interfere 
communicationcommunication and and navigationnavigation systemssystems

•• DetailedDetailed studiesstudies of the of the solarsolar radio radio noisenoise havehave toto bebe
performedperformed via via diachronicdiachronic radio radio observationsobservations in in orderorder toto
betterbetter specifyspecify the the effectseffects of of SRBsSRBs on on wirelesswireless systemssystems
and on GNSSand on GNSS

•• TSRS TSRS isis anan effectiveeffective toolstools forfor Space Space WeatherWeather
applicationsapplications asas itit measuresmeasures the the solarsolar radio radio emissionemission in in 
nearnear--realreal--timetime at at differentdifferent frequenciesfrequencies withwith high time high time 
cadencecadence and and nearnear--realreal--timetime data data ingestioningestion

•• TSRS can TSRS can provideprovide significantlysignificantly new new informationinformation in in thisthis
frameworkframework due due toto itsits particularlyparticularly suitablesuitable operatingoperating modemode
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•• The The maximummaximum radio radio fluxflux density density valuesvalues
publishedpublished on data on data catalogscatalogs oftenoften differsdiffers
fromfrom thatthat obtainedobtained byby precise, high time precise, high time 
resolutionresolution, , diachronicdiachronic measurementsmeasurements

•• The The useuse of of realreal--timetime multichannelmultichannel solarsolar
radio radio polarimeterspolarimeters isis a a keykey issueissue forfor anan
appropiateappropiate analysisanalysis of the of the geoeffectivitygeoeffectivity of of 
radio radio flares.flares.
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