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OceansatOceansat--2: an Indian satellite 2: an Indian satellite 
dedicated for dedicated for ocean researchocean research

Credits: from the announcement of opportunity Credits: from the announcement of opportunity ““Indian Remote Indian Remote 
Sensing Satellite OceansatSensing Satellite Oceansat--2 Mission2 Mission”” issued by ISROissued by ISRO

KuKu--band pencil beam band pencil beam 
scatterometer: scatterometer: wind vectorswind vectors
close to Oceanclose to Ocean’’s surfaces surface

Ocean Colour Monitor (CCD Ocean Colour Monitor (CCD 
camera): LAC (360 m) and GAC (4 camera): LAC (360 m) and GAC (4 
km) modes km) modes to image Oceanto image Ocean’’s s 
surfacesurface globally (in 4 globally (in 4 ÷÷ 6 days) 6 days) 
and in local detailand in local detail

RRadio adio OOccultation ccultation SSounder of ounder of 
the the AAtmosphere (tmosphere (ROSAROSA): ): 
amospheric profilesamospheric profiles and data and data 
for for space weatherspace weather



Chicago, August 7Chicago, August 7--16, 200816, 2008

•• The The ROSAROSA receiverreceiver’’s concept.s concept.

PLAN OF THE TALKPLAN OF THE TALK

•• The OceansatThe Oceansat--2 Mission.2 Mission.
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hh < < hhthresholdthreshold : the signal, strongly disturbed by : the signal, strongly disturbed by water vapourwater vapour, , 
is tracked via an is tracked via an open loopopen loop configuration of ROSAconfiguration of ROSA

hh > > hhthresholdthreshold: the signal is : the signal is regular enoughregular enough to be tracked via the to be tracked via the 
closed loopclosed loop configuration of ROSAconfiguration of ROSA

Tracking the signal in Tracking the signal in rising eventsrising events: the ROSA open : the ROSA open 
loop and closed loop configurationsloop and closed loop configurations
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The The ground segmentground segment of ROSA 1/2of ROSA 1/2
Data will be Data will be 
downloaded to downloaded to 
the the Space Space 
Geodesy CentreGeodesy Centre
in Matera (in Matera (ItalyItaly) ) 
and to the and to the 
National Remote National Remote 
Sensing AgencySensing Agency
in Hyderabad in Hyderabad 
((IndiaIndia).).

On the average, On the average, 
OceansatOceansat--2 will 2 will 
be in view be in view 6 6 
times per daytimes per day..
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The software of The software of 
the the ground ground 
segmentsegment is built is built 
up by up by Italian Italian 
universitiesuniversities, , 
researchresearch--
technological technological 
institutesinstitutes and and an an 
innovative innovative 
industryindustry. They . They 
will be all part of will be all part of 
a a web gridweb grid for for 
data elaborationdata elaboration..

The The ground segmentground segment of ROSA 2/2of ROSA 2/2
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The data products The data products 
from ROSAfrom ROSA
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Tropopause height and temperature, climatic studies, Tropopause height and temperature, climatic studies, 
large scale water vapour analysis, RO vs LIDARlarge scale water vapour analysis, RO vs LIDAR

Assimilation of RO data into climatological Assimilation of RO data into climatological 
and real time weather prediction modelsand real time weather prediction models

Assimilation of RO data into Assimilation of RO data into 
climatological and real time climatological and real time 
weather prediction modelsweather prediction models

Ionospheric 3D inversion Ionospheric 3D inversion 
via tomographyvia tomography

ROSAROSA--ROSSAROSSA: ROSA : ROSA RResearch and esearch and OOperational perational 
SSatellite and atellite and SSoftware oftware AActivitiesctivities
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Space weather via:Space weather via:

•• Ionospheric profile Ionospheric profile 
analysis;analysis;

•• TopsideTopside--plasmasphereplasmasphere’’s s 
TEC monitoring;TEC monitoring;

•• Irregularity study via Irregularity study via 
occultation linksoccultation links

ROSAROSA--ROSSAROSSA: ROSA : ROSA RResearch and esearch and OOperational perational 
SSatellite and atellite and SSoftware oftware AActivitiesctivities
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•• The OceansatThe Oceansat--2 Mission.2 Mission.



Ionospheric profiles from RO via Ionospheric profiles from RO via MIDASMIDAS
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Stochastic inversion Stochastic inversion 
techniquestechniques determine the determine the 
ionospheric density ionospheric density NNee in in 
some 3D region of interest some 3D region of interest 
from a collection of total from a collection of total 
electron contents along the electron contents along the 
the signal raypaths.the signal raypaths.

•• GPSGPS--ground links: ground links: horizontal gradientshorizontal gradients;;

•• Radio occultation links: Radio occultation links: vertical gradientsvertical gradients;;

•• GPSGPS--LEO positioning links: LEO positioning links: topside and plasmaspheretopside and plasmasphere..

((MMulti ulti IInstrument nstrument DData ata AAnalysis nalysis 
SSystem, developed by the ystem, developed by the 
University of Bath, UK)University of Bath, UK)
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TomographyTomography--onion peeling onion peeling mutual mutual ““validationvalidation””::
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Tomography and onion Tomography and onion 
peelingpeeling validation via validation via 
datadata (e.g. ionosondes):(e.g. ionosondes):
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•• Collect ionospheric profiles Collect ionospheric profiles NNee((hh)) for for different heliodifferent helio--geophysical geophysical 
conditionsconditions;;

•• QualitativeQualitative--freqency studyfreqency study: parametrize the profiles (e.g. : parametrize the profiles (e.g. NNmaxmax, , hhmaxmax, , 
HH,,……) and study the variability of parameters) and study the variability of parameters’’ distribution as a distribution as a 
consequence of the different helioconsequence of the different helio--geophysical conditions;geophysical conditions;

•• Quantitative studyQuantitative study: study the : study the couplingcoupling between processes between processes 
describing the describing the SunSun--Earth forcingEarth forcing and the and the profile parameter profile parameter 
evolutionevolution via tools from via tools from information theoryinformation theory (e.g. mutual information (e.g. mutual information 
and information transfer).and information transfer).

Ionospheric profilesIonospheric profiles’’ Space WeatherSpace Weather
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TopsideTopside--plasmasphere TECplasmasphere TEC may be obtained from may be obtained from 
““navigational datanavigational data”” of the LEOof the LEO--spaceborn receiverspaceborn receiver, and put in , and put in 
relationship with heliorelationship with helio--geophysical conditions.geophysical conditions.
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Space Weather of the Space Weather of the small scale structuressmall scale structures of of 
the total electron content.the total electron content.

2003 Halloween Storm2003 Halloween Storm

October 29, 
UT 00:00

After the 
website of 
NOAA, SPIDR

What happens to the TEC What happens to the TEC 
(multiscale structure) (multiscale structure) 
during the storm?during the storm?



During the storm periodDuring the storm period, , 
the (ground) vertical the (ground) vertical 
TEC appears not onlyTEC appears not only
fluctuating with a fluctuating with a 
stronger dynamicstronger dynamic, but , but 
also also more irregularmore irregular at at 
the small time scales.the small time scales.

The The continuous wavelet continuous wavelet 
analysisanalysis, is able to track  , is able to track  
the distribution of the distribution of 
fluctuations at all the fluctuations at all the 
scales as functions of scales as functions of 
the time in a very the time in a very 
detailed way.detailed way.

Chicago, August 7Chicago, August 7--16, 200816, 2008

Space Weather of the TEC Space Weather of the TEC small scale structuressmall scale structures..

October 29, 
UT 00:00
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Comparing Comparing radio scintillationradio scintillation from from topsidetopside--
plasmasphere and ionosphereplasmasphere and ionosphere, versus those , versus those 
from from low atmospherelow atmosphere..
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Radio scintillationRadio scintillation is is 
caused by an caused by an irregular irregular 
refractivityrefractivity. Studying . Studying 
the radiothe radio--scintillation scintillation 
on a given link is on a given link is 
studying the studying the 
(integrated) effect of (integrated) effect of 
these irregularitiesthese irregularities..

If the sampling is high enough (e.g. 50 Hz), LEO + GPS data willIf the sampling is high enough (e.g. 50 Hz), LEO + GPS data will allow for the allow for the 
comparison between the ionospheric and tropospheric irregularitycomparison between the ionospheric and tropospheric irregularity effectseffects in in 
terms of radio scintillation.terms of radio scintillation.

High sampling rate data from ground High sampling rate data from ground 
GPS scintillation receiversGPS scintillation receivers are the are the 

““playgroundplayground”” for practicing on for practicing on multimulti--
scale analysis of radio scintillationscale analysis of radio scintillation
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Radio scintillations are Radio scintillations are multimulti--scalescale and and nonnon--stationarystationary. . 
Wavelet analysisWavelet analysis will be the right tool to study them.will be the right tool to study them.

WaveletWavelet--analysis singles out features in the GPSanalysis singles out features in the GPS--ground links with ground links with periodicity of a periodicity of a 
sideral daysideral day, due probably to , due probably to ““orbital causesorbital causes”” like like rayray--ray interferenceray interference and and multipathmultipath

Multi scale analysis applied to radio data Multi scale analysis applied to radio data 
allows both to appreciate allows both to appreciate small scale features small scale features 
in the mediumin the medium and to discriminate and to discriminate unwanted unwanted 

interference effectsinterference effects..
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•• The ROSA receiverThe ROSA receiver’’s concept.s concept.

•• The ROSAThe ROSA--ROSSA scientific campaigns.ROSSA scientific campaigns.

•• Space Weather of the ionospheric vertical profiles.Space Weather of the ionospheric vertical profiles.

• Conclusions.Conclusions.

•• Space Weather of the topsideSpace Weather of the topside--plasmaspheric TEC.plasmaspheric TEC.

•• Space Weather of the radio scintillation on limbSpace Weather of the radio scintillation on limb--sounding links.sounding links.

PLAN OF THE TALKPLAN OF THE TALK

•• The OceansatThe Oceansat--2 Mission: a Indian2 Mission: a Indian--Italian opportunity.Italian opportunity.
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OpportunitiesOpportunities given by the availability of data given by the availability of data 
from the ROSA receiver in terms of from the ROSA receiver in terms of Space Space 
Weather of the ionosphere Weather of the ionosphere (1/2):(1/2):

•• Assess quantitatively Assess quantitatively the role of radiothe role of radio--occultation occultation in in stochastic stochastic 
inversionsinversions of ionospheric data.of ionospheric data.

•• Develop and refine nonDevelop and refine non--tomographic profile retrieval techniques tomographic profile retrieval techniques 
((advanced onionadvanced onion--peeling techniquespeeling techniques).).

•• Monitor the Monitor the variability of the ionospheric structure in the vertical variability of the ionospheric structure in the vertical 
directiondirection in relationship with in relationship with different Space Weather conditionsdifferent Space Weather conditions..
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OpportunitiesOpportunities given by the availability of data given by the availability of data 
from the ROSA receiver in terms of from the ROSA receiver in terms of Space Space 
Weather of the ionosphereWeather of the ionosphere (2/2):(2/2):

•• Monitor the Monitor the topsidetopside--plasmaspheric TEC plasmaspheric TEC in relationship with in relationship with different different 
Space Weather conditionsSpace Weather conditions..

•• Study the Study the RO dataRO data via via multimulti--scale analysisscale analysis, to investigate the , to investigate the radial radial 
properties of ionospheric irregularitiesproperties of ionospheric irregularities..

•• Study the Study the topsidetopside--plasmasphereplasmasphere data via data via multimulti--scale analysisscale analysis, to , to 
investigate the investigate the topsidetopside--plasmaspheric irregularitiesplasmaspheric irregularities (if any).(if any).
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OpportunitiesOpportunities given by the availability of data given by the availability of data 
from the ROSA receiver in terms of from the ROSA receiver in terms of Space Space 
Weather Weather –– Weather interactionWeather interaction::

•• The ROSA receiver will provide the community with The ROSA receiver will provide the community with data for both the data for both the 
ionospheric and the ionospheric and the ““lowerlower”” atmospheric scienceatmospheric science..

•• The The ROSAROSA--ROSSA communityROSSA community is a good chance for exchanging is a good chance for exchanging 
experiences, ideas and working to the investigation of how the experiences, ideas and working to the investigation of how the ““lowerlower””
atmosphere systematmosphere system is forced by the is forced by the SunSun--Earth interactionEarth interaction and and 
reponds to it (nonreponds to it (non--antropogenic global change).antropogenic global change).

•• The ROSA project has The ROSA project has brought togetherbrought together physicists and engineers physicists and engineers 
from the two fieldsfrom the two fields..

•• Open our community to the Open our community to the worldwide communityworldwide community..
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