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OutlineOutline

 MotivationMotivation

 Context: thermosphere-ionosphere space weatherContext: thermosphere-ionosphere space weather

 Observational evidence of Observational evidence of ionospheric ionospheric variability duringvariability during
geomagnetically geomagnetically quiet conditionsquiet conditions
 1-1-σσ variations in NmF2 variations in NmF2  during quiet timesduring quiet times

 IMAGEIMAGE &  & FORMOSAT-3/COSMICFORMOSAT-3/COSMIC observations of observations of
4-peaked longitudinal4-peaked longitudinal  ionospheric ionospheric variationsvariations

 Concluding RemarksConcluding Remarks



CEDAR-DASI Workshop  Santa FeMaura Hagan     29 May 2007

MotivationMotivation

 Quiescent variability of thermosphere-ionosphereQuiescent variability of thermosphere-ionosphere
 unresolved research topicunresolved research topic
 potential sources - lower atmosphere potential sources - lower atmosphere 

residual disturbance effectsresidual disturbance effects

 Increasing insight into the impact of lower atmosphericIncreasing insight into the impact of lower atmospheric
sources on the sources on the mesopause mesopause regionregion
 2007 CEDAR tutorials2007 CEDAR tutorials

 One system - the atmosphere doesnOne system - the atmosphere doesn’’t t ““knowknow”” about the about the
boundaries that we impose on itboundaries that we impose on it
 modelsmodels
 fundingfunding
 observationsobservations

 The The mesopause mesopause is the is the ““gatewaygateway”” to the to the  thermosphere-thermosphere-
ionosphereionosphere
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The TIThe TI
GatewayGateway::
TheThe
MesopauseMesopause
RegionRegion
GravityGravity
WavesWaves::
sources,sources,
evolution,evolution,
dissipation,dissipation,
effectseffects
 ???? ????
penetrationpenetration
into the TIinto the TI

Macro-Scale Effects of Micro- &Macro-Scale Effects of Micro- & Meso-Scale  Meso-Scale VariationsVariations
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Natural Variability of the Quiescent Ionosphere (after Mendillo et al., 2002)
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IMAGE-IMAGE-FUVFUV
observationsobservations

of theof the
equatorialequatorial
IonizationIonization

anomaly (EIA)anomaly (EIA)
duringduring

MarMarch ch 20022002
eequinoxquinox  withwith
DE3DE3  115-km115-km
temperaturetemperature

perturbationsperturbations
from the NCARfrom the NCAR

global-scaleglobal-scale
wave modelwave model

(GSWM)(GSWM)

Immel Immel et alet al., 2006., 2006

I = α ∫ ne
2 ds

e + O+ → O*

(135 nm)
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Equatorial Equatorial Ionospheric Ionospheric Anomaly - The FountainAnomaly - The Fountain
Flux in the Magnetic Meridian PlaneFlux in the Magnetic Meridian Plane

after after Hanson & MoffettHanson & Moffett, 1966, 1966

Combined effects of:Combined effects of:
                                          Upward drift (eastward Upward drift (eastward EE))  
                                          Plasma diffusion along Plasma diffusion along BB  

Magnetic LatitudeMagnetic Latitude
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Coupling into the Low & Middle LatitudeCoupling into the Low & Middle Latitude
DaytimeDaytime Ionosphere Ionosphere

Daytime IonosphereDaytime Ionosphere

E-region DynamoE-region Dynamo
~90-160 km~90-160 km
Plasma-neutral collisions:Plasma-neutral collisions:
•• electrons gyrate along  electrons gyrate along BB
•• ions move across  ions move across BB with with
                     neutrals neutrals
Polarization electric fieldPolarization electric field
•• maps up into the F-region maps up into the F-region

Tidal or planetary wind perturbations inTidal or planetary wind perturbations in
the lower thermosphere may affect thethe lower thermosphere may affect the
E-region dynamo processE-region dynamo process  and impactand impact
the F-region aloft during daytimethe F-region aloft during daytime
hours.hours.
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GSWM Diurnal Zonal Wind - 98 km

GSWM-00
migrating

tide

GSWM-02
=

GSWM-00
+

latent heat
response
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after after Lin et al.Lin et al. [2007] [2007]

FORMOSAT-3/COSMIC Electron DensityFORMOSAT-3/COSMIC Electron Density  20-22 LST - Sep 200620-22 LST - Sep 2006

3-15oN Magnetic

3-15oS Magnetic
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SnapshotSnapshot
synoptic mapsynoptic map  - universal time- universal time  ((ttUTUT) perspective) perspective
tidal perturbation, tidal perturbation, ff’’, at a given latitude -, at a given latitude -

ff’’  = = ΣΣ A As,n s,n coscos[[ωωnn((ttUT UT - - φφs,ns,n))  - s- sλ]λ]
ss  = zonal = zonal wavenumberwavenumber; ; λλ= longitude= longitude
nn  = harmonic - 1=diurnal; 2=semidiurnal, etc.= harmonic - 1=diurnal; 2=semidiurnal, etc.
ωωnn  = = 22ππnn/24 hours/24 hours
AAs,ns,n /  / φφs,ns,n  = tidal amplitude / phase= tidal amplitude / phase

Satellite MapsSatellite Maps
  aasynoptic synoptic - local time (- local time (ttLSTLST) perspective) perspective

  ttLSTLST  = = ttUTUT  + + 360360ooλ/λ/22ππ1515oo

ff’’  = = ΣΣ A As,n s,n coscos[[ωωnn((ttLSTLST  - - φφs,ns,n) - ) - ((s-ns-n))λ]λ]
 observed  observed zonal zonal wavenumber wavenumber = |= |s-ns-n||

IMAGE & F-3/C SignaturesIMAGE & F-3/C Signatures
  wavenumber wavenumber 44
  could be DE3could be DE3

s s =-3, =-3, n n =1=1
||s-ns-n| = 4| = 4
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TIME-GCM Simulations [TIME-GCM Simulations [Hagan et alHagan et al., ., 2007]2007]
•• Resolution:Resolution:  horizontal - 2.5horizontal - 2.5oo x 2.5 x 2.5oo

vertical - 4 grid points per scale heightvertical - 4 grid points per scale height
•• Geomagnetically Geomagnetically quiescent vernal equinox moderate solar conditionsquiescent vernal equinox moderate solar conditions

perpetual day of year = 80 (March 21)perpetual day of year = 80 (March 21)
10.7-cm solar radio flux (F10.7-cm solar radio flux (F10.710.7) = 150) = 150
hemispheric power = 8 GWhemispheric power = 8 GW
cross-polar-cap potential drop = 30 kVcross-polar-cap potential drop = 30 kV

•• Lower boundary (~ 30 km) condition (LBC): Lower boundary (~ 30 km) condition (LBC): 
aggregate March global-scale wave model (GSWM) resultsaggregate March global-scale wave model (GSWM) results
diurnal and semidiurnal perturbations - 13 diurnal and semidiurnal perturbations - 13 wavenumberswavenumbers
horizontal winds, temperature, horizontal winds, temperature, geopotential geopotential heightheight

Standard RunStandard Run::
International Geomagnetic Reference Field (IGRF)International Geomagnetic Reference Field (IGRF)

Diagnostic RunsDiagnostic Runs::
IGRF without tidal LBC (IGRF without tidal LBC (““without without tropospheric tropospheric tidestides””))
Aligned Dipole geomagnetic fieldAligned Dipole geomagnetic field
Aligned Dipole geomagnetic field Aligned Dipole geomagnetic field without without tropospheric tropospheric tidestides
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101066 cm cm-3-3  contourscontours

1.61.61.221.22.82.82.42.42.2.2

TIME-GCM Electron Density at 20 UT and 450 kmTIME-GCM Electron Density at 20 UT and 450 km
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TIME-GCM Electron Density at 20 UT and 450 kmTIME-GCM Electron Density at 20 UT and 450 km

101066 cm cm-3-3  contourscontours
1.61.61.221.22.82.82.42.42.2.2

AlignedAligned
DipoleDipole

IGRFIGRF
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AlignedAligned
DipoleDipole

IGRFIGRF

TIME-GCM Electron Density Differences* at 20 UT and 450 kmTIME-GCM Electron Density Differences* at 20 UT and 450 km

*with - without *with - without tropospheric tropospheric tidestides
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AlignedAligned
DipoleDipole

IGRFIGRF

*with - without *with - without tropospheric tropospheric tidestides

TIME-GCM Zonal Wind Differences* at 20 UT and 110 kmTIME-GCM Zonal Wind Differences* at 20 UT and 110 km
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AlignedAligned
DipoleDipole

IGRFIGRF

*with - without *with - without tropospheric tropospheric tidestides

TIME-GCM Vertical TIME-GCM Vertical ExB ExB Drift Differences* at 20 UT and 110 kmDrift Differences* at 20 UT and 110 km
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101066 cm cm-3-3  contourscontours

1.61.61.221.22.82.82.42.42.2.2

TIME-GCM Electron Density at 20 UT and 450 kmTIME-GCM Electron Density at 20 UT and 450 km
20 LST20 LST
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TIME-GCM Electron Density at TIME-GCM Electron Density at 20 LST20 LST and 450 km and 450 km  

101066 cm cm-3-3  contourscontours
1.31.3 1.61.61.01.0.7.7.4.4.1.1
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TIME-GCM Northern Hemisphere Peak Electron DensityTIME-GCM Northern Hemisphere Peak Electron Density

IGRFIGRF

AlignedAligned
DipoleDipole

with with tropospheric tropospheric tidestides

without without tropospheric tropospheric tidestides

20 LST20 LSTGeographic LongitudeGeographic Longitude
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TIME-GCM Northern Hemisphere Peak Electron DensityTIME-GCM Northern Hemisphere Peak Electron Density
IMAGE FUV IMAGE FUV Northern Hemisphere Northern Hemisphere Peak BrightnessPeak Brightness

20 LST20 LSTGeographic LongitudeGeographic Longitude

Electron Density (10
Electron Density (10

6 6 cm
 cm

-3 -3) )

1.01.0

2.22.2

1.41.4

1.81.8

IGRF withIGRF with
tropospheric tropospheric tidestides
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TIME-GCM Zonal Wind DE3 PerturbationsTIME-GCM Zonal Wind DE3 Perturbations
Standard IGRF RunStandard IGRF Run

Amplitude (Amplitude (cm/scm/s)) Phase (local hours)Phase (local hours)

LatitudeLatitude LatitudeLatitude
30 km30 km

100 km100 km

225 km225 km

500 km500 km

55 55 m/sm/s Peak amplitude is Peak amplitude is strongerstronger than than
          GSWM prediction (Hagan and Forbes, 2002)GSWM prediction (Hagan and Forbes, 2002)
     UARS/HRDI analysis result (     UARS/HRDI analysis result (Talaat Talaat and Lieberman, 1999)and Lieberman, 1999)
          TIMED/TIDI analysis result (TIMED/TIDI analysis result (Oberheide Oberheide et al., 2006)et al., 2006)
λλz is z is longerlonger than than
          GSWM prediction (Hagan and Forbes, 2002)GSWM prediction (Hagan and Forbes, 2002)

λλzz ~ 75-85 km ~ 75-85 km
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Conclusions - Conclusions - Hagan et alHagan et al., 2007., 2007

The DE3 is excited by parameterized latent heatThe DE3 is excited by parameterized latent heat
releaserelease associated with raindrop formation in deep associated with raindrop formation in deep
tropical convective clouds in the tropical convective clouds in the GSWMGSWM..

NCARNCAR TIME-GCM simulations can replicate observed TIME-GCM simulations can replicate observed
4-peaked 4-peaked ionospheric ionospheric longitudinal variations only whenlongitudinal variations only when
GSWM DE3 forcing is included at the lower boundary.GSWM DE3 forcing is included at the lower boundary.

These results provide strong evidence of a connectionThese results provide strong evidence of a connection
between persistent global meteorological weatherbetween persistent global meteorological weather
patterns and  quiescent space weather.patterns and  quiescent space weather.
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DASI Science ChallengesDASI Science Challenges

 Select Quiescent Variability Science Questions Select Quiescent Variability Science Questions
 what are the magnitudes & sources of what are the magnitudes & sources of globalglobal quiescent quiescent

thermosphere-ionosphere (TI) variations?thermosphere-ionosphere (TI) variations?
 does the quiescent does the quiescent global global variability variability ““prepre””condition the TI responsecondition the TI response

to space weather events?to space weather events?

 Diagnostic Wish List Diagnostic Wish List
 global global TnTn, Un, , Un, VnVn, , ρρ, , NeNe, Ti, , Ti, UiUi, Vi, , Vi, WiWi, , ΔΔH, H, ΔΔD, D, ΔΔZ, (?)Z, (?)
 leverage existing ground-based & space-borne resourcesleverage existing ground-based & space-borne resources
 correlative analyses to quantify wave sources and signaturescorrelative analyses to quantify wave sources and signatures

 Modeling Component Modeling Component
 develop/assess data assimilation (DA) models (e.g., GAIM); usedevelop/assess data assimilation (DA) models (e.g., GAIM); use

DA to quantify optimum data requirements (quality-location-DA to quantify optimum data requirements (quality-location-
cadence) for fielding new instrumentscadence) for fielding new instruments

 correlative/interpretive numerical modeling effortscorrelative/interpretive numerical modeling efforts


