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July 21-23, 2009 CIR storm

CIR-storm at the beginning of 
rising phases of solar cycle 24

Presenter
Presentation Notes
Selection of CIR storms to model. First storm after long quite period occurred on July 21-23, 2009, just at the very beginning of the solar cycle rise. It was CIR storm 



Magnetic storm on July 21-23, 2009

Small storm Long recovery

High speed stream

Smooth southward 
turning of IMF Bz 

Substorm activity

Density peak in front 
of High Speed stream

Presenter
Presentation Notes
The magnetic storm on 22 July 2009 is the largest storm observed since June 2008. On 22 July 2009, the Dst dropped to nearly –80 nT at 07:00 and 10:00 15 UT. It occurred during the deep minimum of solar cycle 23. The Sun was very quiet and so was the geomagnetic activity. However, recurring high-speed solar wind streams can trigger substorm injections and particle acceleration even during minimum solar condition [Baker et al., 1998]. On 22 July 2009, a high-speed stream reached the Earth with speed ~500 km/s and |B| ~ 25 nT. The magnetosphere responded with substorm and storm features, where AL attained a value ~1000 nT at 04 UT and Dst of –79 nT at 10 UT. This is the largest storm in years 2008 and 2009. The solar wind parameters have been shifted to the bow shock by omniweb (http://omniweb.gsfc.nasa.gov/html/HROddocum.html). 
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Inner Magnetosphere Particle 
Transport and Acceleration Model (1)

(Ganushkina et al., AnnGeo, 2005, JGR, 2006)
- Changes in distribution function f and flux calculations for ions and electrons 
with arbitrary pitch angles using Liouville’s theorem  taking into account loss 
processes. 

- Boundary distribution: at any location from 6.6 to 10 Re
- Transport of particles:

-Drifts with velocities, radial and longitudinal, as sum of ExB and magnetic 
drifts,  1st  and 2nd inv = const in time-dependent magnetic and electric 
fields with self-consistent magnetic field
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Losses for ions:
- charge exchange with Hydrogen from geocorona;
- Coulomb interaction in dense thermal plasmas (plasmasphere); 
- convection outflow, particle intersects the magnetopause and 

flows away along magnetosheath magnetic field lines.

Inner Magnetosphere Particle 
Transport and Acceleration Model (2)

(Ganushkina et al., AnnGeo, 2005, JGR, 2006)



Model-dependent Dst calculations during storms
1. Using Dessler-Parker-Sckopke relationship:

The energy in the ring current can be expressed by , where

is the total energy in the Earth’s dipole magnetic field above
the surface, BE is the magnetic field at the Earth’s surface, 
RE is one Earth radii (6371 km).

is the change in B measured at the surface of  the Earth (Dst).

2. Calculating from the model ring current by Biot-Savart law:

The magnetic disturbance parallel to the earth’s dipole at the center of the earth 
∆B induced by the azimuthal component of J⊥, is given by
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Combinations of models for IMPTAM
for July 21-23, 1997 storm

Electric Field Boundary conditions

dipole Volland-Stern Tsyganenko and Mukai, 2003

T89 Volland-Stern Tsyganenko and Mukai, 2003

T96 Volland-Stern Tsyganenko and Mukai, 2003

TS04 Volland-Stern Tsyganenko and Mukai, 2003

dipole Boyle et al., 1997 Tsyganenko and Mukai, 2003

T89 Boyle et al., 1997 Tsyganenko and Mukai, 2003

T96 Boyle et al., 1997 Tsyganenko and Mukai, 2003

TS04 Boyle et al., 1997 Tsyganenko and Mukai, 2003

No self-consistency (special subject for separate study)

Best fit with observed Dst for  dipole + T96 + VS model combination



Modeled Dst for 
July 21-23, 2009

Model combination:

-Dipole magnetic field
-Volland-Stern electric field
- Tsyganenko and Mukai, 2003
boundary conditions at 10 Re

-overestimate by DPS and BS

-BS overestimates more

-ERC by BS, not by DPS

- large Dst from near-Earth ”tail”
(not stretched, dipole field),
larger by BS



Modeled Dst for 
July 21-23, 2009

Model combination:

- Dipole magnetic field
- Boyle electric field
- Tsyganenko and Mukai, 2003
boundary conditions at 10 Re

-overestimate by DPS and BS

-BS overestimates more

-ERC by BS, not by DPS

- large Dst from near-Earth ”tail”
(not stretched, dipole field),
larger by BS

Electric field difference: 
similar



Modeled Dst for 
July 21-23, 2009

Model combination:

- Dipole magnetic field + T89
- Volland-Stern electric field
- Tsyganenko and Mukai, 2003
boundary conditions at 10 Re

- overestimate by BS, 
but not by DPS

- DPS follows observed Dst

- ERC by BS, not by DPS

- large Dst from near-Earth ”tail”
(but smaller than for dipole),
larger by BS

Magnetic field difference



Modeled Dst for 
July 21-23, 2009

Model combination:

- Dipole magnetic field + T89
- Boyle electric field
- Tsyganenko and Mukai, 2003
boundary conditions at 10 Re

Electric field difference: 
similar

- overestimate by BS, 
but not by DPS

- DPS follows observed Dst

- ERC by BS, not by DPS

- large Dst from near-Earth ”tail”
(but smaller than for dipole),
larger by BS



Modeled Dst for 
July 21-23, 2009

Model combination:

- Dipole magnetic field + T96
- Volland-Stern electric field
- Tsyganenko and Mukai, 2003
boundary conditions at 10 Re

Magnetic field difference

- underestimate by DPS, 
but not by BS

- BS follows observed Dst

- ERC by BS, not by DPS

- Moderate Dst from near-Earth 
”tail” (smaller than for T89),
close values by BS and DPS



Modeled Dst for 
July 21-23, 2009
Model combination:

- Dipole magnetic field + T96
- Boyle electric field
- Tsyganenko and Mukai, 2003
boundary conditions at 10 Re

- underestimate by DPS, 
but not by BS

- BS follows observed Dst

- ERC by BS, not by DPS

- Moderate Dst from near-Earth 
”tail” (smaller than for T89),
close values by BS and DPS



Modeled Dst for 
July 21-23, 2009

Model combination:

- Dipole magnetic field + TS04
- Volland-Stern electric field
- Tsyganenko and Mukai, 2003
boundary conditions at 10 Re

- underestimate by DPS, 
but over estimate by BS

- ERC by BS, not by DPS

- Large Dst from near-Earth 
”tail” (smaller than for T89),
larger by BS



Modeled Dst for 
July 21-23, 2009

Model combination:

- Dipole magnetic field + TS04
- Boyle electric field
- Tsyganenko and Mukai, 2003
boundary conditions at 10 Re

- underestimate by DPS, 
but over estimate by BS

- ERC by BS, not by DPS

- Large Dst from near-Earth 
”tail” (smaller than for T89),
larger by BS



July 22, 2009
0000 UT, SYM-H = 2nT
0400 UT, SYM-H = -59nT
0555 UT, SYM-H = -92nT
0730 UT, SYM-H = -57nT
0905 UT, SYM-H = -89nT
1800 UT, SYM-H = -53nT

Time moments for July 21-23, 2009 storm
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Current densities for July 21-23, 2009
July 22, 00 UT July 22, 04 UT July 22, 06 UT

July 22, 08 UT July 22, 0915 UT July 22, 18 UT

Combination of models: dipole + TS04 + Boyle, Tsyganenko and Mukai at 10 Re



Perpendicular pressure for July 21-23, 2009
July 22, 00 UT July 22, 04 UT July 22, 06 UT

July 22, 08 UT July 22, 0915 UT July 22, 18 UT

Combination of models: dipole + TS04 + Boyle, Tsyganenko and Mukai at 10 Re



Energy density for July 21-23, 2009

July 22, 18 UTJuly 22, 0915 UT

July 22, 08 UTJuly 22, 06 UT

July 22, 04 UTJuly 22, 00 UT



THEMIS spectrograms for comparisons  
for July 21-23, 1997 storm

THEMIS D
THEMIS E
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Comparisons with THEMIS spectrograms
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Combination of models: dipole + TS04 + Boyle, Tsyganenko and Mukai at 10 Re



Comparisons with THEMIS spectrograms
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Combination of models: dipole + TS04 + Boyle, Tsyganenko and Mukai at 10 Re



Comparisons with THEMIS spectrograms
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Combination of models: dipole + TS04 + Boyle, Tsyganenko and Mukai at 10 Re



Comparisons with THEMIS spectrograms
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Combination of models: dipole + TS04 + Boyle, Tsyganenko and Mukai at 10 Re
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