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*Spencer, Rao, Horton, and Mays (2008), Evaluation of Solar Wind - Magnetosphere 
Coupling Function during Geomagnetic Storms with the WINDMI Model, Journal of 
Geophysical Research, doi:10.1029/2008JA0135305.

• WINDMI = low dimensional, ODE physics model that 
couples the solar wind to the magnetosphere-ionosphere 
system. Derived from projections on basic volumes of 
magnetospheric plasma. A basic physics model ~20 
physical parameters. Fixed or dynamical Genetic Algo.

http://orion.ph.utexas.edu/~windmi
Uses three forms of Solar Wind driver: 
1. (blue) Rectified solar wind electric field, a coupling 
2. (red) Siscoe et al. (2002) dynamo voltage formula
3. (green) Newell et al. (2007) empirical voltage formula
http://ccmc.gsfc.nasa.gov/cgi-bin/WINDMIpred.cgi
e.g. Training phase October 3-7 2000 storm 

Prediction phase April 15-24 2002 geomagnetic storm.

Real-Time Solar Wind-Magnetosphere- 
Ionosphere Coupling  with the Optimized WINDMI

http://orion.ph.utexas.edu/~windmi
http://ccmc.gsfc.nasa.gov/cgi-bin/WINDMIpred.cgi


25-29 January 2010 CCMC Workshop 3

Power Flow from Solar Wind 
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Real-Time WINDMI

Mays, M. L., W. Horton, E. Spencer, and J. Kozyra (2009), Real-Time WINDMI 
Predictions of Geomagnetic Storm and Substorms, Space Weather, 
doi:10.1029/2008SW000459

• We evaluated the performance of the Real-Time WINDMI model for      
22 storm/substorm event predictions from February 2006 to August 2008. 

• The model predicts AL and Dst values approximately one hour before 
geomagnetic substorm and storm events; subsequently, every ten minutes 
ground based measurements compiled by WDC Kyoto are compared with 
model predictions: http://orion.ph.utexas.edu/~windmi/realtime/

• Real-Time WINDMI model AL and Dst predictions are validated using the 
average relative variance (ARV), correlation coefficient (COR), and root 
mean squared error (RMSE) computed from predicted- Kyoto-Data Center 
time series.
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.
• The rectified driver was found to be the best in overall performance 

during both training as well as prediction phases. Often gives the 
best prediction of Dst.

• The Siscoe formula performed best during the training phase in re- 
producing the AL faithfully, and capturing multiple substorms within 
storms were predicted.

• Newell coupling function performed as best driver for strong –high 
level- AL events: was poorer for weak events.  

• Conclude that multiple drivers need to be concurrently employed in 
space weather models to yield possible levels of geomagnetic 
activity and estimate of uncertainty.

• Use a pre-selection filter for low, medium and high level activity ?

Spencer, Rao, Horton, and Mays (2008), Evaluation of Solar Wind - Magnetosphere 
Coupling Function during Geomagnetic Storms with the WINDMI Model, JGR, 
doi:10.1029/2008JA0135305.

Evaluating Drivers—Conclusions
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Weak Substorm Captured Last 
Wednesday 20 Jan 2010



25-29 January 2010 CCMC Workshop 10

CCMC Polar Cap Voltage

Downloaded this moring from CCMC   
Horton with Rastatter this morning
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GEM Storm with Interplanetary 
Shock Horton,Spencer,Doxas,Kozyra, GRL 2005



25-29 January 2010 CCMC Workshop 12



25-29 January 2010 CCMC Workshop 13

z

x

current

magnetopause

Chapman−Ferraro

current

RC

R2
R2

R1R1

duskdawn
y

to sun

Future Addition to RT WINDMI

daysidesketch2.eps

Gives AU 
index



25-29 January 2010 CCMC Workshop 14

Magnetopause Position from F=ma

Currently shown running on UT server and used to
Estimate driving of low and ultra-frequency wave power
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• 4 years operation with an email alert system currently set to thresholds of 
50 nT and -400 nT for the predicted Dst and AL respectively.

• Performance evaluated with (1) Average Relative Variance (ARV), 
(2) Correlation coefficient (COR), and 
(3) Root Mean Squared Error (RMSE) 
subsequent comparison forecast with Quicklook Kyoto Data.

• Newell input function yielded the best model AL predictions 
followed by the Rectified, then Siscoe input functions for 2006-2008.*

Except: 20 Jan 2010 substorm the Siscoe driver better than Newell driver.

• AL predictions correlate at least one standard deviation better with the 
data than a direct correlation between the input coupling functions and the 
AL index.

• Rectified input has the best mean Dst ARV by a difference of 13% and 
37% from the mean Dst ARV of the Siscoe and Newell inputs respectively.

• Currently running-off line dayside model: bow shock, C-F and AU system. 

Electronic Database: Feb. 2006 – Present

* Mays, Horton, Spencer, and Kozyra (2008), Real-Time WINDMI Predictions of Geomagnetic Storm and 
Substorms, Space Weather, 2009.
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Kp = 6

B ≅ (Bx0, tanh(z/a), 0, Bz)

Ψ(x, z) ≅ Bx0z2/2a - Bzx
jy = Bx0sech2(z/a)/aμ0

P ≅ Bx0
2/2μ0

b = Bz/Bx0 ε = ρ/a

TSYGANENKO MODEL

The End
http://orion.ph.utexas.edu/~windmi

or google search windmi

Figure from 
Horton-Ichikawa, 
Chaos & 
Structures.., 1997

http://orion.ph.utexas.edu/~windmi
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