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Abstract. The CISM validation and metrics team defined and computed skill scores for solar wind parameters (velocity, density, and IMF) at earth, magnetopause crossings, the magnetic field at geosynchronous orbit, the cross-polar-cap electric potential, and ionospheric electron density profiles. Skill scores for solar wind parameters have 
been calculated for CORHEL 1.2, CORHEL 2.3a, and improved versions of WSA. Geospace skill scores have been calculated for LFM, TING, CMIT 1.0 and CISM 1.0. Skill scores and contingency tables have also been calculated for the first forecast model delivered to SEC, the daily Ap model. The longest series of skill scores we have 
computed (based on 8 years of data) is for solar wind velocity, for which we have values for CORHEL 1.2, for CORHEL 2.3a using both Kitt Peak and Mount Wilson magnetograms, and for WSA with improved polar field corrections. The skill score for these models have values between 42% and 48% compared to the baseline WSA model 
in use at SEC, and show steady improvement. These and other quantitative model metrics will be discussed, including the event-based technique for identifying high speed enhancements developed recently by Owens et al. (2005). 
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Solar metrics: coronal hole area

• The coronal metrics attempt to summarise a model’s ability to 
accurately reconstruct the coronal magnetic field using of line of 
sight measurements of the photospheric magnetic field as boundary 
conditions. 

• Coronal metrics are different to the other CISM metrics in that in situ 
observations of the required parameters (such as the coronal 
magnetic field and plasma) are not available. 

CISM uses parameters derived from remote observations of the 
corona for comparison for the model. Metrics are derived from the 
inferred coronal hole area (shown here) and the coronal streamer 
structure inferred from coronagraph images (in development).

• A coronal hole index (CHI) is created by combining together EIT 
images at four different wavelengths (171,195, 284 and 304 Å). 

An algorithm is used to select and cross correlate “dark” regions in 
these EIT images, along with “bright” regions in the He I line.
Areas selected in 2 or more wavelengths are deemed to be coronal
holes, and thus sources of open flux

• Identification of open flux in the models is simple: field lines are traced 
from the photosphere and if they make it to the outer boundary of the 
coronal model they must be open.

• Figures on the right show open flux boundaries for the data-derived 
Coronal Hole Index, the CISM physics-based model (CORHEL 2.3), 
and the empirical baseline model (Wang-Sheeley-Arge,WSA). 
Contingency tables are shown below.

Heliospheric metrics: solar wind conditions at L1

• Heliocentric metrics calculated by comparing the models 
directly with in situ observations of solar wind plasma and 
magnetic field taken by spacecraft near the L1 point (primarily 
ACE and Wind)

• Metrics are calculated for all the major solar wind parameters 
(magnetic field and velocities vectors, density and temperature)

Here, we concentrate on solar wind radial speed (i.e., -VX in 
GSE coords)
Figure (right) shows the ACE/Wind observed solar wind radial 
speed against that predicted by CORHEL 2.3 for 8 years of 
data.
Figure (below) shows skill (relative to baseline WSA) for 
various iterations of CORHEL and WSA

Ionospheric metrics: electron density

• The coupled thermosphere-ionosphere magnetosphere (CMIT) and 
thermosphere ionosphere nested grid (TING) models have been 
run for the May 15, 1997 ICME. Initial validation using middle 
latitude ionosondes is shown here.

• Comparison is individually made to a number of ionosondes at 
different locations. Thus a skill score can be computed at each 
spatial point (Example of the time series for Chilton, below)

Derived Coronal Hole Index (CHI)

• Both WSA and CORHEL predict very similar open field regions during this period, and 
both models match the Coronal Hole Index well.

• The skill of CORHEL compared to WSA for Carrington rotation 1921 (1922) is -10% (-
7%).
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Alternate approach: Events in data

• Identify events of interest within time series – removes emphasis of MSE on time delay in peaks
• For solar wind speed, this is High Speed Enhancements (HSEs)
• Calculate errors in timing and magnitude of events (below for best WSA version), as well as 

contingency tables and associated parameters (e.g. bias, rate of false alarms, etc)

-23CORHEL no

96123CORHEL yes

-32WSA (best) no

61147WSA (best) yes

Data noData yesHSEs

Chilton

-20.22-6.045-10.84-4.4370.237-3.9720.3570.5140.8250.670-1.741-0.507-11.65-8.294-3.7220.2950.1210.628
May 16th

(recovery) 

-2.161-1.243-0.4720.154-1.792-1.096-1.515-0.728-2.448-0.426-0.334-0.9560.5830.571-0.246-0.059-1.697-9.123
May 15th

(storm)

-2.664-1.9940.3320.228-8.692-6.2790.9440.925-2.557-2.450-0.916-1.624-0.988-0.623-0.926-1.099-0.123-0.253
May 14th

(quiet)
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GrahamstownLearmonthHobartPetropavlovskIrkutskChiltonPuerto RicoWallops IslandBoulder

• Time series are extracted from the global models at a fixed location (e.g. Chilton shown 
above)

• Skill scores are computed for individual days. This provides information as to which 
processes are well reproduced in the different models

• Predominantly negative skill scores relative to IRI (the baseline model) could be due to 
the spiky nature of the data.

Magnetospheric metrics: geostationary magnetic fields

• One important scientific magnetospheric metric is the ability of 
coupled CISM models to reproduce the strength and orientation of
magnetic fields at geostationary orbit.

• Geostationary orbit is a region of steep magnetic field gradient, which 
separates the dipolar inner magnetospheric trapped particle 
populations (plasmasphere, ring current radiation belts) from the tail-
like outer magnetotail quasi-trapped particle populations.

• Accurate predictions of this region thus indicate a model’s overall 
ability of capturing this important transition region.

• Geostationary orbit is also home to a large number of commercial, 
military and scientific satellites, making it  region where accurate 
space weather environment predictions are especially important.

• After a formal independent assessment of the empirical models, the 
Tsyganenko (2003)  magnetospheric magnetic field model was 
chosen as the baseline model used for the metric; both T03 and the 
various CISM geospace models are compared to geostationary 
magnetic field measurements obtained by the GOES spacecraft.

• More challenging skill score assessment is during geomagnetic storms
• Nine storms have been simulated and quantitative comparisons completed (Huang et al., 

2006) as a function of time through each storm to identify which features are modeled well
• Higher resolution MHD run improves performance; preliminary results demonstrate that 

coupling with ring current model will also provide significant improvement in predicted field 
strength and orientation at geostationary orbit

 T96 T01 T03 

Field 
Source 

BCF + BRC + BT + 
BR1 + BR2 +BINT 

Same as T96, plus  
BSRC + BPRC 

Same as T01 

Boundary 
Conditions Sibeck M©pause >= -15 RE and 

Shue M©pause 
Same as T01 

Fit ted 
Magnetic 
Field Data 

All available data(*1) All available data(*2) 37 storms data(*3) 
(1996-2000) 

Model 
Inputs 

PRAM, Dst, BIMFy, 
BIMFz, PS 

Same as T96, plus 
time-integration 
effect G1, G2 

Same as T96, plus 
time-integration 
effect G2, G3 

 

Calculation 
Methods 

 

Linear amplitude of 
the field sources on 
solar wind inputs  

Same as T96 

Non-linear 
saturation of the 
sources during 
extreme storm 
conditions  

 

• Standard metric interval (a relatively quiescent period that is free from magnetic storms) was 
used to compute skill score (as defined above) for vector geostationary magnetic fields

• Formal omparison between stand-alone LFM  (standard and double resolution); CMIT 1.0, 
and CISM 1.0 is underway


