
Off Equatorial Analysis of Several Commonly Used
Magnetic Field Models

Introduction:
   External magnetic field models are an important
component of both current and future research on near-
space phenomenon.  Presently, they help us understand
current system response and field line response during
periods of geomagnetic activity, and eventually they will be
an integral part of space weather forecasting.  Recent
studies have been limited to evaluating equatorial
performance; this study focuses on performance
characteristics above and below the equatorial plane.
Equator based studies have identified many model
inaccuracies (such as over-stretched magnetotails including
over-compression of the bow shock, and poor dawn-dusk
asymmetries) and suggested the newest models to be the
best.  With a variety of techniques, we examine these
findings and note individual and overall model proficiencies.
Also included are suggestions for model users.

•Tsyganenko ‘96
•Still commonly used
•Easy to Implement
•Equatorial field line over-
stretching

•Tsyganenko ‘01/“Storm”
•Sibling models
•“Storm” has no input
constraints
•First to allow for time
dependence

Bin by Geomagnetic Activity:
•Least active times show highest prediction
efficiencies (PE).
•Tsyganenko 04 has highest PE across all bins.
•Tsyganenko 01/storm has highest PE in most
active bin.

Bin by Storm Phase:
•Pre-storm and advanced Recovery show
highest PE.
•Very poor predictive power during
preliminary recovery phase.
•Tsyganenko 04 has highest PE during the
preliminary recovery phase.

Bin by Geomagnetic Latitude:
•0°-19° bin has PE = 0.97

•Ring current modeling?
•40°-59° bin has PE = 0.99

•Inactive region?
•Tsyganenko 01 shows highest PE in regions
above 60°.
•As latitude increases…

•Newer models perform well
•Older models’ PE drops

Methods:
•Examine 3D magnetic field model plots
•Compare model output to |B| measurements by satellite magnetometer
measurements:

•Prediction Efficiency is a measure of measure of how much variation in the
observed data is explained by the model:

Results

Cluster Polar

Conclusions:

Overall:
•Models perform best during low geomagnetic activity
periods.
•Storm time performance is best well before and after
storm main phase.
•Problems noted in Equatorial studies are manifest at
higher L values.

Model:
•Tsyganenko 04 provides overall best PE.
•Tsyganenko 01 shows best PE at high latitudes and
high activity periods.
•Older models (Olson & Pfitzer dynamic and
Tsyganenko 96) show lowest overall PE and lowest
overall during disturbed times.

Recommendations:
1.Use Tsyganenko 04 for most situations.
2.Use Tsyganenko 01/storm in extreme cases
(at Kp > 7 and Latitudes > 60°).
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ONERA-DESP model library .dll and information available at
http://craterre.onecert.fr//support/user_guide.html

Magnetic Field Models:
•Olson & Pftizer “Dynamic” [1988]

•Limited input range
•Only basic physics
•Poor dawn correlation to data

•Tsyganenko ‘04
•Newest model available
•Increased time dependence
•Recently touted as providing the
best results at the Equator


