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Abstract

Modeling the terrestrial impacts of the sun’s solar wind is critical to understanding geomagnetic storms. We use a database of

144 storms from 2010-2019 and showed how these storms affect magnetometers on the ground. We also extracted profiles of the

magnetic field along the magnetotail. Skill scores are assigned to the individual stations on the ground based on how well they

can forecast magnetic indeces like SYM-H and AL. We us our Space Weather Modeling Framework’s geospace configuration.

Our model includes coupling of 3D MHD solver (BATSRUS), the Rice Convection Model, and the Ridley Ionospheric Model.

We have found that all stations have a positive Heidke Skill Score which is encouraging in terms of space weather forecasting.
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Can we use the Space Weather Modeling Framework 
(SWMF) to simulate and predict ground magnetometers 
in the high-latitudes and mid-latitude regions?

The differences between the observations and simulation results have a normal distribution. Shown 
below is the median value of each individual station.

SWMF is comprised of coupled models that simulate the 
geomagnetic environment. The magnetosphere is modeled by an 
ideal 3D magnetohydrodynamic (MHD) solver, the Block Adaptive 
Tree Solarwind Roe Upwind Scheme (BATSRUS). This is coupled with 
the Rice Convection Model (RCM) describing the ring-current.  Lastly, 
the Ridley Ionosphere Model is a potential field solver used to 
describe the currents and conductances in the ionosphere.

A total of 122 storms was run from 2010-2019. The data set 
comprises events with Disturbance Storm index (Dst) minimum below 
a threshold of -50 nT. Virtual magnetometers were placed around the 
simulation globe and compared with observations using the 
SuperMAG database. The stations’ horizontal (to the ground) 
component is used to compare observation and simulation data. Both 
the simulation and the observations have 1 minute cadence..

5. RESULTS: HEIDKE SKILL SCORE

The Heidke Skill Score (HSS) is the measure of the simulation ability to predict a threshold value in 
the magnetometer stations. A threshold value of 50 nT is chosen for mid-latitude stations since that 
is the criterion in picking these individual storms. A threshold value of 200 nT is chosen for higher 
latitudes to detect the strong auroral currents found in the region. 
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1. INTRODUCTION

The Earth’s magnetic field on its surface is a result of the ionosphere 
and nearby geomagnetic responses. Geomagnetic indices are used 
to measure the level of geomagnetic storms. These indices are 
derived from ground magnetometers and thus being able to predict 
storms or indices requires a stronger prediction of ground 
magnetometers. In this study we evaluate our Space Weather 
Modeling Framework’s (SWMF) ability to predict disturbances at 
ground magnetometers. SWMF is used operationally at the Space 
Weather Prediction Center (SWPC) to predict geomagnetic storms.

5. DISCUSSION AND 
CONCLUSIONS

SWMF virtual magnetometer stations 
generally show a strong agreement with 
observations. Mid-latitude stations have a 
HSS of around 0.5 with a threshold of 50nT, 
this shows that the mid-latitude stations have 
strong predictive power for the magnitude 
needed to predict global values such as Dst or 
SYM-H. This is expected as the model is used 
operationally to forecast Dst.

For higher latitudes auroral electrojets have 
stronger currents that need detecting as well 
as the ability to detect ground-induced 
currents. A threshold of 200nT was chosen to 
show whether simulations can predict these 
large changes in magnetic field strength. 
Around the region in which the auroral oval is 
found (50-60 degrees latitude) the HSS is a 
value around 0.6 which shows the predictive 
power of the simulation around these regions. 
Bordering this region there is a sharp 
decrease in HSS sometimes achieving 
negative values. Typically the auroral oval 
appears in lower latitudes in the more 
extreme storm cases. This is an indication of 
missing physics or the possibility of improving 
the ionosphere model conductances to reflect 
the more extreme cases.

Figure 2. The global geomagnetic indices of a single 
storm with simulation data superposed over 
observation data. Shown on the right is the Newell 
function which is a representation of the solar wind 
energy being converted into the magnetosphere, 
SYM-H the storm time ring current index, AL the lower 
envelope of the auroral electroject index, the cross 
polar cap potential and the magnetic field 
perturbations on the ground as measured by the 
ground magnetometers in Yellowknife, Canada 
(high-latitude) and Boulder, USA (mid-latitude).
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Figure 2. An equal-area map showing 
the HSS of ground magnetometer 
stations with a threshold of 50nT. 
50nT was the condition in which 
storms were picked for this study and 
a good indication of a storm while 
observing the ring current. 
Mid-latitude stations show the best 
agreement as needed to predict Dst.

Figure 3. A mapping centered on 
the north geographic pole. A 
stronger threshold of 200nT was 
used to capture auroral currents. 
SWMF shows strong agreement in 
the typical region of the auroral 
oval. A sharp decrease in HSS can 
be seen bordering the auroral 
region.

Figure 5. An equal-area mapping 
of mid-latitude errors. The errors 
are around 5 nT showing the 
simulations tendency to 
underpredict in mid-latitudes.

Figure 4. A mapping centered on 
the north geographic pole. The 
error between the observation 
and simulation was measured and 
the median value is shown. 
Typically the value is around zero 
but negative, showing the 
simulation’s tendency to 
overpredict in higher latitudes.

3. RESULTS: ERROR ANALYSIS

2. METHODOLOGY

7. CONCLUSIONS

● The simulation is able to predict mid-latitude perturbations of 50 nT well which is important for ring current indices such as SYM-H and Dst.
● The simulation is able to predict strong high-latitude currents around the auroral region which is important for the auroral electrojet.
● There are sharp decreases in HSS bordering the auroral region which shows an opportunity in improving the physics or conductances in the Ridley 

Ionosphere Model.

OBJECTIVE

● The median error for the stations is centered 
around 0 nT.

● The higher latitude errors become more 
negative towards the poles showing a tendency 
to overpredict in that region.

● The mid-latitude shows a median error of 5 nT 
which shows the simulation’s tendency to 
underpredict in the region.

4. DISCUSSION: ERROR ANALYSIS

● The mid-latitudes show strong agreement of an 
HSS around 0.6 which makes the model a good 
predictor of geomagnetic events in the ring 
current such as Dst.

● In the region of the auroral oval the simulation 
shows a strong agreement of an HSS around 
0.4 with sharp decreases on the border.

● The sharp decrease in HSS above and below 
the auroral region shows an opportunity for 
improved physics for that region.

6. DISCUSSION: HEIDKE SKILL SCORE


