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New prediction model developed with support from one (small) grant
from NSF National Space Weather Program. Started in 20009.

Magnetometer data source and processing:
Weimer, D. R., C. R. Clauer, M. J. Engebretson, T. L. Hansen, H. Gleisner, |. Mann, and K.

Yumoto (2010), Statistical maps of geomagnetic perturbations as a function of the
interplanetary magnetic field, J. Geophys. Res., 115, A10320, 10.1029/2010JA015540.

Final model description:
Weimer, D. R. (2013), An empirical model of ground-level geomagnetic perturbations,

Space Weather, 11, 107—120, doi:10.1002/swe.20030.

Uses data from >140 magnetometer
stations in Northern hemisphere, over
an 8-year period (1998-2005), solar
wind velocity, IMF, and F1o.7.

Effects of conductivity variations and
induced, underground currents are
implicitly included.




Example of processed data, spanning one month

(=13,000 of these were examined for quality control)
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The data are divided into 29 bins, sorted
according to IMF magnitude. The width of
each bin increased above 9 nT, yet there are
few samples in the highest bins.

Model coefficients are derived using a least-
: error fit for each bin, including an over-lap of
= data from the adjacent bins.

: Each vector component is fit separately, using
E spherical harmonics on a 90° cap, in corrected
] geomagnetic apex coordinates.
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Only even I-m combinations
of the Legendre polynomials
are used.

To obtain a smooth response
curve, the C, coefficients are
interpolated, given the IMF
magnitude.
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AB, with 8 nT IMF
at four clock angle

orientations.

Results are
consistent with
prior models.
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Saturation Curves—Minimum/Maximum Values vs. IMF
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(c) IMF Clock Angle= 180°
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Geomagnetic North-South component of AB,
shown for IMF Bz values -2, -6, and -18 nT

The values become more negative at low latitudes, indicating that the
effects of the ring current (Dst) are included in the statistical averages.
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AB North-South (nT)
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Effects of the Sq currents are shown in these graphs of AB-
North (left), AB-East (middle), and AB-Vertical (right) versus
MLT. These are shown for quiet conditions with a weakly

northward IMF, at CGM apex latitudes of 5°and 50°. The red
lines show the results with F10.7 = 240 sfu, and F10.7 = 80
sfu in the blue lines. Results compare very well with Figure

4-21. (Knecht, D. J., and B. M. Shuman (1985), The geomagnetic field,

in Handbook of geophysics and the space environment, edited by A. S.
Jursa, fourth ed., chap. 4, pp. 1-37, Air Force Geophysics Lab., Hanscom
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Figure 4-21. Worldwide average of the solar quiet variation near the -

equinoxes at solar maximum (March. April, September, and
October, 1958) [after Matsushita, 1967].
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Examples with low and high values of F1o.7.
sometimes the smaller F10.7 results in larger perturbations in some regions.

Results are not always as expected, as
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Examples with low and high values of F10.7. Results are not always as expected, as

sometimes the smaller F10.7 results in larger perturbations in some regions.




IThe model does very well at prediction of AB levels; not so well I

on the superposed and random, higher frequency variations.

Also does not include substorms.
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PULKKINEN ET AL.: GEM CHALLENGE

a)

Forecast ratio for thres. 100 nT (black - E1, blue - E2, red - E3, green - E4)
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Forecast ratio for thres. 500 nT (black - E1, blue - E2, red - E3, green — E4)
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b)

Forecast ratio for thres. 300 nT (black - E1, blue - E2, red — E3, green - E4)
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d)

Forecast ratio for thres. 650 nT (black - E1, blue - E2, red - E3, green - E4)
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does not do as well on
the more recent tests
by CCMC that tested
oB/dt and “Regional-K,”
except at mid-latitudes.

These later metrics had
used absolute values,
and not the signs of
AB. Data plots on next
page show comparison
with top MHD model.
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Real-time maps are shown at http://mist.nianet.org/weimerGeoma

Operating continuously since 2011; plots archived since Sept. 2012
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http://mist.nianet.org/weimerGeomag.html
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Each time step requires =five
seconds for global-scale calculation,
(>32,000 grid points) on an older
Mac mini (also used as web server).
So it is truly a “rapid, low-cost
prediction.”

Recent update: Daily
summary plots, at
http://mist.nianet.org/
weimerDaily.html

Includes min/max AB-
North.
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http://mist.nianet.org/weimerDaily.html
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2. Addition of substorm component.

Northward Eastward Vertical
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Example of magnetic perturbations during substorms (pre-onset patterns subtracted). T=0 is at onset.
From Nicole Pothier’s M.S. thesis, Hampton University, 2012.
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