
Methodology: Modeling ICME’s using ENLIL

ENLIL is a 3D numerical magnetohydrodynamic code developed used in modeling CME
events. It solves equations for the plasma mass, momentum, energy density, and magnetic
field, using a Total-Variation-Diminishing Lax-Friedrichs (TVDLF) algorithm, which is an
explicit scheme for solving Euler and hyperbolic equations for fluid dynamics. The algorithm
is essentially useful for studying shocks. While ejecta are key concern and component of
ICME’s, shocks are also a concern and the TVDLF algorithm takes this into consideration.

The first step is to run a series of low resolution simulations, assuming the “day 3” scenario
shown above and a homogeneous solar wind velocity of 450 km/s. The variables include the
initial velocity of the cloud, ranging from 500-2000 km/s, the angular width of the cloud
(input as a “radius” which is half of the angular width), ranging from 40-180 degress, and the
density of the cloud relative to the solar wind, ranging from 2x to 8x the density of the solar
wind.

As shown in the example image below, an ambient background solar wind of 450 km/s is
represented by the green. In the center is a region surrounding the sun, as viewed above its
north pole. Earth is 1AU away represented by the green dot. The ICME has an initial velocity
of 1000 km/s, the radius is 40 degrees, and the density enhancement is 6. At a time of 48.11
hours from launch, the ICME has hit Earth.

The numerical simulations will be used to derive a formula or program useful in calculating
the arrival times of similar events. Comparisons with real events will determine the accuracy
and success of the program as well as verify the necessary values of free parameters
providing the best match, and whether the same values can be used for all events.
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GOALS:

--Larger Lead Time of Geoeffectivity Predictions
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Results thus far
The following graphs chart arrival time vs. initial velocity, with each symbol depicting a
different radius. Each individual graph represents a specific density enhancement. The
initial velocity, radius, and density are all inversely proportional to the arrival time.
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The next set of charts shows that with increasing solar wind velocity, the arrival time is also
inversely proportional.
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One problem however is that of resolution. In the preceding charts, the studies done were
lower resolution, which are faster to run, but contain less data points, thus resulting in accurate
calculations, such as for peak density, as well as for arrival time. The shock features are not
observed in the lower resolution graphs as compared with those of medium, or especially high
resolution.  The lack of detection of shocks in the lower resolution studies can cause an error in
the arrival time calculation.

--Global Properties of Transient Disturbances

High-resolution parameterized study needed to determine:

 Probability of interplanetary shock hitting geospace

 Probability of coronal ejecta hitting geospace

And derive empirical formulae for various scenarios

Still to accomplish:
-Derive an empirical formula or progam for which given the ICME’s initial velocity, angular
width, density, and solar wind velocity an arrival time can be computed.

-Compare the simulated data and formula with actual events.

Coronal Mass Ejections (CME’s)
Coronal Mass Ejections, or CME’s, are comprised of plasma expelled from the sun as a result of
the stretching and breaking of magnetic field lines. CME’s are generally accompanied by solar
flares (intense bursts of radiation) and contain energetic particles. CME velocities, densities, and
sizes can vary, along with their orientation in relation to Earth. As Interplanetary CME (ICME)
particles zoom towards Earth at high velocities, they can interfere with or even damage
spacecraft, satellites, as well as interfere with power grids. CME’s can lead to navigation and
communication issues, affecting air travel as well as military operations, and they endanger the
lives of astronauts. Predicting when such events will occur is crucial in protecting important
technology as well as people in our society.

Abstract
Coronal mass ejections (CMEs), which result from solar activity, can lead to intense
geomagnetic storms on Earth. The process of predicting and forecasting ICME’s is severely
limited. The modeling of the origin of CME’s is still in the research phase. Spacecraft at various
lagrangian points are unable to provide much warning when an event occurs; for example, if an
ICME with an initial velocity of 1000 km/s is detected at Lagrange Point 1, which is .01 AU from
the Earth, it will arrive approximately 25 minutes after the detection. Computations can take
anywhere from 12-40 hours and are dependent on the computer speed and computer access.
Therefore, SWPC researchers have developed an intermediate modeling system which uses
fitted coronagraph observations, specifies 3D ejecta, and drives the 3D numerical
magnetohydrodynamic code ENLIL. Various ejecta can be specified to match spacecraft
observations at Earth. Comparisons with additional spacecraft observations, especially those of
STEREO, would provide the 3D constrains necessary to select the most suitable ejecta for
routine simulations of space weather events, which are necessary in providing a larger lead
time of geoeffectivity predictions.


