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Validation of Drag-Based Ensemble Model (DBEM):

probabilistic model for heliospheric propagation of CMEs

- Introduction

The Drag-based Model (DBM) is a simple empirical model for
heliospheric propagation of Coronal Mass Ejections (CMEs).
It is based on the equation of motion that depends on the CME
launch speed, background solar wind speed and CME mass
and solar wind density (y parameter). The model predicts the
CME arrival time and speed at Earth or any other targets in
the solar system.

However, the main problem of empirical and numerical mod-
els (e.g. ENLIL) is the lack of reliable observations that are
needed for the model input. This can induce a large error
in the CME arrival time (—1.7 £ 18.3 h; Vrinak et al., 2014)
when observations and DBM forecasts are compared. The
main advantage of DBM is its very fast computational time (<<
1s). This allows an ensemble modeling approach to provide a
probabilistic forecasting of CME arrival time and speed with-
in several minutes compared to numerical models that would
need several hours (e.g. ENLIL).

The Drag-Based Ensemble Model (DBEM) takes into account
the variability of model input parameters by making an ensem-
ble of n different input parameters to calculate a distribution
and significance of DBM results. Using such approach DBEM
can determine most likely CME arrival times and speeds, quan-
tify the prediction uncertainties and calculate the forecast con-
fidence intervals.
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Equation of motion

(ambient) solar wind (w):
a=a-g+a,

9,

Advantages

e simple and robust
e very fast (calculation time << 1 sec) compared to numerical

MHD models (e.g. ENLIL)

e suitable for on-line space waether forecast tools (e.g. ESA-ESC

for Solar & Heliospheric Weather: hitp://swe.uni-graz.at,
COMESEP alert system: hitp://www.comesep.eu/alert)
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Beyond about 20 solar radii the MHD “aerodynamic”
drag (a,) caused by the interaction of CME with solar
wind, becomes the dominant force.

CME dynamics is governed by interaction with

* fast CME (v > w): deceleration
e slow CME (v < w): acceleration

Drag parameter (y) depends on characteristics of both
CME and solar wind: the drag is larger for broader,
low-mass CMEs in a high-density (slow) solar wind.

If w and y are held constant there is analytical solution.
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Disadvantages

* doesn’t give the best

DBM uses CME cone geometry with
the CME leading-edge flattening:
each CME leading-edge segment
propagates independently

(Zic et al., 2015).

results in complex
heliospheric environ-
ment (eg. CME-CME
interactions, when w
and y aren’t constant)
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version (multi CPU support allows even further performace improvements).
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