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Abstract. A numerical simulation with ENLIL+Cone model was carried out to study the
propagation of the shock driven by the 2005 May 13 CME. We then conducted a statistical
analysis on a subset of similar events, where a decameter-hectometric (DH) type II radio burst
and a counterpart kilometric type II have been observed to be associated with each CME
(DHkm CME). The simulation results show that fast CME-driven shocks experienced a rapid
deceleration as they propagated through the corona and then kept a nearly constant speed
traveling out into the heliosphere. Two improved methods are proposed to predict the fast CME-
driven shock arrival time, which give the prediction errors of 3.43 and 6.83 hrs, respectively.
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1. Introduction
Many efforts have been made to study the CME and shock propagation using the-

oretical models (e.g., Chen 1996; Borgazzi et al. 2008), numerical simulations (e.g.,
Cargill 2004; Odstrcil & Pizzo 1999; Odstrcil et al. 2005), and empirical models (e.g.,
Gopalswamy et al. 2001a; Gopalswamy et al. 2005; Cremades et al. 2007; Vrŝnak & Ẑic
2007). In this work, we use numerical simulations with ENLIL+Cone model (Odstrcil
et al. 2005) to conduct a case study of the 2005 May 13 CME. We then study a subset
of similar CMEs, where a decameter-hectometric (DH) type II radio burst (14–1 MHz)
and a counterpart kilometric (< 1000 kHz) type II were observed to be associated with
each event (DHkm CME). Two new methods are proposed to improve the prediction of
the shock arrival of such CMEs.

2. Numerical simulation
The ENLIL+Cone model we use is a three-dimensional MHD model of the heliosphere

that forecasts CME/shock propagation from the ENLIL inner boundary (21.5 Rs) to the
point of interest. The simulation is done in two stages: 1) setup of the steady state ambient
solar wind background and 2) insert the transient disturbances (CMEs) propagating in
that background. The input CME is specified as a conical plasma cloud with the location,
angular width, and velocity corresponding to the cone model fit (Xie et al. 2004) to the
coronagraph observations. Recent positive results using this method have been reported
by Taktakishvili (2008).

The ENLIL+Cone model has well simulated the kinematic evolution of the 2005 May
13 CME and its driven shock, with a prediction error of the shock arrival of ∼ 4 hrs.
The CME is a fast halo CME with a M8.0 flare and the CME onset time is 16:47 UT.
The observed sky-plane speed and space speed from the CME cone model are 1689 km/s
and 2171 km/s, respectively. Figure 1 (left panel) shows that the CME-driven shock
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Figure 1. (left) Height-time profile of CME and its driven shock propagation determined from
the cone model fit to coronagraph observations and ENLIL simulation.(middle) Shock accel-
eration vs. (Vsp − Vsh ) for 25 DHkm CMEs. (right) Comparison of observations and model
predictions of Tsh vs. Vsp . Rcme is the CME radial distance, Vsp is the shock speed near the
Sun, Vsh is the shock speed obtained from kmII dynamic spectrum data, a is the shock acceler-
ation, and CC is the correlation coeffient between a and (Vsp − Vsh ).

propagates at a nearly constant speed of ∼ 1000 km/s after a rapid deceleration within
0.3 AU with an average acceleration of ∼ 50 m/s2 . The linear speed obtained from the
simulation is in agreement with the shock speed of 1016 km/s derived from kilometric
type II data.

3. Statistical analysis
3.1. Data selection

We study the shock propagation for a subset of CMEs similar to the 2005 May 13
event. The primary criterion we use is that there must be a decameter-hectometric (DH)
type II radio burst occurring at frequencies between 14 and 1 MHz and a counterpart
kilometric (km) type II occurring at frequencies less than 100 KHz associated with each
CME (DHkm CME). DHkm CMEs are faster and wider than the general population of
CMEs (e.g., Gopalswamy et al. 2001b). Since there are both DH and km type II bursts
associated with each event, we are able to identify a unique CME-shock pair. In addition,
we have excluded limb events (solar source within 25◦ from limb).

3.2. Shock propagation
We assume that shocks driven by fast CMEs decelerate through the outer corona and
inner heliosphere until the CMEs reach the kilometric type II (kmII) domain at constant
acceleration. The shock acceleration is given as a = (Vsp −Vsh)/t1 , where Vsp is the shock
speed near the Sun, Vsh is the shock speed derived from the frequency draft of kmII, and
t1 is acceleration cessation time. We approximate the CME space speed obtained from
the cone model fit to LASCO observations as the shock speed near the Sun (since the
CME leading edges observed in white-light coronagraphs might be in fact compressed
shock fronts ahead of CMEs).

Figure 1 (middle panel) shows the scatter plot of shock acceleration vs. (Vsp −Vsh) for
25 DHkm CMEs from 2000–2006. The linear fitting gives:

a = −0.17 − 0.028(Vsp − Vsh) (3.1)

The obtained acceleration magnitudes are consistent with the accelerations from
Gopalswamy et al. (2001b), which obtained by a second-order polynomical fitting to
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the height-time plots of a subset of limb CMEs (associated with DH type II bursts)
within LASCO C2 and C3 field of view:

a = −30. + 0.0666u − 4.5 × 10−5u2 (3.2)

where u denotes the CME initial speed.

3.3. Improved shock prediction methods
Method 1 uses Vsp and Vsh to obtain the shock acceleration, a, acceleration cessation
time, t1 , and acceleration cessation distance, d1 , then computes the shock travel time
using (3.1) and the following equations:

t1 = (Vsp − Vsh)/a, d1 = Vspt1 + 1/2at21 (3.3)
t2 = (1AU − d1)/Vsh , Tsh = t1 + t2

Method 2 uses the formula (3.2) to obtain the CME speed at t1 :

Vsp1 = Vsp + at1 , t1 =
−Vsp +

√
V 2

sp + 2ad1

a
(3.4)

where d1 is set to be 0.1 AU (21.0 Rs), and then uses Vsp1 as input to the Empirical
Shock Arrival (ESA) model (Gopalswamy et al. 2005) to compute Tsh .

Figure 1 (right panel) compares observations and model predictions of Tsh vs. Vsp ,
where diamonds denote observed Tsh vs. Vsp , triangles denote Tsh vs. Vsp from method
1, and dotted and dashed curve represent the prediction from the ESA model and the
improved ESA model (method 2), respectively.

4. Summary
1) The ENLIL+Cone model can well simulate the kinematic evolution of the 2005 May

13 event. 2) Method 1 combined with kilometric type II data gives a mean prediction
error of 3.43 hrs, implying that CME-driven shocks travel at near constant speed after
a rapid deceleration phase (< 0.5 AU). 3) Method 2 improves the ESA model by taking
into consideration the fast deceleration phase within the field of view of C3, decreasing
the mean prediction error from 12.88 to 6.83 hrs. 4) The ESA model underestimates the
deceleration of fast CMEs in the outer corona.
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