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Abstract We studied the relation between the near-Earth signatures of the interplanetary

coronal mass ejections (ICMEs) shocks such as sudden storms commencement (SSC), and their

counterparts of coronal mass ejections (CMEs) observed near-Sun by solar and heliospheric

observatory (SOHO)/large angle and spectrometric coronagraph (LASCO) coronagraph during

1996–2008. Our result showed that there is a good correlation between the travel time of the

ICMEs shocks and their associated radial speeds. Also we have separated the ICME shocks into

two groups according to their effective acceleration and deceleration. The results showed that

the faster ICME shocks (with negative accelerations which decelerated by solar wind plasma)

are more correlated to their associated travel time than those with positive accelerations.

Keywords Coronal mass ejection � Interplanetary coronal mass ejection �
Sudden storms commencement

1 Introduction

The coronal mass ejections (CMEs) are thought to be the main geoeffective objects that produce

geomagnetic storms, which can affect the Earth. Therefore, the estimation of the arrival time of

CMEs in the Earth vicinity is very important in space weather investigations. CMEs are ejected

and accelerated by the magnetic field of the corona in the interplanetary space according to their

relative velocities with the solar wind (Gopalswamy et al. 2001b). Fast CMEs are decelerated

mostly by the solar wind due to friction which is proportional to the square of the velocity

difference (Michałek et al. 2004). For building the science-based prediction scheme of space

weather, it is important to track the solar disturbances generated shocks and their interactions.

Using numerical simulation, Wang and Burlaga (1986) investigated the interactions of inter-

planetary shock waves beyond 1 AU. An example is the case when a fast forward shock

overtakes and interacts with a fast reverse shock from a preceding event (Smith et al. 1986).

CMEs are found to be the primary source of transit interplanetary (IP) disturbances which cause
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geomagnetic storms (Gopalswamy et al. 2000). Combining CME observations made by solar

and heliospheric observatory (SOHO)/large angle and spectrometric coronagraph (LASCO)

and ICMEs measurements near the earth (Gopalswamy et al. 2000, 2001 and 2004) developed

an empirical model to predict 1 AU arrival time of the CMEs. The model was based on the fact

that the range of velocity distribution of ICMEs, detected by the Wind spacecraft was much

narrower (in the range 350–650 km s-1) in comparison to the velocity distribution of CMEs

observed by SOHO/LASCO near the sun (in the range 150–1,050 km s-1). Gopalswamy et al.

(2000) correlated near-Earth observations of ICMEs detected by the Wind spacecraft with their

near-Sun counterparts observed by the solar and SOHO coronagraphs, they used the initial

CME velocities to estimate the CME acceleration. This method cannot help us to select all CME

events which directed toward to the Earth. This method is good with energetic events only. Cane

and Richardson (2003) used the ICMEs too, but they created the CMEs–ICMEs list by manual

selection using the solar wind signatures. Schwenn et al. (2005) have studied the association

CME with their effects near the Earth by using 181 CMEs obtained from LASCO from January

1997 to 15th April 2001; they found that, there is a unique association between CMEs on the sun

and subsequent 50.3 % ICMEs observed near the Earth in out of all 180 cases.

In this paper, we studied the relation between the near-Earth signatures of the ICMEs

shocks and their counterparts of CMEs observed near-Sun by SOHO/LASCO coronagraph

during 1996–2008. Also we have separated the ICME shocks into two groups according to

their effective acceleration and deceleration.

2 Data Sources

We used 13,863 records of CMEs data obtained from CME Catalogue which observed by

SOHO/LASCO, during the solar cycle 23rd (1996–2008). These CME data are available in

the CDA website:http://cdaw.gsfc.nasa.gov/CME_list/catalog_description.htm Gopalsw-

amy et al. (2000).

This catalog contains all CMEs used the same ICMEs to create a list of correlate CME–

ICME events by manually identified since 1996 from the LASCO SOHO mission. LASCO has

three telescopes C1, C2, and C3. However, only C2 and C3 data are used for uniformity because

C1 was diabled in June 1998. At the outset, we would like to point out that the list is necessarily

incomplete because of the nature of identification. In the absence of a perfect automatic CME

detector program, the manual identification is still the best way to identify CMEs. This data base

will serve as a reference to validate automatic identification programs being developed. We also

used the X-ray data which was measured and provided by Geostationary Operational Envi-

ronmental Satellite (GEOS), during the same interval (1996–2006) with 22,688 records flare

events. In addition we obtained the Data of the sudden storms commencement (SSC) events

from preliminary reports of the ISGI (Institute de Physique du Globe, France); during this

period we selected 345 SSC, events and 13,863 CME events.

3 Methodology

3.1 Model Outline

Gopalswamy et al. (2000a, 2001a) developed an empirical model to predict the 1 AU

arrival times of CMEs. The model was based on the velocity distribution of ICMEs

detected by Wind and ACE spacecrafts (near-Earth) in comparison to the velocity
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distribution of CMEs observed by SOHO/LASCO (near-Sun). By comparing between two

distribution speeds of CMEs, Gopalswamy suggested that CMEs undergo an effective

acceleration defined as a = (u - v)/t where u is the initial velocity near-Sun detected by

(SOHO/LASCO), is the final velocity detected by Wind and t is the time taken by a given

CME to reach Earth. By these assumption we can obtain an expected relation between

effective acceleration a, and initial velocity u according to the kinematics equation

S ¼ ut þ 1

2
at2 ð1Þ

The only free parameter required by the model is the initial CME velocity to predict the

arrival time t at distance S = 1 AU. To generalize the model, Gopalswamy et al. (2001a)

assumed that effective acceleration ceases at some distance d between Sun and Earth. The

CMEs travel with constant speed beyond d1 to reach a point near-Earth at distance d2, the

travel time then is the sum of time t1 taken to travel the distance d1 and t2 that to travel d2,

i.e., t = t1 ? t2. The model predicted the travel time within mean error of 10.7 h con-

sidering the best cessation distance is at 0.75 AU).

We used this model by solving Eq. (1) for t = TC, S = D and u = VCME, where, TC is

the calculated arrival time of ICME shocks, VCME is the initial velocity of the ICME, and

D is the distance from the sun to the Earth’s magnetosphere, since the height of the Earth’s

magnetosphere for the surface of the Earth = 10 RE (RE is the Earth’s radius). Therefore D

can be calculated from the equation:

D ¼ 1AU� 10RE ð2Þ

VCME is corrected according to the projection effect of ICMEs with the assumption that

each CME is like a cone with the front described by an arc of a circle, Hundhausen et al.

(1994, see also Leblanc et al. (2001)) derived a formula to relate the real radial speed of the

CME, Vrad, to its apparent velocity measured on the plane of the sky, Vsky, which reads as:

Vrad ¼ VSky
1þ sin a

sin /þ sin a
ð3Þ

where, a is the actual half angular width of the CME, and u is the heliocentric angle of the

central axis of the CME, which is given by cosu = cosk cosw, where k and w are the

corresponding latitude and longitude of the source region center, respectively.

We can correct the calculated arrival time from:

TError ¼ Min Tc � TSSCj jf g; ð4Þ

where, TSSC is the actual arrival time of the ICME shock impacted the magnetosphere and

cause the a SSC, TError is the error of the calculated arrival time, and:

Tmin\TSSC\Tmax; ð5Þ

where Tmin and Tmax are minimum and maximum times as a boundary conditions for our model.

In the second step, we estimate the boundary intervals from Fig. 1 as follows:

Tmin & 1 day and Tmax & 7 days.

3.2 Estimation of the Boundary Conditions

The CME–SSC interval must be between Tmin and Tmax, to estimate these values we will

need to create a program based on the following steps:
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• Reading the data of both CME and SSC (the signature of the arrival of ICME shock).

• Correct VCME according to the projection effect of ICMEs by applying Eq. (3)

• Estimate the arrival time TC by using Eq. (1).

• Calculate the intervals between SSC event and the corresponding ICME shocks by using

Eq. (3)

• Selecting the CME–ICME shock event which has the minimum value of TError.

3.3 Selection of the CME–ICME Shocks Associated Events

Now, we have two data sets one for ICMEs near the sun and the other for SSC events in the

vicinity of the Earth’s magnetosphere, also we have selected the boundary intervals, and then

we created a FORTRAN program with the following steps for selecting the ICME shock

events:

Read the data of both ICMEs and SSC events.

Estimate arrival time Tc by using Eq. (1).

Apply the condition (4).

Find the nearby ICME event to the associated SSC by using Eq. (3).

Select the result values of ICME–SSC associated events.

4 Results and Discussions

4.1 Travel Time of the ICME Shock

By applying the steps of the FORTRAN program found in Sect. 3.3, we succeeded to select

295 ICME shock associated events and Fig. 1 showed the histogram of the travel time of

these selected.
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Fig. 1 Histogram of the travel
time of the ICME shock
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Our main result is expressed in Fig. 2, from which, we found that the best empirical

equation between the travel time, TC of the ICME shocks and their associated corrected

CME Velocities VCME is given by:

TC ¼ ð854:52ÞðVICMEÞð�0:57106Þ � ð0:22Þ ð6Þ
This equation have correlation coefficient, R = 0.60 for our 295 CME–ICME shock

associated events. From which we found that there is a good correlation between the CMEs

and their ICME shocks reached the Earth’s magnetosphere and caused a SSC event as

shown in Fig. 2. Moreover from this figure, we found that the Fast CMEs shock the Earth’s

Magnetosphere in short period while slow CMEs impact the Earth in long period.
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4.2 Estimated Error

Figure 3 shows a histogram of computed error in the arrival time of the prediction curve in

Fig. 2. The error is defined as the deviation from the prediction curve for each of the

measured travel times in Table 1. It is observed from Fig. 3, that our model has a lower

average estimated error (5.3 h). Goplaswamy et al. (2001a) found the mean value of this

error is within of 10.7 h.

The differences between this result and that obtained by Gopalswamy et al. (2000a, 2001a),

may be owed to the model of Gopalswamy et al. (2000a, 2001a) predicted the arrival time of

ICME ejecta to the near- Earth orbit using Newton’s low of ICME motions while our model is

concerned with the prediction of the ICME shocks from the sun until the ICME shock reaches
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the Earth’s magnetosphere not the near -Earth orbit as the Gopalswamy et al. (2000a, 2001a),

followed the ICME ejecta. Or may be owed to the 3-D structure of the ICME shocks used in our

model are more wider than those of ICME ejecta used by Gopalswamy et al. 2001a). Otherwise

may be due to the differences in the periods and the number of events in each study.

4.3 The Accelerated and Decelerated ICME Shocks

In this section we separated the ICME shock events into two groups according to their

effective acceleration and deceleration. From Fig. 4 we showed that the faster ICMEs

(with negative acceleration are decelerated by solar wind plasma) are more correlated to

their associated travel times than ICMEs with positive acceleration. The fractional error

bars of fast ICME shocks is found to be equal to 4.39 h as shown from Fig. 5.

This result could be interpreted by the fact that the fast ICME shocks reach the Earth’s

magnetosphere in shorter time than the slow ICME shocks. Consequently, the errors in the

travel time of the fast ICME shocks are less than those for the slow events.

5 Conclusions

In the present paper, the relation between the near-Earth ICME shocks and their associated

ICMEs observed near-Sun by SOHO/LASCO coronagraph have been studied during the

23rd solar cycle.

According to this study, we obtained an empirical equation between the travel times, TC

of the ICME shocks and their associated corrected CME Velocities VCME, from which we

can predict the value of TC if we know the value of VCME. Also we found that there is a

good correspondence between the travel time of the ICMEs shocks and their associated

radial speeds. In addition we have separated the ICME shocks into two sets according to

their effective acceleration and deceleration. The results showed that the faster ICME

shocks (with negative accelerations) are more connected to their associated travel times

than those with positive accelerations.
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