
Predicting the Geoeffective Properties of CMEs: 
Status, Open Issues, and Path Forward

• Coronal Mass Ejections (CMEs) are the main drivers of terrestrial 
Space Weather

• Solar missions in the last 40 years have greatly advanced our 
understanding of the physical properties of CMEs.

• CMEs can now be imaged throughout the inner heliosphere yet their 
Time-of-Arrival (ToA) at Earth and their SpWx effects cannot be 
predicted reliably. Why is that?

• We identify several physical & modeling limitations:
� CME size at 1 AU >> Earth
� CME evolution above ~30 Rs is not understood

� Modelling of the background corona and heliosphere is incomplete
� Techniques from weather forecasting (e.g. data assimilation) are in their 

infancy in heliophysics modeling

• Path Forward:
� Better observations (magnetograph at L5, off-Sun-Earth imaging
� Improve modeling (include CME magnetic structure, data assimilation)

� Consistent methodology to assess the effectiveness of prediction algorithms.

Reliable Space Weather prediction requires targeted investment to improve observational and 
modeling capabilities and basic research
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Figure 3. Mean absolute error in the time-of-arrival of CMEs versus event sample size from the studies compiled in table 1.
The error bars represent the uncertainty in the mean value (σ/

√
N, where N is the sample size). The star symbols and thicker

error bars denote studies with projected CME parameters (or a mixture of projected/unprojected inputs). The dashed line is the
overall unweighted average (9.8 h).

studies using projected CME quantities (or those relying on single-viewpoint observations) with
red font. It appears that small-sample studies (N < 10) may be biased. It also seems that the effects
of projection, and/or reliance on single-viewpoint observations, become apparent in large-scale
studies. The case for studies using 3D CME kinematics is a bit unclear. There is quite a scatter in
the results for sample sizes between 10 and 70 events. We believe that more large-scale studies,
along the lines of [26], are needed, possibly covering different phases of the cycle or event speeds,
before demonstrating a clear benefit of 3D kinematic inputs.

(g) Hit/miss
Before investing resources into predicting an accurate ToA, a forecaster needs to be reasonably
sure that the event seen in the coronagraph images will impact the Earth. The ‘hit/miss’
prediction, which was not often discussed in the past, is attracting interest. Several papers,
in the last few years, have examined hit/miss statistics and methods to improve the hit rate.
[14,18,26,39,40].

There exist several metrics to assess the ToA accuracy performance of a given method or model
[e.g. see table 2 in 26]. Those are derived from contingency tables that report the number of hits
(H), false alarms (FA), misses (M) and correct rejections (CR). For the sake of brevity, we select
four metrics to summarize the performance of the handful of studies where hit/miss statistics
were reported (table 2). The metrics are: success ratio: H/(H+FA), false alarm ratio: FA/(H+FA),
accuracy: (H+CR)/total and bias score: (H+FA)/(H+M). A bias score greater than 1 indicates
a tendency to overforecast. In other words, a CME arrives less often than is predicted. All four
studies show similar overforecasting biases, which may arise from the tendency to make a ToA
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ToA mean absolute error vs. sample size for several studies. The error 
bars are the uncertainty in the mean value (σ/ N, N = sample size). The 
star symbols mark studies bssed on projected CME parameters.

average of all studies 
= 9.8 hrs


