
On the enhanced coronal mass ejection 
detection rate since the solar cycle 23 polar 

field reversal

ApJ 812, 74

Gordon Petrie
NSO, Boulder, Colorado, USA



2

4210 WEBB AND HOWARD: CORONAL MASS EJECTIONS AND SOLAR WIND MASS FLUX 

I- I I I I I I i 

2.5 

>. 2 

0.5 

0 20 40 60 80 I00 120 140 160 
AVERAGE MONTHLY SUNSPOT NUMBER 

Figure 4. Comparison of the occurrence rates of CMEs and monthly sunspot numbers averaged 
over the appropriate CME observing period. The line is the linear regression fit, and the corre- 
lation parameters are given in Table 2. The symbols refer to the same CME data as in Figure 
2a, except crosses instead of squares. Only the total Solwind CME points are shown and used in 
the statistical analysis. 

varies over the cycle by about an order of magnitude, a 
•ange simila• to that of the o•he• activity classes. (How- 
eve•, the variations of the •ates of DFs and $Cs are 
significanfiy lowe• and of fia•es highe• than this range.) 

4. The Contribution of CMEs to the 
Solar Wind Mass Flux 

Since typical CMEs are massive and, at least near so- 
lar marlmum, relatively frequent, they might contribute 
significant amounts of mass to the solar wind. In sec- 
tion 2 we evaluated the variation of the CME occurrence 
frequency over the solar cycle by performing corrections 
for the duty cycle and visibility function of each instru- 
ment. In this section •e use these results to estimate 
the contribution of CMEs to the solar wind mass flux 
measured at 1 AU. First, in section 4.1 we calculate the 
annual average CME mass flux into the ecliptic over the 
solar cycle, making appropriate corrections for the lati- 

tude variations and mass distributions of CMEs. Then 
in section 4.2 we discuss the available data on annual 
averages of the solar wind particle flux normalised to 1 
AU, and, finally, in section 4.3 we estimate the annual 
percentage contributions of CMEs to this mass flux. 
4.1. The Near-Ecliptic CME Mass l•lux 

To more accurately evaluate the contribution of CMEs 

be made to the occurrence rate of CMEs to account 
for characteristics such as their mass and latitude and 
longitude distributions, all as functions of time. A fun- 
damental parameter for deducing the CME mass flux is 
knowledge of the true CME mass distribution and how 
it varies with time. This parameter is poorly known 
because the detection threshold, or sensitivity function 
of a given coronagraph for CMEs in the plane of the sky 
is not known, and the derivation of excess mass for any 
event is a time-consumihg process fielding results with 
large uncertainties. 

CME rate well correlated 
with activity cycle during 
1975-1989.

Left: CME rate vs. 
average sunspot number 
for 1975-1989. The line 
is the linear regression 
fit, and the correlation 
coefficient is 0.94. The 
symbols represent the 
various CME data 
sources used.

From Webb & Howard 
(1994).
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Cycle 23: CME rate lagged sunspot cycle by 6 months to a year.

Daily SOHO LASCO CME rates (thin curves: smoothed per month, thick 
curves: smoothed over 13 months) from 1997 to 2006, from the CACTus (red) 
and the CDAW (blue) CME catalog, with daily and monthly smoothed sunspot 
number overplotted in grey. From Robbrecht et al. (2009).



Change of behavior linked to polar fields?

Average daily CME rate for 1975-89 based 
on the data collected by Webb & Howard 
(1994, top left), and the annual (black solid 
lines) and for 1997-2012 according to 
CACTus (top right) and SEEDS (bottom). 
The averages sunspot number is over-
plotted (black dashed lines) for comparison.

From Petrie (2013).

Webb & Howard,1975-1989 CACTus, 1997-2012

SEEDS, 1997-2012
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27-day averages of the north (red solid lines) and south (blue dotted lines) polar 
fields measured by the Kitt Peak Vacuum Telescope and the SOLIS/VSM. The 
measurements derive from heliographic latitudes ranging from ±63° to ±70°. 
Updated from Petrie (2013).
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Butterfly diagram of NSO KPVT & SOLIS/VSM field measurements (1974-present, 
bad images filtered out). Red=positive, blue negative, saturates at ±15G. 
Flux is transported from active latitudes to poles in unipolar surges. Polar fields 
respond to these surges.  
Polar reversals can be fast/strong (cycle 21, 22, 24 S) or slow/weak (cycle 23, 24 N). 
Cycle 23 polar fields’ growth stunted around 2003-04 (Petrie 2012, 2015, Jiang et al. 
2015).



Change of behavior linked to 
LASCO image cadence change?

(a) Black curve: SEEDS CME rate, 
after correction by dividing by the 
LASCO C2 image cadence (solid 
red curve). Red dashed curve 
shows the original rate.

From Wang & Colannino (2014)
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Heliographic coordinates (a) and (e) and the solar-cycle variation of source latitudes (b) and (f), 
source longitudes (c) and (g), and source latitudes (d) and (h) of halo CMEs in cycles 24 (top 
row) and 23 (bottom row). The mean and median values are shown on the plots separately for 
each hemisphere (eastern and western for longitudes; southern and northern for latitudes). 
From Gopalswamy et al. (2015).

But halo 
CMEs show 
real change 
of behavior.

Comparison 
between halo 
CMEs of 
cycles 23 
and 24.
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Total pressure (Pt), magnetic field 
magnitude (B), proton density (N), 
proton temperature (T), and the 
Alfvén speed (VA) at 1 AU obtained 
from OMNI data (red lines with left-
side Y axis). The same quantities 
extrapolated from 1 AU to the 
coronagraph FOV (20 RS) are 
shown by blue lines (right-side Y 
axis), assuming that B, N, and T 
vary with the heliocentric distance 
R as R-2, R−2, and R−0.7, 
respectively. The blue bars denote 
the 62 month averages in each 
panel, showing the decrease of all 
the parameters in cycle 24.

From Gopalswamy et al. (2014).
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Scatter plots between CME speed (V) and angular width (W) for cycles 23 (red) 
and 24 (blue). The regression lines and the correlation coefficients are 
indicated on the plot. Note the width difference between the two cycles, e.g., at 
1000 km/s (green line). From Gopalswamy et al. (2014).



11

Compare three online CME databases:

• the Coordinated Data Analysis Workshop (CDAW, http://
cdaw.gsfc.nasa.gov, Gopalswamy et al. 2009),

• the Solar Eruptive Events Data System (SEEDS, http://
spaceweather.gmu.edu/seeds/lasco.php, Olmedo et al. 
2008),

• and the Computer Aided CME Tracking (CACTus, http://
sidc.oma.be/cactus/, Robbrecht et al. 2009).

They have recorded CMEs over the LASCO era (1997-
present).

The CDAW team identify CMEs by visual inspection of the 
LASCO C2 and C3 coronagraph images, whereas SEEDS 
and CACTus apply automated algorithms to identify CMEs 
without human intervention.

SEEDS uses C2 images alone, and CACTus and CDAW 
use images from both C2 and C3.

http://cdaw.gsfc.nasa.gov
http://spaceweather.gmu.edu/seeds/lasco.php
http://sidc.oma.be/cactus/
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LASCO C2 LASCO C3

Field of view: 2-6 RSun Field of view: 3.7-32 RSun



Annual histograms of CME velocity measurements from the SEEDS database. 
Fitted log-normal functions are overplotted.
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Stacked annual 
histograms of CME 
angular widths (left) 
and velocities for all 
detections (middle) 
and for detections 
with angular width > 
30° (right), from the 
SEEDS (top), 
CACTus (middle) and 
CDAW (bottom) 
databases. The 
dotted lines in the left 
plots indicate the 
angular width cutoff at 
30° below which the 
detections are 
excluded from the 
right plots.
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Main effect of LASCO image cadence change: more images per 
CME detection.

Stacked annual histograms of the number of LASCO C2 images per 
detected CME in the SEEDS database (left) and of the number of C2 
images per day (right).
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Stacked annual 
histograms of CME 
angular widths (left) and 
velocities for all 
detections (middle) and 
for detections with 
angular width > 30° 
(right), from the CDAW 
database.

All detections are 
included in the top plots, 
very poor detections are 
excluded from the 
middle plots, and poor 
and very poor detections 
are excluded from the 
bottom plots.
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Average CME rates from 
SEEDS (top row), CACTus 
(second row) and CDAW 
(3rd-5th rows) with all cases 
included (3rd row), very poor 
cases excluded (4th row) and 
poor cases excluded (5th row).

In the right column only CMEs 
with angular width > 30° are 
included.

The average monthly sunspot 
number is overplotted in 
dashed curves for comparison.
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SEEDS lognorm amplitude
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CACTus lognorm amplitude
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Normalized CME rates (top panel) from 
SEEDS, CACTus  and CDAW including 
only detections with angular width > 30°, for 
the years 1997-2015. All poor and very 
poor cases have been excluded from the 
CDAW data. The normalized average 
monthly sunspot number is over-plotted in 
dashed curves. The CME rates have been 
normalized by their average values during 
the cycle 23 maximum years 2000-2002.

Second panel: total photospheric magnetic 
flux from NSO KPVT and SOLIS/VSM 
synoptic magnetograms.

Third panel: polar and equatorial dipole 
components of the same synoptic 
magnetograms.

Bottom panel: the OMNI 2 radial magnetic 
field component at 1 AU.
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Summary
• In all three databases, SEEDS, CACTus and CDAW, a statistically 

significant increase in CME detections with angular width > 30° per 
sunspot number was found for cycle 24 compared to cycle 23. 

• In the two databases based on both C2 and C3 images, CACTus and 
CDAW, the CME rate began to diverge from the sunspot number around 
2004 after the polar field reversal. At nearly the same time, the IMF 
decreased by ≈ 30%. 

• These results are consistent with the results of Gopalswamy et al. (2014, 
2015), linking enhanced halo CME detections to increased CME 
expansion in a heliosphere of decreased total (magnetic+plasma) 
pressure. 

• On the other hand, the SEEDS CME rate did not diverge from the 
sunspot number until the rise of cycle 24, in 2010-2011. This may be 
explained by the restriction of the SEEDS detections to the C2 field of 
view. 

• The effect on these results of the 2010 LASCO image cadence changes 
is likely to have been small. They led mostly to a rise in images per 
detection and a decrease in low-quality detections, not enhanced 
detections of very fast or faint CMEs. 

• Influence of the weakening of the solar magnetic field extends to CMEs.


