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Abstract 

This paper documents the research done to evaluate the relationship between the Wolf number 

indicator used to identify solar activity in many amateur solar reports, and the size of the areas which 

Active Regions occupy during times of high solar energy. The evaluation period covered only a portion of 

solar cycle 24 and coincided with the beginning of the down-trend of solar activity going from solar 

maximum to solar minimum (January 4, 2014 to January 4, 2017). Indicators for high solar activity used 

in the analysis were solar flares which would trigger an R2 alert from the Space Weather Prediction 

Center (SWPC) and which were equal to or exceeded the flux of an M5.0 flare, thus including the upper 

M-class and X-class flares. The analysis did focus on the rapid increase these measurements have during 

the time leading up to major solar flares. The analysis included the mapping of the data obtained for 

both indicators for the day of the flare, as well as the three days prior to the flare. The result indicated 

that Active Region Areas of active regions are much more inclined to a rapid increase than the Wolf 
number in days prior to the flare. 

Introduction 

What might be expected to happen on the Sun tomorrow or in the next few days is much more 

interesting to me than what will happen in the next solar cycle or so.  This is because I like to observe 

and capture interesting events such as the X1.6 and X2.0 flare images in this paper (Images 1 and 2).  

Therefore, I have been looking for indicators that might help me to determine when interesting 

phenomena might start happening.   

For hundreds of years, scientists have been trying to come up with meaningful ways to predict what the 

Sun might be doing in the future.  One of the most widely used indicators is the “Wolf”, or “Zurich”, 

number. It is named after Rudolf Wolf, a scientist from Zurich, Switzerland who first developed it.  The 

Wolf number represents a combination of the number of sunspots visible at the same time on the solar 

hemisphere and the number of sunspot regions they are contained in. Sunspots happen in areas of 
heavy magnetic solar activity and such an active region can develop multiple sunspots.   

       
Image 1.  An X2.0 Flare in AR2192 on October 27, 2014                            Image 2.  An X1.6 Flare in AR2192 on October 22, 2014 
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The Wolf number algorithm multiplies the number of regions by 10 and adds the number of sunspots for 

a given observation (day). Every ALPO member visually observing the Sun and reporting the results does 

this on ALPO’s Solar Whole Disk Drawing form.  A closer look, however, shows that the resulting number 

does not always have a great correlation of high activity to high numbers. This made me start to think 

there may be a better indicator for me.   

One indicator that caught my attention is the Active Region Area.  My presumption is that if a high level 

of emerging energy from inside the Sun makes its way to the surface and causes a particular area of the 

Sun to become active and to create sunspots, it might be logical that the area might grow rapidly before 

we see features associated with that level of energy.  And the faster the areas grow, the more intense 

these features might be.   

So my thought was to look how Active Region Areas relate to high solar activity and then compare that 

to the activity recorded using Wolf numbers.  Active Region Areas are measured by the size they occupy 

on the solar hemisphere and are measured in  millionths of the solar hemisphere, which in the context 

of this paper is  that part of the Sun that is visible to us (1 millionth of solar hemisphere=3 million km2).  

You can find a detailed description of this in Chapter 6 of the PRF User Guide (Preliminary Report and 

Forecast of Solar Geophysical Data), the handbook published by the Space Weather Prediction Center 

(SWPC), a division of the National Oceanic and Atmospheric Administration (NOAA), which is the 

authority for this data. The manual and can be found at the following link: 

http://www.swpc.noaa.gov/sites/default/files/images/u2/Usr_guide.pdf .   

Since this paper uses some terminology which might not be familiar to the reader, I have included a 

“Terminology” section which explains the terms used here. 

Some of the “recent” attempts to include sunspot numbers in their analysis were made by David 

Hathaway and Robert Wilson, as well as the ALPO Solar Section (ALPOSS) mentor back in the 1980s, 

William Livingston, and Penn.  By associating the results of sunspot numbers to energy output of the 

Sun, Hathaway and Wilson predicted in 2006 that Cycle 24 would be one of the most intense cycles since 

recordkeeping began 400 years ago. https://science.nasa.gov/science-news/science-at-

nasa/2006/21dec_cycle24/ . Conversely, Livingston and Penn suggested that we are on the way to enter 

a new Maunder Minimum.  https://wattsupwiththat.files.wordpress.com/2008/06/livingston-
penn_sunspots2.pdf. 

For this analysis, we did look at the size and increase of the Wolf numbers and the Active Region Areas 

over a three-day period prior to, as well as on the day of, the solar flares included in the analysis, and 

calculated the value for any given day as a function of the value at the flare date. This showed us the 

ramp-up prior to the flare date.  

In order to limit the analysis to high solar energy, the analysis was restricted to flares equal to or 

exceeding a flux level of an M5.0 flare.  These are the flares that trigger the SWPC to issue R2 alerts to its 
subscribers. 

Terminology 

The data for the analysis was recorded daily in a database and contained the “Active Region Area” for 

every given active region visible that day, totaling almost 700 regions for the three years of the analysis 

period. The “Active Region Area” is defined as the size of the region measured in millionths of the solar 

hemisphere. The individual daily Active Region Areas were totaled and also recorded daily, giving the 
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“Total Daily Active Region Area”, which is defined as the sum of the areas of the Active Regions visible 

on a given day on the solar hemisphere.  The next item might be a bit controversial, but I needed an 

indicator of how powerful or big the regions were in relation to each other, not for a given day but 

overall.   For this I totaled the daily Active Region Areas for every active region from the first day it was 

recorded until it disappeared or turned around the western limb of the Sun.  This would give a “Total 

Region Area”.. The Total Region Area is used to identify those regions which covered the largest areas for 

the longest time on the hemisphere as seen from Earth.  The problem with this is that areas might start 

up in the middle of the visible rotation of the solar hemisphere, or even disappear before they get to the 

western limb.  For this exercise, I did not address these areas which based on analysis were minimal in 

numbers anyway.  So I only included regions which were visible for approximately 90% of the time their 
longitude was visible from Earth.   

In order to perform a correlation to Wolf numbers, I also calculated the daily Wolf Number for every day 

of the analysis period. It should be noted here that I used the raw daily data obtained from the daily 

SWPC reports, and not a smoothed or corrected number, or a number compensated for a specific 

observer which might be common for other applications.  Lastly, to have a measure of solar activity, I 
also kept track of all solar flares which triggered an R2 Alert by the SWPC (that is, solar flares =>M5). 

Analysis  

The first graph (Figure 1) shows the solar activity represented by the daily Wolf number (dashed red line) 

as well as Total Daily Active Region Area (solid blue line) for the three years of observation.  Both graphs 

show a very distinct declining trend line, which indicates we are moving away from solar maximum 

towards the solar minimum. Looking closely at the graphs, although the graphs seem to rise and fall 

approximately at the same time, the rate and amount they rise and fall are much different.  This 

indicates the Wolf numbers and Active Region Areas do not respond to increases and decreases in solar 
activity in the same way.  

 
Figure 1.   Wolf Number (red dashed) and Total Daily Active Region Area (blue solid) as well as their trend lines (dotted), plotted for the 

period of the analysis 



In order to better understand the effect between the solar activity, Wolf numbers and Active Region 

Areas, we need to keep in mind the following: the nature of the Wolf number pertains to the entire 

visible hemisphere of the Sun.  When solar activity rises and creates multiple large areas on the solar 

hemisphere, the Wolf number would rise. When more regions are identified, the more rapid the number 

would rise, even if the emissions in specific regions stay medium or low. This is because in the calculation 
of the Wolf number, the number of regions is multiplied by 10 and sunspots count only as 1.    

Contrary to this, an Active Region Area pertains to only one individual active region.  This means that if 

we observe high Active Region Area numbers for individual active regions, or sharp increases in them, 

we might have a better chance of seeing high concentrated emissions of energy on a small part of the 

hemisphere and we might be able to see how this high level of energy affects regions and sunspots 

So to further analyze the behavior of the Active Region Area, I created two additional plots.  The first one 

(Figure 2) shows the Active Region Areas for select regions.  Excluded were all Active Regions which did 

not exceed an area of 200 millionths at any given day during the time they were visible on the 

hemisphere.  The remaining region areas were plotted as a function of time. This limitation was done to 

keep things relatively simple and not convolute the graph with 600 more very small regions, since the 
graph is intended to show the distribution of regions over time.   

 

The second graph (Figure 3)  is a closer look at a number of the most impressive active regions during 

the period. For each active region, all of its Daily Region Areas were totaled to obtain a “Total Active 

Region Area” for that region.  All regions which had a Total Active Region Area of >2,000 millionths (for 

example, 10 days of 200 millionths) were included in the analysis.  This total area number for the region 

was plotted on the date axis for the day where the daily area was the largest for that region, the 

presumption being that most energy was available on that day, which might or might not be true. This 

graph shows the potentially most “powerful” areas over the analysis time period. The level indicates the 
impact the area had during its time visible, and the date axis shows its approximate distribution.   

 
Figure 2.  Active Region Areas exceeding a Daily Active Region Area Total of 200 millionths, plotted for each such Active Region during the analysis 

period.  The chart is provided to show the distribution of regions over time, as well as the daily size of the individual regions, not to identify 

individual regions. The list of AR#s is provided to identify which ARs were included  



The first observation made by looking at figures 2 and 3 is that the distribution is not even.  It shows that 

a large number of active regions followed each other in close progression in 2014, and to a lesser extent 
in the beginning of 2015, becoming even less as we move into 2016.   

Solar activity is most notably indicated by the solar flares the Sun produces.  Solar flares are classified as 

A, B, C, M and X-flares, with each classification being subdivided into 100 increments and indicated for 

instance as a “C1.7” flare.  (A C-class flare with an intensity of 17 on a scale of 0-99) Extended details of 

these classifications can be found in SWPC’s PRF User Guide, page 2.  The SWPC monitors and reports 

these levels and issues alerts when certain levels of classifications are actively being exceeded.  One such 

indicator is an R2-Alert, which means a flare exceeds the flux associated with an M5.0 flare. 

To better illustrate the solar activity and to provide for a scope limit in the analysis, I plotted the flares 

for those days where the SWPC issued R2 Alerts, thus not including smaller flares. Since multiple flares 

larger than M5 could happen on the same day in the same region, I incorporated the intensity of the 

flares to show a representative level for that day by showing the sum of the flares for which R2 alerts 

were issued.  During the analysis period, R2 Alerts were issued on 40 days. Figures 4, 5 and 6 take a 
closer look at these events starting with the beginning of 2014. 

Each graph plots the Active Region Area for the regions described for a six-month period.  In addition, 
the Wolf number for the period is shown in the red line and the R2 events in black columns. 

On January 7, 2014, while it was well-centered on the solar hemisphere, AR1944 covered an Active 

Region Area of well over 1,400 millionths for a number of days while it was well on the move to over 

1,560 millionths when it produced an X1.2 flare.  At the same time, the Wolf number was on the decline 

from 178 on January 5 to well below 100 on January 8. 

 
Figure 3. Distribution of the Total Active Region Areas plotted on the day of the region’s largest area. The graph only includes regions for 

which the Total Region Area exceeded 2000 millionths. The list of regions is only included for reference, not for identification of the 

region in the chart. 
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At the end of January and the beginning of February, the Sun produced M5.6 and M5.2 flares.  At this 

time, the Active Region Area of AR1967 increased to 1,580 millionths between January 28 and February 

5 with a rapid 900 millionths increase in one day, while the Wolf number increased over an eight day 

period from 62 on January 28 to 183 on February 5. The Active Region size increment gave a much better 
indication of the subsequent solar activity. 

AR1982 had been very active for a few days with a Region Area of over 500 millionths when it reached its 

maximum of 570 millionths on February 24, 2014 while getting ready for a X4.9 flare a day later.  

However, the Wolf number did not really peak until March 1 with a Wolf number of 289. This number 

was not caused by an increase of spots in AR1982, but instead because of a more than doubling of the 

regions from 6 to 13 between February 25 and March 1, and individual spots only increased from 145 to 

159. 

The R2 alert of March 12 triggered by an M9.7 flare happened when several active regions gained 

momentum. AR1996 showed a fast increase and was on the way to 160 millionths while the Wolf 

number showed a decrease before the event.  It did increase after the event mainly due to an increase of 
AR2002. 

The flares from March 12, March 29 and April 2 happened while the Wolf number did not see big 

changes, but the Active Region Areas were on rapid increases on March 12 and April 1. 

The middle of April saw a continuous increase in the Wolf number, caused by a large number of regions. 

However, when AR2036 did have a large area increase starting on April 17 (reaching 510 millionths on 

April 18), the active region produced an M7.3 flare. The same region stayed very active and produced an 

X1.2 flare on April 25, just before it turned to the far side of the Sun. 

On June 11, AR2087 started to come around the Sun’s eastern limb with a great show of an X2.2 flare 

and an X1.5 flare an hour later. Because of its location just over the eastern limb, the flare conditions on 

the days before appearing on the eastern limb are unknown. The Total Active Region Area for the Sun 

 
Figure 4.  Daily Active Region Areas, Wolf numbers, and R2 triggering flares for the first 6 months of 2014. Active Region Areas are in color, 

Wolf number in red and R2 triggering flares in black bars 



was 1,510 millionths for that day, and the Active Region Area of AR2085 was 460 millionths, growing to 

490 over the next few days. At that time, the Sun showed 79 sunspots and seven regions for a Wolf 
number of 79+70=149. 

Next let’s look at October 19, 2014, when AR2192 produced an X1.2 flare, the second X-flare since those 

June dates (Figure 5).  On that day, the Sun showed three active regions. The Total Active Region Area 

had grown from 620 millionths to 1,560 millionths (comparable to June 11), of which AR2192 accounted 

for 1,240 millionths. The total sunspot count of 30 gave it a Wolf number of 30+30=60, much less than 

half the Wolf number on June 11.  However, it only increased to 147 over a six-day period (still less than 

the Wolf number on June 11), while the total Active Region Area increased from 1,560 millionths to 

3,120 millionths over a four day period. This was the beginning of a barrage of flares over the next 10 

days, which included 10 flares that exceeded R2, of which six were X-Class flares — one of which, an X2.0 

flare, I was able to capture on October 27 (Image 2 for the X2.0 flare and Image 1 for the X1.2 flare).    

The low Wolf number on October 19 did not indicate that such a high activity was to be expected. 

However, the high and rapidly increasing Active Region Area number was an indication of something 

serious to come. (See Image 3 for a close up of the largest sunspot in AR2192.) 

Going back to Figure 2, one can see that the Total Active Region Area chart confirms that the region 

AR2192 was by far the largest and most active region during the analysis period, and probably for solar 
Cycle 24.   

The barrage of flares ended with three flares in AR2205, when it came around the Sun’s eastern limb 
triggering R2 alerts on Nov 3, Nov 5 and Nov 7.   

Shortly after, AR2209 emerged at the eastern limb. It was apparent that it was a very large spot. The first 

day recorded it was already an area of over 600 millionths. On Nov 17 it was 800 millionths when it 

produced another R2 alert flare of M5.7.  During this time, the Wolf number modestly increased from 
104 to 117 and then dropped to 100. 

 
Figure 5 Daily Active Region Areas, Wolf numbers and R2 triggering flares for the 6 months following September 2014. Active Region 

Areas are in color, Wolf number in red and R2 triggering flares in black bars. 



The next R2 alert did not come until January 13, 2015. This time it was for an M5.6 and M4.9 flare in 

AR2257. It was well on its way to the western limb and the Active Region area had been around 470 

millionths for a few days (480, 470, 450 and 380). Even though the Wolf number was rapidly decreasing, 

the region produced the two flares. 

A series of R2 alerts were produced between March 3 and March 11, 2015. AR2290 produced an M8.2 

flare on March 3, while AR2297 was responsible for an M9.2, M5.8, M5.1 and an X2.1 between March 7 

and March 11.  The Wolf number was in the high 20’s except for the last day when it rose to 42, while 

the Active Region Area for the only visible sunspot was between 260 and 280 millionths. 

An X1.2 flare in AR2339 took place on May 5, 2015, when it came around the eastern limb.  It reached an 

area of 900 millionths on May 9, while the Wolf number maxed out on May 12 at 188. At that time, 60 of 

the 88 sunspots were part of AR2339 and the Total Active Region Area maxed out at 1,130 millionths.  

This was one of the few exceptions when the flare seemed to come before the Region Area suggested 

something was coming. 

In mid-late June 2015, AR2371 paraded across the hemisphere, growing very rapidly to 1,180 millionths 

on June 22.  Then the first of two flares happened, an M7.9. This was followed three days later with a 
second R2 alert triggering M6.7 flare, while the Wolf number was steadily on the decline since June 8. 

The M5.6 flare of August 26 occurred when both the Active Region area of AR2403 and the Wolf number 

were on the rise.  Again, at the end of September, both indicators were sharply on the rise, when 

AR2422 produced an M7.6 flare.  However; the Wolf number dropped to half its value four days later 
while the area continued to increase as a second flare erupted, this time an M5.5. 

It is interesting to note here that only two R2 alerts were issued for the rest of 2015 and all of 2016, or 
15 of the 36 months of the analysis period. 

 

 

 
Figure 6 Daily Active Region Areas, Wolf numbers and R2 triggering flares for the 6 months following May 1st 2014. Active Region Areas are 

in color, Wolf number in red and R2 triggering flares in black bars. 

 



Conclusion 

Analysis of the three years of data clearly show the R2-triggered flares were preceded by a rapid increase 

of the Active Region Area, which cannot be claimed for the Wolf number alone. However, the actual size 

of the increase also depends on where we are in the solar cycle. If close to solar maximum, we should 
look for larger increases; if moving towards solar minimum, we can look for smaller increases. 

The final analysis is shown in the last graph (Figure 7). The horizontal axis shows the size of the Active 

Region, or Wolf number, as a percentage of the size they were on the flare date.  The vertical axis shows 

the percentage of regions that fell within the percentile of regions that met these criteria.  The 

relationship between the two is given as a function of days (-1, -2. or -3) prior to the presumed flare date 
of the regions included in the evaluations. 

Looking at the 70% point on the horizontal axis (representing an increase of 42% to 100% on the flare 

date) and the intersection with the -3 day line, shows that 62% of the flares included in the analysis 

(vertical axis), the size of the Active Region Area fell in this category. Or in other words, 62% of the 

regions increased in size by 42% over the next three days.  

This is 2.5 times more accurate (or more likely?) than using the same criteria for Wolf numbers. 

Reducing the forward look from three to two days increases the accuracy (or likeliness?) from 2.5 to 3.5.  

This indicates that the increases were much more pronounced in the case of Active Region Areas than 

the Wolf numbers. 

As an amateur astronomer, I have learned that by simply keeping an eye on how large a region is and 

how fast regions develop gives me a sufficient advanced knowledge when to be on the lookout to 
capture some interesting images of emerging solar activity and solar flares. 

 

 
Figure 7. The horizontal axis shows the size of the Active Region, or Wolf number, as a percentage of the size they were on the flare date.  

The vertical axis shows the percentage of regions that fell within the percentile of regions that met these criteria 
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