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Introduction 

Detailed analysis of severe weather events in Illinois has revealed that on 
cer ta in dates in the March-October period these events occur ei ther frequently or 
infrequently. These dates have been identified as s ingular i t ies and a r e noticeable 
in the daily occur rences of heavy 24-hour r a i n s t o r m s , thunders to rms , hail­
s t o r m s , tornadoes , and damaging lightning in I l l inois . To la rge extent these events 
a re in t e r - r e l a t ed weather phenomena and consequently show many common 
tempora l s ingular i t ies . 

Using long climatological r eco rds of the U. S. Weather Bureau for Illinois, 
the frequency that each calendar date experienced thunders to rms and the four 
other re la ted forms of severe weather was determined. Examination of the 
daily frequencies for each of the five events revealed the presence of severa l 
apparent s ingu la r i t i e s , usually of 1 to 3 days duration, when the severe weather 
event occur red with e i ther high or low frequency. After investigating the daily 
frequencies of these five events on a separa te bas i s , the data were compared and 
analyzed to sea rch for composite s ingular i t ies . Sta t is t ical t e s t s were applied to 
m e a s u r e the real i ty of these composite s ingular i t ies . Other meteorological 
data such as p r e s s u r e and t empera tu re were investigated to explain and cor­
robora te the severe weather s ingular i t ies . 

The annual maximum of each of these five events occurs during the w a r m e r 
half -year in Illinois, but the mode of the activity va r i e s between events . Tornadoes 
maximize in Apri l -May, lightning in July-August, thunders torms in June, ha i l s to rms 
in May-June, and r a i n s t o r m s in June-July . Even though these events maximize in 
different months, the t ime s e r i e s of occur rences have many corresponding highs 
and lows of occur rences on par t icu la r da tes . 

Knowledge about severe weather s ingular i t ies has importance as basic 
descr ipt ive climatological information. Undoubtedly, knowledge of such events 
could be used as a forecast ing aid. Inasmuch as these severe weather events a r e 
largely produced by m a c r o - s c a l e a tmospher ic dis turbances passing ac ross the 
Middle West, any tendency for r e - o c c u r r e n c e on par t icu la r dates, of groups of 
dates , suggests that in many yea r s these sys tems tend to move from the i r a r e a s 
of gensis on nearly the same da tes . Obviously, in some yea r s the s e r i e s of event6 
do not conform to the long- te rm pat tern of t ime sequence. However, the findings 

*For presentat ion at the Second Conference on Climatology, October 22-25, 1962. 
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presented in this paper indicate the p resence of several s ingu la r i t i e s in the 
occur rence of severe weather events in. I l l inois . 

Data 

The data on which this study was based were obtained from published and 
unpublished data of the U .S . Weather Bureau. To obtain data on the dates of 
hail and thunder occur rence , the or iginal r eco rds of all substations in Illinois 
were analyzed. Much of this information was obtained by machine process ing 
of Illinois r e co rds on IBM c a r d s . (1) The data on the occur rence of tornadoes , 
heavy rainfall , and damaging lightning were obtained from the wr i t ten summar i e s 
in the published Climatological Data for I l l inois . (2) The periods of r eco rd examined 
for the var ious events var ied according to availabili ty of the data and the need for 
sufficient data to furnish represen ta t ive r e s u l t s . In all ins tances , data for the 
March-October period were employed. Occurrences of these five forms of severe 
weather a r e too infrequent in the November -Feb rua ry period to war ran t study of 
daily f requencies . 

The thunders to rm data used were for the period of 1925-1959. The g rea t e r 
frequency of occur rence of this event made a 35-year period of r ecord quite 
adequate. A thunders to rm day was defined as a day when three or more stat ions in 
Illinois repor ted thunder. Based on this definition a total of 2978 thunders to rm 
days occur red . 

The hail data used in the study were for the 1901-1959 period. Any date that 
had one or m o r e stations repor t ing hail was defined as a hail day. There were 
2776 hail day occur rences in this 59-year period of r e c o r d s . 

After careful examination of the rainfall s ta t is t ics a day with s eve re rain 
was defined as a day when 5 percent of the stations in Illinois experienced 2 .0 
inches or more rainfall in 24 hour s . Such an amount is equaled or exceeded only once 
every 5 yea r s at a given point in I l l inois . (3) Five percent of the stat ions were used 
to adjust for the varying number of stations during the 1914-1960 period which was 
the period analyzed for the heavy r a i n s t o r m s . Five percent of the total s tat ions in 
1914 was five whereas in 1960 five percent was ten s ta t ions . Based on this definition 
of a day with heavy r a i n s t o r m s , it was found that 949 such days had occur red in 
Illinois in the 47-year period analyzed. 

A tornado day was defined as a day when one or m o r e tornadoes occur red . 
Records used were those for 1914-1960, and this period included all of the rel iable 
data available on tornadoes in I l l inois . A total of 171 tornado days occur red . 
Although this might be considered to be a questionable s ize of sample for this 
type of study, the tornado data were included for comparison with the other 
severe weather events . 
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A day with damaging lightning was a day when ei ther property damages or 
personal injury was caused by lightning. All data readi ly available on this topic 
were employed and this included published records for the 1914-1948 per iod. In 
this 35-year period a total of 421 days with damaging lightning occur red in I l l inois. 

Other climatological data were employed in this study. Statewide es t imates of 
daily re la t ive humidity values at 12 noon, p r e s s u r e s at 6 P . M . , maximum 
t empera tu re s , and percentages of possible sunshine were computed using the 
average daily values of these phenomena for Chicago, Moline, Peor ia , and 
Springfield. Station data at P e o r i a were for the 1905-1948 period, whereas the 
data from the other th ree stat ions were for the 1901-1948 per iod. 

Methods of Analysis 

Singulari t ies , spel ls , and anomalies in a t ime se r i e s can be defined in severa l 
subjective ways . Stat is t ical definitions a r e sti l l argumentat ive and not as objective as 
one might de s i r e . (4, 5) There is even some scientific d isagreement as to the 
p roper definition of s ingular i t ies , spel ls , and anomal ies . (6) One may wonder 
why anyone might be foolish enough to at tempt analyses in this abyss of semantic 
and scientific confusion. This confusion probably explains the lack of r e s e a r c h into 
s ingular i t ies among Amer ican meteorologis ts and cl imatologists . In teres t and 
r e s e a r c h in s ingular i t ies have been more extensive in Europe than in. Amer ica , 
possibly because the European scient is ts have had longer cl imatic r e co rds at the i r 
disposal . However, in recent y e a r s , Amer ican in te res t in Bowen's theor ies 
concerning the effect of me teo r i c dust showers on rainfall occur rence has led to 
increased r e s e a r c h relat ing to s ingular i t ies . 

Singularity identification can only be accurate ly performed when climatological 
r ecords a re sufficiently long to remove the random fluctuations in a t ime s e r i e s that 
a re a resu l t of inadequate sampling. Until such data become available, one must be 
content to define s ingular i t ies in some subjective or semi-object ive manne r . 
Examination of the l i t e ra tu re indicates that the re have been severa l methods 
employed to identify and define s ingular i t ies . For the sake of convenience and clar i ty , 
frequent or infrequent numbers of occurrences of an event which exceed a specific 
level on a calendar date shall hereaf ter be re fe r red to as a singulari ty in this 
paper . For peaks or t roughs of two or more events to be c lassed as a composite 
singularity, the dates of occur rence had to occur within a period of th ree con­
secutive calendar dates . 

One simple way to define a singularity in a t ime s e r i e s is to subjectively 
consider any date with an apparent high or low frequency value as a s ingular i ty . 
Such a procedure is often based on folklore concerning weather phenomena. 
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A subjective procedure can be refined by selecting mathemat ica l l imi ts of fre­
quency which must be exceeded in o rde r to qualify the event as a s ingular i ty. 
Others have improved on this method by substantiating their identification p rocedures 
by using related a tmospher ic data, such as upper a i r data, which also show 
anomalies on or nea r the date of the selected s ingular i ty . (7) Another approach 
used to define s ingular i t ies is to employ s ta t is t ical t e s t s and measu remen t s which 
at tempt to identify the singulari ty as being rea l , or significant, or as represen t ing 
a frequency above the "noise" level of random sampling. (4, 6, 8, ) The number of 
methods one can employ to tes t s ingular i t ies is a lmost as numerous as the number 
of persons who have studied the problem. 

In this paper , s ingular i t ies were defined using four different procedures of 
identification. Those s ingular i t ies which were identified by each of these p rocedures 
also were compared by a fifth method. Cer ta in available climatological data in­
cluding p r e s s u r e , t empe ra tu re , relat ive humidity, and sunshine were utilized to 
offer explanations of the possible causes of the s ingula r i t i es . 

Initially, each of the five events was analyzed separa te ly . Examination of the 
daily frequencies of all five events indicated that the analysis should be performed 
using 3-day moving to ta l s . Low daily frequencies in the lightning and tornado 
data were brought to a more reasonable analytical level by using 3-day to ta ls , and 
3-day moving per iods a lso helped smooth and filter some of the abrupt" day-to-day 
var ia t ions apparent in the data. The daily frequencies, as expressed by the 3-day 
moving totals , a lso were expressed as a percentage of no rma l . A normal or base 
value was n e c e s s a r y in o rde r to measu re the re la t ive magnitude of the peaks and 
troughs because compar ison of their daily frequencies without adjustment to a 
normal was difficult owing to the g rea t seasonal variation in all five events . These 
normals were computed for consecutive 10-day pe r iods . Using the percentage data, 
all of the high and low daily values which exceeded the s tandard deviation value were 
selected for each event and identified as event peaks and t roughs . In all but one 
event, exactly 13 peaks and 13 t roughs exceeded the s tandard deviation. Thir teen 
values r ep resen t approximately five percent of the total daily va lues . Those daily 
values exceeding two standard deviations were identified as event s ingular i t i es . 

The peaks and troughs of the individual events w e r e compared to identify 
composite s ingular i t ies . Because of the paucity of data on lightning days and 
tornado days, two investigations of composite s ingular i t ies w e r e per formed. The 
f i rs t dealt with s ingular i t ies as determined from the thunder, hail , and heavy 
rainfall s ta t is t ics which a r e considered to r ep re sen t sufficient sampling of the i r 
respect ive events to ob tain re l iable daily frequencies for a t ime s e r i e s . These 
3-event composite s ingular i t ies were examined s ta t is t ica l ly for significance. 

Using these 3-event composite s ingular i t ies , another subjective definition 
for s ingular i t ies was employed. That is, when a t rough and a peak occurred 
within a 7-day per iod these assoc ia ted peaks and t roughs attained a t ime-change 
significance and each was classified as a s ingular i ty. 
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The second investigation of composite s ingular i t ies incorporated data from 
all five events . The low frequency of occur rence of the lightning and tornado days, 
especial ly in March, September, and October, resul ted in a number of consecutive 
days with 3-day averages of ze ro . Of course , these zero values might be singular­
it ies but their p resence does affect any s ta t i s t ica l determinat ion of s ingular i t ies 
if their data a re incorporated with the thunder, hail, and tornado data. Another 
selection of severe weather s ingular i t ies was made by comparing the resu l t s of four 
other methods of definition. 

Thunders torm Days. The peak in the thunders to rm season in Illinois occurs in 
June, as shown in Figure 1. Except for minor recess ions in early June and ear ly 
August, the normal curve of thunders to rm day occur rences has the cha rac te r i s t i c 
shape of annual distribution found in continental c l imates with a smooth inc rease in 
spring, a peak in m i d - s u m m e r , and a smooth recess ion in fall. The one date with 
the highest frequency of thunders torm days was June 12 which was classified as a 
thunders to rm day 24 t imes in the 35-year period. Notable highs and lows in the 
frequencies of the 3-day moving totals a r e apparent , but they a re difficult to 
compare and evaluate because of the constantly changing seasonal distr ibutions 
throughout the 8-month period. To compensate for this problem, the daily 
frequencies for the 3-day moving totals were expressed as percentages of normal , 
and the result ing graph is shown in Figure 2. Thir teen peaks exceeded 20 percent 
of normal and 13 troughs were 18 percent or more below normal . 

In Tables 1 and 2 the peaks and troughs which exceeded one s tandard 
deviation a r e l isted and ranked based on depar ture from normal . A total of 13 
peaks and 13 troughs exceeded the standard deviation. As shown in Table 1, there 
were five peaks which had daily values more than twice the s tandard deviation. The 
probability that these five peaks a re not random var ia t ions is 95 percent based on 
the assumption that the sample is represen ta t ive of the t rue distr ibution. These 
five peaks were identified as s ingular i t ies for thunders to rm days in Illinois and a r e 
so indicated on Figure 2. In Table 2, two troughs in the thunders to rm frequencies a r e 
shown to exceed two standard deviations. These also were c lassed as thunders to rm 
s ingular i t ies and a re also indicated on Figure 2. 

Hail Days. In Figure 3 the daily frequencies of hail days in. Illinois a r e shown. 
The normal curve reveals that hail day frequencies inc rease very rapidly in March, 
reaching thei r annual maximum in late May. The single dates with the g rea tes t 
number hail day occur rences were May 9 and June 13 with 24 such days each in the 
59-year period. The hail day frequency (Fig. 3) diminishes rapidly in late June and 
again in late August. The curve based on the 3-day moving totals in F igure 3 has 
severa l prominent high and low values. 

Superimposed on Figure 3 is a graph displaying the daily frequency of 
ha i l s to rms in wes te rn Switzerland, and these frequencies a r e expressed as 5-day 



T A B L E 1 

DATES AND RANKS OF E V E N T - P E A K S WITH P E R C E N T A G E VALUES 
WHICH E X C E E D 1 AND 2 STANDARD DEVIATIONS 

T h u n d e r 
Days 

Date R a n k 

3 / 6 * 

3/19 

3 /26 

3 / 3 1 * 

4 / 2 0 

5/10 

6/12 

8 / 2 9 * 

9/11 

9 / 2 3 

10/5 

10/12* 

1 0 / 2 6 * 

1 

10 

9 

4-

7 

13 

8 

5 

11 

6 

.12 

3 

2 

Hai l 
Days 

Date 

3 / 7 * 

3/19 

3 /26 

4 / 2 7 

5 /9 

5 / 2 5 

6/13 

7/11 

8 /27 

9 / 9 * 

9 / 2 1 * 

10/12* 

10/22 

Rank 

3 

12 

10 

13 

7 

11 

9 

8 

6 

1 

4 

2 

5 

Heavy 
Day 

Date 

3 / 6 * 

3 /26 

4 /1 

5 / 2 * 

5 /27 

6/12 

7 / 2 1 * 

8 / 3 * 

9 /14* 

9 / 2 7 

10/11* 

10/18* 

10/27 

Ra in 
s 

Rank 

2 

11 

13 

5 

9 

8 

1 

3 

7 

10 

6 

4 

12 

T o r n a d o 
Days 

Date Rank 

3 / 6 

3 /27 

4/19 

4 / 2 8 

5/10 

6/13 

7 /12* 

8 / 4 

8/15 

8 / 2 9 * 

9 /15* 

9 / 2 6 * 

10/10 

8 

9 

5 

11 

12 

7 

1 

6 

13 

3 

2 

4 

10 

Ligh tn ing 
Days 

Da te Rank 

3 /6 6 

3/13 4 

4 / 1 * 1 

4/19 7 

5 /2 5 

6 / 2 4 10 

7/11 9 

8 /28 11 

9 /14* 3 

9 / 2 6 8 

10/12* 2 

Note : 
* Al l p e a k s l i s t e d a r e t h o s e w h i c h e x c e e d e d one s t a n d a r d dev ia t ion , w h e r e a s 

t h o s e wi th a n a s t e r i s k e x c e e d e d two s t a n d a r d d e v i a t i o n s . 



FIG. I DAILY FREQUENCIES OF THUNDERSTORM DAYS IN ILLINOIS 



FIG. 3 DAILY FREQUENCIES OF HAIL DAYS IN ILLINOIS 

FIG. 4 HAIL DAY FREQUENCIES EXPRESSED AS PERCENTAGE OF NORMAL 
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moving averages . (9) A compar ison of the peaks of the Swiss data with those from 
the Illinois data reveals a lack of associat ion which can not be explained by 
mathemat ical differences deriving from 3-day and 5-day moving values employed. 
The dates of the peaks in Illinois generally occurred between the peaks of occur rence 
in Switzerland. There is some agreement shown by the peaks in mid-Ju ly and 
mid-September . However, it appears that hail s ingular i t ies may not show the world­
wide agreement found by B r i e r (4) for rainfall s ingular i t ies . 

The 3-day moving totals of hail days were expressed as percentages of normal 
and the ensuing data a r e plotted on Figure 4. Listed in Table 1 a re the th i r teen peaks 
which exceeded 118 percent of normal and the th i r teen t roughs which were all less than 
84 percent of normal a re l is ted in Table 2. These peaks and troughs exceeded one 
standard deviation. Also indicated in Table 1 a r e four peaks which had values 
exceeding two standard deviat ions. These were defined as s ingular i t ies and a re 
so marked in Figure 4. Five of the t roughs l isted in Table 2 had values of more 
than two standard deviations and these also were identified as s ingular i t ies (Fig. 4). 

Heavy Rainfall Days. The daily distr ibution of days experiencing heavy rain­
fall is displayed in Figure 5. The curve of the normal daily frequencies reveals 
that this event inc reases on an i r r e g u l a r bas i s during the spring. The peak of 
activity occurs in late June and again in mid-August, and the frequency gradually 
dec reases during September and October. The single date with the g rea tes t number of 
heavy rainfall occur rences was August 2 with ten in the 47-year period s tudies . The 
annual cycle of the heavy ra in days, as defined by 10 -day normals , is more 
i r r e g u l a r than those for thunder (Fig. 1) and hail (Fig. 3). The day-to-day 
var ia t ions in the percent of normal number of heavy ra in days shown in F igure 6 
also a r e g rea te r than those for thunder and hail . Thi r teen days had peaks which 
were m o r e than 149 percent of normal and th i r teen days had troughs which were 
more than 39 percent below normal . These 26 values were those which exceeded 
one s tandard deviation. As shown in Table 1, there were seven peaks which 
exceeded the value of two standard deviations. These were c lassed as event 
s ingular i t ies and a re so indicated on Figure 6. Only one trough value (Table 2) 
exceeded two standard deviations and was the only trough singulari ty for days 
with heavy ra infal ls . 

Tornado Days. The daily distr ibution of days experiencing tornadoes is 
por t rayed by the curve of 3-day moving totals shown in F igure 7. Because of the 
relat ively low number of occur rences per day the normal number of tornado days 
per 3-day periods var ies from less than 1 day up to 5 days, as shown by the 
normal curve in Figure 7. The frequency of tornado days inc reases rapidly in 
March, reaches its maximum in late April and gradually diminishes during June and 
July. A secondary maximizat ion occurs in August. 

May 9 with five tornado days in 47 yea r s of state r eco rds had the highest 
number of tornado days for a single date. After the 13th of October the tornado 
frequency fell to zero for the remainder of the month. This period was not 



TABLE 2 

DATE AND RANKS OF EVENT TROUGHS WITH PERCENTAGE VALUES 
WHICH EXCEED ONE AND TWO STANDARD DEVIATIONS* 

Thunder 
Days 

Date 

3 /9* 

3/22 

3/29 

4/14 

4/23 

5 /5 

5/14 

6 / 5 

7/26 

8/24 

9 / 5 

10/16 

10/30* 

Rank 

1 

5 

10 

7 

6 

8 

11 

3 

12 

13 

9 

4 

2 

Hail 
Days 

Date 

3/11* 

3/22 

4/24 

5 / 5 

5/21 

6/17 

7/20 

7/31 

8/24* 

9 /4* 

9/17 

10/2* 

10/29* 

Rank 

5 

9 

11 

1 3 

10 

12 

6 

8 

4 

3 

7 

1 

2 

Heavy 
Day 

Date 

3 /9* 

3/22 

4/12 

5 / 6 

5/22 

7 / 2 

7/18 

7/26 

8/9 

8/24 

9/19 

10/15 

10/30 

Rain 
s 

Rank 

1 

2 

7 

3 

5 

10 

8 

9 

11 

13 

6 

4 

12 

Tornado 
Days 

Date Rank 

3/9 

3/24 

5 /6 

5 /24 

6 / 4 

6/17 

7 /2* 

7/20 

7/26* 

8/9 

8/24 

9 / 5 * 

9/18 

8 

6 

12 

10 

5 

13 

3 

9 

2 

7 

11 

1 

4 

Lightning 
Days 

Date 

3 / 9 * 

3/22* 

4/10* 

4/23 

5 /5 

5/24 

6/16 

7/1 

9 / 6 

9/30* 

10/6 

10/17 

10/30 

Rank 

3 

1 

2 

5 

7 

8 

13 

10 

11 

4 

12 

9 

6 

Note: 
* All t roughs l is ted a r e those which exceeded one s tandard deviation, and all 

t roughs with values which exceeded two standard deviations a r e a s te r i sked . 



FIG. 5 DAILY FREQUENCIES OF HEAVY RAINFALL DAYS IN ILLINOIS 

FIG. 6 HEAVY RAINFALL DAY FREQUENCIES EXPRESSED AS PERCENT OF NORMAL 



FIG 8 TORNADO DAY FREQUENCIES EXPRESSED PERCENT OF NORMAL 

FIG. 7 DAILY FREQUENCIES OF TORNADO DAYS IN ILLINOIS 
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considered to be a trough because no ensuing r i s e occur red to define it. The 3-day 
moving totals a r e shown expressed as percentages of normal in Figure 8. With­
in the March 1-October 13 period, 13 peaks and 13 troughs had percentage values 
of more than 68 percent above or below normal , which was the value of one 
standard deviation. These 13 peaks and 13 troughs a re l is ted in Tables 1 and 2, 
respec t ive ly . As shown in Table 1, four of the peak values exceeded two standard 
deviations. These four were identified as tornado s ingular i t ies and are so marked 
on Figure 8. 

Nine of the troughs l isted in Table 2 had zero percentage values . These were 
differentiated and then ranked by counting ei ther the number of zero daily values 
in thei r trough period or by computing a 3-day score if one or both adjacent dates 
had values other than 0 percent . For instance, September 5 was selected as the 
rank 1 trough because it was the mid-date in the longest period of days with zero 
va lues . July 26 was second ranked occurr ing in a period of six days with zero 
values . Because the lower l imit of percentage values, zero percent , could not 
exceed the value of two standard deviations, the select ion of trough s ingular i t ies 
based upon this definition was imposs ib le . However, the three highest ranked 
troughs were a rb i t r a r i l y selected and identified as s ingular i t ies , and these a re 
shown in Figure 8. 

Lightning Days. The daily distribution of days with damaging lightning in 
Illinois is por t rayed in Figure 9 using 3-day moving to ta l s . The normal number 
of lightning days in 3-day periods var ies from about one day to twelve days as 
shown in Figure 9. The normal curve in Figure 9 revea ls that the number of 
damaging lightning days inc reases gradually during the spring months and reaches 
a maximum in late July. August 8 with seven damaging lightning day occur rences 
in the 35-year per iod of record had the g rea tes t number recorded for a single date. 
The normal distr ibution diminishes rapidly in August and September, and levels 
off at a relat ively low frequency in October. 

The 3-day moving totals of daily occur rences were expressed as percentages 
of normal and a r e shown in Figure 10. Eleven of the peak values were 158 percent 
of no rmal or g r ea t e r and these exceeded the s tandard deviation. The dates of these 
peaks a r e l isted in Table 1. Thir teen of the t roughs were more than 57 percent 
below normal , thus exceeding one standard deviation. These troughs a re l is ted in 
Table 2. As shown in Table 1 the re were th ree peak daily values which exceeded two 
standard deviations, and these were identified as event s ingular i t ies (Fig. 10). 
Identification of trough s ingular i t ies by selecting those with values in excess of two 
standard deviations was impossible because of the zero l imitation in percen tages . 
On an a r b i t r a r y bas i s the three highest ranked troughs were identified as singular­
it ies by the ranking procedure employed with the tornado day data. These th ree 
trough s ingular i t ies in lightning days a re indicated on F igure 10. 

Thunder, Hail, and Heavy Rain Composite S ingular i t ies . Composite 
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singular i t ies in the peaks and troughs of occur rences were determined from the 
event peaks and troughs l is ted in Tables 1 and 2. To be classified as a thunder, hail, 
and heavy ra in composite s ingular i ty , at l eas t two of the th ree events had to 
record a peak or trough within a 3-day per iod. 

Based on this definition, twelve singulari ty peak per iods were delineated in 
the March-October period. A rank was determined for each composite s ingulari ty 
based upon a score obtained by summar iz ing and averaging the ranks for the individual 
event peaks l is ted in Table 1. As noted in Table 3, there were four s ingular i t ies 
with all three events reaching a peak and these were assigned ranks 1 through 4 by 
comparing their s c o r e s . The remaining eight s ingulari t ies were given ranks 5 through 
12 by sort ing according to the i r s co re s , and the resu l t s a re shownin Table 3. No 
singulari ty peaks were recorded in July, but March had four and September and 
October had two each. 

TABLE 3 

PROMINENT COMPOSITE SINGULARITIES BASED UPON THUNDER, HAIL, AND 
HEAVY RAIN PEAKS AND TROUGHS 

Sing 

Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

ulari ty Peat 

Date 

3/6-7 
10/11-12 
6/12-13 
3/26 
9/21-23 
8/27-29 
9/9-11 
10/26-27 
3/31-4/1 
5/9-10 
5/25-27 
3/19 

Events* 

T, H, HR 
T, H, HR 
T, H, HR 
T,H, HR 
T, H 
T ,H 
T,H 
T,HR 
T,HR 
T ,H 
H, HR 
T, H 

Rank 

1 
2 
3 
4-
5 
6 
7 
8 
9 

10 
1.1 
12 
13 

Singula 

Date 

3/9-H 
10/29-30 
3/22 
5/5-6 
8/24 
10/15-16 
9/4-5 
9/17-19 
4/12-14 
7/18-20 
5/21-22 
4/23-24 
7/26 

rity Troughs 

Events* 

T, H, HR 
T, H, HR 
T, H, HR 
T, H, HR 
T, H, HR 
T, HR 
T, H 
H, HR 
T, HR 
H, HR 
H, HR 
T, H 
T, HR 

*Event symbols a r e : T=thunder, H=hail, and HR= heavy ra in 

Similar anayls is for the trough s ingular i t ies revealed that 13 composite 
s ingular i t ies based on the thunder, hail and heavy ra in trough data in Table 2 were 
d iscern ib le . These composite s ingular i t ies a re l is ted in Table 3. Five of these 
s ingular i t ies were based upon a t rough of all th ree events within a. 3-day per iod. 
The highest ranked of these occur red in the March 9-11 period which closely 
followed the highest ranked peak singulari ty on. March 6-7. 



FIG. 10 LIGHTNING DAY FREQUENCIES EXPRESSED AS PERCENT OF NORMAL 

FIG. 9 DAILY FREQUENCIES OF DAYS WITH DAMAGING LIGHTNING IN ILLINOIS 
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Singularity Identification by Temporal Alignment of Peaks and Troughs . 
Comparison of the 13 troughs with the 12 peaks determined from the 3-event composite 
anaylsis revealed that with 8 of the peaks, a trough period occurred within 5 days 
or less of the peak period. The f irst two peak s ingular i t ies in March and the 
two in October were followed by a singulari ty trough occurr ing 3 to 4 days l a te r than 
the dates of the peak. However, the peaks in May, August, and September were 
all preceded by troughs which occur red from 3 to 5 days before the peak dates . 
Based upon such a comparison, another definition of singulari ty was developed 
because significance is added to the peaks and troughs when they a r e closely 
aligned in t ime. By this definition, to be identified as a singulari ty peak or 
trough, an event trough period and a peak period had to occur within a 7-day period. 
Based upon such a definition, eight such s ingular i t ies w e r e p resen t in the March-
October period. These were rated by comparing their summated ranks l is ted in 
Table 3. In chronological o rde r these eight peak-trough periods with thei r ranks 
in parenthes is a re : March 6-11 (1), March 19-22 (7), May 5-10 (6), May 22-27 (8), 
August 24-29 (4), September 17-23 (5), October 11-16 (2), and October 26-30 (3). 
These closely related peaks and troughs suggest that grea t surges and recess ions 
in the factors producing seve re weather occur in very shor t per iods of t ime and on 
the same calendar dates in many y e a r s . 

Stat is t ical Testing of 3-event Composite Singular i t ies . The real i ty of the 
3-event composite s ingular i t ies was tes ted using a s ta t is t ica l method employed 
by Br i e r (4) to tes t the real i ty of rainfall s ingular i t ies . B r i e r ' s method of testing 
was designed to be largely unaffected by any pers i s tence in the au to-cor re la t ion 
relat ionships brought about by using moving-day values and by s imi lar i ty in the 
nature of the events being compared. For each event the 13 dates of peaks along with 
their preceding day and following day were assigned values of 1, producing a total 
of 39 days with 1 values . Similar ly , the 13 trough days and their adjacent days 
were assigned -1 values of which there were 39. The remaining 167 days were 
assigned values of 0. This was performed for thunder, hail, and heavy ra in . The 
resulting distr ibutions were compared on a calendar day bas i s and the m e a s u r e of 
associat ion between the th ree t ime se r i e s was determined by counting the number 
of t imes the following combination of events occurred . 

a. Daily occur rence of three 1 values . 
b. Daily occur rence of three -1 va lues . 
c. Daily occur rence of three 0 values . 
d. Daily occur rence of two 1 values and a 0 value. 
e . Daily occur rence of two -1 values and a 0 value. 

By counting all cases of a, b, c, d, and e, as "h i t s" , a score of 156 was 
obtained for the 245-day per iod. The frequency of the 1, 0, and -1 values in the 
three se r i e s is such that the expected score would be 105 hits if they were 
independent. 



-12-

The significance of the 156 score was examined by determining the 
scores that could occur by displacing the se r i e s re la t ive to one another . The 
thunder data were considered the base or control data and the hail and heavy ra in 
data were displaced relat ive to the thunder data. In Table 4 the scores obtained 
with displacements of up to 5 days a r e shown. The hail data and heavy ra in data 
each were displaced up to 15 days resul t ing in the computation of 961 scores , of 
which only 3 were 156 of g r ea t e r . This makes the score of i56 significant at the 

probability level . 

The highest score found in the 961 cases was the 163 shown in Table 4 for 
a hail displacement of 1 day and 0 displacement in heavy ra in days. If the high 
score had occur red in any one of the other five possible positions one day from 
the actual day, which are marked by a s t e r i sks in Table 4, the high score would 
have been just as significant. Therefore , the -statist ical significance of the location 
of highest score is Obviously, the 13 peaks and 13 troughs a re 

significant events and could be c lassed as re la ted composite s ingular i t ies . 

The degree to which this relat ionship is phased with the calendar date was 
examined by computing the average score when the s e r i e s w e r e displaced from each 
other by 0 day, 1 day, 2 days, e tc . (4) The 0 day score is 156. The average score 
for a displacement of one day is computed from the six values with as t e r i sks in 
Table 4. The resul t ing average score for 1 day displacement was 148, and this 
value and the other displacement values a re depicted in Figure 11. The absc i s sa 
is expressed as one-half of the total d isplacement since the total displacement of 
the 2-day category could r e p r e s e n t a maximum separa t ion between hail (+2 days) 
and heavy ra in (-2 days) of 4 days when the deviation to e i ther from the mid-point 
would be only 2 days. The curve in Figure 11 shows that the relat ionship of these 
events with the calendar date diminishes rapidly as the two se r i e s a r e displaced 
re la t ive to each other . Apparently the a tmospher ic conditions which cause severe 
weather in Illinois have sharp tempora l impulses on or about ce r ta in calendar dates 
in o rder to cause the high degree of calendar day associa t ion revealed by the 
agreement between severe weather s ingular i t i es . 

An argument offered when significance is denoted in the s ta t is t ica l tes ts for 
the composite s ingular i t ies is that it may be a false significance because these 
events may be au to -co r re l a t ed . That i s , s eve re weather events frequently occur 
together resul t ing in s imi la r s ingular i t ies , and a high s ta t i s t ica l express ion of 
significance would be expected to occur . However, the high degree of significance 
actually attained from the t e s t s of real i ty for these s ingular i t ies is quite meaning­
ful because of the known physical corre la t ion between these events . Since the 
events a r e all re la ted to thunders to rms and phases represen t ing the i r intensification, 
any findings which indicated d i s s imi la r dates for s ingular i t ies among the events 
would indicate inadequate sampling and a lack of rea l i ty in the s ingular i t ies . 

F ive-Event Composite S ingular i t ies . Composite peak and trough s ingular i t ies 
were determined from the data on thunder, hail , heavy ra in , lightning, and tornado 
days l is ted in Tables 1 and 2. In F igure 12 a schemat ic drawing depicting the d i s -



FIG. 11 AVERAGE NUMBER OF HITS ACCORDING TO 
MEAN DISPLACEMENT OF HAIL AND HEAVY 
RAIN SERIES FROM CENTRAL DAY OF 
THUNDER SERIES 



FIG. 12 SCHEMATIC PORTRAYAL OF PEAKS AND TROUGHS 
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N U M B E R OF HITS ACCORDING TO VARIOUS COMBINATIONS OF DAILY D I S P L A C E M E N T 
LAGS F O R HAIL DAYS AND HEAVY RAIN DAYS 

H a i l Days 

Heavy 

R a i n 

D a y s 

-5 

- 4 

- 3 

-2 

-1 

0 

1 

2 

3 

4 

5 

-5 
117 

115 

105 

107 

109 

120 

107 

94 

83 

82 

82 

-4 
111 

111 

108 

111 

1 1 4 

117 

105 

92 

84 

80 

79 

- 3 
1 0 4 

108 

109 

1 1 4 

120 

123 

113 

98 

89 

88 

84 

-2 
108 

109 

116 

118 

1 2 4 

130 

126 

114 

103 

99 

104 

-1 
120 

120 

127 

135 

135 

143 

135 

130 

119 

123 

124 

0 
129 

125 

128 

143 

153 

156 

145 

136 

1 3 1 

130 

139 

1 
125 

118 

1 1 9 

135 

153 

163 

1 5 1 

140 

127 

129 

125 

2 
112 

108 

106 

116 

132 

1 5 1 

150 

138 

122 

116 

115 

3 
98 

99 

100 

107 

117 

134 

135 

129 

111 

109 

106 

4 
94 

94 

1 0 1 

109 

115 

127 

123 

115 

103 

102 

107 

5 
96 

9 1 

95 

114 

125 

130 

119 

108 

98 

98 

100 



tr ibution of peaks and troughs composed of th ree or more events is p resen ted . 
To be classified as a 5-event composite s ingulari ty, 4 or m o r e of the 5 events had 
to achieve a peak or trough within a 3-day period. 

Based on this select ion level , s ingulari ty peaks were ascer ta ined in the 
March-October per iod, and these a re l is ted in Table 5. The composite s ingular i t ies 
with 5 events occurr ing together were ranked higher than those with 4 events . 
Within the two possible s ingulari ty levels , as based upon 5 or 4 events, ranks 
Were assigned as determined upon a score determined from the individual event 
ranks l is ted in Tables 1 and 2. F o r instance, the four events compris ing the 
August 27-29 peak singulari ty had a total rank score of 25, whereas the 4-event 
score on June 12-13 was 32. Thus, for the four -4-event level of peak s ingular i t ies , 
the August 27-29 peak was ranked higher than the June 12-13. As noted in Table 5 
the re were six s ingulari ty t roughs in which four or five of the events r ecorded 
t roughs . These were ranked in the same manner as that used for the singulari ty 
peaks . 

The real i ty of composite s ingular i tyies among the five events was tes ted using 
the same method employed for test ing the 3-event s ingu la r i t i e s . For each event, 
the dates and adjacent days for the 13 peaks were assigned a value of 1; the dates 
and adjacent days for the 13 t roughs were assigned -1 values, and the remaining 
167 days were assigned a 0 value. A "hit" for a given date was counted when 1) 
all five event values were 1, 2) all were -1 , 3) all we re 0, 4) four were 1 and the 
fifth event was 0, 5) four were -1 and the fifth was 0, 6) th ree were 1 and two were 
0, and 7) th ree were -1 and two were 0. The frequency of the th ree values in the 
five s e r i e s is such that the expected score would be 46 hits if the s e r i e s were in­
dependent. Tha actual score of number of hits was 131 which is a lmost th ree 
t imes the number expected by change. 

TABLE 5 

COMPOSITE SINGULARITIES BASED UPON PEAKS AND TROUGHS 
OF FIVE EVENTS 

Singularity Peaks Singularity Troughs 

Rank Date 

1 3/6-7 
2 10/10-12 
3 8/27-29 
4 6/12-13 
5 3/26-27 
6 5/8-10 

Number 
of 

Events 

5 
5 
4 
4 
4 
4 

Rank 

1 
2 
3 
4 
5' 
6 

Date 

3 /9-11 
3 /22-24 
5/5-6 
10/29-30 
9 /4 -6 
8/24 

Number 
of 

Events 

5 
5 
5 
4 
4 
4 
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Selection of Singulari t ies by Compar ison. As stated in the e a r l i e r portion 
of this paper, there a r e many ways to identify and define s ingular i t i es . A few of 
these have been employed to identify singulari ty peaks and troughs in the frequencies 
severe weather events in I l l inois. Among the s ingular i t ies defined were those for 
the individual events, the two groups of composite s ingular i t ies , and the t i m e -
rela ted peak and trough s ingular i t ies . The question still r e m a i n s : Which of these 
a re singulari t ies? 

In an effort to answer this question, all peak s ingular i t ies identified by the 
five individual events, the two composite schemes , and the t ime-al igned peak-
trough procedure were l is ted and compared. All 3-day per iods in which at l eas t 
four of the eight possible c r i t e r i a recorded a, singularity were selected as 
comparat ive s ingular i t ies . 

There were three peak s ingular i t ies which met this r equ i rement . The 
October 10-12 peak in severe weather activity was l isted as a s ingulari ty by seven 
of the eight c r i t e r i a . Only for tornado days did this 2-day period fail to be judged as 
a singulari ty peak. The March 6-7 period was identified as a peak by six of the 
eight possible c r i t e r i a . Only the tornado and lightning data failed to r eco rd this 
2-day period as a peak singular i ty. The thi rd singulari ty peak identified by this 
final procedure was the August 27-29 period with four of the eight c r i t e r i a l is t ing 
it as a peak singular i ty. None of the individual events except thunder identified 
this period as a s ingulari ty. 

There were four trough singulari ty per iods in which four or more of the 
eight c r i t e r i a identified a t rough. The March 9-11 period was l is ted as a 
singulari ty trough by seven of the identification p rocedures . Only the tornado 
data failed to identify this 3-day period as a singulari ty trough. The October 
29-30 period was identified as a singulari ty t rough by five c r i t e r i a . The March 
22-24 period and August 24 each had four c r i t e r i a listing them as singulari ty 
t roughs , Thus, this comparat ive selection method resul ted in a total of seven 
s ingular i t ies for severe weather . 

Poss ible Causes for Singulari t ies in Severe Weather. Another question 
r ema ins : If these severe weather s ingular i t ies a re real , what a r e their c ause s? 
If other meteorological p a r a m e t e r s and conditions have s imi la r s ingular i t ies , 
possibly some explanations can be offered to this question. If cor re la t ive 
real t ionships exist between seve re weather events and other re lated weather 
conditions, these would help to substantiate the c la ims for rea l i ty of severe 
weather s ingulari t ies as well as to help explain their occur rence . 

To this end, cer ta in available weather data which would serve in some 
degree as indicators of the general condition and stability of the a tmosphere in 
Illinois were analyzed to obtain thei r daily f requencies . Maximum tempera tu re 
data were analyzed because it s e rves as a re la t ive measu re of the stability and 
a i r mass type present at the approximate t ime when severe weather begins most 
frequently. (LO) Relative humidity was the only data readily available which could 
se rve as an indication of the mois tu re content of the a tmosphere . P r e s s u r e is 
indicative of the general stabili ty conditions and sunshine data indicate the 
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degree of c loudiness . F r o m the daily values of these four conditions,, 3-day 
moving averages and normal s were computed and the resul t ing t ime se r i e s graphs 
a r e shown in. F igures 13-16. Several peaks and troughs a r e apparent in each s e r i e s . 

The twelve s ingular i t ies indicated by the 5-event composi te method were 
compared with the climatological data shown in. F igures 13-16. The 3-day moving 
averages were evaluated by comparing the position of the i r curves with the normal 
curves on the dates of the twelve s ingular i t ies . Thus, the 3-day ayerage values 
could be c lassed as being in a trough, a peak, or nei ther a peak or trough on the 
dates of the s ingular i t ies . The resu l t s of this evaluation a r e shown in Table 6. In 
general , the peak s ingular i t ies were charac te r ized by re la t ively more cloudiness 
(or l e s s sunshine), low p r e s s u r e s , high t e m p e r a t u r e s , and high relat ive humidi t ies . 
Thus, a combination of generally warm, mois t , cloudy, and unstable conditions were 
found to assoc ia te with the severe weather peaks, and this combination is as expected 
theoret ica l ly and as des i red for confirmation of thei r rea l i ty . The major exception 
occurs with the August 27-29 singulari ty when the p r e s s u r e values have a modera te 
peak instead of a trough and there is a trough instead of a peak in the maximum 
t empe ra tu r e curve . 

The r e su l t s obtained for the trough s ingular i t ies a l so had theoret ical ly des i red 
rela t ionships between the s ingular i t ies and the four weather conditions. In m o s t 
ins tances , the troughs in severe weather activity w e r e assoc ia ted with high 
p r e s s u r e s , l e ss cloudiness, low maximum t e m p e r a t u r e s , and low relat ive humidities; 
or occur red during per iods that were relat ively cool;,, dry , c lear , and s table . 

The close tempora l relat ionship noted between peaks and troughs of the 
events and also between some of the other weather s ingular i t ies l isted in Table 6 
suggests at l eas t one explanation of the immedia te synoptic conditions in the North 
Amer ican a r ea which cause cer ta in of these severe weather s ingular i t ies in 
I l l inois. 

As noted ea r l i e r , in the spring and fall months the s ingulari ty trough followed 
the peak. F r o m theoret ical considerat ions and r ega rd for the findings displayed 
in F igures 13-16, it appears that the peak- to- t rough singulari ty relat ionship in the 
t rans i t ion seasons might rep resen t a synoptic condition which begins with an 
increas ing predominance of modera te ly warm-mois t air in I l l inois . This a i r mass 
is supplanted by a rapid southward intrusion of a major cold front which brings an 
outbreak of severe weather with i ts passage , thus c rea t ing a singulari ty peak. The 
following cold a i r and stable conditions dominate the weather in the succeeding days 
allowing lit t le or no chance for the occur rence of seve re weather , and hence a 
s ingulari ty trough occur s . 

It is apparent that the high degree of associa t ion between the singulari t ies 
in severe weather and those in related weather conditions confirm the real i ty of 
the composite s ingular i t ies and also se rve as an indication of the synoptic 
situations which produce the s ingular i t ies . No further explanation is offered as 
to why these features of the North Amer ican circulat ion pa t te rn behave more or 
l e s s frequently on or about cer ta in calendar da tes . This behavior is undoubtedly 
only a portion of abrupt impulses and changes that occur in the world-wide c i r -



FIG. 13 AVERAGE DAILY PERCENTAGES OF POSSIBLE SUNSHINE IN ILLINOIS FIG. 14 AVERAGE DAILY MAXIMUM TEMPERATURE IN ILLINOIS 

FIG. 15 AVERAGES DAILY RELATIVE HUMIDITY VALUES IN ILLINOIS FIG. 16 AVERAGE DAILY PRESSURE (MLS) ,AT 1800 CST IN ILLINOIS 



T A B L E 6 

DATES O F T W E L V E C O M P O S I T E S E V E R E W E A T H E R SINGULARITIES AND R E L A T E D 
P E A K S AND TROUGHS IN T E M P E R A T U R E S , P R E S S U R E , HUMIDITY,: AND SUNSHINE 

S i n g u l a r i t y P e a k s S i n g u l a r i t y T r o u g h s 

D a t e s A s s o c i a t e d Condit i 

P r e s s u r e 

3 / 6 - 7 
3 / 2 6 - 2 7 
5/8-10 
6/12-13 
8 / 2 7 - 2 9 
10/10-12 

T 
T. 
T 
T 
P 
T 

M a x . T e m p . 

P 
P 
-
-
T 
P 

ons 

Rel. Hd. 

P 
P 
P 
P 
P 
P 

Sun. 

T 
T 
T 
T 
T 
T 

D a t e s 

P r 

3/9-11 
3 / 2 2 - 2 4 
5 / 5 - 6 
8 /24 
9 / 4 - 6 
1 0 / 2 9 - 3 0 

e s s u r e 

P 
P 
P 
-
-

P 

A s s o c i a t e d Cond i t i ons 

M a x . Te 

T 
-

P 
— 

T 
T 

m p . R e l . Hd. 

T 
T 
T 
T 
T 
T 

S un. 

P 
P 
P 
P 
P 
P 



-18-
culation pa t t e rns . Possibly , these l a r g e - s c a l e hemispher ica l changes in the 
a tmosphere a r e related to the lunisolar cycle which has recently been shown to 
c o r r e l a t e with the occur rence of heavy ra ins in the United Sta tes . (11) 

Summary 

By using a selection level requir ing event ex t r emes in excess of two 
s tandard deviations, s ingular i t ies were defined for each of five severe weather 
events . Comparison of these resu l t s indicated that the re were 14 periods in 
which one or more events recorded singulari ty peaks and there were 9 periods 
when one or m o r e events recorded a singulari ty t rough. 

One set of composite s ingular i t ies were determined using the highly re l iable 
thunder, hail, and heavy r a in s to rm data. Sta t is t ical tes t ing of these events using 
the highest 13 peaks and the lowest 13 troughs of each event definitely indicated 
real i ty in their occur rence as s ingular i t ies . Another method of identification 
employed in the study requi red occurrence of a major peak and a major trough 
within a 7-day period. This method identified eight per iods with peak-trough or .. 
t rough-peak s ingular i t i es . 

Composi te s ingular i t ies also were de termined from the peaks and troughs 
of all five events and this selection method resu l ted in twelve s ingular i t ies . All of 
these twelve a lso were identified as s ingular i t ies by the individual event definition, 
by the 3-event composite procedure , by the t ime re la ted peak-t rough definition, 
and by the method of comparat ive select ion. Because of this and the high degree 
of corre la t ion of these twelve s ingular i t ies with anomal ies in re la ted weather 
conditions, the s ingular i t ies se lected as mos t r ep resen ta t ive a r e those twelve l i s ted 
as 5-event composite s ingular i t ies . The compara t ive select ion method failed to 
identify cer ta in prominent s ingular i t ies that achieved identification in the two 
composite groups and in the t ime-al igned peak-rtrough singulari ty l is t ing. 
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