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SUMMARY 

On 9 Apri l 1953, the development, growth and movement of a tornado 
echo and i ts associa ted t hunde r s to rm echo were observed on the plan-posi t ion 
indicator (PPI) of an AN/APS-15A, 3 - c m rada r as the s t o r m c r o s s e d eas t -
cen t ra l Illinois into Indiana. The p r e c i s e location of the tornado funnel which 
produced the surface damage was not isolated on the P P I ; however , the 
re la t ively large tornado echo in which the funnel was located was plainly visible 
on the southwest edge of the assoc ia ted thunders to rm echo. Detailed photographs 
of the radar scope presenta t ion were made with a 3 5 - m m scope c a m e r a . E m ­
ployment of an automatic r ece ive r gain control provided definition of echo 
in tens i t ies on the P P I . 

Included in this r epo r t a r e : A summary of synoptic weather conditions 
with i l lus t ra t ive weather c h a r t s ; a l a rge number of se lec ted r a d a r photographs 
depicting the h i s to ry of the tornado echo and i ts assoc ia ted thunder s to rm echo , 
with a d iscuss ion of in teres t ing fea tu res of the echo pa t t e rn ; and the r e su l t s 
of a detailed field survey conducted along the tornado damage path through 
Illinois for cor re la t ion with the r ada r and synoptic weather data. 

The r epo r t is la rge ly h i s to r i ca l in na ture ; i ts chief purpose is to 
p r e sen t detailed data for use in tornado r e s e a r c h and for the information of 
those engaged in r ada r observat ional p r o g r a m s . I t is concluded that r ada r is 
capable of detecting tornadic s t o r m s under favorable condit ions, and that 
meteoro log is t s have a valuable tool for the investigation of causes of tornado 
format ion. 
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INTRODUCTION 

Since the advent of r ada r as a meteorological r e s e a r c h and forecast ing 
tool during World War II, there has been considerable speculat ion among rada r 
meteorologis ts as to whether or not it would be possible for r ada r to detect a 
to rnado . Due to the l imited size of tornadoes which average about 250 y a r d s 
in d iameter 1 , i t has somet imes been postulated that such violent s t o r m s would 
occur undetected by r a d a r , especial ly at long range . Even at shor t range i t 
has been thought that thunders to rm activity might m a s k the tornadic act iv i ty , 
or that insufficient ref lect ivi ty f rom the tornado might l imit the utili ty of 
radar for detect ion pu rposes . Obse rve r s of r a d a r scopes have r epor t ed , 
however , that unusually large and strong echoes a r e p r e sen t when tornado 
conditions develop,. 

During the afternoon of 9 Apr i l 1953, the Water Survey was operat ing 
i t s AN/APS-15A (3-cm) r ada r for the routine collect ion of rainfall data in 
conjunction with a r e s e a r c h project to de te rmine the uti l i ty of r ada r for the 
quantitative m e a s u r e m e n t of precipi ta t ion. During the late afternoon, the 
development, growth, and movement of a tornado echo assoc ia ted with a 
thunder s to rm echo was observed on the r a d a r scope and photographed in 
detai l . This dis t inct tornado echo, which was observed near the southwest 
edge of the assoc ia ted thunders to rm, contained the tornado funnel which 
reached the surface and caused about four mil l ion do l l a r s damage in e a s t -
cent ra l Illinois . The actual posi t ion of the surface funnel was not visible 
within the tornado echo on the plan-posi t ion indicator (PPI) . Although the 
radar ope ra to r , who incidentally was not a me teoro log i s t , recognized the 
unusual nature of the P P I echo and the possibi l i ty of a tornado,, positive 
identification w a s not made at the t ime of the r ada r t r ack ing . 

To the bes t of the authors ' knowledge, th is was the f i r s t t ime that 
such a tornado echo had been observed and photographed in de ta i l , although 
an interest ing r a d a r observat ion during a tornado si tuat ion was repor ted by 
the Air Weather Service in 19451 1 . Their set at Maxwell F ie ld , Alabama 
was on the a i r at the t ime a tornado was r epor t ed in the a r e a . A prec ip i ta t ion 
a r ea shaped like a "6" was detected and this shape was maintained during 
the tornado activity. Unfortunately, r adar scope photographs of the s t o r m 
were not made . 

Since the Illinois to rnado , t he re have been other r ada r observat ions 
and photographs made of tornado echoes by seve ra l other r a d a r r e s e a r c h 
groups . Consequently, it may be concluded that r ada r is capable of 
detecting tornado si tuat ions under favorable condit ions, and that 
meteoro log is t s have a new tool for the investigation of the causes of tornado 
formation. F u r t h e r m o r e , the possibi l i ty ex i s t s that as m o r e r a d a r tornado 
data a r e collected and r e s e a r c h p r o g r e s s e s , i t may be possible to es tabl ish 
r a d a r s t o r m warning sys tems in tornado a r e a s to reduce loss of l ives , and 
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to some extent , p roper ty damage . 

The purpose of th i s r e p o r t i s : (1) to p resen t detai led data on the 9 
Apr i l 1953 tornado for information and use in tornado r e s e a r c h ; and (2) to 
make data re levant to the appearance of tornado echoes on the radar scope 
available to me teo ro log i s t s , in the hope that i t wil l aid and s t imulate 
in te res t in r ada r observat ional p r o g r a m s to gather m o r e tornado data . 
Included in the r epor t a r e : a s u m m a r y of synoptic conditions with i l lus t ra t ive 
weather c h a r t s ; a l a rge number of r a d a r photos showing development and 
movement of the tornado echo, with a d iscuss ion of in te res t ing fea tu res ; and, 
the resu l t s of a detai led field survey along the tornado path in Illinois for 
cor re la t ion with the synoptic weather data and r a d a r data . 

The r epor t is l a rge ly h i s to r i ca l in na tu re ; conjec tures on possible 
causes of tornado format ion have not been included, since it is felt that the 
available r a d a r data a r e too inconclusive for such purposes a t th is t i m e . 
Since exist ing theor i e s of tornado format ion a r e amply covered in the 
l i t e r a t u r e , they a r e not d i scussed in th i s r e p o r t . 

The maps p resen ted in figure 1 a r e for or ienta t ion of the r e a d e r and 
wil l be r e f e r r e d to in the ensuing sections of th i s r e p o r t . The por t ion of the 
tornado damage path through Indiana was obtained f rom the Apr i l 1953 
cl imatological s u m m a r y for Indiana 4 . Dis tances throughout this r epor t a r e 
expressed in nautical mi les to cor respond with the r a n g e - m a r k e r scale 
employed on the r a d a r P P I , numerous photographs of which appear in the 
following sec t ions . 
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FIG. I ORIENTATION MAPS 
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SYNOPTIC WEATHER SUMMARY 

Surface Conditions 

At 0630 CST on the morning of 9 Apr i l 1953, the surface map showed 
a low p r e s s u r e cen te r over e a s t e r n K a n s a s . This low was moving 
nor theas tward at approximately 30 knots and was expected to pa s s through 
no r the rn Illinois by late evening. The associa ted cold front extending 
southward f rom the low was expected to p a s s through Illinois during the 
afternoon and evening. The w a r m front extended eas t -no r theas tward f rom 
the low center through cen t r a l Il l inois. This w a r m front was moving slowly 
nor thward and passed the r a d a r s tat ion about 1000 CST. The U. S. Weather 
Bureau forecast indicated sca t te red light thunder showers in Illinois during 
the afternoon, with a few heavy thunder showers assoc ia ted with the cold 
frontal passage . 

On the 1530 CST weather map (figure 2), the low p r e s s u r e center w a s 
located in w e s t - c e n t r a l Illinois with a cold front or iented south-southwestward 
f rom the low. The w a r m front, which had become near ly s t a t ionary , extended 
eas t -no r theas tward f rom the low cen te r through nor the rn Illinois into 
no r the rn Indiana. The cold front w a s moving eas tward at about 20 knots and 
the low center was moving nor theas tward about 20 knots . The re were a few 
r e p o r t s of showers north of the w a r m front in sou thern Wisconsin, while two 
r e p o r t s of light dr izz le and fog were r e c o r d e d to the north and the west of 
the low center . A weak trough of low p r e s s u r e extended southeastward f rom 
the low, and a weak r idge of high p r e s s u r e extended toward the low center 
jus t to the north of th i s weak t rough. This r idge - t rough si tuat ion pe r s i s t ed 
until 1830 CST (figure 2) when the p r e s s u r e pa t t e rn changed in conjunction 
with a strong squal l zone which had developed to the e a s t . The tornado 
development was on the forward side of th i s t rough. This r idge - t rough 
pa t t e rn in the w a r m sec tor was s imi l a r to that r epor t ed by F r e e m a n with the 
to rnado that hit Waco, Texas on 11 May 1953 7 . The hour ly surface maps 
during the per iod 1530 CST to 1830 CST show that the low p r e s s u r e center 
was ve ry ac t ive . P r e s s u r e falls ahead and p r e s s u r e r i s e s behind the low 
w e r e grea te r than 2 mi l l i ba r s per hour . The maps show an extension of the 
ze ro i sa l lobar ahead of the cold front , the extension moving p rogress ive ly 
nor theas tward into the tornado a r e a . About 1600 CST, two sma l l to rnadoes 
occu r r ed in the vicinity of Lincoln, approximate ly 52 naut ical mi le s wes t -
nor thwest of the r a d a r s tat ion. Since the r a d a r was opera t ing on 30-mile 
range after 1557 CST, it is not known whether the Lincoln to rnadoes were 
detectable by r a d a r . The tornado echo with which th is r e p o r t is concerned 
was f i r s t detected by the r a d a r approximately 12 m i l e s nor th -nor thwes t of 
the r ada r s ta t ion about 1700 CST. 
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Repor ts of showers to the north of the w a r m front and r e p o r t s of r a in 
or fog north and west of the low center continued throughout the afternoon. 
Radar photographs , to be d iscussed l a t e r , and weather s tat ion r e p o r t s 
indicated that only a few showers were occur r ing ahead of th is cold front in 
Illinois p r io r to the occur rence of the to rnadoes . However , by ea r ly evening 
squall zone conditions existed over Indiana and southern I l l inois . Selected 
r a d a r P P I photographs in f igure 3 show the dis t r ibut ion of showers during 
the afternoon and development of the squall zone. It is in teres t ing to note 
that Brunk2 has found that tornadoes some t imes occur in connection with 
squall l i nes , but usual ly before the format ion of the squall l ine , or at some 
distance to the r e a r . 

F i g u r e 4 is a 24-hour precipi ta t ion map for cen t ra l Illinois which 
shows the dis t r ibut ion of showers and hai l as recorded by the U. S. Weather 
Bureau cl imatological network. These observat ions r e p r e s e n t 24-hour to ta ls 
for the per iod ending ei ther in ear ly evening or at midnight, depending upon 
the type of repor t ing s tat ion. It can be seen that , except for Rantoul 
approximately eight mi l e s to the north of the tornado pa th , the showers w e r e 
light and sca t te red . It appea r s that a hai l belt was concentra ted to the north 
of the tornado path. The 0.92-inch rainfal l at Rantoul occur red in the 
t hunde r s to rm with which the tornado was assoc ia ted . Hai ls tones as la rge as 
1 l /2 inches in d i ame te r were repor ted in the Rantoul a r e a . The rainfall in 
the Effingham a rea (figure 4) occurred l a rge ly during the ea r ly evening and 
was assoc ia ted with the squall zone. Visual observat ions of the clouds in the 
tornado a r e a during the afternoon p r i o r to the tornado development indicated 
sca t te red to broken cumulus of smal l v e r t i c a l extent . 

P r e s s u r e jumps were not repor ted on the hour ly weather sequences 
for Illinois s tat ions during the afternoon. However, t h e r e w e r e p r e s s u r e 
jump r e p o r t s f rom South Bend, T e r r e Haute , and Indianapolis in conjunction 
with the squall zone conditions over Indiana during the evening. Barograph 
t r a c e s for Rantoul and for t h r e e State Water Survey s ta t ions in the vicinity 
of the tornado a r e reproduced in figure 5. The locat ions of these s ta t ions 
a r e shown on the or ientat ion map in f igure 1. 

The p r e s s u r e min imum at the Goose Creek stat ion was about 40 
mi l e s in advance of the r a d a r echo, while leveling off of the ensuing rapid 
r i s e occu r r ed when the echo was 25 to 30 mi les away, although the actual 
p r e s s u r e peak was reached as the s t o r m pas sed over the network. The 
p r e s s u r e min imum at Rantoul was r eco rded about the t ime the forward 
edge of the radar t h u n d e r s t o r m echo reached the stat ion, while the following 
sharp r i s e and drop (see figure 5) occu r r ed in the t hunde r s to rm shor t ly 
before the tornado passed south of the s ta t ion. At the Champaign-Urbana 
weather s tat ion and the r a d a r station at the a i r p o r t , the p r e s s u r e min ima 
occu r r ed about the t ime the forward edge of the t h u n d e r s t o r m echo pas sed 
nor th of the s t a t ions , and ensuing sharp r i s e s leveled off shor t ly before the 
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tornado passed to the north of these s ta t ions . No abrupt p r e s s u r e drops were 
recorded by the barographs at the t ime of the surface funnel passage (figure 5). 

The p r e s s u r e t rough or wave init ial ly observed over the Goose C r e e k 
network was moving eas tward at about 15 knots . By the t ime of the tornado 
occu r r ence , the m o r e rapidly moving to rnado-assoc ia t ed thunder s to rm had 
apparently caught up with th is p r e s s u r e t rough . Poss ib ly , intensification of 
convergence in and around the t hunde r s to rm as i t moved into the p r e s s u r e 
trough a r e a was ins t rumenta l in the formation of the tornado. 

Upper Air Data 

The 850-mil l ibar char t for 0900 CST (figure 7) showed two low c e n t e r s , 
one coinciding with the surface low and the other located to the north over 
cent ra l Wisconsin. A pocket of w a r m dry a i r was indicated over cen t ra l 
I l l inois , with mois t a i r to the west ahead of the low and a tongue of mois t a i r 
pushing northward f rom the Gulf of Mexico through Indiana. Twelve hours 
l a t e r (2100 CST), the two low cen te r s had m e r g e d into a single low over 
southern Wisconsin and had deepened. The mois tu re pa t t e rn had become m o r e 
simplified, the two mois t a r e a s consolidating into a single mois tu re tongue 
with el iminat ion of the pocket of d ry a i r . Flow over the Illinois a r e a during 
the day was f r o m the southwest. 

The 700-mi l l ibar char t at 0900 CST (figure 8) showed a t rough 
extending south-southwest f rom we s t e rn Minnesota to sou theas te rn New 
Mexico. A tongue of dry a i r extended southeastward into cen t ra l I l l inois. 
By 2100 CST, the t rough had moved eas tward and was oriented along a line 
f rom wes t e rn Wisconsin to southeas tern Kansas . The tongue of dry a i r had 
spread eas tward into Ohio and southward into T e n n e s s e e . Southwesterly 
flow predominated at th is level over I l l inois , and steepening of the contour 
gradient occur red between 0900 CST and 2100 CST. 

The 500-mi l l ibar char t for 0900 CST (figure 9) indicated strong 
southwester ly flow over I l l inois , with a core of s t rong winds a c r o s s cen t ra l 
K a n s a s , no r the rn Missour i and cen t ra l I l l inois . The s t rong southwester ly 
flow was st i l l p re sen t 12 hours l a t e r (2100 CST) over the Illinois a r e a , and 
the contour gradient had increased cons iderably . 

F igure 10 shows the winds aloft for selected levels at 1500 CST, 
about one hour before the smal l tornadoes hit the Lincoln a r e a and about 
two hours before the l a rge tornado reached the surface at Leve re t t , about 
10 m i l e s to the north of the r ada r s ta t ion. The predominance of south­
wes t e r ly flow and the exis tence of re la t ive ly s t rong winds over the cen t ra l 
Illinois a r ea a r e shown. 

F igure 6 is a wind profile for Rantoul at 1500 CST. As previously 
mentioned, the path of the Levere t t to rnado was about eight mi l e s south of 
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Rantoul . The wind profile shows that the wind vee red gradually f rom 170° at 
the surface to 240° at 16,000 feet , then backed slightly to 230° at 25,000 feet , 
and remained f rom 230° above that level . The wind speed inc reased 
gradually f rom 19 knots at the surface to a m a x i m u m of 90 to 100 knots at 
30,000 to 40,000 feet . 

Selected radiosondes for Columbia, Mi s sou r i , and Rantoul a r e shown 
in figure 11 . At 0900 CST, Columbia occupied a posi t ion s imi la r to that of 
Rantoul at 1500 CST with r e spec t to the surface frontal sy s t em. At 0900 CST, 
Rantoul was jus t ahead of the w a r m front moving up f rom the south; 
consequently, the sounding is not r ep resen ta t ive of the a i r m a s s within which 
the tornadoes or iginated. It is shown m e r e l y for the purpose of continuity. 
While the morning soundings did not appear cha rac t e r i s t i c of a tornado 
si tuat ion, the Rantoul sounding for 1500 CST closely r e sembled the mean 
tornado sounding presen ted by Fawbush and Mil ler in 19525 . A tabulated 
compar i son of the Rantoul sounding and the Fawbush and Mil ler mean 
tornado sounding is given in Table 1. 

Although tornadoes occur red a c r o s s cen t ra l Indiana during the 
evening, the 2100 CST radiosonde for Dayton, Ohio did not compare favorably 
with the mean tornado sounding. Dayton is located l e s s than 100 mi les f rom 
the e a s t e r n end of the Indiana tornado path. Favorab le tornado conditions 
were apparent ly r e s t r i c t e d to a relat ively smal l a r e a . 

TABLE I 
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Discuss ion of Existing Cr i te r ia F o r Tornado Forma t ion 

Fawbush, Mi l le r , and S ta r re t t have devised a method for forecast ing 
to rnadoes based upon the existence of ce r t a in synoptic conditions a few hours 
p r io r to tornado format ion 6 . Briefly s u m m a r i z e d , the synoptic conditions 
which must be fulfilled a r e : 

1. A layer of mois t a i r near the surface must be 
surmounted by a deep layer of d ry a i r . 

2. A distinct mois tu re wedge or r idge must be p resen t 
in the mois t l ayer . 

3. The winds aloft must exhibit a max imum of speed along 
a relat ively nar row band at some level between 10,000 
feet and 20,000 feet, with the max imum speed exceeding 
35 knots. 

4. The ver t i ca l project ion of the axis of wind max imum 
must in te r sec t the mois tu re r idge ax i s . 

5. The t e m p e r a t u r e dis t r ibut ion of the a i r column as a 
whole must indicate conditional instabil i ty. 

6. The mois t l ayer must be subjected to considerable 
lifting. 

Fawbush and Miller amplified these forecast ing c r i t e r i a with the presen ta t ion 
of a m e a n tornado sounding in 1952, which was mentioned e a r l i e r . Reference 
to the var ious surface and upper a i r c h a r t s and the Rantoul radiosonde for 
1500 CST indicates that the Fawbush and Mil le r c r i t e r i a w e r e general ly 
satisfied in e a s t - c e n t r a l Illinois at the t ime of the tornado format ion. 

Tepper has indicated that the in te r sec t ion of two p r e s s u r e jump l ines 
is a p r e f e r r e d location for tornado deve lopment 1 0 . Except for those shown in 
figure 5, barograph r e c o r d s for Illinois and Indiana s tat ions were not 
available for a p r e s s u r e jump ana lys i s . As previously ment ioned, p r e s s u r e 
jumps w e r e not repor ted by Illinois s tat ions on hourly sequences during the 
afternoon, although there were s e v e r a l jumps repor ted in Indiana in 
conjunction with the evening squall zone. 

Showalter has presented both a t hunde r s to rm stabil i ty index and a 
tornado index, both of which may be used to indicate the probabil i ty of 
t o r n a d o e s 8 . These indices a r e based upon thermodynamic cons ide ra t ions , 
the de ta i l s of which will not be repea ted h e r e . Showalter s ta tes that a ze ro 
or negative tornado index indicates probable tornadoes when assoc ia ted with 

- 1 1 -



a ze ro or negative thunde r s to rm stabil i ty index. He points out that exper ience 
to date indicates a ve ry high probabil i ty of to rnadoes in any w a r m sec tor that 
shows negative values of -4 or g r ea t e r on both the stability index and the 
tornado index. The Rantoul radiosonde for 1500 CST indicated a -1 for the 
to rnado index and -5 for the t h u n d e r s t o r m stabili ty index. The thunder s to rm 
stabil i ty index for Columbia at 0900 CST was +1, while the tornado index was 
+2. Columbia was the neares t s ta t ion to the cen t ra l Illinois a r e a which was 
in the w a r m a i r m a s s a t that t i m e . 
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FIG 2 
ONE-HOURLY SURFACE MAPS FOR 9 APRIL 1953 
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FIG. 4 24-HOUR PRECIPITATION IN HUNDREDTHS 
OF AN INCH FOR 9 APRIL 1953 

FIG. 5 BAROGRAPH TRACES FOR 
9 APRIL 1953 

FIG. 6 WIND PROFILE FOR RANTOUL FOR 
1500 C.S.T., 9 APRIL 1953 
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FIG. 7 850 - MB LEVEL CHARTS FOR 9 APRIL 1953 
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FIG. 8 700 - MB LEVEL CHARTS FOR 9 APRIL 1953 
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FIG. 9 500 - MB LEVEL CHARTS FOR 9 APRIL 1953 
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FIG. 10 WINDS ALOFT CHARTS FOR 1500 CST, 9 APRIL 1953 



FIG. 11 RADIOSONDE OBSERVATIONS FOR 9 APRIL 1953 
(— Dry Bulb Temperature; ---- Wet Bulb Temperature) 
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DISCUSSION OF RADAR DATA 

Equipment 

The r a d a r data were obtained f rom a modified AN/APS-15A. This is 
a 3 - c m set which has a 3-degree be a m width and a pulse length of two 
mic roseconds . The plan posi t ion indicator (PPI) is photographed by a Navy 
type A scope c a m e r a using 35 -mm fi lm. P i c t u r e s of the scope a r e taken each 
scan . This set has also been equipped with an automatic gain reduct ion device 
which reduces the r ece ive r gain with each antenna sweep. A maximum of 10 
gain s teps is available and a t i m e r l imi t s the r a t e of photography to one s e r i e s 
of s teps each minute . 

The antenna elevat ion does not have a p rec i s e cont ro l or indication 
s y s t e m so can not be set accura te ly to 0° elevation. An ana lys i s was made of 
ground t a rge t r e t u r n and s t o r m echo ref lect ivi ty on reduced gain. This 
analys is indicated that the s t o r m echo pa t t e rn , as observed on max imum gain, 
may have been an integrat ion of r e t u r n f rom the ground to a maximum elevation 
of about six degrees above the hor izon. Consequently, an accura te calculation 
of the ve r t i ca l extent of echo contained in the r a d a r beam at var ious t i m e s 
could not be made . 

The effect of attenuation on 3 - c m r a d a r scope p resen ta t ions is 
considerable and dese rves brief mention before proceeding with the d iscuss ion 
of the r ada r scope data. Attenuation of the r ada r t r ansmi t t ed signal is 
propor t ional to the r a t e and depth of ra infal l ; consequently, the t rue intensity 
and a r e a l extent of the echo presen ted on the P P I is reduced, and the echo 
shape is d is tor ted as the at tenuation i n c r e a s e s . Since t he re was no intervening 
rainfal l (echoes) between the r ada r s tat ion and the tornado in th is c a s e , 
conditions on the near side of the t hunde r s to rm echo and the tornado echo, 
located on the southwest co rne r of the assoc ia ted t h u n d e r s t o r m , should have 
been accura te ly p resen ted . However , since heavy rainfal l was repor ted in the 
t hunde r s to rm as i t passed over the Chanute Air F o r c e Base Weather Station 
at Rantoul, I l l inois , scope echo presenta t ions of the far side of the thunders to rm 
w e r e subject to considerable attenuation effects. 

E a r l y History of Associa ted Thunders to rm 

In the following d i scuss ion frequent re fe rence will be made to P P I 
photographs appearing in f igures 12-20. F i g u r e s 12-18 a r e scope photographs 
made with maximum rece ive r sensi t ivi ty (step 1), and show the maximum 
a r e a l extent of the echoes as presented on the P P I . F i g u r e s 19-20 were taken 
on reduced gain at step 3. They i l lus t ra te the appearance of the echoes when 
the l ighter , l e s s significant port ions of the echoes a r e e l iminated. Steps 1 and 
3 correspond to r ece ive r sensi t ivi t ies of 97 and 89 decibe ls below one 
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mil l iwat t , respect ive ly (see Table II). North is to the top of the photographs , 
and range m a r k e r s a re at in te rva ls of 10 nautical mi le s unless otherwise 
noted. 

TABLE II 

Receiver Sensit ivity 9 Apr i l 1953 
(Decibels Below One Milliwatt) 

The t hunde r s to rm echo with which the tornado to the north of the r a d a r 
stat ion was associa ted was f i r s t detected about 55 mi les wes t -southwes t of 
the stat ion at 1525 CST. At 1541 (figure 12), two groups of echoes were 
d i sce rn ib le , one located 80 to 100 m i l e s nor th-nor thwest of the r a d a r s ta t ion, 
and the other located 50 to 60 mi les to the wes t . The to rnado , which reached 
the surface about t en mi les north of the r a d a r station about 1713 CST, occur red 
in conjunction with the mos t southerly of the w e s t e r n group of echoes . The 
echoes w e r e moving in a nor theas te r ly d i rec t ion at th is t i m e . The c a m e r a 
t r i gge r is respons ib le for the smal l blank sec tor appear ing to the wes t -
southwest . 

At 1557 CST (figure 12), the echo p a t t e r n was essent ia l ly the same 
except for the diss ipat ion of one echo to the southwest . However, t he re had 
been a general i n c r e a s e in intensi ty, as the echoes continued to move nor theas t 
at about 45 knots . The r ada r range was reduced to 30 mi l e s at th i s t ime to 
p re sen t a more detailed view of the mos t souther ly echo as it passed over the 
Goose C r e e k raingage network, which encompasses about 75 square nautical 
mi l e s and is centered 18 mi les wes t -no r thwes t of the r a d a r stat ion (figure 1). 

About 1600 CST, two smal l to rnadoes occur red in the vicinity of 
Lincoln, 52 mi les wes t -nor thwes t of the r a d a r station. The damage paths of 
these s t o r m s were in a southwest to nor theas t d i rec t ion , lying between the 
middle and southern echo as shown by the r a d a r at 1557 CST (figure 12). 
Whether they were assoc ia ted with e i ther of these echoes could not be 
posi t ively de termined. If such was the c a s e , the t rue a r e a l extent of the 
assoc ia ted echo mus t have been considerably g rea te r than was indicated by the 
r a d a r . Another possibi l i ty is that the t o rnadoes were assoc ia ted with another 
cloud behind the sou thern echo which was not detected by the r a d a r . Because 
of the reduct ion to 30-mi le r ange , no P P I photographs of the Lincoln a r e a w e r e 
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obtained after 1557 CST. 

Two smal l appendages on the southern side of the middle echo and 
another on the southwest edge of the nor thern echo were d iscernib le in the 
or iginal P P I photographs for 1557 CST; however , mos t of the detail has been 
lost in the reproduct ions of figure 12. 

Light rainfall was r eco rded on the Goose C r e e k raingage network 
between 1615 CST and 1650 CST as the t h u n d e r s t o r m echo passed over the 
a r e a (figure 1). Amounts r eco rded by gages ranged f rom 0.0 to 0.23 inch. 
Gain step 8, corresponding to 34 db below max imum sensi t iv i ty (Table II), 
was requ i red for extinction of the echo. Normal ly , cons iderably heavier 
rainfall occurs when such a gain step is observed. However , hai l was 
repor ted with the s t o r m over the network, and i t is quite likely that high 
reflectivity f rom the hai l (water-coated ice) caused the abnormal ly s trong 
r a d a r r e t u r n observed with the light surface ra infa l l . 

The echo, which la te r was assoc ia ted with the l a rge to rnado , came 
into full view again at 1630 CST (figure 12). Note that the echo at 23 mi l e s 
to the wes t -nor thwes t is a ground t a r g e t and not an appendage on the 
t h u n d e r s t o r m . By t h i s t i m e , the di rect ion of movement had veered slightly 
to the r ight . After format ion of the surface to rnado , the echo followed a 
250-degree to 275-degree c o u r s e . The Rantoul Rawin for 1500 CST 
indicated the mean wind f rom 2000 to 20,000 feet was f rom 217 d e g r e e s at 
45 knots , with the winds above 20,000 feet moving f rom 230 d e g r e e s . Other 
echoes on the scope moved in a d i rec t ion ve ry near to the mean wind. The 
echo associa ted with the tornado was somewhat l a rge r than the average 
t hunde r s to rm and was oriented in an ea s t -wes t d i rec t ion . Note the 
appearance of another echo on the edge of the scope to the northwest at 
1636 CST (figure 12), indicating that the r a d a r beam was not completely 
attenuated in pass ing through the l a rge t h u n d e r s t o r m echo , although some 
p a r t s of the cloud a r e probably not seen. Also observe the sharp cutoff on 
the w e s t e r n side of the l a rge echo. 

The echo had moved well on to the 30-mi le range scope by 1636 CST 
(figure 12) and was beginning to enter the fringe of the ground pa t te rn . The 
ground t a r g e t s produced by Levere t t and Thomasboro a r e ve ry dist inct; 
both a r e at 20 d e g r e e s , Levere t t jus t inside the t en -mi l e m a r k e r and 
Thomasboro at 13 m i l e s . The tornado l a te r passed d i rec t ly over Levere t t . 

The Tornado Echo 

At 1653 CST (figure 13), a s m a l l , weak echo appeared at the southwest 
edge of the t hunde r s to rm echo. About 1658 CST (figure 13), an appendage 
appeared on the nor thwest edge of the t hunde r s to rm echo; however , th is 
appendage diss ipated about 10 minutes l a t e r . By 1700 CST (figure 13), the 
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echo at the southwest edge of the t h u n d e r s t o r m had developed and expanded 
southward. The surface tornado developed a few minutes la te r f rom th is echo, 
which will henceforth be r e f e r r ed to as the tornado echo . The tornado echo 
extended th ree to four mi l e s beyond the edge of the t h u n d e r s t o r m echo. A 
flat " V " began forming on the north side of the assoc ia ted t hunde r s to rm echo 
about th is t i m e . This was probably due to at tenuat ion. At 1705 CST (figure 14), 
Rantoul (RAN) was on the edge of th is " V " , and a sur face observat ion t aken 
at that t ime indicated a heavy t hunde r s to rm and heavy hai l in p r o g r e s s . 
Reduced gain observa t ions indicated that the heav ies t prec ip i ta t ion was occur r ing 
a few mi l e s south of Rantoul. An apparent appendage can be seen on the cloud 
at the north edge of the scope at th i s t ime (figure 14). However , no to rnadoes 
were repor ted with th is cloud at th i s t ime or l a t e r , although heavy hail did 
occur with it . Note the sharply defined edge of the t h u n d e r s t o r m echo near the 
tornado echo, indicating the p resence of a s t rong moi s tu re gradient . Reference 
to the reduced gain photographs in figure 19 shows a separa t ion between the 
tornado echo and the t hunde r s to rm echo in the ea r ly s tages of the tornado 
development, indicating the p resence of a separa te c o r e or cel l in the tornado 
c i rcula t ion. 

The tornado echo continued to develop, and about 1713 CST (figure 14), 
the tornado reached the surface wes t of Levere t t at a point approximately 
t en mi les north of the r a d a r station. At th is t i m e , the t o rnado ' s surface 
posit ion was at the southern end of the tornado echo appear ing on the P P I . 
At the t ime of the f i r s t surface damage , the tornado echo was about four m i l e s 
long and just beginning to develop cyclonic c u r l . This cur l developed at a 
ra te of about 60 knots . 

The tornado echo was plainly vis ible for at l eas t 10 minutes before 
the tornado reached the ground. Six to seven steps (gain reductions) w e r e 
requ i red to extinguish the tornado echo during th is t i m e , indicating the 
p resence of apprec iab le wa te r , e i ther in the liquid or solid s t a t e . These s teps 
a r e 22 and 28 decibe ls below the max imum rece ive r sensi t iv i ty of 97 dec ibe ls 
(Table II). 

It is of i n t e r e s t at th is t ime to s u m m a r i z e the observa t ion of Major 
Ca r l D. Mitchel l , a Chanute Air F o r c e Base Weather Officer, who observed 
the format ion of th is tornado f rom his home on the nor th side of Urbana, 
about t h r ee m i l e s south of the surface path. P r i o r to the format ion of the 
to rnado , he observed five or six p ro jec t ions , apparent ly tornado funnels , f rom 
the bottom of the t h u n d e r s t o r m cloud. He es t imated that they each las ted for 
about 15 seconds and d iss ipa ted . They appeared to extend only a few hundred 
feet below the cloud base and were much pa le r than the t hunde r s to rm cloud. 
When the tornado fo rmed , it appeared to r each the ground in the fo rm of a 
column r a t h e r than a funnel. It appeared to be a v e r t i c a l column with 
osci l la t ion of the base nea r the ground. Major Mitchel l indicated that the 
t hunde r s to rm cloud was the only cloud with s t rong development in the a r e a 
jus t p r io r to the tornado format ion. 
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F i g u r e s 14 and 15 show the growth and development of the tornado 
echo as it moved eas tward at about 40 kno t s . Continued development of the 
cyclonic cur l can be seen in these photographs . Between 1720 CST and 
1725 CST (figure 15), the cloud m a s s changed r a the r abruptly into a "T" 
shape as a por t ion rapidly developed on i t s north s ide . This too may have 
been the resu l t of attenuation since the cloud movement was gradually 
bringing th is por t ion into bet ter posi t ion for viewing. On the original P P I 
photographs , a weak spot or " e y e " appeared in the tornado echo about 
1720 CST; however , details of th is " e y e " have been obscured in the 
photographic reproduct ions of f igures 15 and 16. 

As the t hunde r s to rm and tornado echoes moved eas tward , the 
tornado echo grew at the expense of the associa ted t hunde r s to rm. This is 
i l lus t ra ted in Table III where the a r e a s of the t hunde r s to rm echo and 
tornado echo a r e compared for s t eps 1 and 5. 

As the tornado and thunde r s to rm echoes p r o g r e s s e d a c r o s s I l l inois , 
s teps 6 to 7 w e r e requ i red to extinguish the tornado echo until 1720 CST, 
after which s teps 7 to 8 were requ i red . The thunders to rm echo d i sappeared 
on s teps 7 to 8. P r i o r to 1740 CST, no observat ions of prec ip i ta t ion w e r e 
repor ted along the funnel path, although the field survey revealed an 
observat ion of a few hai ls tones l e s s than one mi le north of the surface 
damage path and heavy hail was repor ted approximately two mi l e s north 
of the path. One f a r m e r r e p o r t e d la rge hai l immediate ly in advance of the 
funnel at about 1740 CST. Since the tornado echo extended four to five 
mi l e s southward f rom the assoc ia ted t hunde r s to rm echo, i t appears 

TABLE III 

Radar Echo A r e a s 

* A - t hunde r s to rm echo, B - Tornado echo. 
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that hai l was associa ted with the tornado echo as well as with the t hunde r s to rm 
echo. The re la t ive ly high reflect ivi ty from the tornado echo may have been 
largely due to the p resence of ha i l . 

No la rge differences in intensity were observed between the tornado-
assoc ia ted thunde r s to rm echo and other echoes viewed on the scope pr io r 
to or during the passage of the tornado through I l l inois . In genera l , one m o r e 
step was requ i red to extinguish the thunder s to rm echo assoc ia ted with the 
to rnado . 

Between 1725 CST and 1730 CST (figures 15-16), the combined echo 
m a s s developed a sp i ra l appearance . This sp i ra l development can also be 
seen in the reduced gain photographs of figure 20. The p r e s e n c e of the " e y e " 
in the tornado echo is a lso d iscernib le in these reduced gain photographs . 

The continued sp i ra l development and the p r e sence of the tornado 
" e y e " a r e i l lus t ra ted in figure 16 and figure 20. Note the echo 
approximately eight mi l e s e a s t -no r thea s t of the r a d a r s ta t ion at 1738 CST 
(figure 16). This echo moved nor theas tward at about 60 knots , merg ing 
with the tornado echo about 1805 CST (figure 17). 

The max imum surface damage in Illinois occu r r ed after the 
development of the sp i r a l appea rance . The max imum width of modera te to 
heavy surface damage as revealed by the field survey was about one mi l e . 
The surface tornado path , as recons t ruc ted f rom the field s u r v e y , was at 
f i rs t near the southern edge of the tornado echo " e y e " ; by 1800 CST, 
however , the surface pa th ' s axis was more than one mile south of the 
southern edge of the " e y e " (figures 24-25) . 

Indiana Tornado Pa th 

Since the echo was beginning to move out of the 30-mi le r a n g e , the 
r a d a r range was inc reased to 100 m i l e s at 1740 CST (figure 17). F igures 
17-18 show the development of a squall zone which passed through Indiana 
and southern Illinois during the evening. U. S. Weather Bureau r e p o r t s 4 

indicated tornado damage along an e a s t - w e s t path through cen t ra l Indiana 
to the vicinity of Albany during the evening. The t ime of occu r r ence of the 
Indiana tornado damage and the damage path were such that the Indiana 
damage could have been caused by the same tornado which p a s s e d through 
I l l inois . However, by 1830 CST the Illinois tornado echo had los t i t s 
identifying c h a r a c t e r i s t i c s , par t ly due to range and prec ip i ta t ion attenuation 
effects and par t ly due to changes taking place in the t h u n d e r s t o r m echo 
pa t t e rns in the vicinity of the or ig inal echo. 

The a r r o w s in figure 18 show the r a d a r echoes with which the 
Indiana tornado damage was apparent ly assoc ia ted . The echoes w e r e 
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identified f rom damage locations and tornado occur rence t i m e s provided by 
the Indianapolis office of the U. S. Weather Bureau. In the P P I photograph 
for 2032 CST, note the appearance of an appendage on the south side of the 
echo at 80-90 m i l e s . No tornado was repor ted with th is s t o r m . As indicated 
by the a r r o w , the Indiana tornado was associa ted with the echo at 120 m i l e s . 

F igu re 21 i l lus t r a t e s the movement of individual s t o r m echoes 
during the per iod of the Illinois and Indiana to rnadoes . The echoes in the 
tornado a rea w e r e moving in a near ly ea s t e r ly d i rec t ion , while those to the 
north and south of th i s a r e a were moving in a nor theas te r ly d i rec t ion , in 
agreement with the winds aloft. As pointed out e a r l i e r , the Rantoul Rawin 
for 1500 CST indicated a mean wind from 217 degrees at 45 knots between 
2000 feet and 20,000 feet. Above 20,000 feet , the wind was from 230 d e g r e e s 
(figure 6). The Rantoul upper winds were in ag reement with the genera l 
flow pa t te rn as shown by the winds aloft map for 1500 CST (figure 10). It 
is apparent that the movement of the tornado echo (or echoes) was not in 
agreement with the upper wind flow as revealed by PIBAL and RAWIN 
observa t ions . 

Summary of Radar Observat ions 

The thunde r s to rm echo with which the tornado was assoc ia ted was 
f i r s t detected about 1525 CST approximately 55 m i l e s wes t - southwes t of the 
r ada r s tat ion. At th is t ime the echo appeared to be moving nor theas tward 
at about 45 knots; however , by the t ime of the tornado occur rence i t s 
movement had veered to a near ly ea s t e r ly di rect ion. The tornado echo 
which contained the surface tornado became dist inct ly d iscernib le aloft by 
1700 CST, and was located at the southwest edge of the assoc ia ted thunder s to rm 
echo. The tornado reached the surface around 1713 CST about 10 mi l e s north 
of the r ada r station. At th is t i m e , the to rnado ' s surface posit ion was at the 
southern end of the tornado echo as revealed on the P P I . The tornado echo 
and i ts associa ted t hunde r s to rm continued to move in an e a s t e r l y di rect ion 
at approximately 40 knots , the tornado echo developing a cyclonic cur l and 
growing at the expense of the t hunde r s to rm echo. By 1730 CST the combined 
thunde r s to rm and tornado echoes had developed a sp i ra l appearance and a 
weak spot or " e y e " had developed in the tornado echo a r e a . The surface 
damage was initially concentra ted near the southern edge of th is weak spot 
in the tornado echo; however , the damage path w a s m o r e than a mile south 
of the " e y e " by 1800 CST. The maximum surface damage in Illinois was 
experienced after the development of the sp i ra l appearance . The ea s t e r l y 
movement of the tornado echo was not in agreement with the winds aloft 
which were f rom a southwester ly direct ion; however , other echoes to the 
north and south of the tornado a r e a moved in close ag reement with the upper 
wind flow. A definite squall zone had developed over Indiana and southern 
Illinois by 1830 CST, but the r a d a r photographs did not show well-defined 
squall zone conditions p r i o r to or during passage of the tornado through 
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I l l inois . Apparent ly the tornado occur red during the developing stage of 
the squall zone over Illinois. 

U. S. Weather Bureau r e p o r t s indicate that tornado damage occur red 
along a w e s t - e a s t line through cen t ra l Indiana during the evening. T imes of 
occur rence and the path of the tornado damage was such that the tornado 
damage in Indiana could have been caused by the same echo that passed 
through Il l inois. However, due to r ada r range and prec ip i ta t ion at tenuation 
effects and changes in cell pa t t e rns taking place in the tornado a r e a over 
Indiana, i t is not known whether the Indiana damage was caused by the 
same tornado that passed through Il l inois. The to ta l length of the I l l inois-
Indiana damage path was approximate ly 140 m i l e s . 
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FIG. 21 PATH OF MOVEMENT OF SELECTED RADAR ECHOES 
(LENGTH OF PATH DOES NOT INDICATE LIFE SPAN) 
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FIELD SURVEY OF DAMAGE PATH 

Introduction 

A field survey of the tornado damage path was made immediately 
after the s t o r m . Subsequent checking w a s done f rom 1 1/2 m i l e s wes t of 
L e v e r e t t , Illinois eas tward to the Indiana-Il l inois s ta te l ine . On 14 Apr i l , 
a i r photographs were taken of the damage path f rom i ts or igin west of 
L e v e r e t t , I l l inois , to a point north of Linden, Indiana, about 33 m i l e s eas t 
of the Illinois bo rde r . 

Selected points of damage a r e shown in figure 25 . The following code 
is used to descr ibe the extent of damage to f a rms teads on the m a p . 

L - light damage - t r e e s , roofs , and sma l l buildings 
des t royed or damaged. 

M - modera te damage - mos t t r e e s and f a r m buildings 
destroyed except the s t ronges t (usually the house) . 

H - heavy damage - al l f a r m buildings total ly des t royed 
or seve re ly damaged. 

Because of the g rea t path width and the apparent gradat ion of 
damage a c r o s s i t , the space between a group of f a r m buildings was l ess 
significant than in to rnadoes in which abrupt changes a r e found at the edges 
of a na r row path. 

Discuss ion of Damage Pa th 

Evidence indicates that the tornado funnel touched the ground in open 
fields about two m i l e s wes t of Leve re t t , I l l inois , around 1713 CST. However , 
the f i r s t r epor ted damage was far ther eas t at a point 1 l / 2 mi l e s west of 
Levere t t (figure 25). The f i r s t damage consisted of the r emova l of asphalt 
shingles f rom one side of a b a r n roof and damage to the corne r of a machine 
shed const ructed of concre te blocks . One mi le fa r ther e a s t , a f o u r - r o o m house 
was a lmos t totally des t royed at 1715 CST (figures 22a and 25 , #1). The fo re ­
going t i m e s w e r e es tabl i shed f rom stopping of an e l e c t r i c clock in the 
des t royed house and interview of Levere t t r e s iden t s . 

The damage path indicates that the s t o r m moved f rom about 250 
d e g r e e s during th is f i r s t pa r t of i t s c o u r s e . It then shifted to a 270-degree 
course through Levere t t and to a point approximate ly one mile ea s t of th is 
town, where it again pursued a cour se of about 250 d e g r e e s . Severa l empty 
g ra in s torage bins w e r e des t royed a t the Levere t t e leva tor and w e r e s t rewn 
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over a widening path extending near ly one mile down-wind f rom the i r sou rce . 
A corn c r ib and machine shed and numerous t r e e s were des t royed along the 
path about one mi le e a s t of Levere t t . After t h i s , the funnel moved a c r o s s 
open f ie lds . The des t ruc t ion of s e v e r a l b i l lboards gave an indication of where 
it c r o s s e d U. S. Highway 45 (figure 25). 

The next damage evidenced was quite s e v e r e (see figure 25 , #2 and 
figure 22b). All of the f a r m buildings which were situated west and southwest 
of the house w e r e completely des t royed , and the debr i s was blown nor th ­
ea s tward against the house , leaving i t badly s c a r r e d . Again the tornado 
passed over open fields with the only evidence of i t s path being wind-swept 
co rn s ta lk fields and deb r i s - l aden fences . F o r the next seven m i l e s , on a 
cour se f rom 250 d e g r e e s , the observed damage to f a r m buildings was 
slightly l e s s seve re than shown in figure 22b, but was continuous and was 
found over an eve r widening path. 

At No. 3 (figure 25), the damage began to show signs of an i nc r ea se 
in sever i ty as well as in extent of path width. The degree of observed damage 
reached a maximum in Illinois about the t ime the funnel c ros sed Illinois 
route 49 . The damage path then began to curve toward the eas t on a course 
f rom 265 d e g r e e s . The maximum of continuous damage produced by the 
tornado in Illinois was found over a f ive-mile s t r e t ch beginning one mile 
wes t of Illinois route 4 9 , about 18 mi les e a s t of the point of f i r s t damage . 
Por t ions of th is s eve re damage a r e shown in the ae r i a l photographs in 
figure 26. Ground photos (figure 22c-d) a l so show some of the damage to 
f a r m buildings. The tornado probably attained equal deg rees of des t ruc t iveness 
at other points fa r ther eas t ; however , i ts course at the t ime of max imum 
observed damage followed an eas t -wes t road so that numerous consecutive 
f a rms t eads were a lmos t totally des t royed . The left photograph in f igure 
23 shows a por t ion of a nor th-south woven-wire fence which was twisted 
to the s ize of a s tee l cable . The right photograph shows a s imi la r 
undisturbed e igh t - s t r and fence for purposes of compar i son . 

During this and la ter per iods of the t o rnado ' s h i s to ry , excellent 
evidence of low level convergence of the winds into the s t o r m center was 
found in the damage pa t t e rn , as shown by the a r r o w s on the ae r i a l 
photographs of f igures 26 and 27. F igure 26a shows a f a r m house located 
at No..4 on the damage map , on the nor th side of the damage path, which 
was lifted f rom its foundation, ro ta ted , and c a r r i e d about 50 feet to the 
south. A l so , th is photograph shows t r e e s toppled to the south and a sma l l 
poul t ry house in the foreground which was moved south. One t r e e in the 
foreground, toppled to the southeast , had been cut down p r io r to the 
to rnado . F igure 26b shows t r e e s along the e a s t - w e s t road at No. 5 in 
figure 25 , in the center of the damage path , toppled to the eas t ; while 
those l / 4 mile to the nor th , at the left port ion of the photograph, were al l 
toppled to the south indicating winds converging toward the center and 
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rotating cyclonical ly. Some of the f a r m houses on the north edge of the path 
in this vicinity had fine mud spray dr iven against the i r north sides indicating 
strong north winds . The mud spray must have been formed by an a i rborne 
mixture of dust and fine r a in droplets because the ground was dry and lit t le 
or no r a in reached the ground in the tornado path. 

F igure 27a shows an ae r i a l view of the wooded valley of the Middle 
F o r k of the Vermi l l ion River , where a discontinuity in the tornado damage 
path occur red . As the tornado entered the val ley f rom the foreground the re 
is evidence of convergence as before . T r e e s to the north and south of the 
path were toppled inward toward the cen te r . Up to th is point near ly all 
debr i s was s t rewn toward the eas t , and most of the t r e e s and buildings 
evidencing the convergence also showed an eas tward component of motion. 
As the s t o r m c r o s s e d this valley a sudden change in the damage pa t te rn 
occur red . The most obvious thing is the lack of damage di rect ly a c r o s s 
the valley in the background in the ae r i a l photograph. The field survey 
showed that the damage path suddenly shifted to the north about 3/8 mile 
(figure 25), and the d i rec t ion of debr i s sca t te r was r e v e r s e d , taking on an 
eas t to west or ientat ion. This debr is sca t te r is not shown in figure 27a 
but l ies to the nor th (left) of the view shown. About 75 t r e e s in a 30-ac re 
t r a c t of land, jus t ea s t of the s t r e a m and nor th of the previous line of 
tornado damage , were toppled toward the wes t . Also , the west wall of a 
concre te block garage was blown out to the w e s t , and a f a r m house was 
shifted on i ts foundation toward the wes t . 

F a r t h e r eas t beyond the s t r e a m , the damage path veered slightly 
to the southeast over a course about six mi les in length. About one mile 
west of the North F o r k of the Vermil l ion River it again shifted to an 
ea s t e r ly c o u r s e . The f i r s t 1 l / 2 mi l e s of the s ix -mi le course beyond the 
Middle F o r k of the Vermil l ion River lay most ly over open fields and not 
much evidence was obtainable (see background in figure 27a). Beyond 
t h i s , modera te to heavy damage to f a r m s t e a d s was again in evidence and 
continued into Indiana with a predominant eas tward toppling and sca t te r of 
d e b r i s . 

The a e r i a l photograph in figure 27b shows damage along the path 
after the course changed to eas t again. This photograph shows the North 
F o r k of the Vermi l l ion River near B i smark , Illinois (figure 25). Here 
the re is evidence of convergence and a t r end of debr i s toppling and sca t t e r 
toward the e a s t , as was found much e a r l i e r in the s t o r m ' s h i s to ry before 
the discontinuity in damage at the Middle F o r k of the Vermi l l ion River . 

During the la t te r half of the to rnado ' s t r a v e r s e in I l l inois , covering 
the expanse f rom Illinois route 49 eas tward to the Indiana borde r , the 
average width of the path of modera te to heavy des t ruc t ion was about 0.6 
mi le . By the t ime the tornado reached the B i s m a r k a r e a , i ts width of 
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damage had increased considerably . Moderate to heavy damage was found 
over a path 0.6 to 1 mile wide , and light damage was noted over a path up 
to about 2 mi les in width. Light damage was found in Jamesburg and 
B i smark north of the path (figure 25) and on f a rms teads south of the path. 

This tornado, or another originating in the same group of r ada r 
e choes , continued in a genera l eas tward d i rec t ion to the vicinity of Albany, 
Indiana, giving a total des t ruc t ive path length of about 140 nautical mi les 
(160 statute m i l e s ) . The Water Survey did not conduct a survey of the path 
in Indiana. The U. S. Weather Bureau ' s map 4 of that por t ion of the tornado 
path is shown in figure 21 . 

The total s t o r m damage in Illinois produced by th i s tornado was 
es t imated at about 4 mil l ion dol la rs , most ly to f a rms teads but some to 
l ivestock and to g ra in in s t o r age . 

Summary of Survey 

Resul ts of the damage path survey indicate the tornado pursued an 
ea s t -no r theas t e r l y to e a s t e r l y path a c r o s s I l l inois , beginning in the vicinity 
of Levere t t . U. S. Weather Bureau r epo r t s indicate the same to rnado , or 
another originating in the same s t o r m a r e a , moved in an e a s t e r l y di rect ion 
a c r o s s cent ra l Indiana to the vicinity of Albany. The total length of the 
Il l inois-Indiana des t ruc t ive path was about 140 nautical m i l e s . 

Evidence of cyclonic rotat ion was found after the s t o r m had reached 
a maximum of intensi ty in Illinois and the path had widened sufficiently to 
include modera te to heavy damage over a d is tance up to 1 m i l e . The 
maximum level of des t ruc t ion in Illinois occur red after the tornado had 
p r o g r e s s e d about 18 mi les f r o m i ts point of f i r s t damage. 
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FIG. 24 POSITION OF TORNADO ECHO AT SELECTED TIMES 



FIG. 25 TORNADO DAMAGE PATH MAP 
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PHYSICAL ASPECTS OF TORNADO 

Compar ison of Radar P resen ta t ion With Surface Pa th 

The posi t ion of the tornado echo at 10-minute in terva ls between 1710 
CST and 1800 CST is shown on the over lay in figure 24. This over lay , which 
has the same scale as figure 25 , faci l i ta tes compar i son of the damage path 
and tornado echo data . Only the significant por t ion of the tornado echo, as 
indicated by the jagged cutoff l ine , has been shown to avoid overlapping in 
success ive plottings of the echo posit ion. 

The t rac ing at 1710 CST shows the posi t ion of the tornado echo about 
th ree minutes before the f i r s t significant surface damage occu r r ed . By 
1720 CST, the tornado had become well developed, and the next two plottings 
show the tornado echo posit ion when it appeared to be at a peak intensity 
during i ts t r a v e r s e of I l l inois. 

The weak spots or " e y e s " shown in the t r a c i n g s in figure 24 w e r e 
located by using some photographs on lower gain, usual ly step 3 on the 
r a d a r . Field survey evidence of the damage path indicates that th is weak 
spot or " e y e " in the radar echo does not r e p r e s e n t the actual center of the 
surface tornado funnel, F o r th is r eason , some of the i r r egu l a r i t i e s in the 
path of the " e y e " do not neces sa r i l y r ep re sen t shifts in the actual path of 
the surface to rnado . The " e y e " is probably a manifestat ion of a l a rge r 
c irculat ion aloft r a the r than the lower ex t r emi t i e s of the funnel, as will be 
discussed in connection with f igures 28 and 29. The mos t significant 
feature is that the " e y e " of the r a d a r echo remained north of the damage 
path. 

F igu re s 28 and 29 show the tornado as observed from points A and 
B of figure 24. The motion picture used in assembl ing figure 28 was taken 
by Capt. John H. Yancy, while the photographs in figure 29 were made by 
M r . Paul Meradi th . In figure 28 , the approximate width of the vis ible 
funnel is 5500 feet and the height of the main cloud base is about 2900 feet . 
These values were computed t r igonomet r ica l ly by use of p a r a m e t e r s of 
Capt. Yancy's 8 - m m Revere " R a n g e r " movie c a m e r a and the known 
distance f rom the obse rve r to the damage path of the to rnado . The smal l 
m a r k s on the photographs in f igures 28-29 indicate where m e a s u r e m e n t s 
used in computation of the funnel width were made . 

The r a d a r tornado echo on step 1 at 1720 CST was about th ree 
mi l e s in d iameter or approximately t h r ee t i m e s that of the visual funnel 
in figure 28. This can be at t r ibuted mainly to r ada r r e t u r n f rom upper 
port ions of the cloud, although some effects of beam width and pulse 
length " s t r e t c h i n g " of the echo a r e a lso p r e sen t . In scanning a c r o s s a 
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t a r g e t , beam width effects cause the P P I echo width to be slightly g rea te r 
than the actual width of the reflecting t a rge t ; l ikewise , the length of the 
pulse adds slightly to the t rue depth of the t a r g e t . Assuming the r a d a r was 
receiving r e t u r n to an elevation of six deg rees above the hor izon (see r a d a r 
sect ion) , the top of the beam would have been at about 6000 feet at the range 
of the tornado echo at 1720 CST. F igure 29a gives a good overal l p ic ture of 
the clouds above and beyond the visible funnel, por t ions of which probably 
w e r e detected by the r a d a r . 

All of the following computed cloud widths f rom the photographs in 
figure 29 were made by using p a r a m e t e r s of Mr . Merad i th ' s 3 5 - m m Leica 
c a m e r a , image s i z e s , and the es t imated d i s tances f rom the photographer to 
the to rnado . The e s t ima te s of distance f rom the photographer to the tornado 
were made f rom two cons idera t ions : the in tercepts of the damage path with 
the azimuth along which the photographs were t aken , and the approximate t i m e s 
at which the photographs were taken. The r e su l t s a r e l e s s re l iable than those 
for f igure 28, in which the distance was more definitely es tab l i shed . 

The photograph in figure 29a was taken about 1745 CST short ly after 
the tornado c r o s s e d the Middle F o r k of the Vermi l l ion R ive r , where a shift 
in path and a dec rea se in extent of damage were noted. By 1745 CST, the 
r ada r echo of the tornado was more than four mi l e s in d i a m e t e r . F igure 29a 
shows a broad funnel or p ro t rus ion f rom the cloud, 10,400 feet in d i a m e t e r , 
extending some dis tance below the main clous base;"a much sma l l e r funnel, 
1500 feet in d i ame te r , extends from the flat base of the b road port ion to 
the ground. Measu remen t s w e r e made a c r o s s the da rkes t por t ion of the 
funnel as shown in figure 29. The r ada r at th is t ime was probably getting a 
high percentage of i t s r e t u r n power f rom the broad upper por t ions of the 
funnel and the main cloud. The indication that the lower ex t r emi ty of the 
funnel is sma l l e r in figure 29a than it was e a r l i e r in f igure 28 may be re la ted 
to the change in extent and d i rec t ion of the damage path which had jus t 
occu r r ed at the Middle F o r k of the Vermi l l ion River . 

F i g u r e s 29b and 29c were taken about 1752 CST. In both of these 
photographs the lower por t ion of the funnel is about 2200 feet in d i ame te r , 
wider than in figure 29a but s t i l l na r rower than shown in f igure 28. The path 
of modera te to heavy damage at th is t ime was about 0.6 mi le in width. This 
width of damage might be explained by a whipping motion of the funnel, or 
s trong winds outside the da rk port ion of the funnel. 

F i g u r e s 28 , 29a and 29b show light sky to the west and south of the 
tornado where sca t t e red clouds exis ted. F igu re 29c shows a dark cloud m a s s 
approaching from the south (left in the photograph) which may be a par t of 
the l a rge echo that developed eas t of Urbana about 1738 CST and slowly 
converged with the tornado short ly after 1800 CST (figure 17). This echo to 
the south is not shown in figure 24 since it did not m e r g e with the tornado 
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echo until a l a t e r t ime than is presented in the sequence. As the Urbana echo 
approached the tornado echo a change in the d i rec t ion of the damage path 
occu r r ed . This change in direct ion took place about one mile west of the 
Middle F o r k of the Vermi l l ion River (figure 25). The actual m e r g e r of the 
converging echo with that of the tornado took place eas t of th is point; however , 
the two incidences may sti l l have been r e l a t ed . 

Prec ip i ta t ion and Clouds Accompanying Tornado 

The assoc ia ted thunders to rm cloud was producing r a in and hai l north 
of the tornado echo during the ea r ly s tages of surface damage . Observat ions 
of hai l in the tornado echo, 1 to 2 mi les north of the damage path, we re made 
around 1730 CST. About 1740 CST, heavy hai l was repor ted along the actual 
damage path with the approach of the funnel. By this t ime the r ada r tornado 
echo had grown to such an extent that it enveloped most of the southern 
port ion of the pa ren t cloud. Mud deposi ts on bui ldings, where l i t t le or no r a i n 
occu r r ed , indicated that there must have been la rge quanti t ies of suspended 
r a i n drops in the tornado funnel which w e r e mixed with blowing dust and wind-
dr iven agains t the buildings. There were no ra ingages along the damage path. 

The clouds in both figures 28 and 29 have a billowing or mammatus 
appearance . This a g r e e s with observa t ions by exper ienced weather o b s e r v e r s 
at Champaign and Chanute F ie ld . Capt. Yancy, who took the movies used in 
figure 28 , r epor t ed that the clouds overhead , at point A on the map in figure 
24, indicated t r emendous turbulence by the i r boiling motion. He a lso r epor t ed 
the occur rence of some ra in and light hai l about 1710 CST; at th is t i m e , h is 
posit ion was near the southern edge of the assoc ia ted t h u n d e r s t o r m echo. No 
unusual e l ec t r i c a l activity was repor ted with the to rnado . 
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CONCLUSIONS 

1. Radar is capable of detecting and t rack ing tornado-producing echoes under 
favorable condit ions, thus providing a valuable tool for tornado r e s e a r c h . 

2. The appearance of an appendage on a prec ip i ta t ion echo is not a r a r e 
occu r rence and does not necessa r i ly denote the p r e sence of a to rnado . F o r 
example , appendages were observed on s e v e r a l echoes outside of the tornado 
a r e a on 9 Apr i l . A l so , t he re is insufficient evidence at p resen t to conclude 
that to rnadoes occur only in conjunction with an appendage or a pa ras i t e echo 
(tornado echo) along the associa ted prec ip i ta t ion echo. Observat ions and 
photographs appear ing in the l i t e ra tu re indicate that to rnadoes may also 
or iginate f rom within the associa ted cloud. F u r t h e r m o r e , when a tornado echo 
is p r e s e n t , at tenuation due to range and intervening precipi ta t ion may apprec iably 
reduce the effective detect ion range of the tornado echo. This is especia l ly 
t rue with 3 -cm r ada r where precipi ta t ion at tenuation may be significant. 

3. However, the Illinois observat ions and o the r s made l a te r in 1953 show 
that well-defined tornado echoes do some t imes occur . The continued growth 
of a pa ra s i t e echo or appendage with development of cyclonic cur l and /o r an 
" e y e " , such as in the Illinois t o rnado , may be a posi t ive indication of a 
to rnado . However, more data a r e needed before the uti l i ty and l imitat ions of 
r a d a r in tornado detect ion can be defined. Poss ib ly l a rge t o rnadoes , such as 
the to rnado cyclone mentioned by Brooks , a r e typified by the Illinois tornado 
while sma l l to rnadoes originate f rom within the assoc ia ted thunder s to rm cloud. 
(Large h e r e r e f e r s to tornado size and not n e c e s s a r i l y the assoc ia ted 
p rope r ty damage) . 

4. Although r a d a r is capable of detecting a tornado-producing echo and i t s 
assoc ia ted t h u n d e r s t o r m echo, the p resen t data do not indicate that the exact 
posi t ion of the surface tornado funnel can be visual ly observed within the 
tornado echo m a s s on the r ada r scope . The r a d a r in t eg ra te s the echo m a s s 
within the volume of i t s beam, and in the case of the 9 Apr i l to rnado , the 
a r e a l extent of the surface funnel was much l e s s than that of the to rnado-
producing echo, although the size of the surface funnel was considerably 
g rea te r than the ave rage for to rnadoes . However , as m o r e data a r e col lected, 
some means of positioning the surface funnel within the echo m a s s may be 
revea led . 

5. The use of r a d a r having both p lan-pos i t ion indica tors and range-height 
ind ica tors is de s i r ab l e for the collection of tornado r e s e a r c h data , so that a 
t h ree -d imens iona l p ic ture of the s t o r m s can be obtained. 
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