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FOREWARD 

A few weeks after one of the tornadoes of June 20, 1957 leveled a 

part of the residential area of Fargo, Mr. Ferguson Hall of the u. S. 

Weather Bureau, Washington, D. Cg, visited our Department to show us 

a series of tornado pictures collected during his trip to the Fargo­

Moorhead area. Net only were they unusually good in quality, they 

included moreover a greater portion of the rotating cloud from the 

base of which the tornado which hit Fargo dropped. 

Impressed by the photographs, the author decided to make a complete 

analysis of the storm by collecting all available photographs from the 

local peopleo During three visits to the Fargo area he made photographic 

measurements and damage surveys in cooperation with Mr. Dewey Bergquist, 

· WDAY-TV weatherman. As the research continued, the number of t<i>rnadoes, 

originally thought to be only three, was confirmed to be five. Each of 

them left a continuous damage path extending up to 10 miles. Further 

study also confirmed that these tornadoes were produced by a rotating 

cloud something like a miniature hurricaneo 

Using the abundant photographs~color, black and white, movie, and 

still--dimensions of the system from tornado funnel to the entire rotating 

cloud were successfully triangulatedo It became evident that the torna­

does in the Fargo area did not occur by chance but were the product of 

well organized conditions very favorable for tornado formation. 

Animation of a series of charts showing the successive stages 0f the 

tornadoes and the rotating cloud resulted in a rather successful film. 

The test film projected on a screen was found to be capable of showing the 

features of the rotating cloud as it produced tornadoes one after another 

in a narrow zone extending across the North Dakota-Minnesota border. 

Important results leading to future theoretical ~tudies of tornadoes 

and their related systems were obtained. For instance, an intense 

vertical motion inside the ring-shaped wall cloud in rotation resulted in 
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a convergence at the su+face of as high a~ 3,000 x 10~5 per second. It 

will be interesting to discover why such a high val~e of convergence is 

initiated. and maintained in spite of the filling actiQn taking place 

beneath the cloud bas~. Of interest also is the l~quid water storage 

inside the rotating cloud, which was postulated from the existence of a 

high-pressure ring ~n4ic.ated by the two barograpn t~aces. 

The authqr will be very happy if this technical report is widely 

used by those whQ are i~terested in studying tornadoe~, the most intense 

natural vortices on the surf ace of the earth. 



ACKNOWLEDGEMENTS 

The research reported in this paper has been supported by the United 

States Weather Bureau under contracts Cwb 9231 and 9530. The author is 

most grateful to Dr. Harry Wexler, Dr. Morris Tepper, Mr. William A. Hass, 

and Mr. Ferguson Hall of the U. S. Weather Bureau, Washington, D. C., for 

their useful comments and suggestions. 

Numerous citizens of the Fargo-Moorhead area cooperated in the suc­

cessful completion of this research by supplying the author with their 

valuable photographs, taken under dangerous conditions during the time of 

the tornadoes. All photographs collected by the closing date of this re­

port are published in Chapter Three. Throughout the time of this research, 

Mr. Ralph W. Shultz, meteorologist in charge of the U. S. Weather Bureau 

station at Hector Airport, Fargo, rendered kind assistance in collecting 

and organizing information from the local people. 

In particular the author wishes to express his sincere gratitude to 

Mr. Dewey Bergquist, WDAY-TV weatherman, for his contribution in collecting 

tornado pictures and surveying damage paths. Without his active cooperation 

this report could not have been completed. 

The author is also indebted to Dr. H. R. Byers, chairman, Department 

of Meteorology, with whom he discussed this research from time to time, 

and to Mr. Henry Albert Brown, Mr. Yukio Omoto, Miss Charlotte Ridinger, 

and other members of the staff of the Severe Local Storms Project, Depart­

ment of Meteorology, University of Chicago. 



CHAPTER I : GENERAL WEATHER SITUATION 

On the afternoon of June 20, 1957, a cone-shaped funnel dropped over 

the rural area west of Fargo, North Dakota. The time was approximately 

18,o CST. Figure 1 a.hows the general weather situation at the time the 

tornado occurred. It is, of course, not possible to see meteorological 

features of the tornado itself on such a large-scale weather chart; how­

t!1ver, the chart will help us to study the general weather conditions which 

gave rise to the formation of that particular tornado. 

At the time when the storm hit the city, a small mesoscale thunder­

storm high accomp{lllied by heavy convective activity was approaching Fargo 

from the northwest. A wave cyclone with a central pressure of 994 mb was 

about to be filled up by the mesoscale high. 

The 700 .mb chart seen in Fig. 2 covers ·the same area as that of the 

SUI'.face map. The chart includes height contours, isodrosotherms, areas 

of low cloud coverage of 5/10 or larger, and the precipitation areas 

occurring during the one-hour period ending at 1800 CST. 

It seems evident that the tornado appeared near the eastern edge of 

the precipitation area inside the surface warm sector. A narrow area of 

the 700 mb moist air extending from Wyoming to upper Minnesota is closely 

related to the areas of precipitation and low cloud coverage . Careful 

examination of these charts will · lead us to the conclusion that the tornado 

Under discussion occurred at the point where the low-level southerly flow 

extended deeply northward beneath the 700 mb moist-tongue. 

The vertic.al ·cross section of wind, temperature, and dew point tem­

perature shown in Fig~ 3 reveals further a rather complicated structure 

of dry an,d- m:qist· · 1ayers overrunning the lowest moist layer and extending 

tip- to about the 800 mb level. The low-level jet is pronounced in the 

St~ Cloud sounding. It should be noted, however, that the existing upper 

air net."orks in the area of the northern Great Plain were not dense enough 

to obtain any. quantitative knowledge in the immediate vicinity of the 

tqrnado. 
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An attempt was made to construct three hourly charts, presented U.i 
Figs. 4, 5, and 6. In analysing these charts, time-section sheets ~clu~ 

ding traces obtained from each weather station were prepared beforehan~; 

then the standard mesoanalysis techniques developed in the Severe Local 

Storms Project, University of Chicago, were applied. 

The areas of precipitation occurring in the hour prior .to each map 

time are shown by three stippled areas corresponding to the amounts 0.01" , 

0.111 , and l". A long wind barb and a flag denote the speeds of 5 and 25 

knots, respectively. 

The chart at 1800 shows that the t ·ornado was very close to Fargo 

when a mesoscale high began filling up a low pressure center. In one houj­

the tornado moved into Minnesota, where the boundary of the mesohigh 

almost caught up with the tornado, which was moving at about 16 mph. Aft~r 

the next hour or so, the mesohigh covered a large _area near the North 

Dakota-Minnesota border and the tornado funnel was completely l~ft~~· 

It is greatly to be regretted that no radar equipped with camera was 

in operation within an effective range from the tornado. However, the 

following radar reports reveal that the tornado-related thun~~rstorm w~ 

high enough to be detected by radar stations over 200 miles away: 

ADC Station Gray, 205 miles SSE of Fargo 
1900 CST: Tops_ of echoes near Fargo were 65,000-75,000 feet. 

ADC Station Origin, 90 miles ESE of Fargo 
1905 CST: Top of the tornado parent cloud at 47,000 feet. 
1955 CST: Top of the cloud at 60,000 feet. 

WB Station Sioux Falls, 225 miles S of Fargo 
1B30 CST: Radar observers noted an 'echo in the F~go area. 
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Fig. 1 

Fig. 2 

Fig. 3 

Fig. 4 

Fig. 5 

Fig. 6 

CHAPTER i: GENERAL WEATHER SITUATION . 

Surface chart f or 1830 CST, June 20, 1957· '!'he position of· .the 

Fargo tornado is indic~ted by the symbol V. 

700 mb ch8.rt for 1800 CST, June 20, 1957· A long wind barb and 

a flag represent 5 and 25 knots, respectively. 

Vertical cross section of ~ind, temperature, and moisture along 

Lander, Wyoming; Rapid City, South Dakota; Bismarck, North 

Dakota; St. Cloud, Minnesota; Sault Ste. Marie, Michigan• 

Surface chart for 1800 CST June 20, 1957. 

u II fl 1900 II 11 II 

II I I 1-f 2Q0Q II II fl " 

Three stippled areas show the area of precipitation amounts 

0. 01", 0 .111 , and F' occurring in the one-hour period ending at the map 

·time .• 



CHAPTER II: FIVE TORNADOES OF JUNE 20, 1957 

The Fargo tornadoes, the most active part of which hit the resid~ntial 

districts of Fargo, were thought to be several separate tornadoes. Exten­

sive investigations of the field carried out by the author with t~e assis­

tance of Mr. D. Bergquist, television weath.erman, WDAY-TV, Fargo, confi.rmed 

this impression: the storm consisted of five separate tornadoes, each of 

which was identified as having completed its entire life cycle. 

Figure 7 shows the distribution of these torna~oes, which are desig­

nated by the author as: 

Tornado No. 1) 
2) 
3) 
4) 
5) 

Wheatland to~nado 
CasseltQn tornado 
Fargo tornado 
Glyndon tornado 
Dale tornado 

The term "Fargo tornadoes" will be used hereafter ta designate these five 

tornadoes taken together. 

A. Wheatland Tornado. 

This tornado was observed around 1630 CST to the east of the Wheatland 

grain elevator by Mr. Jacobson, operator of the elevator (see Fig. 8) . The 

exact position of the storm when it was first sighted was ~ater determi~ed 

to be in Section 29 of Buffalo .Township. The storm, described as a dust 

cloud picked up by a whirlwind, moved east-northeastward across the Northern 

Pacific Railway tracks~ 

Soon after, observers at the Holland farm north of Cass County Route 

10 saw an automobile stopped by eastwB.l'd-moving whirling dust. In a few 

minutes they observed haystacks east of their farm being pi~ked up by the 

storm. Although the storm at thi s stage was not strong enough to produce 

any damage on farms, the rising dust was observed by many pepple workiµg 

in the farms along its path. 

Observation of the funnel of this small tornado was made first frqm 

Absaraka by a group of people standing on a hill with a wide-open view ~o 



the south. Sketch d.. , made by one of these observers, suggests that the 

storm was more or less a waterspout type with a di~eter of less than one 

hundred feet. The tornado appeared like a rope or a iight-colored snake 

to observers from the Madsen f~, who would have seen the last stage of 

the storm. 

summarz: 
This storm, with its path of aQout 11 miles, was accompanied by a . 

funnel aloft• Throughout the lffe. of the storm the funnel remained ·;na.rrow 

a.nd long like a rope or a snake, as deseribed by local observe~s. No 

property damage was reported in its path. The storm merely picked up hay­

stacks and dust, causing some damage to crope, such as beans. 

B. Casselton Tornado. 

This .storm was first witnessed by Mrs .• Madsen, who later took two con­

tinuous strips of motion pictures of the fU?µlel in the mature stage of the 

storm~ As shown in Fig. 9, sh~ (f) reported ~hat the storm was pickin~ 

up quite a lot of dust while moving east in a direqtion southe~t of the 

Madsen farm. People on the farms south 9t the storm observed a funnel 

moving east. 

The outlines of the funnel appearing in every tenth frame of the 

movie film 3a are reproduced in Fig. 10. The movie was taken at an esti­

mated distance of 2 1/4 miles from the funnel. The computed diamete+ of 

the ragged bottom funnel was about 4oo feet. The height of the cloud base 

was fairly low~only 900 feet above the ground. 

The second shot, 3b, made by Mrs. Madsen reveals that the funnel with 

its bottom almost touching the ground was accompanied by a cloud of dust. 

The time interval between her shots 3a and 3b cannot be determined; how~ 

ever, a comparison of the two pictures shows that the elevation angle of 

the cloud base and the location of the black low cloud base to the left 

of the funnel remained practically unchanged and that the white mass of 

the cloud :i,.n the foreground moved only ten degrees to the right. Therefore 

it will be reasonable to assume that '3b was taken within a few minutes 
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after 3a. We can further assume that the still photograph OlA by Mr. Faught 

was taken almost at the same time as 3a becau~e of the position of the white 

cloud in the foreground. As a result of the triangulation of the fun,nel 

using these pictures, the tornado can be placed 1 1/2 miles west~northwest 

of the Byram farm, where a garage was picked up and trees were badly 

damaged. 

Observers from two spots seven m~les east~southeast of Casselton 

reported a cone funnel moving east from a po;i..nt northwest of them. It is 

evident that they observed the storm approximately at the time when it was 

over the Byram farm. .An attempt to trace the to~nado p~th farthe~ east 

beyond the Byram farm was unsuccessful. 

It is of extreme interest to examine photograph 02B, which was made 

about five minutes after Faught tookh~s OlA. No funnel is noticeable in 

the picture, which shows the same general clouds appearing in the previqus 

photograph. It is very likely that the funnel was lifted rapidly after 

damaging the Byram farm. 

Mrs. Askew's observation from the point fou~ miles east of Casselton 

is spectacular. When she looked up she saw a black bag hanging down from. 

a dark cloud. At its center was a hole, inside which circled a number of 

objects resembling tree branches. In spite of such a spectacular .display 

aloft, nothing particular was felt on the grol)Ild. 

Summary: 

This tornado, appearing approximately when the first one disappear~d, 

left a path of five miles in the Casselton Township. The storm in its 

mature stage was accompanied by a cone-shaped funne;L which probably to\lched· 

the ground north-northwest of Casselton, then was lifted rapidly. The 

traceable damage path was five miles, but the system aloft would have 

drifted at least a few miles toward the east-southeast. 

c. Fargo Tornado. 

Prior to the appearance of the funnel, citizens of Fargo started 

taking pictures of a rotating cloud approaching from the west. About 200 
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still and motion pictures taken from various poi~ts in the Fargo-Moor~ead 

area cover the entire life history of this storm, enabling us to make a 

quant~t~tive study of it. The path of the storm ~s shown in Fig. 11. 

Summary;: 
This was the third tornado to drop in the rural ~ea some 2 1/2 miles 

west of the Fargo city limits. The total damage path was nine miles, 

extending into Minnesota. This storrn will be fully discussed in the 

following chapters. 

D. Glyndon Tornado. 
I 

The first indication of this tornado was cp~firmed by its damage to 

the Great Northern Railway fence north of Glyndon. In its deveiopment 

stage the storm damaged a bean field and some tree~ along its path. 

The mature stage of the storm occurred as it crossed the Buffalo 

River. Trees along the banks were s~verel;r q.am~ed; and no;rth of the 

river, the Wyland farm was practically demolished. The width of appreci­

able damage was estimated to be about two blocks. Then the storm moved 

east, weakening considerably. No one observed the funnel at this stage 

except Mr. Wilson, a meteorologist, who .described it as a dark cone. He 

was separated from the funnel by a distance of at least te~ miles. The 

extent of the damage also suggests that the storm would have been ~ceom­

panied by a very large and powerful cone-sh~p~d funnel. 

A cylin.d~ic~ funnel which graduaJ..i1 ch~ged i~to a l~~bt~colo~~d . 
rope while moving northeast was ob~orved !rom th~ Wyland aud Aok.ereon taJ;'llle 

after the paesage of the storm. Sketches 8 and ~ are ehown :Ln J'i~. 12. 

Observers from the vicinity of the Sandal farm, which was demoliahe~, 

witnessed a splash of water sucked up by the rope-type tornado as it 

crossed over the Beaver Dam some one mile south of the farm. Thereafte;r, 

the storm kept moving northward until it disappeared in the dil;'ection of 

a gravel pit north of the farm. 

Summ~: 

The storm, appearing in the form of a large eone:-shaped funnel·, left 

a dam~e path of about ten miles in length and two blocks iJl maximum width. 

Before it dissipated, the storm resembled a huge rope. 
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E. Dale Tornado. 

The last tornado of the Fargo to:rnado family started disturbing the 

surface in Section 32 of the Highland Grove Township. As shown in Fig. 13, 

a cone funnel dropped to the ground just east of Minnesota Highway 32, 

l~ miles north of U. S. Highway 10. 

Then the storm moved northeast, damaging t he Carsqn farm, where t~e 

course changed toward due ea.st. The Gol farm was hardest hit. An electric 

clock there stopped at 2005 CST, when a high-voltage pole was shattered. 

The tornado at this time was characterized by a da;rk cone funnel. 

Observations fro~ nearby farms revealed that the funnel gradually 

changed into a big black hose and finally into a long rope-type funnel 

which disappeared over Stinking Lake. 

Summary: 

The fifth or the last tornado left a surface damage path of as much 

as seven miles in Highland Grove Township, Minnesota. It began, as com­

monly seen in the other cases, in the shape of a cone funnel and ended in 

the form of a rope. 

F. Characteristi cs of Fargo Tornadoes. 
I 

Five tornadoes occurring in the afternoon of June 20, 1957 are sum­

marized in Fig. 14. Although the shape of t he funnel of the Wheatland 

tornado in its early stage and t he Casselton tornado in the dissipating 

stage necessarily remains unknown to the author, their life cycles are 

considered to involve the redevelopment of a cone-shaped funnel into a 

rope-type funnel. 

As far a,s the shape of t he fu;nnel is concerned, the rope-type funneis 

witnessed during the time of the Fargo tornadoes would have been of the 

waterspout type if they were traveling over a lake or an ocean. It might 

be stated that many tornadoes characterized by majestic cone-shaped funnels 

change into waterspouts before they dissipate. The Wheatland tornado, 

which probably remained as a rope-type funnel throughout its lifetime, 

would perhaps not be called a tornado in a strict definition. There is, 
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however, no reason why we should not call it a tornado, since other to~a­

does beionging to the same fami~y went t~ough a rope or waterspout stage 

before their dissipation. 

The extreme east and west ends of the Fargo tor~ado family mark an 

area extending for 64 miles, of which 35 milee are in North Dakota ~d 29 

miles in Minnesota. The ave~age le~gt~ of the damag~ path produced by 

each tornado was only eight miles, 11 miies being the iongest a,nd four miles 

the shortest. 

Widths of each damage path varied from practically zero to 700 feet. 

The maximum width occ~rred in Fargo, whe~e the residential areas in the 

western subu~bs were practically l~veleq. By an examination of the diagram 

of Fig. 14, we may postulate the existence of one or two small tornadoes 

next to the Dale tornado. 
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CHAPTER II: FIVE TORNADOES OF. JUNE 20, 1957 

Fargo tornado family of June 20, 1957. The family consiste4 G.f 

the Wheatland, Casselton, Fargo, Glyndon, and Dale tornadoes. 

Path of the Wheatland tornado. ol and (3 are the sketches made 

at Absaraka and the Madsen farm, respectively. Numbers 1, ·2, 
and 3 in the figure designate the points where the tornado 

pictures were taken. 

Path of the Casselton tornado. Sketch /was made by Mrs. Mads.en~ 

Photographs lA, 3a, and 3b are the only photographs of the 

tornado funnel. 

Every tenth frome of the movie ,film 3a taken at the Madsen farm. 

Path of the Fargo tornado. 

.Path of the Glyndon tornado. Sketches 8 and e were made at 

the Wyland and Ackerson farms, respectively. 

Path of the Dale tornado. Sketches /;,, "J , (} , t , k , A._. show 

how the funnel shape changed. No photographs were made to 

show the funnel. 

Summary of the paths of the five tornadoes. 
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CHAPTER III: TORNADO PICTURES COLLECTED 

An unusual n1,ll!lber and quality of photographs were collepted fr.om citi­

zens in the Fcu-go-Moorhead area. Som~ of the ~ic,ures were taken long · 

before the to~nado fun,nel started dropping from the bas~ of a huge rotating 

cloud. After hearing radio and television repo~ts of the u. S . Weather 

Bureau's tornado warning, some people apparently m~atoo~ the black rotating 

cloud, at least t~n times larger than a to~nado in horizontal dimension,s, 

for the tornado itself and began taking pictures of the cloud. 

Following is the list of the photo~aphers who made the e~oellent ob­

servat~ollf? used in completing this report: 

·. 

Town Obs. Pt. Observer Type of Obs. Frame _ __.;_. ____ ····- · .. -... ---

Absaraka 1 Faught 35 mm color A 

" 2 . " II B 

Wheatland 3 Madsen 8 mm color a, b 

West Fargo 4 
I 

Fradet 35 mm co;l.or A, B, c, D, .E 

" 5 Payne 35 mm b & w I A I 
I 

" 6 . II ,., i B, c I 

II 7 Stensrud II I A, B, c 
Fargo 8 ! Beaton 120 b & w 1. A, B, c 

II 9 l Bergquist 4 x .? b & w ! A, B 
II 10 I II II c, D I 

n 11 I II II E, F ! 
n 12 I fl n G, I. 
II 13 II 11 H 
ti 

l 
14 11 u J, K 

n 15 II 11 L 

I II 16 n II 

I 
M, N 

) 
II 17 n II . 

0 
II J,.8 Byers ;t.20 0 & w A, B 

! 
n 19 II u l c. D 

~ .. -... --.. ·-
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Town Obs. Pt . Observer Tvne of Obs. Frj'lmA 
. ' 

Fargo 20 Frank 35 mm color . A 
II 21 II II B 
II 22 If II c, D 

ff 23 Gebert 120 b & w A-H 
n 24 II 4x5b&w I, J 

' 
n 25 u 120 b & w K, L 

~ 

1 
Q 

II 26 Hutchinson 35 mm b & w A-H 

l II 26 II 4 x 5 b & w I-M 
II 26 II 35 mm b & w N-V 
II 27 Jennings II A- E 
II 27 II 16 mm b & w a-m, p-s 
II 27' Dooley II n, o 
It 28 Kittelsrud 35 mm color A-0 
II 28 Jensen sketqhes I, II, llI 
II 29 Ol sen 120 b & w A, B 
II 30 II II c, D 
ti 31 Pila, to 8 mm col9r a-d 
II 32 Schr ader 16 mm b & w a-f 
II 33 II II g 
ff 34 II 11 h 
I I 35 Wild 35 mm color A, B 

Moorhead 36 Arhart polaroid A 

II 37 Helm eke 35 mm b & W· A 
n 38 II II B, c 
II 39 Mickelson 8 mm color a , b 

II 40 Stenerson 35 mm color A 
ll 41 Tenold II A, B 

Dilworth 42 Littke II A, B, c 
II 43 II ti D, E, F 
II 44 II II G, H 

Moorhead 45 Arhart sketch I 

II 46 Oksendahl, II I ' 
' .. 
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Town Obs. Pt. Observer Type of Obs. Frame ..._ .. ____ 
Moorhead 47 Wilson sketch I-VII 

Fargo 48 Hagen 120 b & w A 
11 49 fl II B-K 
It 50 Frahm 35 mm color A-F 

West Fargo 51 I Payne 35 mm b & w D, E f 
r ' l > -· I .,..i.- , ____ __ , ,.... _ __ , _ 

This list includes the township where each 9bservation was made, point 

of observation designated by number, name of observer, type of observation, 

and frame identification. The frames of still photographs are desi~nated 

by capital letters chronologically in the or~er of each shot. The first 

frame of each movie strip is identified by lower case letters. Reproduc­

tions of reliable sketches made at the time of the storm are designated 

by Roman numerals. 

Figures 15-37 show reduced reproductions of all the photographs and 

sketches available for the study of the Fargo tornadoes. 

Figure 38 indicates the exact position of all observation points dis­

tinguished by the type of observations. It will be seen that the observa­

tion points are concentrated in the area southeast of the Weather Bureaµ 

at Hector Airport (No. 28). The author found, when his visits were made , 

that the area with a wide southeast-northwest view was excellent for the 

observation of the storm to the west. 

In the upper left section of the figure are shown the points where 

the early activities of the Fargo tornadoes were photographed. 



0 I A FAUGHT 04 A FRADET 

02 B FAUGHT 04 B FRADET 

03 a MADSEN 04 C FRADET 

03 b MADSEN 04 D FRADET 
FIG . 15 



'------'-------- ----
05 A PAYNE 07 B STENSRUD 

06 B PAYNE 07 C STENSRUD 

06 C PAYNE 08 A BEATON 

0 7 A STENSRUD 08 B BEATON 
FIG . 16 



08 C BEATON I 0 D BERGQUIST 

.09 A BERGQUIST I I E BERGQUIST 

09 B BERGQUIST I I F BERGQUIST 

.10 C BERGQUIST 12 G BERGQUIST 

Fl G. 17 



12 I BERGQUIST 15 L BERGQUIST 

13 H BERGQUIST 16 M BERGQUIST 

14 .J BERGQUIST 16 N BERGQUIST 

14 K BERGQUIST 17 0 BERGQUIST 

Fi G 18 



18 A BYERS 20 A FRANK 

1-8 B BYERS 21 B FRANK 

19 C BYERS 22 C FRANK 

19 D BYERS 22 D FRANK 
FIG . 19 



23 A GEBERT 23 E GEBERT 

23 B GEBERT 23 F GEBERT 

·· ·-ct ?r ER ---= J= ,$s r - ±z' 

23 C GEBERT 23 G GEBERT 

23 D GEBERT 24 H GEBERT 
Fl G. 20 



24 I GEBERT 26 A HUTCHINSON 

24 J GEBERT 26 8 HUTCHINSON 

25 K GEBERT 26 C HUTCHINSON 

25 L GEBERT 26 D HUTCHINSON 
Fl G. 21 



26 E HUTCHINSON 26 I HUTCHINSON 

26 F HUTCHINSON 26 J HUTCHINSON 

26 G HUTCHINSON 26 K HUTCHIN.SON 

L . 
26 H HUTCHINSON 26 L HUTCHINSON 

Fl G. 22 



26 M HUTCHINSON 26 Q HUTCHINSON 

26 N HUTCH l NSON 26 R HUTCHINSON 

26 0 HUTCHINSON 26 S HUTCHINSON 

26 P HUTCHINSON 26 T HUTCHINSON 
FIG . 2 3 



26 U HUTCHINSON 27 C JENNINGS 

26 V HUTCHINSON 27 D JENNINGS 

27 A JENNINGS 27 E JENNINGS 

27 B JENNINGS 27 a JENNINGS 
FIG . 2 4 



. . 

• .., j 

27 b JENNINGS 27 f JENNINGS 

JENNINGS 27 g JENNINGS 

27 d JENNINGS 27 h JENNINGS 

27 e JENNINGS 27 JENNINGS 
Fl G. 2 5 



27- ··j JENNINGS 27' n DOOLEY 

27 k JENNINGS 27' o DOOLEY 

27 I JENNINGS 27 p JENNINGS 

27 m JENNINGS 27 q JENNINGS 
FIG . 26 



27 r JENNINGS 28 C KITTELSRUD 

27 s JENNINGS 28 D KITTELSRUD 

28 A KITTELSRUD 28 · E KITTELSRUD 

28 8 KITTELSRUD 28. F KITTELSRUD 
FIG . 27 



28 G KITTELSRUD 28 K KITTELSRUD 

28 H KITTELSRUD 28 L KITTELSRUD 

28 I KITTELSRUD 28 M KITTELSRUD 

28 J KITTELSRUD 28 N KITTELSRUD 
Fl G . 28 



28 0 KITTELSRUD 30 D OLSEN 

29 A. OLSEN 31 a PILATO 

29 B OLSEN 31 b PILATO 

30 C OLSEN 31 c PILATO 

FIG . 2 9 



31 d PILATO 32 d SCHRADER 

32 a SCHRADER 32 e SCHRADER 

32 b SCHRADER 32 f SCHRADER 

32 c SCHRADER 33 g SCHRADER 
FIG . 3 0 



34 h SCHRADER 37 A HELMEKE 

35 A WILD 38 8 HELMEKE 

35 8 WILD 38 C HELMEKE 

36 A ARHART 39 a MICKELSON 
FIG . 3 I 



39 · b MICKELSON 42 A LITTKE 

40 A STENERSON 42 8 LITTKE 

41 A TENOLD 42 C LITTKE 

41 B TENOLD 43 D LITTKE 
FIG . 3 2 



43 E LITTKE 45 I ARHART 

43 F LITTKE 28 I JENSEN 

W NW 

44 G LITTKE 28 11 JENSEN 

TORNADO EMERGED 

~ 
SW W 

44 H LITTKE 28 111 JENSEN 
FIG . 3 3 
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N NE E SE 

46 OKSENDAHL 47 IV WILSON 

~°'G:>-DIRTY-GBAY Fs 
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47 WILSON 47 V WILSON 

SOME- TURBULENCE 

NO?'\.lt.--
TURBULENT 

MOTION 

DISSIPATING FUNNEL -N NE E 

47 11 WI LSON 47 VI WILSON 

As 

SMOOTH 

~ 
EAVY PRECIPITATION FUNNEL" 

w NE E 

47 111 WILSON 47 VI I WILSON 
FIG . 3 4 



48A HAG EN 49 E HAGEN 

498 HAGEN 49 F HAGEN 

49C HAGEN 49G HAGEN 

490 HAGEN 49H HAGEN 
F I G. 3 5 



49 I HAGEN 50 A FRAHM 

~~~· --lllll:l:i 

49 J HAGEN 50 B FRAHM 

49· K HAGEN 50 C FRAHM 

4 E FRADET 50 D FRAHM 
FIG. 3 6 



50 E FRAHM 51 D PAYNE 

50F FRAHM 51 E PAY.NE 
Fl G. 37 
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Fig. 15 

Fig. 16 

Fig. 17 

Fig. 18 

Fig.. 19 

r ig. 20 

Fig. 21 

Fig. 22 

Fig. 23 

Fig. 24 

Fig. 25 

Fig. 26 

Fig. 27 

Fig. 28 

Fig. 29 

l!'ig. 30 
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Fig. 32 

Fig. 33 

Fig. 34 

Fig~ 35 

Fig. 36 

Fig. 37 

Fig. 38 

CHAPTER III: TORNADO PICTURES COLLECTED 

Photographs by Faught, Madsen, and F~adet 

II II Payne, Stensrud, and Beaton 

II II Beaton and Bergquist 

II II Bergquist 

II n Byers and Frank 

II II Gebert 

II II Gebert and Hutqhinso~ 

II II Hutchinson 

II II Hutchinson 

II II Hutchinson and Jennings 

II II Jennings 

II II Jennings and Dool~y 

II II Jennings and Kittelsrud 

II II Kit;telsrud 

II " Kittelsrud, Olsen, and Pilato 

II II Pilato and Schrader 

II II Schrader, Wild, Arhart, Helmeke, and M~ckelson 

II II Mickelson, Stenerson, Tenold, and Littke 

II II Littke; Sketches by Arhart and Jensen 

qketches by Oksendahl and Wilson 

Photographa by Hagen 

" II Hagen, Fradet, and Frqhm 

II II Frahm and Payne 

Distribution of the observation points of the Fargo tornadoes 

of June 20, 1957· .... 



CHAPTER IV: MOTHER CLOUD OF FARGO TORNADO FAHILY 

In view of the successive formations of five independent. tornadoes in 

a narrow zone 6 x 64 miles centered around Fargo, North Dakota, it is of 

importance to investigate a tornado-producing system which moved eastward 

over that zone. 

A rotating cloud system was successfully photographed (see photographs 

04B; 09A, B; lOC, D; 23A, B, C; and 40A, some of which show a funnel stick­

~ng out from the base of the rotating cloud). Interviews in Wheatland, 

Casselton, Glyndon, and Dale all revealed that the rotating cloud was in 

existence at the time of the tornadoes. 

The rotating cloud was characterized by the following significant 

features: 

1) Wall cloud~a main mass of circulating cloud with a very low 
cloud base. Its outer boundary was very steep, 
forming a cylindrical wall. 

2) Tail cloud~a low tail-like cloud extending outward from the 
wall cloud. 

3) Collar .cloud~a circular cloud surrounding the upper portion 
of the wall cloud. 

4) Disc cloud~a disc-like cloud with spiral streaks on it. The 
diameter of the disc was about 10 miles. 

After careful examination, s ome of the photographs of the rotating 

cloud under ~iscussion were found to have very similar features, suggesting 

that they were taken within a very short time interval. They were classi­

fied into several groups according to time. Figure 39 shows a triangulation 

technique by means of which the true dimensions of the rotating cloud were 

obtained for plan position representation. 

Triangulation also permits computation of t he height of each point on 

the cloud. For example, the heights of four points (A-D) on the cloud 

were obtained by using the technique appearing in the figure. First the 

iso-height lines, indicated as a group of hyperbolas at 1000-foot intervals, 

were drawn. By combining the plane and vertical cloud figures, it is pos­

sible to place any point on the cloud on the upper diagram of the figure 

for height computations. 
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After carrying out the photographic analysis of the rotating cloud 

before and during the time of the Fargo tornado, an organized presenta­

tion was achieved. The result is given in Fig. 4o. It can be seen that 

the tail cloud grew in length and width as it moved northwest of south­

west Fargo. When the tail had completely disappeared, the second tail 

appeared to the north of the main mass of the cloud. Both tail clouds 

rotated cyclonically aroun~ the center of the main rotating cloud. 

Motion and still pictures reveal that each tail cloud was sucked 

into the dark, st~tionary wall cloud, while the formation of the new tail 

cloud was taking place at the far north end of the wall cloud. 

The figure also shows the pa.th of the Fargo tornado, which formed 

at 182~ CST about 1/2 mile to the south of the rotating cloud center. 

No funnel was seen in the cloud pictures taken between 1805 CST and the 

first appear~ce of the Fargo tornado funnel. After its formation the 

tunnel gradually moved east southeast away from the center of the rotating 

cloud. After a few min~tes it changed course and weakened as it ~oved to 

the northeast and crossed the path of the rotating cloud center. 

An attempt was made to reduce or enlarge the rotating cloud photo­

graphs to a siugle scale sp that successive stages of the cloud could be 

d~rectly compared. Figures 4i, 42, and 43 show the photographs arri:anged 

in chronological o~der. Each photograph is identified by observation 

point number and frame order. Since the outlines of the cloud extended 

even beyond the area of the photographs, each box in the figures includes 

only the greater portion of the rotating cloud. 

The degrees and miles are the directiQn and the distance of the 

center of the rotating cloud from the photographer. As seen in most of 

the photographs, a tail-like cloud extended to the right, with t he excep­

tion of 20A and 21B, photographed facing toward the axis of the tail, and 

05A, with the tail ~xtendi:p.g to the left. 

Very intense vertical motion was observed on the side of ~he wall 

cloud• Observers described the motion as boiling or turbulence. A movie 

strip taken by Jennings (observation point 27) was usable for the computa­

tion of the vertical motion occurring in the portion of the cloud indicated 

by arrows in Fig. 44. Shown in t~e lower portion of the figure is the 
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profile of the side of the wall cloud appearing in every tenth frame of 

the movie, which was taken at 24 frame~ per second. The time scale in 

seconds ·appears at the bottom. 

Using the height scale to the left, vertical velocities of several 

sections of the rising cloud were computed. Speeds were very high, reach­

ing 80 feet per second at the 3000-foot level. Below that level the 

velocity decreased in proportion to the height above the ground, where 

the vertical velocity is zero. It is of interest to compute the horizontal 

convergence, Ll w/ iJ, z , using the values Ll w :; 80 ft/ sec and L1 z = 3000 ft/ sec. 

The value thus obtained is about 3000 x 10-5. It is evident that the con­

vergence does not change with height in the portion of the cloud under 

discussion. If we postulate that the same divergence value as obtained 

above is appl~cable up to the lO,OOO-f9ot level, the vertical velocity at 

that level would be about 3.33 feet per second. Although this value seems 

too high, an incloud updraft of 100-200 feet per second can be considered 

a relatively realistic value. 

In order to compute the rotational motion of the cloud under discus­

sion, every 30th frame of Jennings' movie (27a, b) was transcribed in 

Fig. L~5. This film includes 810 frames taken at 24 per second. The 

results of comput~tion revealed that the ring cloud circling around the 
' 

uprising cloud mass was rotating at only 25 mph, a very s low speed compared 

with the vertical velocity involved. 

Another independent computation of the circulation velocity of the 

rotating cloud was made by using four sti~l photographs (49B, C, D, E) 

taken by Mr. Hagen. Although the time intervals of these photographs is 

unknown, the displacement of the tornado center determined by the· photo­

graphs enables us to estim~te the approximate time to be about 25 seconds. 

Using this estimate and photographs 49B-E and 43D, Fig. 46 was made. The 

individual movement vectors of signif~cant portions of the cloud were de­

termined on four prints of Hagen's photographs and projected on a plan­

position chart. Then the dotted vector, corresponding to the displacement 

of the circulating system, was subtracted from ~ach vector in order to 

determine the relative motion of the cloud-portion with respect to the 

circulation center. 
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ROTATING CLOUD SHOWN IN THE SAME SCALE 
0 2 3 4 5 6 KM 0 2 3 4 Ml 

07 A 180 4C 297° 4.4 MILES 09 A 181 4 C 269° 6.4 MILES 

04 A 18 05 296 5.2 09 B 1816 268 5.8 

-----

04 B 1809 302 4 .1 

- - -

04 c 18 12 307 3. 4 10 c 1820 266 3.3 

20 A 1812 051 3.3 40 A 1820 249 7.0 

FIG. 4 1 



ROTATING CLOUD SHOWN IN THE SAME SCALE 
0 2 3 4 5 6 KM 

~------------------~ 
0 2 3 4 Ml 

21 B 1821 C 021° 1. 9 MILES 

29 B 182 1 300 5.1 42 A 1823C 276° 9. 7 MILES 

'<&:~~0!)/ 
~,,_. 5 fl ,. ~ 
~ )/)\ l 

/ ·n / . ~ 

10 D 1821 266 3. 1 05 A 1825 047 2.2 -- - -=--.. - - -=---·-..____ ' '\ 

28A 1821 263 4.7 23 A 1825 263 4.3 

29 c 1823 302 27 a 1825 286 4.8 

F I G. 4 2 



R 0 TAT I N G CL 0 U D SH 0 W N IN THE SAM E SC ALE 
0 2 3 4 5 6 KM 

11 E !826 26 0 ° 2.6 MILES 

42 C 1829C 276° 8.0 MILES 

50 D 18 26 262 3. 5 . 

27 A 1828 288 4.0 43 D 18 3 1 278 7. 1 

---
- - ---

2 3 D 1828 259 3.5 43 E 1834 .279 6.4 

- \j)J) --
~ ~ )~J 

/.)~~ ~ 
. =-

30 D 1829 315 3 .3 43 F 1837 280 5.4 
FIG . 43 
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Fig. 39 

Fig. 40 

Fig. 41 

Fig. 42 

Fig. 43 

Fig. 44 

Fig. 45 

Fig. 46 

CHAPTER IV: MOTHER CLOUD OF FARGO TORNADO FAMILY 

An example of triangulation of the rotating cloud. Photographs 

40A and 29C were used for the triangulation. 

Triangulation of the rotating cloud of June 20 , 1957. 

Rotating cloud shovm in the same scale , 1804-1820 CST . 

II ll II II II II II 1821-1825 CST . 

II II II II If II IT 1826-1837 CST. 

Computation of the vertical motion at the edge of the wall 

cloud . Arrows in the upper figure show the portion of the 

cloud used for the computation. 

Every 90th fra'lle of Jennings' movie used in obtaining the 

rotational speed of t he collar cloud. 

Determination of the rotational speed of the rotating cloud. 



CHAPTER V: CHANGE IN SHAPE OF THE TORNADO FUNNEL 

The tecnnique used for ~~term~ning the direction of the rotating 

cloud discussed in tne ~rev~ous section was repeated for the triangulation 

of the tornado funnel. The result is ~nown in Figo 47. Two dozen pictures 

were taken within one mi~ute after tne appearance of the cone-shaped funnelo 

This fact indicates that a gr~fit nu,mber of people with cameras had correctly 

anticipated the ~rea w~e~e t~~ flUl~el was to drop. The following table 

shows the number of pictures taken dqring each two- or ten-minute period 

after the ap~earance of tne f'Ullil~l• 

Minutes after 
the tornado 

0-2 

2-4 

4-6 

6-8 
8-10 

10-12 

12 .. 14 

14-16 

16-18 
18-20 

20-30 

30-40 
40-50 
50-60 

Number of 
p:PotQgraph~ 

24 

8 

13 

4 

10 

11 

8 

2 

0 

0 

0 

8 

4 

1 

Remarks 

Con~~shaped funnel dropped to the grQund. 

~~l a~peared like a cylind~r. 

Huge cone funnel~ 
I.I II II 

~el was over Gold~n Ridge residential 
area. 

Funnel c~ossed drain No. 3. 

Funnel crossed 13th Street. 

Flµµiel was destroying residential area. 

Funnel crossed Red River. 

Fu;nnel obscured by rain. 
II II n II 

Rope funnel appeared. 

Rope funnel in its dissipating stage. 

Rope fu,nnel dissipated. 

It is intereeting to fi,nd that the number of pictures decreased with 

time after the appearance of the cone~ or rope-shaped funnelo This suggests 

that most of the people started takin~ funnel pictures as soon as they saw 

a fuimel and cont:LD:ued until their film ran out. It would be practically 
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impossible to eatimate cor~ect time inte:rvals for apportioning a given 

len&th of film to the life of a to1;-nado. As seen in the figure , the pic­

tures were neverthel.ess fowid t o b~ ad~quate t o cover the greater portion 

of the tornado's lif~ history, 

By means of the time-cheo~s made by Weather Bureau observers as the 

tornado advanced toward the city and other reports concerning the time 

when the storm crossed certain points, a smoothed t ime scale was put along 

the path of the tornado at the su~face. Figure 47 i ndicates t he time of 

each tornado picture as determined from this scale. 

Ao Cone-Shaped Funnel. 

Using the technique de.9cribed in t~e previous chapter, tornado photo­

graphs were reduced to the same scale. This reduction seems merited when 

the various pictures show the stor~ in stages which can be compared in size 

and shape with each other. Figures 48~52 give the results of this single­

scale representation, It is important to nqtice that the photographs are 

arranged in ch~onological orqer; thus, successive changes in the . funnel 

can be followed from one picture to the next. 

A motion picture with a ve'J!"f shorf time lapse was made by filming each 

of these pictures in chronologi cal order, The film, when projected, was 

found to be capable of representing in a few seconds the entire life cycle 

of the Fargo tornado. 

The change in shape of the Fa,+go tornado is summarized i n Fi g. 53. 
The top profiles show the schem~tic features of the funnel in its four 

stages: (a) dropping stage, (b) rounded bottom stage, (c ) shrinking stage, 

and (d) rope stage. 

It will be wort~while to lriiow how the qther tornadoes belonging to 

t he Fargo tornado family went through their life cycles. The following 

lis t shows the author's estimate, , b~sed µpon witnesses' conversation and 

sketches: 

l) Wheatl~d tornado 
2) Casselton torn~do 
3) Fargo tornado 
4) Glyndon tornado 
5) Dale tornado 

a~d 

a-d-b-? 
a-b-c-d 
a-b-~-d 
a-b-c-d 
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A detailed analysis of the diameter of the Fargo tornado funnel at 

its dropping stage was made with the us~ 9f still and motion pictures. 

Since no. time chacks were made when the photographs were taken, the only 

indications of the p~sag~ of time wer~ the movie strips, 27f (17 seconds), 

27g (3 seconds), 27h (13 seconds), 27i <i5 seconds), and 27j (10 seconds), 

from which the rate of increase in fun~~l diameter was determined. 

Figure 54 shows the proces~ of obtai+iing the times of photographs 

taken in the dropping funnel stage. 'l1he arrows in the figure show the 

rate of expansion of the average funnel diameters at the surface, 100-meter, 

and 200-meter levels. The arrow directions coincide with the tangents of 

a line showing the average funnel diameter. For example, the arrow cor­

responding to the movie 27! entered ~he figure "first, then was extended 

to reach the diameter determined by 27h, and again was extrapolated in 

order to complete the entire mean funnel dia,meter curve in the figure. 

Once the mean diameter was determined as a function of time, the time of 

each still photograph Wl'lS d~termine4 by c~m~utin~ the funnel diameter 

appearing in the photograph. 

Reasonably accurate diameters of the Fargo tornado funnel were thus 

plotted in Fig. 55. It can be seen that the funnel dropped at the rate 

of about 333 meters per minute or 5 meters per second. That is to say, it 

took only 30 seconds for the funnel to reach the ground after its tip had 

appeared under the base of the rotating cloud. 

Bo Rope-Shaped Funnel. 

As shown in the previous sections, most of the tornadoes belonging 

to the Fargo tornado family went through the rope stage before they dissi­

pated. Unfortunate~y, no photographic evidence of a rope-type funnel was 

obtained except f~om the Fargo-Moorhead area, where . the citizens took 8 
short movie strips and 7 still photographs. 

The first ind~cation of the tran,sf ormation from cone to rope-type 

funnel was witnessed by Mr. Arhart (45I), who observed a grayish white 

funnel trave+ing east. His observation p~int and sketch are shown in 

Figs. 44 and 19, respectively. He~vy ra,in in the area prevented people 

from observing or phot9gr~phing the co~e fl.Ulllel as it was redeveloping 
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into a rope f~el. 

Soon ~fter, a still (44G) and a motion picture (3la) were made. The 

three-dimensio~al triangulation of t~e funnel shown in Fi go 56 revealed 

that the f'Q.llnel, slender and sl~ghtly curved, was tilted at about 45 degrees 

toward the direction of the rota~ing cloud center, which had moved east past 

Dilworth. Th~ top, csf." the funnel was visible up to t he 5000-foot level. 

Mr. Mickelson took two movie strips (39a and b) . The shape of the . ~ 

funnel. at two-eecond intervals a~pears in F~g. 57. In spite of attemptp 

to obtain the movement of wide or narrow portions of t he rope, no solution 

has yet been found. Alt~ough the time interval between these t wo movie 

s trips is not kno~, it is evident that the rope became definitely narrower. 

It is of interest to see the superimposed representations of t he 

first and the lQSt frames. Figure 58, with the r ope funnel l ooking north, 

reveals that the upper portion was moving east while the lower portion of 

the funnel moved west or remained stationary.. Aecording to witnesses, the 

end of the rope was whipp~ng the grolll).d occasionall7. 

Photographs 4{tH, 3ld, 17 O, and 28 O, apparently taken at approxi1I1ately 

the same t i me 1 were us ed to construct the three-dimensional pict ure of the 

rope funnel sligµtly before it dissipated. The triangulation i s describ~d 

in Fi g. 59 . it shou+d be note~ that the funnel was vertically inclined 

near the ground and t ilted almost hori~ontally near the cloud base . 



TRI A NG U LATI ON OF THE SUR FACE 

......---·-·-·-....... 
/ 

/ 

o SKETCH 0 2 
• PH 0 TOG RAP H 

0 MOT I ON PICTURE 0 2 3 4 

TORNADO 

3 4 

5 6 

CENTER 

38'° . "' 
"' 0 

5 MILES 

7 KILOMETERS 



TORNADO FUNNEL SHOWN IN THE SAME SCALE 
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FIG . 48 



TORNADO FUNNEL SHOWN IN THE SAME SCALE 
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CHAPTER V: CHANGE I N SHAPE OF THE TORNADO FUNNEL 

Triangulation of t he surf ace center of the Fargo tornado. 

Tornado fUIUlel shown in the same scale, 1827-1828 CST. 

II II II " " If II 1828-1831 CST. 

n 11 II " II II II 1832-1834 CST. 

" fl " 11 " " II 1834-1839 CST. 

" II " " " " II 1839-1841 CST. 

Change in shape of the Fargo tornado funnel in its entire life 

history. 

Funnel diameter-time diagram. 

Diameter bf the Fargo tornado funnel shown in height-time 

diagram. 

Triangulation of the Fargo tornado funnel in its rope stage. 

Successive change in shape of the rope funnel appearing in 

Mickelson's movie 39a and 39b. 

Movement of the rope funnel appearing in 39a and 39b. 

Three-dimensional shape of the rope funnel northeast of Moorhead. 



CHAPTER VI: ROTATION OF THE FUNNEL 

Attempts w~re made to compute the ~otationql speed of the Fargo 

tornado funnel in its cone stage. 

If we e,ssume t~at rising air parcels condensed at the funnel edge, 

along which th~ pr~ssure was constant, the hydrostatic and cyclostrophic 

assumptions e~ab1e us to write: 

1 L1P v2 
- :P21R = 1f 

L1P=-.fg~z 

Therefore, w~ hqve 

w:P.ere V is the cyclostrophic w;in4 speed; f' , the density; R, the 

radius; and P, the pressure. The slope qf the funnel, .ll z/ L1 R, is 

given in Fig. 60r As showp. in the ~q~atiQn, th~s slope denotes the 

centri!~gal C!-PCf~+.eratiop ip, terms of g, . t:i+e ~avj.ty of the earth. The 

maximum acceleration appeared at the 130~meter level shortly before 1829 

CST, when the funnel looked like a huge Qylinder with a flat bottom. 

Using the centrifugal aoceieration given in Fig. 60, cyclostrophic 

wind speeds at the funnel edge were computed (see Fig. 61). It should be 

noted that no cyclostrophic w:l,.~d ~~eeds were computed for the flat portion 

of the fllilflel, The dashed lines in the fi~re indicate funnel diameter 

in meters; th~ full lines, rotation speed i~ ~eters per secon~. The 

maximum spee~ oQtained was 230 m~h. 

The second computation method employed the motion picture showing a 

rot~ting funnel. For this purpose Je~ings' films 27i and 27j were used. 

Figures 64-65 show eRlargements of the' co~e funn~l as it appeared in 

every third frame ot Jrls films. The films were run back and forth on a 

time-motion st~dy projector so that corresponding features appe~ing at 

the bottom of the funnel could be followed carefully. 
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Only seven pendants at the bottom of the funnel were followed, with 

the ~esult shown in Fig. 66. The fol1owing table summarizes the computation; 

Pendant Meters from Duration of Existence Meters Average 
Center Traveled Speed 

A 90 i8h28m49.7s-55.5s 280 48 m/sec 
B 60 18h28m54.5s-5?.8s 160 48 
c 30 18h28m54.8s-55.7s 40 40 
D 60 18h29m28.ls-30.4s 100 43 
E llO 18h29m28.6s~31.ls 120 48 
F 100 l8h29m35.7s-38.ls 115 43 
G· 90 18h29m37.4s-39.0s 70 44 

The rotational speeds of the f~el thus obtained and the profiles of 

the funnel at the time of the spe~d computation are both shown in Fig. 67. 

The open and painted circles i~ the figure indicate the speeds measured by 

the first and the second met~ods, respectively. 

It should be noted t hat the ~otational speed$ computed by using these 

two methods do not fit at the circwnference of the flattened or rounded 

bottom fupnel. Unfortunately, ~t was not possible to follow in the movie 

a characteristic point on the side of the funnel where t he first method 

was applied in computing the speed. lf we assume that the values shown 

in the figure are correct, there will be an abrupt increase in speed at 

the circumference of the rounded funnel. It is of interest to see that 

dust on the ground rose with a sharp boundary. The wind speed at the 

funnel surf ace ~irectly above that boundary was between 60 and 70 meters 

per second. 
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Fig. 60 

Fig. 61 

Fig. 62 

Fig. 63 

Fig. 64 

Fig. 65 
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CHAPTER VI: ROTATION OF THE FUNNEL 

Centrifugal force at the f unnel edge of the Fargo tornado. 

Cycl ostrophic wind speed. 

Every third frame of Jennings' movie 27i taken at 24 frames 

per second (18b..28m42s- 49s). 

Every third frame of movi e 27:\. (18h28m50s- 57s). 

Every t hird frame of Jennings 1 movie 27 j t aken· at 24 frames 

per seco;1d (18h29m28s-35s). 

Eve~:'.'Y third frame of movie 27j (18h29m36s-39s) . 

Rotational speed of the funnel obtained from Jenni ngs ' movies 

27i and 275. 

Rota.tional speed of the funnel. O:pen and painted circles 

indicate t:he .speed obtained by the two different methods 

described in the text . 



CHAPTER VII : STATEMENT OF THE RESULTS OBTAIN1'D 

Through this case study of the Fargo tornadoes of June 20, 1957 , 

important problems concerning tornadoes have become evident. The five 

tornadoes under discussion appeared one after another at the base of a 

rotating cloud which moved eastward over the Fargo-Moorhead area . Had 

a statiQn been operating within f ifty miles from the s torm, it would have 

shown a hook- or ring-shaped echo. There are, of course, other types of 

tornadoes in which funnels appear without relat ion to any recognizable 

rotating systeJD as in the Fargo tornado case. 

Discussion of the results obtained here should, therefore, be limi­

ted to tornadoes associated with a rotating system seen on radarscope as 

a "hook" Qr in ordinary photographs as a ''rotating clouCl .• ri 

A. Relative Motion of Tornadoes with Respect to the Rotating Cloud. 
I 

Using the results of t he tornado survey and the tria..~gulation of the 

r otating cloud, it is feasible to locate the relative posi t ions of the 

tornadoes with respect to the cloud center. 

In order to determine the positions Qf the rotating cl oud center at 

15-minute intervals, a x-t diagram was constructed in the lower portion of 

Fig. 68. The open circles on t he path of the rotating cloud center repre­

sent the positions thus obtained. 

Then the locations of the surf ace tornadoes were determined or assum.ed 

to exist at the arrow points in the figure . The results of the triangulation 

of the .rotating cloud and the tornadoes were fully considered in determining 

these locations. It can reasonably be concluded that the relative positions 

of t he tornadoes and t he rotating cloud centers are represented by t he 

vectors indicated by the arrows. 

The relative movement of t he five tornadoes summarized in Fig. 69 

reveals several extremely important f acts : 

1) Each of the five tornadoes was initiated within five miles from 

the center of the rotating cloud. 
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2) The centers of the tornadoes moved cyclonically around the cloud 

center and dissipated aa they moved westward away from the cloud 

center. 

3) The funnels were cone-shaped when located within about two miles 

from the cloud center. Rope funnels were observed in the region 

beyond two miles from the center. 

The Wheatland tornado, which had never come close to the rotating 

cloud center, remained rope-shaped throughout its lifetime. The Casselton 

tornado was cone-shaped only when it wae located two miles from the center 

of the rotating cloud. 

B. Axis of Tornado Funnel. 

Examination of the tornado photog_J'aphs appearing in this r eport shows 

that the cone funnel had a more or less vertical a.xis while the funnel in 

the rope stage was characterized by a long diagonal or horizontal axis. 

The three-dimensional shape of the axis of the Fargo tornado was care­

fully triqngulated ji.n orde~ t 9 obtain t he paths of the funnel at hi gher . 

levels. Figure 70 gives the result. It i s not possible to obtain directly 

t he upper portion of the cone-shaped funnel because it was hi dden at the 

1000~3000 foot level by the base of the clo~d. The axis of the rope funnel 

was triangulated up to the 6000-foot level, where it entered the stratus­

type cloud. 

It can be seen in the figure that the higher the level, the more the 

funnel displ aces toward t he center of the rotating cloud. Extrapolated 

positions of the funnel suggest that the axis of the tornado coincided 

with that of the rotati ng cloud at the level between 10., 000 and 20, 000 

feet. The rope-type funnel, standing at its l atest stage in the rural 

area north of Moorhead, probably exteµded almost 10 mil es to the east­

s9utheast as far as the rotating cl.oud system. 

c. Pr essure Field Beneath the Rotatin& ,Cloud and the Liquid Water Storage. 

Two barograph traces, one from the U. S. Weather Bureau at Hector 

Air port and the other from the North DC\kota Agricultural College , both in 

Fargo , indicated the exi stence of a high pressure ring surrounding the 
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surf ace center of the rotating cloud. 

As shown in Fig. 71, the relative positions of t hese barograph sta­

tions A-A' and B-B' were obtained by converting the time change into space 

change. The 16 mph speed of the rotating system was used. A schematical 

drawing of the cloud was made for the purpose of finding the dimensions of 

the high pressure ring in relation to the extent of the rotating cloud. 

The figure shows that the diameter of the high pressure ring was about : 

three miles, which was much larger than that of the collar cloud surround­

ing the ring-shaped wall cloud. 

It is proposed that the rotating cloud under discussion had a liquid 

water storage above the high pressure ring on t he ground. The stippled 

areas in the cloud indicate this storage. The amount of the pressure rise, 

as high as 3 mb, permits us to assume that the amount of liquid water con­

tributing to the excessive weight of the air column would be about 3 g/cm2• 

The depths of the storage corresponding to the possible liquid water content 

are given in the following table: 

Liquid Water Content Depth of the Storage 

g/m3 meters feet 

1 30,000 99,000 
2 15,000 50,000 
3 10,000 33,000 
4 7,500 25,000 
5 6,"ooo 20,000 

10 3,000 10,000 

It will be reasonable to assume the depth of the storage to be about 

25,000 feet; consequently, the liquid water content may be estimated at 

about 4 g/m3. 
Another evidence of the presence of the high pressure ring was seen 

in the surface winds recorded at Hector Airport. Wind speed plotted in 

Fig. 72 showed a definite drop as the converging air blew through the 

pressure gradient L1H1 • However, t he surface wind possessed an inflow 

speed of about 25 mph as it reached H1 , the point of highest pressure 

along the ring. 
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The precipitation which accompanied the rotating cloud fell between 

1842-45 CST, when the surface pressure was falling from H2 to L2 as recorded 

in the figure. A small rise, h, appeared when precipitation, mostly hail, 

occurred aro~~ 1843 CST. 

The total amount of liquid w~ter estimated by areal integration of 

the excess pressure of the high pressure ring was about 109 kg. The radial 

wind speed roughly estimated was about 10 m/sec at a one- mile radius, with 

the depth of the inflow layer being up to 400 meters above the ground. 

·rhese figures give us a rough idea of how much condensation was taking 

place inside the cloud. The amount of inflow 

(2TT) x (1 mile) x (400 m) x (10 m/sec) ~ 4 x 107 m3/sec 

multiplied by the absolute humidity, 15 g/m3 , in existence on the ground 

at the time of the storm indicates the rate of condensation if there were 

no water vapor escaping from the siqes of the cloud. Thus the condensation 

obtained is 

(4 x 107 m3/sec) x (15 g/m3 ) ·.ox 105 kg/sec 

In order to change 109 kg, the total amount of the liquid water in 

the cloud, at the rate of 6 x 105 kg/sec, it would take 2 x 103 sec • 
0 

30 

minutes. The ~otating cloud traveled at least a few hours before arriving 

at Fargo, where the pressure traces were recorded. If the computed period 

of 30 minutes is correct, the rotating cloud would have been discharging 

the liq~id water in the form of precipitation. There are, however, several 

reasons to believe that 30 minutes would be too short a period for this to 

occur. First, the convergence beneath the cloud would have been very 

small in the early stage of the development of the rotating cloud. Second, 

the escape of moisture from the sides of the cloud would also have prolonged 

the change period of the liquid water. Taking these points into consider­

ation, it will be reasonable to assume that the rotating cloud was in its 

mature stage when it traveled over the Fargo-Moorhead area. It is probable 

tha.t the liqu:i..d water stored in the cloud was discharged as it moved inside 

Minnesota. · 
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D. Winds Inside the Rotating Cloud and the Fargo Tornado. 

The tangential wind speed shown in Fig. 73 summarizes t he computation 

presented in Figs. 45 and 46. If a velocity profile were made through the 

center of the tornado funnel, the peak speed would be over 200 mph as de­

scribed in Fig. 67. 

The estimation of the vertical wind speed given in Fig. 44 reveals 

that the vertical motion at the edge of the cylindrical wall cloud was 

about 50 mph and was still increasing upward. Based upon this result, a 

mechanically dr;iven ring vortex (M in Fig. 73) is assumed. The vortex is 

continuously enforced by rising air wpich makes contact with the vortex at 

its inner side. Forced circulation would result in condensation of the 

air existing above the convergence layer, which extends up to 1200 feet 

above the ground; and the condensed moisture would evaporate at point A 

along the circular stream line. The vertical wind speed at the 4000-foot 

level thus estimated appears in the figure. 

The radial wind speed inside the convergent l ayer below 1200 feet was 

also computed from t he vertical wind speed by assuming that the tpickness · 

of the convergent layer was the same throughout except beneath the wall 

cloud. 

It will be worthwhile to study the shape of the cloud of dust picked 

up by the Fargo tornado. Figure 74 represents three drawings of the dust 

clouds in the same scale as the surface debris patterns left by the s torm. 

The circles in the debris chart give t he outer boundary of the dust cloud 

on the ground. The clearness of the boundary near the ground enables us 

to determine its exact diameter on each photograph. Figures 75 and 76 are 

detai~ed debris charts made by using t he aerial photographs taken immedi­

ately after the storm. 

The three drawings of the Fargo tornado in its very early stage shown 

in Fig. 67 consistently reveal that the edge of the dust cloud corres- . 

ponded to the circle of 60 m/sec tangential wind speed. The destruction 

outside these lines was very minor, indicating that most of the damage took 

place inside the clouds of dust. 
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E. Irreversible Process Taking Place Inside Air Flowing into the Tornado. 
I 

One of the ~ost interesting features of the shape of the Fargo tornado 

funnel was its rounded portion. The cyclostrophic wind speed computed from 

the slope of the rounded portion of the f~el was negligible compared to 

the rotational sp~ed computed by using Jennings' movie (see Fig. 66). That 

is, the slope of the rounded funnel would have to be much steeper than it 

actually was if the surf ace of the rounded portion of the funnel is t~ de­

note a surface of constant pre~sure. This fact will suggest that the con­

stant pressure surface should cut through the bottom of the funnel. 

Based upon this assumption Fig. 75 was made. The figure will serve 

for a reconsideration of the thermodynamical process taking place inside 

the air flowing into the tornado funnel. 

Through an irreversible adiabatic process, heat is continuously pro­

duced inte111ally while the p~cel expands. The parcel A4, for instance.' 

will show a small rate of cooling when it flows into a tornado, because 

the parcel moves near the ground i.m.der the influ~nce of frictional force 

which produces heat; meanw~ile the parcel loses it~ mechanical energy. 

Thermodynamically, the line along which the parcel expands lies between 

i sentropes and isenthalps on adiabatic chart s. 

Now; the illustration shows that the parcels expanding along stream 

lines A
0 

- ~ - c1 and A
0 

- A2 - c2 are friction free; therefore, the mois­

ture in.side the parcel would condense at c1 and c2 , located at the surface 

of the same condensation pressure. On the other hand, t he parcels follow­

ing the paths A
0 

- A
3 

- c
3 

and A
0 

- A4 - c4 would increase their entropy 

through their irreversible expansion, reaching their condensation pressures 

at c3 and c4, respectively. Assuming that the expansion along the surface 

is given by a straight line A
0 

- A3, - A4, on the adiabatic diagram, and 

that the expansion along A3 - c
3 

and A4 - c4 is dry and adiabatic and re­

versible, the temperature and pressure changes of parcels flowing into the 

bottom of the rounded bottom funnel were qual~tatively described. 
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Fig. 68 

Fig. 69 

Fig. 70 

Fig. 71 

Eig. 12 

Fig o 73 

Fig. 74 

Fig. 75 
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CHAPTER VII: STATEHENT OF THE RESULTS OBTAINED 

Relative position of t he Fargo tornadoes and the center of the 

rotating cloud . 

Relative movement of the surface tornado center with respect to 

the center of the rotating cloud. 

Paths of t he Fargo tornado a t t he surface, 5000-foot, and 

10,000-foot levels. 

Pressure field beneath the rotating cloud. 

Pressure, wi nd , and p·ecipita tion traces from t he U. S . Wea ther 

Bureau at IIector Airport, Far go. 

Schematica l diagr am s howing the wind dis t r ibution beneath the 

rotat:.i.ng cJ.oud . 

Comparis on of dimensions of debris pattern and the dust cloud 

cf the Fa.rgo tornado. 

Damage pa.th in t he western s uburb of Fargo. 

Damage path in the residential area north of do\mtown Fargo. 

Explanation of i rreversible processes t aking pl ace beneath a 

tornado funnel. Heavy and t hin l ines represent stream lines 

and isobar s , respectively. 
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