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INTRODUCTION 

The purpose of this :;:danual is to present the evidence of downbursts avail

able as of this date. It is expected that new data on this ty of stonn will be 

accumulated rapidly through Project R D. Projec ROD (Nationa Intensive 

Meteorological Research On Downburst is a two-year (1978-79) research project 

to collect meteorological data on a nationwi scale. NWS field offices will be 

advising the NIMROD Project office of Significant downburst and/o tornadi events 

and will be assisting, when possible, in damage surveys. The Project starts with 

the operation of a triple-Doppler Network in Northern Illinois in May and June, 1975. 

Straight-line winds, often preceded by an awesome-looking roll cloud, can 

induce widespread wind damage in and around thunderstorm areas. Damaging winds, 

usually lasting for a bhort period of time, are characterized by strong gusts which 

could seriously affect ground structures as well as low-flying aircraf • 

Extensive aerial photography and mapping of the areas swept by straight-line 

winds has revealed the existence of diverging patterns of damage embedded inside 

of overall straight-line flows . A major breakthrough in this study was the analysis 

of the Independence Day, 1977 storms in Northern Wisconsin. At least 25 locations 

of divergent downburst flow were map d from a low-flying aircraft. 

Thereafter, microscale downbursts (microbursts), less than 3 miles in out

flow diameter, were found in other parts of the country. Four aircraft accidents 

in 1975-77 and one more in 1956 have been related to microbursts whose sizes were 

comparable to the length of runways. Coupled with its small dimensions, damaging 

winds of a microburst last only for a few minutes, making its detection extremely 

difficult. 



2 

omburt 

vo 

a . [tal appli ations 0 th 

00. 

emblin th 

orms 

ur oi ulin 

willb 

e signifi

to ado 

Th 

awai rth r tudi 

an 0 ·on. In th man' ful 

i ornado or d wnbu ela d. 

a ll 7 

, 

J. 
T. Fujita P. C m 
Prof or or 
Th Uni r ity of Chica 0 a tional a th r vi 



3 

CHAPTER 1. SCALES OF TIfUNDERSTORM OUTFLOW 

e leading edge of a tlumderstorm outflow area is often characterized by 
strong straight-line winds, rapid tern rature drops, and pressure surges . While 
ty [cal y associated with squall lines , such rapid changes can occur even in rela
tively ''benign'' isolated swnmer thun rshowers . 

Over 80 years ago, Durand-Greville (1892) rna ed pressure patterns of a 
squall line extending from near Berlin to southern Austria with amazing accuracy. 
Suckstorff (1938) investigated th surfac -pressure disturb nces in and around 
thunderstorms to find that the outflow is a re ult of the accumu ation 0 cold air 
inside the subc10ud layer due to precipitation COOling. 

As air traffic increased in the 1930s, squall line-related acciden and 
difficulties occurred in various parts of the world, necessitating a better understand
ing of thunderstorm and squall -line circulations . 

LINDENBERGER BOENNETS (Squall etwor was established in 1939 near 
Berlin, leading to intensive data collection during the 1940 and 19 1 easons , In 
analyzing the data, special emphasis was made to determine the mpvement and 
intensity of the first gust across the network. An example of analysis is shown in 
Figure 1. 1. For details refer to Koschmieder (1955 . 

1900 LST 

Figure 1 .1 An outflow field over the 
Lindenberg Network . The outflow field 

• formed to the southeast of Tempelhof , 
Berlin and moved away without affecting 
the station . 

The leading edge of the outflow moved 
toward the southeast at 36 km/hr (22 mph 
causing a 15 m/sec (34 mph) peak gust at 
Lindenberg near the network center . 

o 10 20 30 40 m 1 I , , i . ~ o A 16 I~ 20 215m1l 

MAEBASHI RAIU KANSOKUMO (Thunders orm twork in 19 0 was 0 erated 
by the Japan Me eorological Agency. The network with 21 reco ding s tions as 
located near aebashi, 60 miles northwes of To yo, Pos -0 r ation analys 
revealed an increase of surface pressure inside the ou ow areas (see Figu e 1.2 . 
For details :r fe to Fujiwara (19 3). 

ote: Because many differen ata sou ces were us 
was not practical to standardiz units , 

ing this 
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Figure 1 2 A pattern of cold-air out
flow over Maebashi Network, northwest 
of TokiYo. The network consisted of 21 
stations spaced at .5- to 7-mile inter
vals. 

The outflow in this figure was in its 
early dissipating stage, characterized 
by weak generally anticyclonic trajec
tori s covering a 1a.rg , elliptic area, 
30-mi1e long and 2.5-mi1 wid. 

946 
ed to b 

" .... ~ .. "' ..... and grou r 

v riation 0 gu t ds s the fi st gus n d 
e outhwes corne of the Thun ers orm Proj c 

ion, it ·s likely that 
In 0 to m sure 

o h ve very 

Figure 1 . 3 An example of first
gust line xpanding from an iso

to 1ated thunderstorm cell. 
.-.!:"'-:-. ~ • 

\.\0 .,. I.--...."...-~- ""==?:""""" __ .,.-I.;:.....:...~~~~=-I'O 
,... 0 Note the general iIlcrease of the 

peak-gust speeds from 10 to 33 mph 
to toward the source region . Higher 

~¥_~~~~~~~ __ ~IO peak speeds could have be n 
o recorded if there were denser net-IUO 
:!O 

work stations in and around the 
to downdraft center 
10 

/uo IlOO /UO£5T 
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Figure 1.4 Fields of divergence developed behind a shear 
line moving across Thunderstorm Network , Ohio . In case a 
divergence field is significant , a shear line could be 
distorted into a bulge which advances faster than the overall 
shear line. 

SINGLE-STA nON DATA can be used to d pict time variations of meteorological 
rameters effectively. Nevertheless, they are often misleading when presen d on a 

time cross-section chart. For instance, d ta from an instrum nted tower are fre
quently analyzed on z - t (height vs time) or z - x (height vs distance) coordinates. 
This typ of presentation can give a f !se impression that the analyzed field emains 
unchanged in the y direction which is perpendicular to the system movement. 

Flow patterns in three-dimensional space should be estimated by combining 
the time-sequence data with two-dimensional wind fiel around the tower. An ample 
o a combined analysis is shown in Figure 1.5. In this case, the acoustic-microwave 
rad 'VIlaS clo e to the downdraft center but it was several miles away from the area 
of thE: mghest gust encircled by the 20-kt isotach. 

Figure 1 . 5 An analysis of a cel
lular outflow at Dulles Airport , 
Virginia . Analysis period : 1905 
to 1935 GMT May 18 , 1977 . 

Acoustic-microwave radar data 
introduced by Hardesty t al 
(1977) and Pr ssur Senso data , 
by Bedard et al ( 1977) wer 
supplied by WPL , NOAA , Boulder . 
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Figure 1 .6 Patterns of dam
aging winds ma. pped by the 1 
through 12 scale of damage 
degradation . Based on Faust 
(1947) . 

9 squall 
is 

Fig e 1. 7 Two scal s of outflow 
fields depicted by the direction 
of tree fallon uly 22 , 1948 . 
Based on MUldner (1950 . 

Four diverging patterns identi
fied by ml , m2 , m) , and m4 wer 
probably mic obursts which are 
defined and discussed lat r in 
d tail . 
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PROPER ElWORK RESOLUTI S must be selected in order to perform 
mesoanalyses of variou sized wind systems. A cyclon with 1,OOO-mile dim nsions 
can be analyzed on syno tic charts with a 100-mil resolution of synoptic stations. 
But a synop' network may not able to pi t small m ohighs, for ample. 

Fuji (1963) cl into lph, Be • and Gamma categories, 
ch racteriz d by me 1 mil , re pectively. Figure 1. 8 
r veals, h v r, that ev n the gamma meson is not ns enou 1 0 map the flow 
microburs A 1/ 8-mile (200m) r olution or a --.l.- networ would be nec ssary 
to map th fl fi ld 0 micro urst (s Figure 1. 

ES 

miles ~ fII'Ilte. 
Cyclon. Figur 1 .8 Comparison of distur-

1000 1000 
1000 m i banc size with network resolu-

Squall Lin. tion . Delta and Epsilon networks 
>- were added to the initial 3-reso-100 III 

100 m lution , Al}2ha a Beta . and Gamma , 
networks introduced by Fujita 

10 to 1"963 
10 m _ ••••• s"" - tJ-BETA 

. 
~mil Several stations are necessary 

''''--- 1 III i- Y-G A within a disturbance in order to 
1m depict the flow patterns . For 

rlr ............ 200111- a-DELTA IL I 
example tp.e feature of a micro-

100m iO 
Tornado burst cannot always be depicted -J 

~ unless the network resolution is It: ... iner than the Gamma spacing . -;bo ~ I 

10m • .... --. 10 - -EPSILO iNl 
Suction Vor l . 

Ishizaki (1978) analyz d micro cale fluctua . of winds record by 25 
anemom t rs Ion a 720-m lin on Tarama Island, J n. 1'11. dis nce b en 
anemom rs is m which falls in 0 a on -dimensional epsilon n ork ca gory. 
Bu, two-dim nsional n twor with either lta- or ilon-n twork sing is not 
pra tical in view of its small erial covera and high co t . To ov rcom thi di '
culty, aerial hotogra hy and hotogrammetric m thods w re dev 10 d by the author 
during the st years . 

ERIAL PHOT RAMMETRIC 
winds 

th relativ y short' 0 

pho 0 amm rically m 

of 
d by means 

it is feasible 



CHAPTER 2. A L OTOGRA SOD 

storm. 

e fla en d 0 est of pin ' .'ees in Figur 2.1 was en in e sternmos Sawyer County hich w ect by the 0 th rn isconsin Downburs (see Q)lor ap o. . The hoto r presents ty 'cal damag by straight-lin~ win • 

Detailed mapping of the fallen trees reveal d th exi t nce of a fan-shap d di erging flow from Downburst 13. Since the chan in the overall flow direction was only about 5 degree per mile, this type of wind coul have be regarded a 
aight-line wind. 

Figure 2 . 1 A pine forest 
flattened by the orthern 
Wisconsin Do mburst 13 of 
July 4 , 1977 . 
This aerial photo was taken 
just to the west of Flambeau 
River looking south toward 
Phillips- Winter Highway 
(see Color Map o. 4) . 

Figure 2. 2 shows nwnerous birch trees blown own by strong win 
(wes t-southwes ) to right. This picture was taken near the e hore of u 
Lake, 7 mil s E of Philli , located near the center of the d wnburs ar a s in Colo Map No. . As a low-flying C ssna flew outhward from the lake, the flow dir on hanged f om WSW to Wand final y 0 within ou 1 mile . Th ourc of the outflow was thus identified a Downbu 19 a r lying along a zigzag cour 
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Figure 2 . 2 Birch trees near Musser Lak- J 7 miles north-
east of Phillips, blown down by Downburst 19 (s e Color 
Map No . 4) . 

Downburst 6. northeast of Haver. Sawyer County (see Color Ma o. 
was characterized by a 90 degree change in fallen tr dir ctions 'thin 0 mil s . 

It may be concluded that "straight-line winds" have occurred as long as the 
area a concern is at least one order of magnitude smaller than th diver n parent 
wind system. 

LIFTING OF ROOFS during a downburst is a result of th 
Lift is defined in the "Glossary of Meteorology (1959)" a ing the com on n • 
p r ndicular to the relative wind and in the plane of symmetry. of the total for 0 air 
on an aircraft or airfoil. 

The large roof of the farm building in Figure 2. 3 w lif ed and carried by 
"straight-line winds" from Downburst 19 in Color Map 4. umerous objects lar 
and small. were blown into the forest. resulting in the tornado-like damage, 

Figure 2 . J A large farm 
building west of Philli~ 
pushed over and smashed by 
Downburst 19 , northern 
Wisconsin storm . Estimated 
damage scale is F2 (see 
Table 2 . 1 • 
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Pieces of tin roofing scattered in the pI ed field in Figure 2. (see Color Map 
No.6) came from a tool shed at A. Minor damag to roofs was spotted in other rts 
of the farm, but there was no other structural mag visible from the air. 

~~~:Z:~-~"""~i Figure 2 .4 Tool shed debris 
from Downburst 7 near Wallace , 
Fountain County , Indiana (see 
Color .Map No 6) . Estimated 
damage scale is F1. 

STORAGE BINS AND SMALL SILOS are vulnerable in a downburst. The bin 
in Figure 2.5, 100 ing ESE, was uprooted a t A. Ther eafter, it travelled, half of 
the time in the air and half of the time on the groWld, through a dis tance of 1/2 mile. 
The damage was caused by Microburst m7 (see Color Map No. 3) on JWle 13, 1976 
in Central Iowa . The microburst was induced by ames ocyc1one in its right quadrant 
as it travelled from west of Gilbert to Story City. 

Damage similar to this case is often seen within several miles of a tornado. 
Detailed mapping of the area almost always reveals that damage was caused by nearby 
downbursts not by a tornado several miles in diameter . 

Figure 2.5 A storage bin up
rooted and blown away by micro
burst m7 (northeast of Gilbert 
in Central Iowa (see Color Map 
No . 3 . 
The bin , after leaving A hit 
roadside grass at B and clipped 
a few br anches at C. The bin 
disintegrated between D and E. 
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DOWNBURSTS IN HURRICANES are now sus cted in light of hurricane C lia 
damag in and around Corpus Christi, Texas (see Color o. 9 . Und r normal 
circwnstances, we expect to experience the strongest win on th<1 right si e of 
tr velling hurricane. Against ex ctation, the city rive am by the 
WSW winds widle the hurricane center was travelling to som 10 mil fJ 

to the north of the city. 

Cor Christi was inside the eye of the r 
ere in progress . Apparently, the damaging win 

thtmderstorm which developed on the southwest si 

r echo wh n amaging winds 
m f om the dir ction 0 a 

of enlarged eye. 

Typical damagt. in Corpus Christi is sh in Figure 2. 6. A larg mo el on 
the north side of an east-west highway lost two major sections of the roof. Mobile 
homes in a trailer park were pushed over against each other. Some re ov rturned 
or rolled into the plowed field and smashed. 

Figure 2 .6 A motel and trailers west of Downtown Corpus 
Christi damaged b,y down burst winds in hurricane Celia (see 
Color Map No . 9) . Damaging winds estimated to be upper F1 
or lower F2 came from WSW . The hurricane center , to the 
north of the city , was moving W at 16 mph. 

MOBILE HOMES WIlliOUT TIE DOWNS are like tumbleweeds or match boxes 
in high winds (refer to Figure 2.15). The mobil home in F'gure 2.7 (near Danville, 
Illinois ) had been standing on foundation blocks at A. There was a ro ne tank, 
2 to 3 f high according to its shadow, standing to the south of the foun a ·on. Down
burs winds from the north lifted the mobile hom and depo it d it in the corn fi ld. 
The p oe tank was not disturbed by the mobil home. 
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Figur 2 .7 A mobil home d strayed 
by Microburst m6 southeast of Danvi11 
Illinois see Color Map No . 6) . The 
mobile hom 1 ft jts foundation A, f1 w 
clear over a propan tank B, and disin
tegrated upon impact in the corn field . 

Figur 2 .8 A mobil hom d st yed by 
Microburst m2 nt,rthw st of Danvi11 
'I11ino s (s Color Map No . 6) . The 
mobile home was located about 1.5 mil s 
south 0 Snid , Vermilion County , whe e 
damaging winds cam om the south . 

Pict was tak n looking no h . Foun-
dation blocks s n to th south of 
1 "M" . 

This microburst occurred in rain with 
nOise , 11k th 
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S ED-UP TREE AND PO ES ar commonly s n 
lub blown own by Do ur 

con truc . on mat 
ndin u 'ng th 

is (se Figu 

Figure 2 .9 Debris 0 a country club 
building dest oyed by Downburst J , 
southeast of Chanute , Kansas (see 
Color Map o . 1 . 

A pow pole was dr ssed up by the 
debris which somehow wrapped around 
the pole . 

T E can b to led by downburs win s . in e thi ton wa Ie 
th damag implies the existence of a strong wind v ry 10 e 0 the 

Figur 2. 10 . 

Figure 2 .10 A tomb ston toppled by 
Downburst 4 in eosho County , Kansas 
(see Color Map No . 1 . 
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nIE CE TER OF DOWNBURST i rath r h 
\..U.L. ..... "',,,d, po rather than a geometric into 

us i 

Figu 2. 11 hows corn s talks blown 
g nwnber of f n -sh 

Figure 2. 11 Corn field near h 
center of icroburst m8 on S p
tember 30 , 1977 see Color ap 6 
Ap~ently , heavy rain and hail
stones came down with the micro
burst . Seen in the vicinity of 
the downburst center are flattened 
cornstalks in diverging patte ns . 
This picture was taken from 300 ft 
above the field . 

J T are seen just ou id the downbur 
s of ownburst are exp t d. 

A j -' e win indicated by nwnb rs 2, 3, , was d fie ted by a small 00 

a 1 . 'on of th oof was peeled off by the descending wind, which, in urn 
shot ou into the corn field. (s~e Figure 2,12), 

Figure 2. 12 Trace of a localized j t caused 
BY a slanted roof which deflected the d sc nd
ing wind 0 Microburst m8 (see Color Map o . 6) 
on September 30 , 1977 . 
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DO NBURST F ERS are the spreading 
over a d terrain. Examination of the 
of the Ap i1 3- , 197 tornado outbr 

e thr fin in Figure 2. 13 n d dee into th Gl Cr k yon, 
n Beckley, W. 0 t of th tr es at high lev Is ere fl ttened. As ownburs 

in scend d t rd the canyon bottom, tr es in narro bands w r push down, 
esulting in the finger-like configurations of age. 

th e do 

Figure 2. 13 Three ingers of downburst winds descended into an 
800-ft deep canyon of Glade Creek 6 miles east of Beckley Ai 
port , West Virginia . These fingers were located in the touch
down region of the Meadow B idge tornado of April 3, 1974. Re
fer to Tornado 137 in Superoutbreak Tornado Map by Fujita (1975) . 

TE ITY OF DOWNBURSTS is much 1 than tha of viol nt omado . 
on thel ss the'r top in ensity may each high as F 3. 

Ac ordin to the F-sc la sifi tion 0 ,802 to nado by ilson and 
Kelly (1977 2. %w e F 0 songer; 9% were F; 8 %w F 2 0 w 

the 2 do bu sts in Colo s os . 1 - 9 9 . 6% w 2 0 

one w F 0 s on , but . % w r r a d a F se Figure 2. 14), 
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Figure 2 . 14 Intensity distribution of 24 , 148 tornadoes (Ie t) during the 
52-year period 1916-77 , Qy Fujita , Tecson , and Abbey (1978) . Intensities 
of the 142 downbursts in Color Maps 1 - 9 (right ) . 

P P CALE devis d initially in c las ifying tornado ba d on 
th i intensity P), path length (firs P ) and path width (s cond P), an al 0 be 
u d for d wnbursts . B au e of th anti ipa d wid r a th width 0 downbur th 
path-width sale wa tend d up 0 cale 7 (s e Tabl 2. 1). 

F -

Scale 

o 
1 
2 
3 
4 
5 
6 
7 

Table 2 .1 The FPP (Fujita-Pearson) torna 0 scale is 
applicable to ownbursts also . From Fujita ( 971) 
an Fujita an Pearson (1973) . For review of the 
FPP scale , refer to Abbey ( 976) . 

- F -
Max . Windspeeds 

less than 40 mph 
40 - 72 
73 - 112 

113 - 157 
158 - 206 
207 - 260 
261 - 318 

- P -
Path lengths 

less than 0 .4 mile 
0 .4 - 0 .9 
1.0 - 3 .1 
3 .2 - 9 . 9 

10 - 31 
32 - 99 

100 - 315 

- P -
Path widths 

less than 6 yds 
6 - 17 

18 - 55 
56 -175 

0 .1 - 0 .3 mile 
0 . 4 - 0 .9 
1. 0 - 3 .1 
3 .-2 - 9 . 9 

10 . 0-31.6 

ons u 
s e P' gu e 2. 1 . 
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Fig 2 . 5 Perc nt damage 0 

var OUB s uctures as a unc
tion of windsp ed . A 50% 
damage is caused by a 100 mph 
wind when mobile homes not 

ope ly tied down . Tied-down 
obil homes eceive 50% damage 

by a 140 mph wind , instead . 
m Hart 1976 . 

Fig e 2 . 6 Percent damage of 
tre s as a function of windspeed . 
This diagram was constructed based 
on the comparison of tree damages 
with ne by structural damages in 
large number of aerial photographs 
obtained by the author . orn cro 
are excellent trac of FO and F 
winds . 

Th e suIts lead to the conclusion that it i not fea ible 0 e tima tornado 
. Fir t or downburst winrl",,"''''.,rI ''' 

d 
i rath d structures at such 10 
if no nil. 

1i able 

I hould b note that mo ngin rin estimate 0 in 
"th minimum wind eds" r uir d 0 cau e th m " 
wili h ha im in upon a structure carmo always b 
wh n the obj ct had b blown away. In su h a 
wa lwe in ru tural ailu and mi ·1 

dama 
cal Thi d 

bur with an a 
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FO 

Figure 2 . 7 Reference pictures in determining F scale sed on damage 

characteristics . OutbUildings or mobile homes could be flown away by 

F2 or FJ winds. Even well-constructed structures can be destroyed by 

F 5 winds. For original pictures of F scale damage, refer to Fujita 

(1971) . 



1 

S 

cale 

i imilar to tha of 
0, no ma 
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Chapter C-

d fine a downburs a 

Table 3.1 Classification of 10 1 win storms sed on 
airflow characteristics on the gr:ound an in mi -air . 

CHARAC 
-ail: I 

I 

R STICS OF INDS 
on the gr:ound 

Upward I Convergent & Swirling 
I 

Downwar I Diverg nt & Generally Straight 
I 

requency distributions of oma 0 

3. on PP (path length vs path width 

is n that the m mum 
and Pw = . A total of 2 8 to nado 

P = 1 ( e 1 figur . 

HORIZO TAL INDSPEEDS ON THE GROUND 
less than 40 mph : more than 40 mph 

I 
FUNNEL ALOFT I TORNADO 

DO RAFT I DOWNBURS T 
I 

ar 

u wh = 0 

The most f qu n imensions 0 downbu by 1 2 downbursts 
in Color ap 1-9, ar characterized by (se figure . 

e , quite oft n, amage t rns of small ownburs insi an 
outflow field 0 a large downburst. To 'stingui h such a mall ownbu s from a 
lar on, i is important to define a microburs as 

ICROSCALE D BURST WITH ITS PA TIi LE 
ffO = 3. 1 

I ngth. 
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Figure 3 . 1 Path lengths and path widths of tornadoes and downbursts . 
path statistics of 14,802 tornadoes (left) were £rom Wilson and Kelly 
and those of 142 downbursts right) were from those in Color Maps 1 -
vertical da$hed line separates downbursts from microbursts . 

DANVILLE MICROBURST, m 7 (see Color Map No. 6), classified as 

The 
(1977) 
9. The 

FPP = 004, covers an area of less than one mile square . Figure 3. 2 shows a low
oblique view (left) and mapped trajectories of the outflow (right). 

If 

• 
7 

I 

II 

.. 

s 

Characteristics of winds induced by this microburst can be estima ed based on 
the damage of compacted and bundled haystacks . A 50 m ph or stronger wind is required 
o blow apart such a haystack. Thus, the area bounded by a dashed line in Figure 3.2 

was likely to be affected by such winds. 

o 0.1 0.2 0 .3 mil l I ' , , 
o z60 "do m ~'#:FF.:=:!!===:!!::::!====:=~. 

Figure 3.2 An aerial photograph taken from 6 ,000 ft AGL (left) and mapped 
trajeetories of high winds (right) of Danville microburst , m7 in Color Map 
No . 6 . Anticyclonic and cyclonic curvatures resulted from the movement of 
the microburst from right to left (north to south) . The displacement vec
tor of the downburst center during its lif9time (only 1 to 2 minutes) is 
shown by a heavy arrow . 

" 



/ 

I 

21 

DIVERGE CE near the center of this downblUst can be computed from 

ere Vr eno 
mi robur t na 

2 Vr _ 2 20 me-I = 0 . 2 c-I 
-- - 200 m 

the r dial velo ity av r d ov r the entire azimuths from the 
R, th an from the na 

th vertical, vertical velo ities at 

D nville mi robur , m 7 wi th O. characterized by a 
at 50 m t an 2 m/sec 5 m/sec (16 ) owm rd a 2 m, 

(66 ) t 10 m AGL if th nce t . 

Table 3 .2 Vertical velocities at various heights above the ground 
computed as a function of divergence at the surface. Divergence 
is assumed constant along the vertical . Danville micro burst m7 
was characterized by 0 .2 sec-I divergence . Up to 1 .0 sec-I diver
gence was estimated elsewhere . 

DIVERGENCE HEIGHTS AroVE GROUND (in m and ft) 

on the ground .5 10 2.5 50 100 meters 
(in sec-I) 16 33 82 164 328 feet 

0.04 0 .2 mls 0 .4 m/s 1.0 mls 2 mls 4 mls 
0.1 0 • .5 1.0 2 . .5 5 10 
0.2 1.0 2 .0 .5 .0 10 20 
0 . 5 2 . .5 .5 .0 7 . 5 2.5 50 
1.0 .5 .0 10 .0 2.5 . 0 50 100 

Figure 3 .3 Aerial photographs of Danvill microburst , ml in Colo p o . 6. 
Diverging straight lin s denote the di ections of blown-down co stalks as 
seen in a close-up picture taken :from 500 ft AGL ( ight) . This mic oburst 
traveled from upper left to lower right ( 0 SE) of the overall picture (left) . 
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Figure 3.4 A microburst on July 1, 1975 over OAA ' s FACE mesonetwork in 
Florida . Bold arrows indicate directions of sugarcane blown down by down
burst winds . Aba " "';" ph located about one-half mile to the east of th 
microburst center r ecorded a sharp pressure nose , lasting for about 
minutes . Fro Caracena and aier (1978) . 

Although the squall line outflow is deep, oft n reaching the bas 0 convective 
clouds , the outflow d pth of downbursts and microbursts app ars to be ve y shallow 
(refer 0 Figure 1. 5), 

en from the no Site in the F CE or 
such a shallow outflow from the region of a 

pi tur lookin outh
of e outflow whi h 

lin . 
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Figure 3.5 A view of an 
advancing front of th2 cold
air outflow accompanied b.Y 
arcus (roll cloud) and dust 
cloud of August 12 197.5 . 
The dust cloud extends u to 
about 200 m, revealing that 
the outflow depth is ~ 
shallower than the overall 
layer beneath the convective 
cloud base . Courtesy of Ron 
Holle . 

TIIREE PERSONS WERE KILLED by a downburst at Ciudad Camargo, Mexico 
on May 31, 1976. A man was electrocuted when high-tension wires, snap d by 
high winds, fell onto his car. Two police officers were killed in their statiOI! when 
the walls caved in. 

Antonio Dreumont, MIC of W 0, Brownsville, Texas, surveyed the entire 
area of the storm, and concluded that theJ ~ was no evidence of a tornado. Instead, 
the storm was a group of six downbursts which had developed in Texas, just north 0 

the Rio Grande. Five downbursts then moved into Mexico, crossing the river at 
about 8 p. m., CST (see Figure 3. 6 . 

A large number of houses were unroofed (see Figure 3. 7 , leaving the typical 
F 1 damage in both the U. S. and Mexico. At Rio Grande City th top of a cylindrical 
water tank was eled off and a lOO-ft long block fence at Rosita was knocked down by 
debris flying in high winds . 

Figure 3.6 Patterns of high winds on May 31 , 
1976 Six downbursts occurred between 7:30 
and 8: 30 p .m. CST accompanied b.Y hail larger 
than 3/4 inch . Winds estimated to be near 
100 mph destroyed cro~ on 15, 000 acres , 
damaged 150 farm dwellings , and destroyed 
76 farm buildings . Downburst o . 5 moved 
into MexiCO , killing 3 persons at Ciudad 
Camargo . 
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torms ""';t"wne by on a nt c 1. e to 
i th integrat( ~d length b tween the onset and the en 
family. 

Figure 3.7 An unroofed 
house in Rosita , Texas . 
Courtesy of Mr . antonio 
A. Dreumollt , SO Browns
ville , Texas . 

is d 'n d a i solo al 
th length of a downbur t family 

in of downbu s t:s in a 

The orthern Wisconsin family wa by ar the Ion s of all families investi
ga d by the au tho . Unlike tornado fami 'e , each consi tin a 1 s than 10 tornado 
a downbur family may of en includ an ag t a mor e than 1 downbur Imi ro-
bur 1 3. 3 . 

Table 3.3 Statistics of nine downburst families . 
Number of downbursts includes micro bursts . 

Locations 

orthern Wisconsin 
Chanute-J?plin , KS- MO 
Danville , IL 

Springfield, IL 
Ma ttoon , IL 
EarlVille , IL 

Rio Grande , TlC-MEX 
Canton , IL 
Central Iowa 

Total path length 

166 miles 
103 
75 
43 
33 
33 

33 
26 
11 

Number of down bursts 

25 
15 
23 
27 
19 
10 

6 
10 
10 

LO G AND NARROW ICROBUR T is of en charac erized by various fea
ture similar to those of tornadoes . 

An eKample of this ty of microburs is shown in Figur 3. 8. 
mi r oburst, across the picture from no thw (top) a outhea t wa 
(1 . 9 kIn ) long and only 30 yds 27 m) wide (see Figure 3. 9), ..;;.Th_e_a...;..pt.....;....;...;;...;:;.;;,....;..;;.~~ 
the path is 70 to 1, very similar to that of a ornado, The estima ed 
in ide this th was 80 to 100 m 

Downburs and microbursts are of en accom ni d by =a....:r::...:o:.:::a:..:::r;.J.z.....::::;~....=.::=...;=..;::. 
tornado (s Figur 2, ampl). 1h wind y em , wh n a companied by 
peak winds in ce of 0 m ph , will apabl of r rna in oaf off hous s see 

e 2. an 2.6), or ifting mobi e homes off their foundations ( ee Figure 2. 7). 
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Figure J . 8 An aerial photograph of Q. "long 

and narrow microburst" near Northwood veach, 

northern Wisconsin. Refer to Color Mar, No .11 .• 

Eight small micro bursts are seen in tbis pic

ture . 

Figure J .9 A close-up view of 
long and narrow micro burs t "A" . 

Tornado researchers at Texas Tech University, Lubbock, Texas--Mehta et al 

(1971), Minor (1976), cDonald (1976 --and others have b en using the straight-line 

wind approximation to explain succe sfuUy the nature of damages caused by tornadoes. 

They d monstrated that a typical, so- called "explosive" or "blow-out" damage can 

be caused by the dynamic pressure induced by strong, straigh -line winds . 

eedless to say, the pressure fiel of a moving tornado results in an additional 

rate of pressure change. evertheless, the rat of pressure change induced by gusty 

damaging winds is so large that sutures in song downbursts and microbursts 

often sustain damages expe ted to 0 cur only in tornadoes. 

STATISTICS OF DOWNBURST presented in this chapter must be regarded as 

preliminary. Actually, about 50% of the detailed mapping w p rformed in illinois 

because real-time da~age reports were received, rmitting us to perform aerial 

surveys without delay. Howeve, downbursts, microbursts, and their families have 

b _11 obse ved throughout the United State . 

These results imply that the nationwide frequencies of downbursts are a least 

one order of magnitude larg r than those included in this paper . This is true es cially 

in case of microbursts which are no likely to be reporte or confirmed unless (a) 

a community re eives a non-torna c sev re dama or (b) an airc aft ex riences 

serious difficulties in a thundersto at low 1 v 1. 
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CHAPTER IC 

n ai attemp' goy 
oul encounter s rious cliffi ul ' 

with ' 

istic of the e ac ar present din Tabl along with th 
dent in 95 . For d tail re er to Fujita 976), Fuj ta and By rs 

Yor ty; u ita and Ca ac na (1 977) for JFK Denv r, and 
'lad lphifa.; Car ac na ( , 7 a) for ' lad lJilia; and Burge (1 77) and Carac na (197 b) 

for Tu III cid n. Th ~ Kano ac ' den epor ed by I r Maje I tatlon ry 
V.I..I..L\..C. London ( 9 7 . 

Table .1 List of five accident cases attribued to strong 
w n shear inside microbursts, 2 .8 to 5.2 km (1.8 to 3.2 miles) 

horizon tal dimensions . The 1956 accident 0 ccurred at Kano , 
igeria . He , Ta , and Do wind shear deno"te headwind , tail wind , 

an ind , respectively . 

Years 

Dates 

Local time 

Airport 

Airlines 

Fl P:1S.se 

Fatalities 

njuries 

Downburst 
dimensions 

Win shear 

1975 

June 24 

3:05 pm 

JFK 

EA 66 
La ,ding 

112 

12 

4 .1 km 
2 .5 mi 

16 kts He 
to 3 Do 

1975 

August 7 

:11 pm 

Denver 

co 426 

Takeo f 

ze 0 

15 

5.0 km 
3.1 mi 

10 kts He 
to50Ta 

1976 

June 23 
4 :12 pm 

Philadelphia 

AL 121 

Landing 

zero 

06 

2.8 km 
1.8mi 
65 kts He 
to zero 

J K RPORT, ew York C'ty on June 24, 1975. 

1977 

June 3 
12 ~ 59 pm 

Tucson 

00 63 
Takeoff 

zero 

zero 

3.1 kID 
1.9 mi 

30 kts He 
to 30 Ta 

1956 

June 24 

5:23 pm 

Kano 

BOAC 252/773 
Takeoff 

32 

7 

3.5 km 
2.2 mi 

20 kts He to 
strong Ta 

While ai craft we e landing a 1- to 2 -minu e int 
rno ed ac 0 s th glid slope of th active runway 22- L. 

vals, th e downbur c 11s 

4 km aero s, passed over the appro ch end of the runW y 
orations. 

c 11, approximately 
ec 'ng landing 
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at 1606 EST . 
A11egh ny 121 f1e through Rain 1 

om east 0 w t encount ing a 
65-kt wind sh ithin one ki-
10m te • 

Fi 4.4 The path of All 
gh ny 121 in elation to two 
mic obursts , m1 and m1 , asso-
ciat wi h t 0 co of 
heavy in , 1 and 2 . 

Captain Bonn wai ting t P on 
taxiway "Charlie" saw th 
aircraf"t mer £rom" a all 
o wat " between 75 nd 125 

t above the surface . Th 
aircraft sank onto the run y 
an ski e toward him nar
rowly missing his aircr ft . 
From Carac na ( 978a.) . 
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HOOK and BOW ECHOES 

Echo 

• Reflect ivi ty Cen er 
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Combin d analyse of surfac amage and bow-echo nfiguration reve 1 d 
that th sible location of 0 ur ts i on e a vancing si e of th e ho. A 
e cted, the mo tint n e downburs ar l ' 1y to occur near the forward center 
of th bo 

BOW Echo Comma Echo 
Cyclonic Rota ino Head H,e..-,o _ ...... 

HOO~ .... ......... :: .. . 
...... ~ .~1 ·DB······ · 

..... ···············COMMA CO MA . 

. '(,,6\\~ ."::::-
°Wa,,:~O 

A 8 C o E 

Figure 5 . 2 A typical morphology of radar echoes associat 
s rong an extensive downbursts . Some bow echoes disint 
befo e turning into comma echo s . During the period of s ongest 
downbursts , the echo oft tak s the shape of a spearhead 0 a 
kink point ng toward the di ection of motion . 

the 

U uallya comma echo ap ars during the eak Ding stag of downburs 
( igure 5. 2. ). Th tai 0 a rna ten ov r a on dis tan whi e swinging 

ainb d. The end of the comma "I annot alwa s ca h 
a ne tai form on the a vancing id 0 the old on • 
behind b ing ov r ha w d by the n w tai • 

inn -

iscons n 
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Figure 5.3 Evolution of a bow echo into a comma echo d ing the 4th of uly , 19'77 downb ts in 0 he n isconsin. Do bursts 
"A" and "C" w re associa with a bow echo while "B" was asso-cia with a hook echo . otion 0 the hook echo s ela ve to the bow echo . 0 tornado was associa with this sto m. 
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Figure 5 .4 Three features of echoes during Northern Wisconsin downbursts . 
Downbursts No . 6 and 7 in Sawyer County (Color Map No . 4 were in progress 
at 1304 CST (left) . Downbursts were most intense when the bow echo was 
spearheaded at 1338 CST (center) . A comma echo at 1518 CST (right ) was 
free from downburst 0 Range markers are 60 and 120 nm from Minneapolis and 
25 , 50 , 75, 100 and 125 nm from Neenah (right) . 

EARLVILLE DOWNBURSTS AND TORNADOES were spawned by an early 
stage of a bow echo which began bulging out from an isolated line of echoes . Until 
0802 CST, echoes were more or less on a straight line. During the ne t 20 minutes 
when the line turned into a bo , the first tornado and downbur n a r Earlvill illi-
nois occurred (see Figure 5. 5 and Color ap o. 5), 

The location of downbursts advanc d ea twar d, then east-northeas ard. 
Five tornadoes formed on the left ide of downbursts 1, 2, 5, 8, 9, and 0 which 
ap rently acted as the vor ticity feeders to thes tornado s . This subjec will b 
dis'cuss ed in Cha e 7. 

Downburst , to the southeast of L land was the strongest of all downbur 
No sign of a tornado was detected on the lef side where strong winds imply div r ged 
outward without curling into vortex motions . 

\ , 
I 

/ 

EAR LVILLE STORM 

ILL I 

; I 
: I 

I 
I 
: IN 01 A A 

01 S I 
I I ' , ! , 5,0, I ! , '9°nm 

; iii iii; i i i iii:' 14 i ° '00 200 m 

Figure 5 .5 Evaluation of 
radar echoes associated 
with the Earlville down
bursts and tornadoes of 
June 30 , 1977 . Refer to 
Color Map o . 5 . 
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Figure 5 . 6 Evolution of radar 
echoes associated with Spring
field downbursts and tornadoes 
of August 6 , 1977 . Refer to 
Color Map No . 8 . 

No severe storms were reported. 
from the area of the tail sec
tion of the comma echo . 

1622 

Figure 5 .7 Radar pictures 0 Springfield storm . A bow echo is seen at 1.5)6 
CST . The bow echo was spearheaded at 1548 when downbursts were most inten3e . 
A comma echo with a rotating head is seen at 1622 when both downburst anc, 
tornado ende . Left 3 pictures were from St . Louis radar . The final sta,5e of 
the comma echo was photographed by Marseilles radar at 1731 CST . Range r rkers 
are at 25 n .m. intervals . 
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The final stage of the Springfield storm w s ic ed as a comma echo, similar to that of the Northern Wisconsin and rlvi 1 storms , 
Reproduced in Figure 5. 7 are ra d.ctur from St. Louis a 15 6, 15 8, and 1622 CST and from Marseilles at 1731 CST. A ty 'c 1 bow echo s en a 1506 turned into a spearhead sha e at 15 8 when ownbur ts r ache their eak inte ities . 

J 

Although there was a hook-sha d rotating hea t 622 C T, mos downbursts and tornadoes en d prior to this tim . e comma ho . ed oward the south 0 Marseilles radar. The final s ge of the comma at 1731 C is shown at the end of the sequence, 

CHANUTE - JOPLIN DOWNBURSTS on May 11, 1973 b gan at 0 30 CST to the west of Chanute, Kansas . Before ending t 0630 CST, 15 ownbursts occurr d, one after another, along the th of a bow echo which moved from northwest to southeast at 54 mJil. 

Although nobody was killed by this torm, ( 1 r ons were injured. A trailer park several miles west of Joplin was mashed, causin injuries . Six thousand trees were uprooted in Joplin. 

Shown in Figure 5. 8 are near-simultan ous views of a bow echo as it was moving between Chanute and Joplin. F 2 downbursts were in progress . Echo s near the south end of the bow echo were moving anticyc10nically around the end. Barograph traces from Chanute and Joplin sho a sign of mesoscale pres ure dro s, suggesting the existence of a rotation to the north of the bow-echo center . 
The bow echo moved toward the southeast until it disappeared without turning into a comma echo. 

o 15 

2 z 
o 
o 

-

1<> Bow I 

0513 

Figure 5.8 A bow echo of May 11 , 1973 as photographed by Wichita radar at 0515 CST (left) and by Kansas City radar at 0513 (right) when strong downbursts were in progress northeast of Parsons , Kansas . Refer to Color Map No . 1 . The second bow echo is seen in the left picture (see also Figure 5 .21) . 
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2032 2055 2120 

Figure 5. 9 A small bow echo which induced strong downbursts in the Danville 
area on Sept . 30 , 1977 . Left picture shows the echo at 20)2 CST when Danville 
was hit . The echo at 2055 (middle) and 21)0 (right) indicates only a slight 
change in the shape while the dir ection of echo motion deviated significantly 
to the right . Refer to Color Map o . 6. 

D - S IAGRAM in Figure 5. 10 is a key diagram with echo direction and s p ed 
a coordinates . Do denote velocities of individual echoes during 20 to 60 minutes 
prec ding the onset of a storm. The origin a the intersection of mean direction and 
mean s peed of these pre-storm echoes permits us to determine the deviation (left or 
right) and the seed (fa t or slow) of a storm echo relative to the m an velocity. 
Figure 5. 10 also shows the time-dependen velocity of a storm echo which is called 
the II ho hodograph II in this pa r. Intensities of oJt wnbursts and tornadoes are 
hown along the echo hodograph as a function of timf' 

The echo hodograph (see Figure 5. 11) of the northern Wisconsin bow echo 
reveals the maximum deviation of 59° Right at 1020 CST when downburs began in 
eastern Minn so a . Then the e ho devia ' on decrea d to abou 22 i h rior to 
the 0 et of the orthern i consin downburst . F 2- ale downbu 
progre when the e ho deviated again to a maximum of 31 right. 
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Figure 5.10 An example of D-S 
(Direct ion vs Speed) diagram. 
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Figure 5.12 Danville storm of 
Sept . 30 , 1977 in Color Map No . 6. 

29Downbursts 8 18 Tornadoes (SPRINGFIELD) 

.ro 
50 

• 0 

• tIl 
30 30. 4 · • 
20 

• 
10 

• 

• 

•• o. 
e • 
• • 

230 

BOW Echo 

• 

• • 
·0 • 0 

• .. • 

241.0' 

2~ -ad' 

Figure 5 .14 Springfield storm of 
August 6, 1977 in Color Map No . 8. 
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Figure 5.11 N. isconsin storm of 
July 4 , 1977 in Color Map No . 4. 
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Figure 5 .13 Earlville storm of 
June 30 , 1977 in Color Map No . 5. 
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Figure 5 .15 Chanute-Joplin storm of 
May 11 , 1973 in Color Map No . 1 . 
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Figure 5.18 Evolution of bow echoes plotted on a D-S diagram. Their devi tions are predominantly in the upper-right quadrant indicating that bo echoes deviate to the ri t and move fast . 
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Table 5 4 Lead times in minutes of tornadoes and down
bursts measured from the first 250 Right deviation of 
parent echoes. 

Storms First T. Last T First D. 

Chanute-Joplin not applicable 75 
Mattoon 0 50 -10 
N isconsin not applicable 55 
Earlville 5 35 5 
Danville not applicable -15 
Canton 70 140 55 
Springfield 75 120 55 

Mean (37 to 86 min) (31 to 

Last D. 

190 
50 

335 
40 
75 

160 
125 

139 min) 

Finally, the range, mean, and war t 1 a time b fore tornao and wnbursts 
~ are shown in Tabl 5.5. Fo 26 torn 0 , the mean lea tim w s 95 min from the 

first 15° Right 75 mOn from 200 Right, and 61 min f 25° Right °ations. By 
limiting st tisti on y to the i to adoe 1 ad tim s beam mu h sho t r: 7 min 
from the first 0 ° t 0 mOn f am 200 Righ nd 37 min rom 25° i 

B se an Do ler m a uremen a L, L man et 1 1977 0 

time of tornadic m so y lanes before to na oe 0 be 6 min an before m 
to b 1 min. 

Storms 

Table 5.5 Range , mean , and worst lead times before tornadoes 
and downbursts from the first deviation angles of parent eches. 
All tornadoes and downbursts in 7 situations in Table 5.1 were 
used in compiling statistics . 

15° Right 20° Right 25° Right 

26 Tornadoes 71 to 120 min 50 to 99 min 37 to 86 min 
mean 95 min mean 75 min mean 61 min 
worst 20 min worst 10 min worst o min 

157 Downbursts 68 to 176 min 48 to 156 min 3 to 139 min 
mean 122 min mean 02 min mean 85 min 
worst 20 min worst 5 min worst -15 min 
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EXAMPLES OF DOWNBURSTS 

Nine situations of downbursts are presented in three-color drawings on the following ~es . It should be pointed out that aerial survey , photography , and mapping techniques of downbursts were improved significantly during the spring and summer of 1977 . In light of the improvement , earlier photographs were re-analyzed and re-mapped , thus obtaining revised flow patterns which had not been recognized previously . 

Severe wind damage at Corpus Christi , Tex. during hurricane Celia was traced back to a downburst from the eyewall which had moved inland, re-developing into a thunderstorm complex to the southwest of the city (Color Map No . 9) . 

Between 4:30 and 6 :30 a .m. on May 11 , 1973 a series of downbursts moved from northwest to southt~t across the Kansas-Missouri border . Some 6 , 000 trees were uprooted in the city of Joplin alone (Color Map No . 1). 

Forested areas in Northern Wisconsin were visited by a succession of strong downbursts between 12 noon and 2 :30 p.m. on Independence Day , 1977. Some forests were literally flattened while tall trees crashed down against vacation homes around the lakes (Color Map No . 4). 

An evening storm , consisting of 23 downbursts and micr obursts , moved across the Illinois-Indiana border, causing 20 million dollars damage in Danville , Illinois . It was between 8:00 and 10 :00 p.m. on September 30 , 1977 (Color Map No . 6) . 
Some tornadoes were closely related to nearby downbursts . Evidently , tornadoes often formed on the left side of downbursts as the outflow air made cyclonic left turns . All five tornadoes near Earl ville on June 30 , 1977 were generated in this manner (Color Map No . 5) . 

The direction and speed of a traveling tornado can be influenced significantly by environmental downbursts . The northward movement of the Central Iowa tornadoes , one cyclonic and the other anticyclonic , were hindered by the headwind induced by the twisting downburst behind a developing mesocyclone (Color Map No . 3). 
Even the flow pattern inside a pre-existing tornado can be influenced and modified considerably by nearby downbursts . The Canton tornadoes , traveling eastward , were accompanied unexpectedly by strong northeaster ly winds which smashed the east edge of the town , killing 2 persons (Color Map No . 7) . 

No eV.dence of downbursts was found near the formation areas of 10 tornadoes near Springfield, Illinois . Although 8 others formed on the left side of their parent downbursts (Color Map No . 8). 

Of 148 tornadoes on April 3-4, 1974, the Leonard Town tornado turned out to be a group of downbursts inside a 2-mi wide and 26-mi long area . Re-examination of aerial photographs revealed that the 6-mile wide path of the Frankfort tornado , Ky . was mixed with downbursts which descended during the weakening stage of the tornado . 

Aerial photogrammetry and mapping were performed at the University of r hicago under NESS Grant 04-4-158-1 (50%) , NASA Grant NGR 14-001-008 (30%) , and NRC Contract AT(49-24)-0239 (20%) . 
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Cen er Pa e 8. 

DOWNBURST in HURRICANE CELIA 
SWATHS 
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Map 9. Damaging winds in Corpus Christi in hurrican Cel ia wer edominantly from 
the west-southwest wi th a 20 mph (140 mph gust) peak wind . Ther was a 1 ge 
echo with reported thund on the southwest s ecto of the hurricane . A down
burst was d .icted i n thi s analysis to expla n unusual winds xper ienced in 
Cor pus Chris during the sto 
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Th ostatio ry 0 rational Envi Hit (GOES) tern, whi h 
in Iud th Synchronous teo olog! al provid me eorologi ts 

· th both visibl and infrar d data. 

Visible pictures with I-Ian resolution and infrared pictures with -Ian resolution 
we examined in an attempt to detect cloud-top characteristics of downburst thunder

orms. Despite their high resolution imagery visibl ictur s were not found 0 be 
u eful for this purpose. 

The reasons for this fact are that ( ) R fl ctance varia 'ons of understorm 
are relatively small, e ce t hen sun angle a e low; (2) Anvil-top brightnes 
not alway r ep esent the anvil heigh and (3) Pictu e are no avai lable during 

hours of darkness . How ver, infra ed data though low in re olution can bused 
in d t ting (1) Pat e ns of cloud- top t mperature related to both cloud h ight and 
emissivity, and (2) Cloud- top radianc day and nigh. 

is chapter dis us es the charact ri tics of anvil top ba ed mainly on 
the pattern of uival nt blackbod temperature d pi t d in pi torial forms . 

ENH CED IMAGERY has be n produ ed by onverting the input digital coun 
into output digital count, thus gen rating a et of new digital ount. Th total digital 
count valu s for both input and output are 28 = 256 incre ing from 0 to 255. Ref r to 
Corbell et al (1976). 

As , hown in Figure 6. , the input count (at the bo om) corre onds to the 
at llite-measured eff ctive radiance which varies with the equivalen blackbody tem

p rature (at the top) . 

An enhan ement curve generates an output count which will r suIt in a gray-scale 
presentation of specifi nephsystems . Curve Me and 30 have b n used in mapping 
anvil- op temp ratures at one-degree interva . 17 shad s of gray al of Curve M 

ov r -63 to -8°C tempe atur ange and tho e of Curve 30 -59 0 -76 °C ( e Figure 
• 1). 

These enhan em nt curves generat pictur with dark (0 bla k) cloud d 
with - 0, -54, and -33°C t mpe ature for Cu ve Me and -59 and - 45°C 0 Cu 
(s Figu e 6,2). 

The 17 gray-scale shad s 'nsid - °c ( e) and -5°C (30) anvil boundari 
how learly th exi tenc of warm and old pot . For xample, in igur . 2 

th t mp rature diff r n b tw en the pots is °c. 
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Figure 6.1 Enhancement curves M and)C. , itable for depicting anvil-top 
tempera tures . 17 gray-scale shades CU.l.T9spond to every digital count value 
between 208 and 225 (Curve M ) and 204 and 221 (Curve )0) . 

Curve Me Curve 30 

+8 

Figure 6 .2 Examples of Curve M (left) nd Curve )0 (right) e'.lhancement 
appli d to 1)00 CST picture of the northern Wisconsin thunderstorm of 
the 4th of July , 1977. Black or gray boundaries correspond to the 
lowest points of enhancement curves in Figure 6.1. 
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Figure 6.3 Green Bay soun ing ken be
neath the anvil clou of orthern isconsin 
thun erstorm. There ere relat vely dry 
layers be een 600 an 00 mb toppe by a 
thick moist layer . 

Southerly flo s are seen below 8)0 mb . 
esteries above the n low layer exten ed 

to 0 kIn at which winds shi te ~ to r est
north est ith)O kt or stronger i n s 

H I GH 

F gure 6.4 )O- mb win 
the en 0 downburst . 

an tempe ature at 800 CST about 2.5 hours a ter 
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1800 C JULY .1977 
200 mb 

HI G H 

Figure 6 . 5 200-mb wind and temperature . Flow characteristics were anti
cyclonic in both shear and curvature . 

1800 C JULY 4.1977 
700 mb 

11.8 

Figure 6 . 6 700-mb wind and temperature 2 .5 hours after the termination of 
the Northern Wisconsin Downburst . 

in a 7 mb b n th th anvil w re from th west, cha a 
anticyclonic shear an urvatu e . Tem ratur in th anvil a ea w 
than its nvi onm nt (se Figure 6. 6 . 

gr phic 00 dina es (longi u e an 
Although the gri lines of longitu an 
are mul 'pIe so utions 0 grid lines on 
an vi wing angle. 

subs a 

la ti tudes on a ra 
s llite pictur • 

ou . d th cloud 
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Figure 6.7 Sh1 t of grid points 
away from sub atellite point due 
to the viewing angle from SMS 
locat above the tor. The 
ave age shif inside the cloud 
area was 21 km (13 miles) . 

uth 

Table 6.1 Shift of gri points in kIn when the grid ng 
surface is I fted from sea level to 10 kIn MSL . Azimuth 
.enotes he angle of a grid point viewed from the SMS 

subpoint . 

LATI'IUDES OF AZIMU'IHS OF GRID POINTS (in degrees) 
Grid points 0° 20° 30° 45° 60° 

60° 24 .9 38 .7 
5J

o 15.6 19 ·5 27 .9 
40° 0·5 11 .8 14·3 34.2 
30° 7.0 7.6 8.7 12 .8 
20° 4.3 4.6 5·2 6.7 11 ·3 
0° 2.1 2.2 2.4 3·0 4.4 
0° 0.0 0.0 0.0 0.0 0.0 

Radar 

in 
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Figure 6.8 Curve 30 enhancement with radar echoes on July 4 1977 Open 
circles are downburst locations. 
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Figure 6 . 10 Curve 30 enhancement with ra.d.a.r echoes on July 4 1977. Open 
circles are downburst locations . 
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A CO CEPTUAL EL OF WAKE FL 

When the " e 
with a rotating head on th 
dis ars (s ee enh c d 

t is 

ho b gan moving 
Durin this 

During the "slow-d m" stage of th comma echo t:h wak flo mus also 
decelerate. The high -sp d wake flow trap d behind the omma echo ie to p nd 

~ outward horizontally and also vertically, re ulting in a bulg of the anvil top b hind 
the comma. The bulge (cold top) suddenly sinks to its original lev 1 Ion with th 
break up of comma echo (see enhanced picture at 1600 CST . 

Figure 6.12 A conceptual 
model of wake flow behind a 
bow echo which turns into a 
comma echo . 

HYP01HETICAL CROSS SECTIO S in Figur 6.13 sho vnburs 
currents and w ke flows at 1230 and 153 CST on July 1977. 

h up 

Th comma echo at 530 ST was ccom 
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Figure 6 . 13 Hypothetical cross sections of northern Wisconsin downburst 
at 1230 and 1530 CST July 4 1977. 

Hypoth tical cross sections and a conceptual model in Figures 6.12 an 6.13 
ar introduced in an attempt to explain characteristi s of both sat liit and r r 
imagery. 0 attempt has been made to offer alternative explanations of the analytical 
results. Mor c e studies of extensive downburst families are necessary in ord r 
to un rstand this phenomenon b tter. 

E PANSIO RATE OF GIANT ANVIL of the northern Wis onsin storm he 
light on th effect of a ownburst upon the growth rate of the anvil area. 

tion. 

of an tensive anvil cannot be measured by simple planimetri ~ means 
Sima ery used in this analysis is not converted into a equal-are/..t ro-

To over orne this difficulty, a dual planimetri method was develo d. In this 
m thod the anvil area is measured twic by using a standard planimeter to obtain th 
rtio 

Ar . - Area inside true boundary (true area) 
ea ratio - A . id 'd b da ('d rea lUS e grl oun ry grI area 

where grid boun ry denotes the boundary of an anvil cloud approximated by longitu 
an atitu segments (se Figure 6. 14). 

MW ~ N ~ W 8 " V M I I I 1 __ ~ __ + __ ~ __ ~ __ 4_ 
49N -- - -t - - 7 - -iI' I f 

I TRUE BOUNDARY I GRID BOUNDARY 
I / / _ I I ' __ -1 __ 

48--r--.... f 

I 
47 -

I I 

I 
I 

I ___ L 
45 - ~ I I 
/ I I 

I +---~-
45--, - --I I I 

I I I I 

I / R~~~D~1--44-r--r---, I I I . 
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I I I f _ _ _ _ __-1 __ 

Figure 6 . 14 computation of an 
anvil area by dual planimetric 
method . The grid boundary con
sists of a number of longitude 
and latitude segments which 
follow approximately the true 
boundary of the anvil . 

Since we know the true area 
within each one-degree square , 
the total area inside the grid 
boundary can be computed regard
less of the map projection . 
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Table 6.2 True areas within the outer boundaries of the 
anvil cloud defined by isotherms of -45 and -50°C temper
atures . Areas of - 70°C are those in the vicinity of the 
downburst and their extrapolate locations . 0900-1730 
CST July 4 , 1977 . 

AREAS mSIDE ANVIL OOUNDARIES (in 1000 kIn 2 
) 

F scale -45 °C -50°C -70"C 

0900 CST 160 109 0 .0 

270 

260 

180 

170 

2 

F2 

1000 
1130 
1230 
1300 
1330 
1400 
1430 
1500 
153\.1 
1600 
1630 
1700 
1730 

1000 • 

FI 

0\-----:00 
0 .... ' 

10 

I 
I , 

I 
I 

II 

I 
I 

I 

F 0 
F 0 
F 1 
F 1 
F 2 
F 2 
F 1 
F 0 
F -

" Area of - 70'C Cloud Top 
" 

12 

" 
-0------'" 

13 14 

198 148 
268 170 
276 186 
274 189 
266 179 
258 174 
259 171 
260 180 
273 191 
278 197 
274 190 
270 174 
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\ 

17 CST 

1.1 
2 ·3 
0 .8 
0 ·9 
0 .3 
0 .1 
0 · 5 
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0 .2 
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0 .0 

Figure 6.15 Variations 
of anvil area in relation 
to F-scale intensities of 
northern Wisconsin down
burst . The anvil area 
shrunk to a minimum 
shortly after th down
burst had reache the 
peak intenSity . 
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A BREAlHING THUNDERSTORM--TRUE OR FALSE? The occurrence of the 
minimmn anvil $\rea corresponding to the ak intensity of a downburst could be acci
dental or it could as w 11 be governed by a cause and effect relationship. 

This ubject can b discussed further by comparing the three enhanced pictures 
which correspond to either maximum or minimum anvil areas . Characteristics of 
these pictures are shown in Table 6.3 . 

Outflow streaks are often visible inside the hurricane cirrus shield during its 
stage of rapid expansion. These streaks originate near the central region of the shield 
characterized by the cold cloud-top temperature. 

Time 

12)0 C5T 

1400-)0 

1600-)0 

Table 6.) Characteristics of temperature patterns of 
the giant anvil cloud over Minnesota , Wisconsin , and 
upper Michigan on July 4, 1977. 

Anvil area 

Maximum 

Minimum 

Maximum 

C h a r act e r i s tic s 

A circular , warm area formed in the 
anvil cloud to the west of the downburst . 

Significant streaks extended either 
outward from or inward to the warm area . 

No specific pattern of -I.he cloud-top 
temperature visible . 

On the contrary, the streaks at 1400-30 CST point toward the warm area n ar 
the center of the giant anvLi. At this time the anvil areas of both -45 and -59°C 
shrink to their minimum values . 

The above evidence leads to a s culation that the outward expansion of anvil 
materials near the warm area was sus pended when the downbursts intensified. During 
the peak intensity period, a reverse flow toward the warm area ould have taken 
place at the anvil-top level. Such a reverse flow could induce the inflow str eaks 
pointing toward the warm area while the outer portion of the anvil kept expanding out
ward. 

If this was the case, the huge downburst thunderstorm was characterized by 
three stages in its life cycle, somewhat like a giant morning glory which breathes 
outward during the developing stage, inward du ing the peak downburst stage, and out
ward again during the dissi ting stage after the termination of downbursts. 

The s culation presented in the foregOing discussion is based solely on the 
super-downburst thunderstorm of northern Wisconsin on July 4, 1977. When more 
data on such su r-storms become available in the future, we will be able to determine 
if this speculation is true or fals e. 



Figure 6.16 Combination of radar echoes from Marseilles , Illinois and 

Curve Me infrared pictures . The Earlville tornado occurred at 0825 CST 

followed by four tornadoes ending 0850 CST . The location of tornado is 

shown by a.n arrow in the 08)0 CST picture (Refer to Color Map No . 5 and 

Figure 5 . 5) . 

EARLVILLE STO S of JUlie 3 , 1977 were eha ae eriz d by 0 downbu sts 

d 5 tornadoes. ese downbursts and tornadoes las ted fo 35 minut s between 

820 and 855 CST, raveling th ough a dis nee of 33 mil s at 57 mph. 

Shown i Figur 16 a Curve B inf a ed d.ctu between 07 an CST 

a 3 -minut inte vals . Rada e hoes within 125 n . m. we e su rimposed u on the 

s atellite ima ry. 
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At 0700 CST a weakening squall line across the south shore Q Lake . chigan. 
A 1 rge area of cold cloud to is seen to the west of the line . This situa tion is 
simi! to th t of the comma echo at 1530 C T in Figure 6. 10. 

Large, strong echoes develo d in the centra l r gion of an ex nsive cold 
cloud at 0800 CST. Both squall lin and cold cloud to the east w re eakening rapidly. 

A bow echo at 0830 C T was approaching the arseilles radar . The Ear lville 
tornado ende at this tim and an F 1 downburst was in progress 0 the southe t of 
Leland Illinois (see Color Map No. 5 . 

Between 09 and 093 CST a comma e ho moved over Chicago and weaken d. 
At lOOn CST the comma echo broke up whil moving acros the southern sho e of 
Lake Michigan. 

o SPECIFIC PATTERN of cloud-top tempera ture was recognized in connection 
';1th th Earlville storms. One reason for this being the size and dura tion of these 
sto ms which were much smaller and shorter than the northern Wi consin s torms 
on July ,1977. Another reason is the quality of enhanced pictures which was not 
as good as tha t of the super-storm case , 

SPRINGFIELD TORNADO/ DOWNBURST FAMILY was 3 miles long, s pawning 
27 downbursts and 18 tornadoes between 1510 and 1620 CST. The peak intensity of 
both storms occurred at about 1550 CST. 

Two infrared pictures at 1500 and 1600 CST are availabl for the purp e of 
combining r adar echoes and satellite pictures . Both pictures wer e enhanced with 
Curve Ms so tha t the black boundaries of the anvil clouds denot -60°C isotherms 
(s e Figures 6.1 and 6. 18). 

At 1500 CST, shortly before the onset of the downburst, a la g echo was 
tI~rning into a bow echo moving eastward at 2 kts . Th re was an extensive cold area 
extending from the bow echo westward. The equivalent blackbody tern r a ture of the 
cold to was about -70°C. 

One hour later, at 1600 CST, the downburst had passed its p ak in ensity of 
F 1, s pawning tornado o. 17 in Color Map No . 8. The downburs top was cha ac
terized by a small area of -69°C temperature, indicatin tha t th extensive cold top 
had broken up. 

At this time the head echo, somewhat like a hook e ho see Figure 5. 7 , moved 
towa d the warm area which had developed n a r the center of the oval- haped anvi l. 
An outflow s r eak with anticyclonic cur a ture ex en from the warm a ea outwa d. 
These ea tu es are extremely similar to those of northern Wisconsin cloud a 1 C T 
(s . 5Ure 6. 9). 
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Figure 6.17 Cloud-top emperature of the Sprin~' eld thunderstorm of August 
6, 1977. A bow echo was forming b~neath the cold cloud top . (Curve Me) 
From Forbes and Wakimoto ( 978) 

1600 CST./·_ .... r 
.... -
I , 

/ 
/' 

r/ 
\ / 

/ 
\ 
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\ 

Figure 6.18 Temperature patterns (Curve Me) at the peak intensity stage of 
t he Spring .eld downburst . A warm hole is seen to the northwest of the 
downburst echo . 

DANVILLE STO A F Ee KTS WIND a the anvil 1 v 1 dis play d 
a f a tu e of blow-o anvil a 'ompanied y a wake low do am rom th do urs t 
cell. This e ttern is . er en fr om the p evious cases because th hi Ie I 
win 

, ther 
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Figure 6.19 Enhanced (Curve Me) inf'rar d pictures of the Danville thunderstorm, 
Sept . )0 , 1977. Downburst locations are indicated by circles . 
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A band of wake formed downstre from the mburs ho t 21 
e band w about 70 mile long. char ct riz d by 2 to 3 0 

By 2130 CST th wak band 
of Indiana. Th wake cent r wa 
6. 19). 

tended ov r 100 mi es 
to 5 °c warm r th n i 

It i likely tha th b n of arm w r pres 
nvil surfa hind a conv tiv glon which tr v 
in . 

cr 
nvi onmen 

sian on the 
r th n vi -1 v I 

A WAKE TRE CH wa hotograph d during the Lear J mission on April 4, 1977 over Alabama. A picture taken from 45, 000 ft reveals a trench -like wake tending relative downwind from a convective region (see Figure 6.20). 

Figure 6 .20 A trench-like wake extending downwind from a region of convective tower over westernmost Alabama . Photo by Duane Stiegler from Lear Jet at 
45 , 000 ft . University of Chicago Research Flight : Date--April 4 , 1977: Time--1630 .5 CST - Direction--southwest - and Tropopaus wind--240° at 121 kts . 
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6 .21--continued . ttoon tornado/downburst cloud enhanc with Curve M . 
Locations of th s orm are shown with 

, , 
I I CST 

, 
12 CST 

I 
13 CST I 14 CST , I , I 

I I I I 
I I I I 

~70 m I I , I 

17 I I , 
I m I m/ I ,. r , 0 , ,. 

\ ) 
, 

182 m~ \ I , I 
I" T il 0-12 C 

,. 
,'" ; . .t I .. J -' .. " J " , 1. ,....-,. I .. "," c!".1 , .... ~-,. }-I- .r t--"'II ". (- " 'j 
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Figur 6.22 Total s n-line 1 ngths of -,54°C or cold r clo -top t mp
e ture . The length r che minimum during the t m of th torn 0 , 
implying that th clou -top was not characterized by an e tensive cold 

hen the torn 0 s in progress 
7 th 
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BLOW-OFF ANVIL fonns when the vector difference in Item {12 . r latively large, more than about 30 kts . 

Anvil materials are blown downwind re ulting in a band 0 
rID cloud-top temperature exten 'ng t ard the e tive down 

o 1 

iz d 
12 

chematical diagrams in Figure 6.23 sho t m rature pa erns and ross sections of the oval-shape and blow-off anvil c10u with more than 1 0 miles in horizon 1 dimensions. The fonner evelop usually under weak wind and the tter, under song wind at anvil levels. 

OVAL-SHAPE IL BLOW - OFF ANVIL 

Taa ins ide and outside the HOLE TaB inside a d outside the BAN D 

Figure 6.23 Schematic diagrams showing patterns and profiles of cloud-top tempera ure . Mean wind denotes the mean layer wind 0 to 3 kIn or 3 to 6 kIn below the height of the maximum wind near anvil level . Based on the analyses of four cases in Table 6.4. 

UR 1HER RESEARCH ON DOWNBURST nIUNDERSTORMS 1s neces a y b use the num r 0 cas s investigated so f r are not enough to gener lize storm cha a.c -
teri tic . The following are some e orts that may b required: 

1. Perform SMS s cans at frequent in ervals (Ra i s can) 
o produce enhanced infr r d ctures weI s 

digital radiation maps of clou -top t m atuJ:' s . 
2. tain V I P radar ictur s at runt in e Is 

(2 min or less ) to i dentify and ollow hook bow, nd 
omma echoes. 

3. Thke ae ial otogra hs of down urst an om do 
damage 0 d ermine their loons and in era . ons . 

Inte view pers ons in orm a eas 0 ob in' orma
on on time, rain, hail, ound, d oth accoun . 
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An advancem in eri I m_rJ,,"_'~ in centy r n 

di gui hin be and thos 0 non - ornadi 
torms i. . , dOW1JJUu.1.0 

of torna . a al 0 

ca h iW v r th paths 
thus n ce i tatin mapping 

proc dur in whi h 
identifi d properly. 

orm may be 

CLASSIFICA 0 0 GE PATII of th ornadoe and do 

and ba s. 

e 7.). shown in th figure. the paths of tornadoes are 
hi! those of down ~ • in 0 two. e xp ct, howeve , 
ursts can be combin d in 0 aggrega paths with diff ren 

th of an L T tornado turns graduall to the left 
T, 0 th right. 1 ornadoes are characterized by the PI cale 
'Ie the th lengths of PO ornadoes are 1 than 1. 0 mile. 

tad tic 0 the path of 326 tornadoe m ap d by Fujita. and hi collabora ors 
are hown in Table 7. . Straigh or meandering (SM) tornadoe are apparently 
the most frequent (35%), followed by right-turn (RT) tornadoe (22% and left-turn 
(LT) ornadoe (12%). 

TYPES of DAMAGE PATHS 

Left Turn 

L T ~ ... --,.".,.. 

Right Turn 
RT---........... 

Sf,,: 
Straight or Meandering 

Narrow Start 
NS 

arrow End 
NE 

ide Start 
WS 

P 1 - In termediol. Pa t h WE _____ IIIIf!':~; 

PO • Short Path 

uv :>~n 

7.1 of damag pa. hs 1 
a d microb 

DB 
Mlcrobur t 
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ble 7 1 Fr uencies of ten types 0 tornado paths and t 0 types 
of 0 burst ths . The most significant th-type charac-wristic 

s used to ca gorize each storm . Statistics are sed on eri 1 
surveys perfo e by Fujita and his collaborators . 0 hers include 
6 storms surveye by Forbes 49 by Fujita , by Tecson , nd 7 by 
ti gl. r . 

h Types Superou br k Palm Sunday Color aps others Total 
(April 3-4, 1974) (April 11 , 965) (This Report) (U of C) 

LT 1 3 
RT 0 3 5 

55 16 8 
PI 10 0 0 

28 66 
7 35 

3 
8 18 

PO 1 0 2 
UV 0 0 3 

6 1 7 

3 19 
1 4 
2 16 

1 1 0 2 4 
8 0 2 6 6 
9 0 0 8 7 

147 22 30 
0 64 

0 0 56 

127 326 
0 65 
1 57 

148 22 1.50 128 448 

h b n ga a 
• resultin in n un uaUy la e r,ri n 

diam ter. 

Re-analysis 0 mo than 10 W tornadoe revealed that th 
in i e wie-end egion ar p edominantly divergent. The 
very similar to those 0 the ownbursts which were inve ti 
th se r 1 ye s F re 7.2). 

OLD MAPPI G NE 

---

F g 7.2 Spoon-shaped. damage pat·he in old maps consist of both 0 na-
does d downbursts . However it appears that a wide-end (E) 0 na 0 

can be presented more realistically as a combination of a tornado and 
a downburst (DB) that had wiped out the weakening tornado 

P! te 
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Figure 7.J A six-mile wide downb at he end 0 the ort tornado 

of April. J , 1974. A J6-mile long path mapped by Fujita (1975) has now 

been re-mapped as a 21-mile long omado an a i.5-mile long ownburst . 
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Table 7 2 Path lengths of wide-end (WE) tornadoes on April 
)-4 1974 computed :from old and ne mapping methods . ID 
numbers and namer:: are those used in Superoutbreak Tornado 

p by Fujita. (19,'5) . 

m numbers Names Max widths Old lengths Ne lengths Differences 

15 Angola Tor . IN ) mi )6 mi 27 m1 -9 m1 
16 Hillsdale Tor . HI ) 21 15 -6 
17 Charleston Tor . IL 1 16 15 -1 
20 Hudson Tor . HI 1 10 7 -) 
25 elrose Tor . OH 1 8 7 -1 
36 Hamburg Tor . IN 2 37 35 -2 
9 e Castle Tor . KY 3 21 6 -15 

:J+ Frankfort Tor . KY 6 )6 21 -15 
88 Corbin Tor . KY 1 21 18 -) 

Total of 9 tornadoes 206 15 -55 

DI IPATIO ECHANIS OF WATERSPOUTS was investi te tensively 
by Gold n (197 a) and (197 b , who concIud d that the onse of the caying e 
usually occurs abrup y an advancing sh er begins to over water pout. 

Golden cla sllied the life cycle of th Florida Keys' wate spau s into five 
tag de crib d as 

STAGE 1. Dark spot fonns on the sea surface. The 
pot can be seen f om the air but not from the ground. 

TAGE 2, Spiral ttern up to 1000 m in diameter fonn 
on the sea surface around the dark s 

STAGE 3. Spray ring fonns arOlmd the eye r gion. The 
ring and the visible funnel are connected by an invisible 
vortex circulation, 

TAGE 4. ature waterspou in this stage is charac erize 
by a condensation funne l with its maximwn diam ter and 
length. 

STAGE 5. Decaying s tage associated with a weakening dark 
s~ ; on the sea surfa ce and a nearby rainshower. 

Figure 7.4 shows the late mature sta e (Stage ) followed by the d caying stage 
( Sta 5) of a typical waterspout . I is seen that the spira l ring is first blown apart 
by the outflow from the region of shower. When the outflo intensifies, as evidenced 
by ite caps, the funnel cloud becomes se rated from the spr y rin which gradually 
wakens and disintegrates. 

The d cay process 0 waterspouts by Gol en is very simila 
wid -end (WE) tornado wiped ou by a downburst. 
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DISSI PATING STAGES of WAT ERSPO TS by GOLDEN 
~----. 

I 

Figure 7.4 Late mature stage (left) nd decaying s °ta.ge (right) of water-
spouts. Based on Figures 8 and 10 of Golden I s (97) per on "LU'e 
Cycle 0 Florida Keys ' aterspouts" 

ORIGINAl.; P 
OF POOR Q ~GE 18 

UALITY 

PATH OF A WIDE-START (W ) TO ADO in the previous map was d ict 
a giant golf club. A detailed aerial survey 0 the star area almo t always con-
firmed that the radius of curvature of the trajectories was too 1a ge to b regarded 
a being 0 tornadic origin (see Figure 7. 5). 0 

OLD EVil MAPP I NG 
',"',',', ........... ---

\ ' ,\. ' ..... 
, , " " ',..... ---

\ , \. \. , 
\ \., ..... 

\ \ . '\ ........ , 
, \. \. I 
, ' 0 

'\ \. '\ , " 
, , p' o. 

\ \. \. ', 0 ... _ 
\. \. .... .... 
"'" is ting -

'" Do wnburst 
" 

Figure 7.5 A wide-start (WS) tornado in old map is now r egarded as a 
st raight or meandering (SM) tome.do preceded by a twisting downburst . 
The parent cloud of this type of t ornado is a rotating thunderstorm 
cha cterized often by a so-called "hook echo". 

There were eight wide-start ) tornadoes during the Superoutbr . Of 
th e, the start ar s of thr omadoe in the Su routbreak map by Fujita 1975) 
were no r egarded s tornadoe or downbursts . Their arnage ea wer e imply 
ignored (see Table 7. 3). 

Figure 7. 6 hows two br aks in th Mon " 110 tornado path. e b ea n a r 
Plato, Indiana had n confirm d ea li r" howe r th oth r br ak n ar Chalmers 
wa found only re ntly . 
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Table 7.) Path lengths of wide-start ( s) tornadoes on April 
)-4 1974 computed from old and new mapping methods . ID n -
bers and names are those used in Superoutbreak Tornado Map by 
Fujita (1975) . The length in ( ) in "01 lengths" column de
notes the path length of twisting downburst which had. been 
ignored . 

ID numbers Names Max idths Old lengths New lengths Difference 

4 PIa to Tor . IN 2m! 8 (7) m1 8 mi Omi 
J4 Orl ans Tor . IN 1 13 11 -2 
)8 Lon on Tor . OH 1 15 (4) 15 0 
51 Pee bles Tor . OH 2 16 12 
55 Cynthiana Tor . KY ) 25 20 - 5 
70 Parnell Tor . lIT ) 24 14 -10 
82 Moodybille T. lIT-IN 1 19 16 - ) 
95 Phil Campbell T. AL 1 12 +(1) 12 0 

Total of 8 tornadoes 1)2 + (12) 109 -24 

APRIL 3,19 1'4 APR I L 3,1974 

o 5mi TOPEKA 
! I ,! I lJ o :>mi 

I ! I , ! 

Figure 7.6 A re-analysis of the path of Monticello tornado , Indiana on 
April 3-4, 1974 r evealed that the tornado consisted of three segments , 
the last two of which were preceded by twisting downbursts . 

The FO winds in these breaks were caused by twisting downbursts, charac
erized by traje tories with a 4- to 6-mile radius of curvature. Because the curvatu e 

i so small , the town of Valentine, located within the break, was damaged by straight-
One win . 0 signs of turning winds were evidenced inside the own. 
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Table 7 4 Mean acc 1 ration of rising ir c ls inside s irling 
updrafts comput as a function of verti 1 velociti s t 100 m 
above the ground Air tempe ture n ensity ssum to 
27°C and 1 17 g/m' r s ctiv ly . 

VERTICAL VEroCITIES AT 00 met rs AGL 
5 m/sec 10 m/sec 5 m/sec 20 m/s 

in m/sec l 0.13 0 • .50 1.13 2 .00 

in "gil unit 0 .01 0 .05 0 .11 0 .20 

AT from Eq . (7.J) 4°c 15°C 34°C 6 °c 

Mean 
convergence (sec l

) 0 .05 0.10 0 .15 0 .20 

Non-hydrostatic 
Pressur (mb) 0 .2 0 . 6 1.3 2 .3 

S TTSBLUF 0 \J Jun 1, 77 
by Patrolman Schn id r of th Hi hw y Pa 
reported hook-echo near Minature, Nebra ka, th trolm 
through the town in order to 10 ate po ib1e tornad s. 

c 25 m/sec 

3 ·13 

0 ·32 
96°c 

0 .25 

J . 7 

30 m/sec 

4 . 50 

0 .46 

38°C 

0 ·30 

5 ·3 

Figure 7 .7 The formative stag of a wide-st (WS to nado depict by 
a mosaic of five pictures taken by Patrolman Schneide of Scottsbluf , 
Nebraska . Blidning dust clouds from a thund to to th no hw st was 
swi ling into the tornado region , indicating h ent inm nt of down ft 
(burst air into to na o . This torru..Jo was moving slowly om ight to 
left over a grassland about 16 mil s to the w t-southw t of Scotts luff . 

Picture datal Time-- 1756 T June 14, 19771 Distanc to to nado--
6 400 m; Direction-- SSE to WNW . 
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TOKYO BA Y 

AIRPORT 

Figure 7. 9 Last 2 cars of 
l O-car subway train over-
t ned by a tornado . Cour
t y of the Yomiuri Newspa
p , Tokyo . 

Fig 7.8 Schema. tic map of 
Tokyo tornado p eceded by an 
stimat twisting downb t 

2 to 4 miles wid • 
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Figure 7 .10 Formation and movement of a narrow-start s) to nado 
on the left side of a downburst . 
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Exam pI of narrow- a tornado s are 
torna 0 dri d about on mile northea twa 

Th Land 
el 

thr emile rd th ea t-southea t. 

Both th 
to na 

PR R OE in Colo 
na 0 - ta to 0 Tornado o. 2 consist 
ea h with I than a 0 . 5 mil ong tho To nado p 
right turn. To na 0 o. 5 and 7 we e the 

OT~ .n.r..PHS OF LE O a hown in Fi r 7. 1l. 
The lef icture reveal the at ern of com stalks 1 I ) 
o 10 e ri . The path the drifting vo ex 

come 0 the farm to the right. 

The track of a weak vortex such as this can be identifi d by ing obliqu 
aerial ictures 100 ing tOwal '! the direction 0 the sun. The fo ard sca t ring of 
sunligh from leaning corn stalks produces a sharp con rast in brightn s on both 
si s of the vortex track. In the past, we missed a number 0 vort b ause 
we w re not aware of this photogra}i!ic t chnigu . 

The igh . ctu (Figur 7. 11) shows th vo t tra " of th Leland 0 nado 
in its drifting stage, whi h extende toward the ea - ou h a . 

Ji'igure 7 . 11 Path of the Leland tornado Color Map No . 5) along the 
left edge of downburst 5 . The path 9xtends from upper left corne 
to the south edge of a farm (left picture) . The tornado changed its 
course abrupt:y toward the east (right picture) . 
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At on point the tomp.do ed ov r a small building on a farm, p eling a 
nwnb r a tiles from the reof. '!Wo doors on the outh si of a bam were blown 
out toward the vorte center. Evidently th toma 0 wa cha a terized by slow 
rotational and fa t trav ling velociti s. ot that the sp d of th r nt bow echo 
was 55 to 60 kts (refer to Figur 5.5 and 5. 13). 

pull d up from th ground. Th flatten d com stalks 
converging t rns of the traje tori s without I aving any vidence of a 

wi I (se Figur 7.12. 

Figure 7 .12 The Leland tornado was characterized by slow rotation and 
fast translational motion . Directions of damaged cornstalks were pre
dominantly convergent . 

chematic diagrams showing the formation, drifting, harp turn, and steering 
o a n rro -start tornado a presente in Figur 7. 1 . In these diagrams, the 
tornado is assumed to ha d veloped insid the boundary lay r where a large cyclonic 
vorticity (shear and urvature) coupled with onver n e is known to exist. 

If this is th as th Leland torna o,along with other short-start tornadoes, 
irst forme n ar th ground, then ten d u ward. A cond nation funnel app ars 

in th u r ortion of th vortex wh n th entral pressure drop below a critical 
valu . Then the funnel cloud ten downward. 

R siden within an area of one to two miles of the Leland tornado were 
int rview d in an attempt to obtain eyewitness account . Practicallyeverybody tated 
that it was raining so hard that they were not aware of the tornado until the damages 
were discovered immediately aft r the rain. Be ause no one aw the tornado'pictures 
were not taken. Yet, there was definite evidence of a tornado, which we confirmed 
in an aerial urvey p rformed th following afternoon. 
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STEERING 

A B 

Figure 7.1) Schematic diagrams showing the formation of a narrow-start 

tor nado in the boundary layer . As the swirling motions exten upward 

into the weste ly steering levels , the tornado makes a sudden right turn . 

Three tornadoes in Color Map o . 5 and several others in Color ap o . 8 

displayed similar path features . 

S RAIGHT or 

A ernark 1 pi ture of u h a path is vi ible in an ERTS ictu e taken on 

June 3, 1974. It was 0 months a e th Guin to nado (F 5) of A ril 3 , 1974 

smash d th ough no thw stern labama killing 30 persons and injuring 2 0 othe s . 

The dist ce be een 0 arrows in the R TS pictur is 45 mile (see Figu 7. 1 ). 

Figur 7.15 shows an aerial view 0 the path tending northwest through 

th center of the city of Guin. Houses and trees in the th were badly damag d. 

orne trees were stri p d entirely of their leaves and never regained their strength. 

This is why the tornado path was still visible in an ERTS picture taken on October 7, 

some six months after the tornado. 

Figure 7. 14 Path of the G~n tornado of April ) , 1974 in a.n 

picture taken on June ) , 1974. The path was still visible in the 

ERTS picture taken on October 7, 1974. The path was mo e or less 

straight , characterized by small-amplitude oscillations . Distances 

between Guin (left arrow) and William B. Bankhead National Forest 

(right arrow) is 45 miles or 72 kID . 

I 
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Figure 7 15 An aerial photo 
of the Guin tornado path 
Taken on April 5, 1974 from 
above the City of Guin look
ing northeast 

MOUNTAIN-CLIMBING AND CANYON-CROS ING TORNADOES were found 
a numerous locations in Kentucky, Tennessee, Georgia, North Ca olina, Virginia, 
and West Virginia after the April 3-4, 1974 Su routbreak . 

An example of a mountain-climbing tornado is s en in Figure 7.16. 
Mur hy tornado, North Carolina, moved from right (west) to lef , passing ' rectly 
over the highest point of the mountain. No deviation from its course nor in ensity 
change was noticed along its mountain-climbing and descending ath . 

orne rather interesting questions regarding th nature of tornadoes on moun
tainous or hilly terrains are: 

1, How does a tornado maintain its intensity against 
a large loss of energy during its traverse across 
ragged terrains? 

2. Why is it that the course of a torna 0 does not 
deviate appreciably while traveling across canyons and 
mountains? 

3. Why does a tornado make unexp cted turns while 
moving over a relatively flat terrain? 

In ect, the th of this type of tornado ap ars to be more or less in 
the 0 graphy on which it swirls. 



3 

Figure 7 . 16 A mountain-climbing tornado of April J , 1974 which Ie t 
behind a damage path across the mountaintop southeast 0 urphy , No h 
Carolina . The tree damages in both upslope and downslope paths wer 
equally severe , rated as F J . 

IffGINXD em IS' 
FOR Q LITY 

RIGHT- TURN ECHANISM of tornadoes was inve tigate 
pho ography and subsequ nt map 'ng , The results ev 1 d til e i t n 
bur when tornadoes un rgo definite turns. 

d U - 1 owa d th 
field. Sho y 
d viat d 0 the 

Rainvil e tornado Indiana, on April 3, 197 ero 
bein eharaeteriz by ey loi 1 marks left in low 
ay ossing, the marks wer int rrupted and the eour 

e 7. 7 . 

~
'" .'- yo 

~ .. --
.' , .. ~ . ~ . . ~. , . . ~.. .r 

:-\;.. . . 

Figure 7 . 17 Rainsville tornado of April J , 1974 affected by the downburst 
winds from the rear left . The tornado weakened abruptly while deviati 
to the right . 
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Right tt.lrns imilar to thi o. 2. The two final right tu of til attoon tornado u d b Downbur 8 an ·croburs m 11. 
The 1 t t n torn do s in olor p o. 7 h d right- urn th 
caus d icroburst m 6. Tor 0 o. 1 

use of Microburst mI . 

RIGHT TURN OF LOlnSVILLE TORNADO of April 3, 1974 wa 0 ument by a seri of still pictures taken by Mr. Cundiff of Cre twood, Kentu ky (see 
Figure 7. 18). 

Cundiff w wat hing t!1e Loui ville tornado and it dark, parent cloud traveling fr m left (southw t) to right aero the western sky. As shown in the left icture in Figure 7. 19, the up r portion of the cone-shaped funnel extended up into the dark cloud while the low r tip near the ground was bent toward til left. 
Within a few minutes the whole funnel emerged from the rk cloud, turning into a tall, grayish white funnel cloud. Thereafter, the funnel moved from left (west) to right in front of the rent cloud (see right picture in Figure 7. 19). 
In view of scattered tree damages to the southwest of La Grange, where a new tornado had started. ve may speculate on the existence of a downbur t on the 

left (northwest) side of the tornado (see Figure 7.18). 

LOUI SVILLE TORNADO (Rig 
A ri l ,I 7 

t{jSElLERS9ERG J 

1-Standiford Airport 

Figure 7 . 18 Louisville tornado 
which made a right turn during 
its dissipating stage . A se
que~~e of pictures taken by Mr . 
Cundiff revealed that the tor
nado emerged from the parent 
cloud toward the south , appar
ently in response to a downburst 
from the north . 
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Figure 7 19 The left-side picture , looking toward )01
0

, shows a sharp 
bending of the tornado axis The tornado gradually moved O")t of the 
dark J,Jarent cloud toward the photographer looking toward 353

0
• COl :-:-

tesy of Mr. Cundiff . 

The motion of cloud elements presented in Figure 7. 20 in . c tes the height 
of the funnel bending to be only up to 200 m when the left picture of Figure 7. 18 was 
taken. This may mean that the downburst wind had began undercutting the tornado 
circulation. 

The funnel near the surface was continuously pushed out of the parent cloud 
by the downburst wind, while traveling eastward faster than the parent cloud. 

Figure 7.20 Displacements of small cloud elements between two successive 
pictures taken by Cundiff. It is not feasible to compute speeds , mainly 
because picture intervals are not recorded . It should be noted that the 
bending of the tornado axis took place inside the 200-m layer above the 
ground . 

LEFT-TURN TORNADOES of April 3, 1974 have been mapped and discussed 
by Fujita (1974), (1975) and Forbes (1977), (1978) in detail. The left-turn paths of 
tornadoes in a family are very unique and unmistakable when determined through an 
aerial survey. 
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L I FE CY C LEo f Left - urn TOR AOOES 

2 nd 1st Tornado .... ..... .... ..... 
.... ..... ..... ..... 

TI 

CLOUD 

Figure 7 21 Typical paths of successive left-turn (LT) tornadoes spawned by a single parent cloud . Note that there are chances of observing a rope-shaped funnel and a cane-shaped f unnel simulta
neously . 

The first tornado is characterized by a cone-shaped funnel when it appears . Then, the funnel is steered by the parent cloud for 10 to 20 minutes, until the tornado vortex at the grOlmd deviates to the left while reducing its translational speed. As 
a result, the vortex on the ground is left behind to the left of its original location relative to the parent cloud. Meanwhile, the funnel shape changes from a cone to a trunk, and finally into a rope (see Figure 7. 21). 

One of the earliest documentations of left-turn tornadoes was FUjita's (1960) Fargo tornado paper. The early stage of the tornado (F 4) was a mighty cone-shaped funnel. Later it turned into a 10-mile long rope funnel after making a Significant left turn. 

As in the case of the Scottsbluff tornado, the end of the rope funnel on the gro,md of the Fargo tornado was moving westward while the upper portion of the rope was traveling eastward, being attached co the parent cloud at a high level. 
Fujita (1960) assumed that the left-turns of the Fargo tornadoes of June 20, 1957 were caused by the circular motion of tornadoes around the center of their parent rotating cloud. Agee et al (1976) considered that the paths of successive left-turn tornadoes as being portions of a cycloid generated by a combination of both rotational and translational motions, 

Detailed analyses of leit-turn ths relative to hook echoes in recent years have failed to support above hypothesis. In practically all cases tornadoes simply moved away from the central region of the parent clouds while turning into long, rope-shaped fwmel clouds. . 
RARE SIMULTANEOUS PICTURES of a disintegrating rope and a newly-forming cone were taken by Messrs. Jay and Mark Carter. The cone funnel (right), at the fOlmative stage of the Mason tornado, Ohio, was located near the center of the parent cloud over the northeast suburb of Cincinnati, Ohio. The rope funnel of the Sayler Park tornado on the ground was about 7 miles to the west of the cone funnel 

and was swirling pr'!ctically under the blue sky (see Figure 7,22). 
During its dissipating stage, the ground positioi-; of the rope funnel of a 

left-turn tornado is located outside the parent cloud. If the initial cone funnel forms inside the hook echo of a parent cloud, 'l1e vortex on the ground of a left-turn tornado will have to move out of the parent hook, somehow. 
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Figure 7 . 22 Two pictures taken almost simultaneously from two diffe ent 
locations in Cincinnati , hio . The rope-shaped funnel (left) was phcto
graphed by Mr . Jay Carter and the cone-shaped funnel (right) by Mr. Mark 
Carter who happened to be his nephew . Pictures were taken at 1640 CST , 
April 3, 1974. 

TORNADOES WHICH GOT OUT OF THEIR PARE T HOOKS wer found by 
Fujita (1975) who introduced four cases of torna 0 vs hooko-echo relationship 
They are: 

1. Xenia tornado got out toward the no th est 
2. Sayler Park tornado, t ard th wes 
3. Brandenburg tornado, toward th west-southwest 
4. Louisville tornado, toward the .....Q.illh.. 

The Fargo tornado of JWle 20, 1957, Sco bluff to nado of June 14, 1977 and many 
others can be added to this list. 

The evidence of tornado formations b neath rotating thunderstorms and 0 

their dissipation leads to a suspicion that there mus be a d fini e mechanism by 
which these tornadoes are pushed out of their ar n clou . The ground friction, 
by itself, is not enough to explain the relativ mo ·on between tornadoes and their 
parent clouds . 

DOWNBURSTS BENEATH ROT TING THUNDER TORMS could indu e wind 
wnedby pa en 

The exis tence of d 
shown in Color Maps Nos . 2 , 3, 5, 7, and 8. It is al 0 eviden e ans la ·ona 

am les in Figures velocities of tornadoes a e influenced by these d wnbu s 
7. 17 through 7. 18). 

Presented in Figure 7.23 . . a pro 
of tornadoes spawnec I)y a rotating thund 
time sequence is as follows: C d mechanism of th e cyc a amily 

n lana . on 0 the cycle in 
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Figure 7. 23 A schematic sequence ShOl-Ting a possible process of 

inducing a new tornado after the eviction of the old one which 

weakens while turning into a rope-type funnel . 

At time B. Tornado, T 1, is located inside the hook echo accompanied 

by a downburst, D 1 , beneath the hook. I3y virtue of its origin inside 

the rotating thunderstorm, twisting downburst, D 1, acts as a 

vorticity feeder to tornado T 1. 

At time D. The tornado is pushed away further while the downburst 

center keeps rotating around the cloud center. Precipitation 

particles swirling around the tornado form an apparent hook 

around the tornado, thus distorting the hook, often beyond recog

nition. 

At time A. A new downburst from the main precipitation area moves 

into the rear-left quadrant of the rotating thunderstorm. The 

old tornado, T I, changes into a long rope, still attached to the 

parent cloud. A new tornado, T2, forms inside the renewed 

hook. 

The rope funnel of the old tornado, T 1, will soon disintegrate into pieces, while the 

new tornado, T2, turns into a large cone funnel. Meanwhile, the new downburst , 

D 2, moves into the rear quadrant of the parent cloud. The new life cycle of tornado 

T2 is repea ted by following diagrams, A, B, C, D, A, B, •.. . 

DOPPLER VELOCITIES of precipitation particles are very useful in under

standing the flow field of the parent thunderstorm in relation to tornadoes. Several 

cases of dual-Doppler velocity fields of tornado-bearing storms were presented by 

various researchers . 

Of interest are the two locations of downdrafts inside the June 6, 1974 storm 

which was studied by Brandes (1977a). These downdrafts wele located on the western 

edge and in the northeastern quadrant of the storm traveling toward the northeast. 
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Maximum winds are seen on the right side of the traveling stann, b hin the ri t-left line through the storm's center. The approximate r a of maximum win is stippled. The instantaneous center of rotation is where wind is calm mom ntarily. t the center the tornado, however, the wind should be blowing towar the 'r ction a the ranslation 1 velo.:ity. 

EXISTE CE OF ASY ETRIC CONVERGE CE around th tornado center is sus ct db cause we often observ cycloi I ground mar 1 ft behind es cially by large-core torna oes (see Figure 7. 25). 

of bris, 
~~~~~~~~~~~~~~~~~s)lo d 

The rotational characteristic of a suction vortex is seen in Figure 7.25. It is a close-up view of blown down grass in Horicon rsh, Wisconsin, in the direct ath of a June 5, 1977 tornado. 

Figure 7.25 Cycloidal ground 
marks left behind Qy the Magnet 
tornado , Nebraska , of May 6, 
1975. These marks usually con
sist of a deposition of debris 
collected Qy suction vortices . 

Figure 7.26 A close-up view of a suction-vortex mark left in a low-grass field Photographed Qy Stiegler after the Horicon Marsh tornado , Wisconsin, of June 5, 1977. 
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· Figure 7 .28 Trajectories of converging flows which swirl into a suction 
vortex . The horizontal scales of suction vortices are about one order 
of magnitude smaller than their parent tornado . The vortex center is 
located to the left of the trajectory convergence (right) . A cycloni
cally-rotating suction vortex often leaves behind trajectories with cy
clonic and anticyclonic curvatures (left) . -

AI; PAGE 13 
R QUAIaTl1 

MICROBURSTS omado s tructure 
a well as their course. A microbur t to the front 0 a 0 ado will induce suc . on 
vor . ces on the left side of the center. The posi . on of the suc . on vort rota e 
approximately 1 0 when a microburs is located the rear of a omado (see Figure 

7.29). 
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Microburst to the Front 

Figure 7.29 A microburst to the front of a moving tornado induces 
suction vortices in the rear left quadrant of the tornado (left) . 
The preferable quadrant of suction vortices rotates by about 1800 

when the microburst location moves from the front to the rear of a 
tornado . A dot inside the tornado denotes the center of rotation 
where air is calm theoretically . 

Micro bu rst the Lef t Microburst to the Rioht 

Fig e 7.30 Existence of suction vortices in rear quadrants when a 
microburst is located to the left of the tornado center (left) . A 
micro burst to the i ght supplies a significant inflow om the ont 
side of a tor~do . A suction vortex often r emains sta ionary , being 
affected Qy the opposing flows of tor nado and microburst . 
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Figure 7.3 Interaction between a waterspout and a downdraft located to 
the rear . This figure was constructed by combining Figure 4 in Golden 
(1974b) with the left diagram 0 Figure 7 .29 in this manual . 

Golden ' S analysis of the waterspout of September 10 , 1969 revealed that 
the spray vortex was moving away from the dark , shower region which is 
likely 0 be the source of an outflow . ind barbs in the figure are those 
estimated by Golden . 

An example 0 a complicated tornadO, affe t d by a downburs and a micro
burst simultaneously, is shown in Fi e 7.32. Two su lion vortices, ''B'' and "C", 
were probably induced by a downburs t flow rOIil the rear-left. A single-turn vortex, 
"A", enlarged in the left and center pictur of Figure 7. 33, was the re ul of a 
microburst to the right of the tornado path. 
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Figure 7.32 Rather complicated ground marks left by the Bloome , Wisconsin 

tornado of July 30 1977 A microburst to the right and a downburst from 

the rear left were affecting the tornado simultaneously . 

Figure 7.33 A stationary suction vortex in Area 1 induced b,y a microburst 

to the right (left picture) and its enlargement (center) . A fa in Ar ea 

2 smashed by the microburst winds drawn violently into the to nado (right) . 

Figure 7.34 A close-up view 
(Area 3) of suction- vortex 
swath "C" J probably induced 
b,y the downburst om th 
rear left . Swath liB I P e
ceded "C". 

DRIGINAL 1" ~ 
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PROJECT R 

1. OPERATIONS 

Project R is a two-year (1978-79) research project which will b 
d on the foIl "ng two scales: 

_orthern .Illinois _ eteorological Re earch On Downbu s 

National lntensive _ eteorological Research On Downbu s 

de in ayand 
go, nlino s . Th~ 

• 3 Doppler radars, a O'Hare Airpo t, Yorkville, and nea 
onee 

• 1 Non-Doppler radar nea Jolie 
• 27 P (Portable utoma ed esonet) tions 
• Rawinsonde Station at Yorkville for serial a cents 

200 Recording Raingages 
• 2 Wide-angle Cameras 
• 2 Whole-sky Cameras 
• 2 L r Jets, one instrumented and the other for cloud-top 

pho ograIilY 
• to Kites to measure boundary-layer winds up to 

300m AGL 
• 1 Helicop rand Cessnas for damage surveys 

In support of the network op ration radar and a ellite data are collected 
frequen ly. 

• Radar p ctures a O-sec interv Is 
arseilles, Ill., Des Moin.es, la. , St. Louis, o. , 

and eenah, Wis . National Weather Service Radar 
Sta "ons 

• GOES/ S pictures will be taken for eve 3 minu es by using 
the eastern s a tellite 

and 
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tional Weather Services offices will be calling one of the following telephone 

to inform th Project of the occurrence of stron and extensive downburst 

(312) 753-8112 
753-8113 
753-811 
753-8136 

(312) 28 -30 5 

R D Office, 0 en between 

8 a. m . and 5 p. m. weekd ys 

FUjita's resid nce, weeken and 

holidays 

In res one mes ages, the University 0 Chi go me eorologists 

ho a or downburst i entification will be flying over th a e are s as 

. ormed by th 0 ·ces . nature of the wind sy tern will be confirmed through 

an rial map in and possible ground survey. 

urv y r ults will be forward d to the NWS offices and NWS Hea quarters 

u n r ue t. anwhi e, surv _y r orts by NWS offices are to b transmitt to th 

Univ rsity 0 Chicago. 

2. OBJECTIVES 

eteorological ta to b collected by Project NI ROD can be used both in 

und standing an predicting thund rstorms accom nied by damaging win . H ver, 

th U2e of data is not limit d to these wind-inducing thund rstorms . The d ta Iso can 

b us d toward the solution of mesoscale atmos here involving precipitation. Brief 

lana ·ons 0 ific objectives are: 

N . 1. DIFFERE CES BETWEEN DOWNBURST AND RAIN 

STORMS. Storm -induced winds beneath conve tive clouds 

cannot be describ d as a simple function of th rainfall rate. 

We often ex rience heavy rain without notic able air motion. 

Investigation of th Big Thompson Flash Flood by addox 

C acena, HOxit, and Chappell revealed that the cores of 

adar ref! ctivity in the rain storm were 10 ated at r lativ ly 

lowaltitud . Th m chanisms 0 thes rain s orms are to b 

stu ·ed further. 

O. 2. EFFECTS .F OVERSHOOTING AND COLLAP ING CLOUD 

TOPS. Rapid-sc s atellite pictu s show fast chang s in clou - op 

f atu es . Th maximum sinking rat of a Tex thund r torm as 

confirm d by Fuji was mls c a 8,000 ft. The cloud-top 

t m atu of the no th rn Wis onsin downburst gra ually in r s 

dur ng th s orm. Sinking mo ·ons at the cloud-top I v 1 mus infiu-

n e the do rd mo ·ons below. Tim - nd n motion fi I 

within the entire d pth 0 thund storms, boundary lay r to ov -

shootin to will be inv stl t d. 
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NO.3. lviECHANISM OF TORNADO FORMATION. 
Do tornadoes d scend from cloud to ground, .2!: do they form first 
near the ground and extend upward into cloud? Evidence shows 
th t some tornadoes form on the left side of downburst inside the 
boundary layer. Golden's waterspout studies indicated that d rk 
spots, the first indicators of waterspouts, can be seen from the 
ir only, not from the ground. It is necessary to investigate the 

boun ry-Iayer flows in relation to Doppler-measured wind fields 
at the lowest height above the ground. 

o . ESTIMATES OF SURFACE RAINFALL BASED ON IR AND 
RADAR SIG A TURES. Satellite-measured infrared tern eratures 
and ra reflectivities have been used successfully in estim ting 
r nf 11 rates of convective clouds in low latitudes . Situations seem 
to b more complicated in middle latitudes. It is, thus, necessary 
to combine r r echoes with satellite imagery along with velocity 
vectors of hydrometeors measured by Doppler ra rs. 

O. 5. INVESTIGATION OF AIRPORT WEA 1HER. 
Landing and takeoff operations at O'Hare International Airport are 
oft n affected by thunderstorms. Three-dimensional airflows in 
and around O'Hare will be determined in an attempt to evaluate the 
representativeness of anemometers. 

3. SUPPORT 

Both opera tion and research phases of Project NIMROD are to be sup orted by our agencies of the U. S. Government. 

National Aeronautics and Space Administration 
ational Oceanic and Atmospheric Administration 

National Science Foundation 

uclear Regulatory Commission 
The National Center for Atmospheric Research at Boulder , Colorado will be playing a major rol in 0 erating the NIMROD network in May and June, 1978. 
The National Environmental tellite S rvice and the National Weather Service will be participating in data collections involving both the Northern Illinois and National scales. 

A final report to be entitled 'Downburst Thunderstorms" will be issu d at the conclusion of Projec ROD, 1978-79. Fu ther information rr ay b obtained from: 

£ice 0 T. Theodore Fujita 
De rtment of the Geophysical Sciences 
The University 0 Chicago 
Chicago, Illinois 60637 
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