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side of the track, however, these conditions were reversed, 
the twisting action seeming to have bcen from left. to right, 
and all fallen trunks were lying pronoundly diagonally 
inward toward the r.ent,er. The wreckage in t,he woods 
lots visited was almost inipassahle. 

A half mile from this first woods lot. the st.orni cut, 
through another, where the same cft'ects were obacrrecl. 
I t  was in this second woods, however, that in scveral 
instances small, tough branches were 0bserve.d twist.ecl 
around the upst.ancling stumps from left t.0 right: t,lint is, 
from west around through north to e&. These hmnc1ic.s 
were in some instmces 2 or more iiicbes thick, furnisliing 
unmistakable evidence of tlie tornadic action. 

Beyond this point t,he path of the st.orm for sonie clis- 
tance was across open fielcls, t,hough one orchard was 
observed to be nearly ruined. Fart,her on, it was re- 
ported, several more barns were deniolished. The last. 
report of the storm was about, midway hetween Morrice 
and Bancroft, Mich. 

At no point obsen-ed did t,he width of the p t , h  of 
destruction esceed approsimate!y 100 yards, oft.en being 
as narrow as 75 yards. The time of occurrence could 
not be determined wit.hin about 15 minutes, all who 
observed the storm stating that it came "between 5 3 0  
and 6 "  in the afternoon, the suni of opinions bring about, 
5:40 to 5:45 p. m. 

Fortunat.ely, no lives were lost,, nor wm any one seri- 
ously hurt, and very little lire stock, tdie observer hearing 

of one cow, two sheep, and one hog definitely lost, and a 
report not yet confirmed that several more sheep were lost 
on one farm. 

No traces of the storm beyond 4 miles northeast of 
biorrice could be obt.ained, nnd t.he storm probably did 
not strike the ground a nin.--B. B. M'hittiw, Lw~ash7.g. 

Onkland Cbiint!y.-T f iere is little definite information 
reported concerning the Oakland County tornado. The 
cities of Fenton and Flint reported serious dama e from 
wind storms. 4) is 
that reporter1 by the observer a t  Tmising. Four %- eaths 
were reported a t  Fenton. 

IN CENTRAL ILLINOIS. 

The path as marked on the map ( 

Logan C'crunt!y.-A t.ornado occurred in Logan County 
betwren 5 and 5 3 0  p. m. It had its origin near the 
Sangamoii County line, west of C'ornland, moved north 
by 3!)' east to a point near Broadwell, thence clue north, 
passing just west of Lillcolll, and dissipating a few miles 
north of that city. Its path was about 20 
miles long. It seemed to rise when i t  reached the wes t  
boundary of Lincoln and a t  other pla.ces in its path, 
lewviiw some >laces unharmed. Several farm residences 
were craniaget, 1 and there was coiisidrable loss or daniage 
to trees, electric wires and oles, and to barns and other 
farm buildings. Several lead ot cattle were killed. 
' h e  property loss is estimitted at  $15,000. Four ersons 
were reported j njureil.-- (!larencr J .  Iioot, Sprim&lil, 111. 

(See fig. 4.) 

DISCUSSION OF TORNADO CONDITIONS. 

The weather condit,ions n.hic1i rorluccd 11 t,ornndocs 
in the States bordering on Lake !Iichigaii, and ut- leust 
two in Alabama and Georgia, are well worthy of study. 

FIO. I.-Tornadoes in the vicinity of Lske Michigm, bksch 'B, 19'20, and thq hourly 
advance of the squall line. (A third tornado was reported In Indiana but its lm- 
tion not m0IItkmed.J 

With respect to lower Michigan in which three of the 
tornadoes appeared, blr. B. B. Whittier, of t,he V. S. 
Weather Bureau a t  Lansing, macle an interesting study 
of the time of passage the squall line and lines of first 
thunder and beginning of rainfall, in connection with 

tlie occurreiice of tornadoes. In order to investi ate 
the entire region in which tllr northern group of torna f oes 
occurred, his plan has bcen estended to cover the territ.ory 
Iwtween Iowa and Ohio. Figure 4 shows the area in 
\vliich t,lm tornadoes occurred \vi th their various pat .1~  
and with hourly positions of t-he squall line as i t  progressed 
from west to east. These data ha\ e been obtained from 
the originnl instrunien tal records of the stations con- 
cerned. At many stations, es ec idy  those in the! 
southern .part. of the region, t) E e time of squdl-line 
passage is rlificult to det,ermine Iron1 the records. 

Appearing a t  8 a. m. in east.ern Iowa, a line of wind 
convergence admiiced on a slightly curved front .in a 
general east-nort.lieast,erl?. direction, reachin the vicinity 
of Cliicago at about 13330 o'clock. A s  t R e squall on 
this line crossed the T,ake, t,he lesser friction of the water 
surface embled the line to advance with increased s eed 
thus c.reat.ing a forward bulge in this part of the fine. 
(See fig. 4.) In Indiana, this wind front was not so 
well markcrl. The last appearance of the s uall within 

Mch. Figure 5 shows the wind irections and speeds 
ato various st.ations as the squall progressed across the 
re ion. 

%he line of first thunder as shown by Mr. Whittier 
occupied five hours in crossing Michigan, appearing on 
the e.ast shore of Lake Michigan at  3 p. m. and leaving 
tlie St.ate at  about, 8 p. m. First rain followed thunder 
half hour lat,er across the St,ate, but the rains were not 
so general. 

A clearer idea of the weather on the day in question 
in the t.ornado region can he obtained from a study of 
the actual w-ea.ther at  a few zlaces. Springfield, Ill., 
and Grand Rapids, Mich., a ord good examples: At  

eld the day began with an overcast sky, with 

which fell for about two minutes about 4 a. m. But 

the region of the map was at 930 . m. at  8 ort Huron, 

s"ri'lT rniii curing the early morning hours, and a little htril 
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there was a rapid clearing so thatt by 7 a. m. the sky wns 
clear. The wind wtw from the south-soiitheastS at  
S a. m., became south by S:3@ and continued so until 
about 10, when there was an ahrupt. change to south- 
west. While the veloc.itry in the early nioniiiig hours 
was higher thnn usiid, t,here uas a clecided increase from 
25 to 37 miles er hour in the wind about a hnlf hour 
before the win8 shift. Immedia t ely af t.er the wind 
shift., the s eed of the wind reached 40 miles per hour. 
 his wint~ i d  not drop ~~elo\\-  30 miles per hour ctll tiay, 
and reached a masiniuni for the day of 41 miles per 

FIG. 5.-W&d velocity and direction at vsrious stations, March 28,1920. 

hour a t  6:30 p. m. About 5 p. m., the wind, which had 
been steady southwest, since morning, bevan a slow 
change toward west. The nearest, tornazo occurred 
a t  Lncoln, Ill., about 30 miles northeast of Springfield, 
at  5:30 p. m. An interest,iiig and st,riking feature of the 
squall-line passa e was the presenc? .in its rear of a 
region of estreme 4 v low relative humidity. The reading 
taken a t  noon a t  Springfield was 16 per cent,, the lowest 
ever recorded at that station. The morning and evening 
observat,ions gave relative huniidities of 76 and 48 ,er 
cent, respectively. As pointed out by Mr. P. C. day 

in the March REVIEW (48: 173), there WRS a belt of 
ex treniely low humidity est.eiidiiig from enstern Missouri 
northward over central Illinois, which wa9 probably 
caused by the descent, of rain-dried air, foehn-like, from 
nigh altitudes immedintely in t.he renr of the line of 
wind conver&enca which gave rise t.o the tornadoes. 

At Grand Rapids, on the contmry, the wind speed 
during t,he clay was not very high, being for the greater 
part below 30 miles per hour between 12 nnd 2 p. m. Until 
about 4 p. m., t.he wind was sout~h-sout.heast, but at 
t,hat t.ime it became variable beteween sout,liwest, south- 
southwest., and sout,h, and about 6.15 more steady south- 
west,. Between 4 and 4.30 p. m., t,here was a shower, 
in which 0.37 inch of ra.in fell. The morning observation 
showed a t,otal sky cover of rirro-stratus nioving from 

.81OXII P 4 6 8 

8 JON1 2 4 i? 10 

8 1 O X n P 4  6 . 8  

SPR/NGF/€LD, /LL. 
FIG. B.-Tnces of rerordiug Instruments at SprlngfIeld, Ill., and Orand Replds,MILch., 

hfarch m. 1920. 

the west,. By noon, there had appeared a layer of strato- 
cumulus which corerecl eight-t,ent,lis of t.lic sky. These 
clouds moved from the sout.henst. At the time of evening 
obserrat.ion, after the t,ornacloes had occurred in t.hat 
region, the sky was perfec tdy clear, n condit.ion suggestive 
of descending air similar to that noted in Illinois. The 
huniidity did not show a marked change such as was 
noted at  Sprin$eld, although one can not make this 
statement without reservation since the Grand Rapids 
statmion does not maintain a hygrograph which would 
afford n cont,innous record. At 7 a. m., noon, and 7 p. m., 
obserrat,ions of relnt.ix-e humidity gave 56, 58, and 61 
per cent, reapect,i?ely. The temperature rose steadily 
all morning, reaching a masimum of 69' at 1.30. About 
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the time of the shower, however, (and this may be s:zid t.o 
mark t,he passage of t.lie squad1 line,) t,here was a very 
sudden drop from 65" to 56" a.nd a somewhrtt slower rise 
to 63O by 5.15, followed by nn irregular drop to 56" at 
S p. m. 

Figure 6, giviw t,hc copies of the original records from 
Springfield and Grand Rapids, shows the progress of 
meteorologid phenomena during the clay. It appears 
from the esainination of many records, even from those 
much closer to the paths of t.he tornadoes t.lian these, 

that there is very litjtle disturbance to the diurnal march 
of the elements upon the passage of these very violent 
dist.urbances up to within a very  short distance from the 
whirl. This simply emphasizes the es tremely local 
vharacter of the t,ornado, and is borne out by the seem- 
ingly cy)ricious conduct of the whirling cloud as it passes 
along. As is seen from the figure there was little or no 
haromet.ric clisturbance at the t,ime. of tornado lassage, 

the station .- c'. LeRwy iUei&n ger. 
alt,hough severe t,ornadoes passed only a few mi I es from 

A KITE FLIGHT IN THE CENTER O F  A DEEP AREA OF LOW PRESSURE. 

By VINCENT E. JASL, Meteorologist. 

[weather Bureau Aerologiral Station, Drerel, Nehr., Yay 34.1920.1 

Kite flig1it.s are not, ordinarily ossihle near the cent.eiu 
of intense LOWS on account of t kites being unable t,o 
withstand the attendant, stormy weather or winds of 
gale to hurricane force. On Ma.rch 25, 1980. Drrxt.1 
was evidently in or near the ~ e i y  center of R well-defined 
LOW of the circular or oval type. Light. winds in this 
region of the LOW made a flight, ossible, but also limited 

st-anding the low height attained bg the kites on that. 
day, t,he rather unusual circunlst,ance of t.he flight. 
invites a discussion of t.he free-air conclitions t,liat' pre- 
vailed, especially in view of t.he fact that tornadoes 
occurred on the sanie clay over middle eastern xiid 
sout.hern States. The deductions arrived at, suggesting 
an espltmat.ion of tornado conclitions, are principally 
from the resu1t.s of this flight and a comparison of t,hem 
with the condit,ions shown by t,he flights of the previous 
and following clays. Related condit,ions on other clatea 
or at  other stat.ions are also discussed or referred t.o. 

The weat,her map for 7 a. ni.! 90th meridian time, on 
March 25, 1920, shows a deep Rrea of low pressure ol-er 
the Missouri Valley, the innermost. isobar, 39 inches 
(sea&vel), encirclinv Omahs, Nehr., 8s an approsimnte 
center. Dresel, Ne&., being only 1 S niilcs west,-nort.li- 
west of Omaha, ca.n be given equal prominence as t.hc 
center of the low-pressure trough. In point of fact, the 

ressure at t,his hour of observat.ion, reduced to sen le1-cl 
Ey the usual nietlioc1 of com mtation, was 3 s . ~ ~ ~  inches at. 
Drexel, or 0.04 inch lower t. 1 ian at Omaha. 

A kite flight, be un almost simultaneously with tlic 
general 7 a. in. su 3 ace obsemat'ions represented on t.he 
weather map of this dat.e, was finished two'hours later. 
The surface pressure reached its lowest level about tbe 
time the fli ht  was be un, and remained practically 
stationary ti fi about. an H lour after the flight was mded. 
The upper-air ohservat,ions recorded during the flight. 
can therefore be properly referred to the posit.ion of Dresel 
in the LOW indicated on the 7 a. m. weather map. 

Light haze prevailed during tlie flight and until 11 
a. m., or throughout the time t.he ressure remained low 
and stat.ionary. Followin' the a f rupt rise in pressurc 
that began at  11 a. m., t. f ie haze gave plare to stmt,o- 
cumulus clouds that quickly overcast. t.he sky, mid 
brought a fall of light rain, turning to snow. The surface 
wind, that had been light southerly during the flight,,becaiiie 
a northwest gde short.ly after t,he rise in pressure set in. 

The significant facts that it is int,ended to bring out 
are the veering diminishing winds aloft during t,he pro- 
gress of the flight., Qie apparent progressive veering of 
the winds from the highest altitude down to t,he ground, 
and the pro ressive fall in temperature at. cert.ain alti- 
tudes from t fe  37t.h to the end of the flight on the 2Stli. 

the flight to a comparat.ivel7 P ow altitude. Not.with- 

The generally light, diminishing winds encountered dur- 
ing the liiglit are undoubt4edly a feature of the central 
ares of a I.OW, and can proba.bly he esplained as due to 
t,hc gra.dual readjustment! of t,he air niassos to an almost 
o posite direction of niouepient. Some interesting con- 

circumst.nnre of the progressive veering of the wlnd 
clownward t.owarc1 the ground and the fall in temperature 
t,liat. at.tcndec1 and prececled the r-eering in direct-ion. If 
the infercnre t,hat, the fall in tempera.ture attending and 
prt?r.!edini t,he veering in direction is carried farther, and 
an earlier fall in t:empernt4ure in the higher altitudes 
assunled. some of tlie observed characteristics of the 
front of m w s  might he more easily esplained. 

A ciucst,ion t,liat su gests itself from the records of 

in t.he st,rong soutlierly winds noted at and near the ound 

altitudes: and if so, was a similar but .more pronounced 
c.untlit.ion a clay later over ser.t.iom farther to the east 
responsible for the tornadoes that were report.ed from 
middle eastern and southern States ? 

The first. part of this question can be answered in the 
affirmative if tlie evidence is sufficient that the fall in 
temperature (with presumably no change in surface- 
wind direction, but with a change of 2 or 3 points at  
1,500 meters) noted in the lower strata on the 2Sth 
began in the higher strata on the Xth. While i t  will be 
noted from Table 1 that much lower temperatures were 
recorded at, all altitudes on the 3St.h as compared with 
c.orresponding alt,itudes on t,he 37th, there seems no reason 
t.o doubt,, from the circumsta.nce of pressure distnbu- 
t.ion, that. t,he mind at these altitudes was blowing con- 
tinuously from a sout,herly or southwesterly direction 
from the morning of tlie 27th to the morning of the 25th. 

t.o the strength of the winds aloft on the Wth, 

enough nor cover a period of t,ime long enough to show 
any marked chanees in temperatures in the higher strata. 
A more conipIeteRit,e flight was made on t,he same da 

a.nd incarease in t,he lapse rate in the higher levels. HOW- 
ever, more definit,e evidence of a sjmultmeous fall in 
t.eniperat.ure aloft m d  rising or sustained high tempera- 
ture near t.Be ground in the front quadrants of a I.OW 
may be deduced from the records of some diumal senes 
of flights. Reference is made to the records of the 
diurnal series of October 16-17 and November 8-9, 
1917 ( l ) ,  both of which are good illustrations of pro- 
gressive t.em ieratures aloft receding thunderstorm 

c / usiony, however, may he inferred from the appa.r!nt 

t.he 3'7th and %th is: a as the rapidly rising temperature 

on t,he ZTtli, coincident with falling temperature at  Eifi gher 

t.he OeillK fligit on that day did not reach an altitude high 

Royal Cent.cr. Incl., a record of which is iven in Tab T e at 2. 
This record shows a sniall but, distincts fa fi in temperature 

conditions. 'bile these recor t; s apply to the autumn 


