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HOT SPELL OF AUGUST, 1018. 

B~ALFRED J. HENRY, Meteorologist. 
[Dated Washington, Bept. 14,1918.1 

The high temperatures of the first decade of August, 
1918, came seemingly as a climax to a year of remarkable 
weather. 

Beginning in October, 1917, a series of cold waves of 
unusual severity for the season swept far south over the 
Plains States, causing frost and freezing temperature in 
that month nearly to the Gulf coast. The winter of 
1917-18 was marked by severe cold,' heavy snow, and 
ice.a Final1 in August, 1918, the tern erature rose to 

observations . 
The writer of this paper made the officid forecasts for 

the Washington district for August. While tho hot 
spell was in progress it was a matter of continual sur- 
prise to him that, considering the pressure distribution, 
such abnormally high temperatures should persist day 
after day in some portions of tlie country. Records of 
maximum tcniperature that lind stood for nearly lielf a 
century were not only broken, but the new record it,self 
was in smie cases escceded on the follo.wing day. A 
retrospective view of t.lie condi t.ions preceding and during 
the predence of tlie high teniperntures is helpful to a 
better understailding of the phenomenon tlian could be 
gained by the necessarily brief emmination of the daily 
weather maps that wss possible at  the time; lierice tlic 
preparation of this paper. 

The lise of summer time bg the Weather Bureau hws 
its disadvantages. The mornmg observation, coniing an 
hour earlier than hitherto, gives currents temperatures t,hat 
are nearer the daily minimum in the grent,er portion of tlie 
country t,han formerly. Similarly, moving the evening 
observation forward an hour brings it that niuch nearer 
the hour of maximum t.emperature, so that in the Plains 
States there are but a few degrees separating t,he t,em- 
perature at 7 p. in. 75th Meridian Time (5 . .  in. to 6 

the temperatures charted on the daily ma s have bcon 

the same pressure conditions, and it has been niore or less 
difficult, at  times, to distinguish hetween abnoiiiial heat- 
ing clue to cyclonic influences, and t41io apparent increase 
in temperature due to reading thermometers at  an earlier 
hour in the afternoon. 

Coii.tributiiig enuscs.--In my jud ment the high tem- 

conjunction, vix: (1) The pressure distribution; (2:) msu- 
robably not esceptional in any res ect, but un- 

lation, checke K by clouds for several consecutive iays; (3) t,he 
topography of the Plains States, which is favorable to a 
transfer of heated air from lower to higher latitudes in 
the re ion where 'the hot spell developed; and (4) pos- 
sibly c f  ynamic heating. (over Montana) where there was a 
descent of warm dry air from high to low levels. Just to 
what degree No. 4 contributed to the rise in temperature 
over Montana on the 1st and 2cl is a matter of speculation, 
but it seems quite clear that d namic heating was at least 

to be the controllmg and, indeed, the principal factor 
in the causation of the phenomena. 

The cumulative effect of above-normal t.emperature over 
the Plains States, especially south of Kansas, for at  least 
two months previous to August 1, must have contributed 
to the warming of the air layers next to the surface. 

heights not Ltherto attained in almost ip ialf a centm-y of 

p. 111. Sun time) froni the daily masiniiini. x s a result 

somewhat higher than have hitherto heen c 7l arted under 

peratures were the result of severa F influences acting in 

a factor. The pressure distri g ution, however, is believed 

1 See Brooks C h .  F Geographical Review. 5: 405-414. 
I See thls R~vIEw, &brunry, 1916. 
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Kite flights at Drexel, Nebr., directly in the heated area, 
show that the air up to at leaat one kilometer above the 
surface was at a relatively high temperature aa late rn the 
7th, when the crest of the hot weather was ova the 
Atlantic Coast States. 

Some idea of the probable magnitude of the ch 
involved by the transfer of sir from on? region to m o t  
by the circulation induced by cyclonic spte~ms may be 
had from the excerpt (Table 1) from the Klte Flight, made 
at Drexel, Nebr., August 5,  1918. 
TABLE l.-TmipcratuSa and wind in the ait .?aye8 tuzt to the nv/aas at 

Drexel, Neb . ,  10 p .  m., Aug. 5, 1918. 

[Courtesy Aerological Divl?.Ia.l 

-i!z 

m. 
0 

104 
354 
388 
604 
654 

0 C. 
38.0 
32.8 
31.8 
31.6 
29.7 
27.6 

31.0 C. 22.4 meters 

81.8 F. w.1 milea per 
second. 

hour. 
I I I .. - . . .. . . .. . . - . ... ... . 

A n  inspction of this table shows that the layers of 
thc atmosphere up to E54 meters (2,802 feet) above ths 
surface wore abnormnlly warm, and that the air was 
~iiwiiig from the SSW. at a speed of more tban 60 miles 
wi hour in tl;c stratum between 400 and 850 meters 
nl,ove. the surface. How are these data to be analyzed? 
Wa:- tkere an ac.tun1 physical transfer of air from one 
Imiiit to another at  the speed indicated 8 If so, the result 
i!l.ust 110 nn escess of air in one region and a deficiency 
in anc)tlier, a condition thFt obviously could not exist 
withcut inaking itself visible in the surface pressure 
clistril nibion. 

'l'h prossure distribution on August 1 at the evening 
(h rwa t ion  \vas clinracte~isdc of ahe hot-weather typ? 
for t,ii(> P1n.ins Stntos and the Mississippi and Missouri 
\':dIcys-~--vix, 11 twugli of low pressure extending. from 

' i s h  i1xutI i  of the St. Lawrence, west-southwest via the 
I l p p ~  Lakes, tho Missouri Valle , the Cential Plains 

suiiiiiicr low in tlic lower Colorado basin. his trough 
p f  I(lW ~rc.ssure was flanked on its southern side by an 
, i .rc~~ ( 1  relaaivcly high pressule, which covered. the 
St:utl!c~ist~iii States and the adjacent portion of tho 
Nclrt.h Atlantic Ocean. At no time on the evening maps 
iluring t,ho hot spell did the pressure in the southeastern 
T-Iigl: roach the level of 30.10 inches, although it was 
a1n.n. s relatively higher than in the northwestern trou h. 

hut the essential features were practically unchanged. 
Tile nietliod by which it retained its geographic mition 

the Pncific. near the coast of -4laska being low, there was 
no tendency for areas of high pressure to develop in the 
rear of LOWS. That is to say, there was no reaction to 
high prossure in the rear of a LOW such as takes place 
in norma.1 weather conditions. Consequently, along the 
nort,hern st,orm path in the United States there was a 

rocession OI shallow disturbances, moving slowly and, 
E-equentlg, in a halting manner, instead of the usual 
se uence LOW-IZIQH-LOW-HIQII, etc. 

h e  southeastern H I ~ H  was a contributing cause, but 
can scarcely be considered as other than one link in the 

St.ntcs, tn id  t1.c southern Rocky d ountain re ion, to the 

Thc i atter changed from day to day in its minor .detal 5 s  , 

throughout the 10-day aiod waa somewhat as P ollows: 
Pressure over the Can a J  ian Northwest and, indeed, over 
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chain of events which produced the hot weather in the 
great interior valleys and the Plains States. 

The pressure distribution on the evenin of August 1 
(evening maps are considered in all cases f is shown on 
fi e ' l  (Chart No. XLVI-72), which is a reduced copy 
o K h e  weather ma for that date. Only the weather 

duced, since the intermediate maps are but shght varia- 
tions on the eneral type illustrated by the maps of these 
two dates. tonsidering now the map of the lst, it will be 
noticed that in addition to the general trough of low pres- 
sure, there is a cyclonic de ression with central pressure 
29.65 inches just north of Gontana, and that this de res- 
sion is separated from the trough of low pressure i v  a 
shallow HIGH with central pressure of barely 30 inches 
over Manitoba. In  passing, I may say that the only 
interruption to the rocession of LOWS across the Lake 
region was on the 28, when this shallow HIGH had moved 
to the Upper Lake region with an increase of a tenth of 
an inch in pressure. It caused onshore winds over 
Wisconsin from both Superior and Michigan, and a 
temporary cooling of 10 to  15 degrees. 

Returnmg now to a consideration of the LOW north of 
Montana, it may be remarked that this LOW and its subse- 
quent movement was the immediate circumstance lending 
to the abnormally high temperatures over. the Missouri 
Valley and districts farther eastward. It is )robable that 

and that the depression noted over Manitoba on the eve- 
ning of the 3d was a secondary which formed in its soutli- 
west quadrant. In any event, the arrival of this secondary 
LOW north of Lake Su erior on tlie 4th,and its subsequent 

tem eratures in the Lake region on the 4th, 5th, and 6t 1. 
I gave pre ared temperature charts, of which two are re- 

produced as&ures 3and 4 (C?hartsXLVI-7$andXLVI-75), 
showing the rue and progress of the hot spell. The heavy 
lines on these charts are lines of zero change in the tem- 
perature ; the inclosed areas are regions where the tempern- 
ture a t  the observationmadedailv a t  7 p. m., 75th Meridian 
Time, was 10 degrees or more ahove the normal. Fiwiire 
3 (Chart XLVI-74) shows the inception of the hot spob on 
August 1, with two separate areas of temperature more 
than 10 degrees above the normal. On the 2d there were 
still two separate areas, but these had merged into a sin- 
gle area on the 3d, with the peak of the high tempera- 
ture over eastern Kansas and western Missouri, where 
thc oaitive departure was 80 to 25 degreas. 

Tfe movcnient of a shallow HIGH across the upper 
lakes on the 2d, as already mentioned, seemed to icbon- 
sify the heat over Kansas, southeastern Nebraska, west- 
ern Missouri, Arkansas, Oldahoma, and sstreme northern 
Texas. Just how this was accomplished i3 largely a 
matter of speculation. The apparent effect of this HIGII 
on tho surface pressui- distribution was to make a dent 
in the barometric trough where it crossed the Lake re- 
gion. In other words, on the 
trough had become 
the two horns of 
over the mouth of the St. Lawrence, and the western 
horn over Missouri and eastern Kansas. The suifacv? 
wind over the Plains States and the intseiior valleys was 
not controlled by this HIGH. Consequently, southnrly 
winds continued and there was no moderation in tho 

Lake region HIGII. 
2d and 3d, when 

Lake region, 

maps of the 1st an a 8th (8th see fig. 2) have been repro- 

the center of this LOW moved rapidly to t i e  '1 northeast, 

PI drift eastward, was t i e  f direct visible cause of tlie hi h 

temperature due to the 
It is clearly apparent 
the HIGH of August, 3 
there was prac.tica1l-y 

, heating; but on the 4th, when the EUGII had passed east- 
ward and off to sea over New England, and the secondary 

LOW, before mentioned, had moved into the Lake Su erior 
re ion, the trough formation shown in figure 1 ( k a r t  
XLVI-73) was restored and there was a decided east- 
ward spread of the high temperatures, the eastern limit 
at the evening observation of the 4th extending from Erie, 
Pa., southward into the extreme western part of Virginia. 

The hi-h temperature spread eastward more rapidly 
than the row pressure, a fact which immediately su gests 
the in uiry, which is cause and which effect? 8r are 
both e B ects of a common cause? 

By the evening of the 5th the eastward limit of the 
warm weather was found over western New England, 
with two centers of departure from the normal of 20 de- 
grees or more, one in western Pennsylvania and south- 
eastern Ohio, the other extending from southwestern lower 
Michigan to northeastern Kansas. A notable feature of 
the hot weather in the Lakemgion was the fact that places 
on the lee shore of the Lake suffered almost as much from 
the heat as laces on the windward side. Thus, Chicago 

degrees above the norma on the afternoon of the 5th, 
while Grand Haven on the opposite or leeward side of the 
Lake esperienceil a temperature of 20 degrees above thenor- 
mal, or only 6 degrees less than on the windward side of 
the Lake. 

The peak of the hot spell was reached in Kansas on 
the 311; ill Indiana, Oho, Kentucky, Tennessee, and 
northern Alabama on the 5th; in the middle Atlantic 
coast St,ates on the 6t,h and 7th; and in the Carolinas on 
the Gth. The hot spell did not estend into Georgia and 
Florida or into Maine. 

The- reatesb escess of tem erature was 26 de ees 

vation of the 5th. The teinperature at  the observation 
was 100'. The temperature was between 20 and 25 de- 
rem aljove the norniul in eastern Kansas and western 

bissouri on the :hl and 4th. Oil the 5th the re ion of 
greateat, cleparture est,e!ided froin northeastern k ansa 
to southern Michigan, and a second area covered the 
upper Ohio Valley. On this date tlie temperrtturo was 
10 degrees or inore abovo iiorinal over an area of more 
.than a inillion square miles. On the 6th the high tem- 
peratures hail overspread the Middle Atlantic States, the 
reatesb positive departures bein6 in Pennsylvania. The 

fo t  weather continued in the hast over the 7th and 
8th, but did not spread into eastern New England. 

The hot s ell was brokon by thundershowers that were 
irregularly fistrihuted, but were nevertheless effective in 
reducing the estremely high temperatures, especially in 
the reat eastern cities. A curious anonialy is to be 

in tlie sequence of thunderstorms in tshe di erent parts 
of the heated territory. On the afternoon of the 4th 
thunderstorms were fair1 general in the upper Lake 

Middle Atlantic States. Thunderstorm activity was not 
renewed tlic nest day in the eastern districts, although 
the LOW, which hat1 become V-shaped with the apex of 
the V extendin- southwestwnrd over New England and 
the Middle Atfkitk States, was favorable to thunder- 

P on the win (P ward side ex erienced a temperature of 26 

ahove t a e noriiial at Chicago, h, a t  the evening o T ser- 

d notet 4 however, viz, an interruption of near1 two days 

region and alon Lake d- ne, and a few isolated storms 
occurred in the P; !mt Gulf and the northern portion of the 

t,he Middle Atlantic 
States, a arently beginning over the Appalachians of 
Virginia, v e s t  Virginia, and North Carolina, and spread- 
ing thence enst-northeast. On the Jollowing day there 
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Keasascity Mo .............................................. 
SprhgEeld h ................................................ 

New York k Y .............................................. 
Hsnford, bdn ............................................... 

Columbns 'Ohio.. ............................................ 
ph.i"s"l!. Pa.. ............................................ 
Washi on D.C ............................................. 

were thunderstorms over a much wider area, principally 
in the lower Lake region, and although high temperatures 
still prevailed local1 , the stren th of the hot spell was 

B y. Hi# 
broken, and a gener3 lowering o temperatures, beginnin 
in New England, set in and continued for some da 
temperatures .continued in western districta unti the 14t . 

I n  Washington, D. C., while the atmosphere was ex- 
tremely hot on the afternoons of the 6th and 7th, the air 
was dry, and but few serious cases of heat prostration 
occurred. 

The conspicuous features of the hot spell were: (1) 
Its short duration both in the extreme Northwest and 
in the East; (2) the general dryness of the air. and, finally, 
the m m e r  in whch it broke up-viz, through local 
thunderstorms durin the night of the 7th-8th. 

Eastern States hardly exceeded two days, 
locdyin theEast there were some high maxima on the 8t 

The dryness of the air was a charac.teristic feature of 
the hot weather. In  the small table below will be found 
the mean of the maximum temperatures for the three 
clays on which the highest maxima were registered, and 
the three-day mean relative humidity for the sanio 
days computed from observations made uniformly at  
noon a t  each of the points named. The stations have 
been selected to represent oints hi a westreast line from 

The duration in t K e Canadian Northwest and also in 

althou-t 

Kansas City, Mo., to the A tlantic coast: 

I- 
a F. Per C&. 

108 19 
104 as 
101 41 
101 49 
103 40 

OB 45 
94 63 

stations. 

The break-up qf tlie hot spell.-The peak of the hot spell 
in the East was reached on the 6th, but there were also 
high maxima on the 7th and 8th. It was not until the 
15th, however, that the maximum tern erature at Waqh- 

derstorms on the afternoon of the 7th in the upper Ohio 
Valley, southwestern Ponnsylvania, the northern portion 
of the Appalachian region, the District of Columbia, and 
Maryland, the day temperatures did not reach the hi 11 

8%-9th, in portions of the Middle Atlantic States from 
Philadel hia, Pa., south, was exceptionally hi 11. 

D. C., on the evening of the 7th was of rather exceptional 
character. At 5 
minutes after 4 the sun was obscured by a hi h sheet cloud 
probably in the alto-cumulus level. A well-%efined typed  
mamma.to-c~umiilus cloud was observed in the north and 
northwest 'ust prior to the beginning of the thunderstorm. 

four hours thore was a constant display of electrical 
activity, .althou h rain did not begin until 7:20 p. ni. 

light from northeast shifted first to southeast aiid then 
at 5:35 p. m. to northwest, with a gust velocity of 28 
miles per hour, and continued from the northwest, in- 
creashi to a masimum velocity of 38 miles a t  7:lO p. m. 
Soon t a ereafter it diminished in velocity, and by 9:30 
p. m. the movement WRS close to zero. The temperature, 
which at 5 p. m. wa.s 102O, fell to 73O by 8:30 

The exceptional character of the storm was t e absence 
of cumulo-nimbus and. scud clouds, and the apparent de- 

ington failed to register above 85'. Atr ter the local thun- 

fi ures of the 5th and 6th, but the night temperature of t a e 

The t 'h understorm which occurred at Tfashington, 

The first t 1 iunder wlts heard at 5:12 p. in. For the nest 

The surfaco win % which before the storm had been very 

The day was cloudless up to 4 p. m. 

R' m. 

velopineylt of the storm a t  a high level immediately over 
the District of Columbia. The storm moved to the east- 
ward, and was reported a t  Baltimore, Md., later in the 
evening, but did not reach Philaddphia or other stations 
to the northeast. 

On the morning of the 12th high pressure appeared off 
the coast of British Columbia, and on the 13th and 14th 
advanced across the norther11 Rocky Mouiitain region mid 
the Missouri Valley, thus terminating the period of abnor- 
mall high temperature which hac1 prevailed since the 1st. 

1. Kave attempted to correlate the movement of the 
higher currents as indicated by the upper clouds with the 
weather conditions on the surface. 

The proposition has been advanced. in some quarters 
that cirrus clouds moving from ettst to west are an inci- 
dent of hot weather in the Phins States. Tn order to test 
this proposition 1 have charted the up >er clouds observed 

try for the fiist decade of August. 
On the days when very hioh temperatures prevailed 

there was a marked absence 09 clouds within the heated 
area, thus indicating that vertical convection wm not 
active. In tshe few cases of u ~ p e r  clouds observed the 

tinn, viz, from west to cast. The only movement of 
u per clouds out of the ordinary during the fiist decade 

from the southeast, first observed on the nliddle Gulf 
coast in the eveninu of thc 5t,h, continuing on the 6th, 
and extendin inlana to Arkansas. Doubtless these high 

turbance that struck thc Louisiana coast on the a€t.ernoon 
of the 6th. The movement evidently had no bearing 
upon the hot wcather. A furt.her emmination of the 
u per cloud motion at  rep'esentative stations in the s iddle West for the sis montSJls, Jmuar to ;Tune, 11118, 
showed especially in .  March aiid Aprif n rather large 
number of westerly mot,ions considenng that the normal 
proportion of westerly to easterly motion is about a.s 
1 to 20. Nevert.heless it does not seem probable that *he 
westerly motions observed in March and April can be defi- 
nitely related to the hot weather esperienced in Au ust. 

aerologicd stations of the Weather Bureau discloses the 
followng very interesting fact, viz, that on the 5th and 
6tsh, when the lower air strata up to 3 and 4 kilometers 
were movin from the southwest, as shown l y  the kites, 
the up er c f ouds showed an apparently unbroken move- 

to the base of the 
stratosphere. The si nificance o this movement can 
not now be discusset but if i t  should turn out, as it 
probably will, that warm southerly winds of great depth 
are characteristic features of the ettstern front of cyclones, 
and that cold northwest winds are equally a feature of 
the western side or the rem of cyclonic systeiiis~ then it  
would appear that any hypothesis franied to account for 
the origm and ma.intenance of cyclones and nnt.icyclones 
which does not take account c,P these two grcat wind 
currents is in.comp1et.e. 

'In conclusion, it would seem that the esplanation of 
the abnormally high temperntiires of Angust, 191 8, is Lo 
be found in the fact that for some time, as a result of the 
unhindered insolation ' that had been received at  the 
earth's surface in the Plains States, not only the surface 
of the eartell but the air layers in contact therewith nnd 
upward, probably to at  least a kilometer above the sur- 
face, had become unusudlg warin: the develo ment of 

1st and %I and again on the 4t.h, Sth, and Gth, was the 
concluding step in the phenomenon. 

not only in the heated wea but for a ll parts of the coun- 

movement was closely in accorc i with t.he normal especta- 

o P August was a well-marked advance of cirro-stratus 

clouds were fg ormed in the outflow from the tropical dis- 

An examination of t.he record of kite flight.s at  the t 5 ree 

P nient P rom the same direction u 

a barometric gradient for fresh southerly win cf s on thc 










