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CYCLONES AND ANTICYCLONES. 

By W. P. DAY. 
About h d  of the low- ressure areas were of the 

month were two from the north Pacific and a secondary 
development over central districts . 
HIGHS were mostly of North Pacific origin and were 

not im ortant factors in temperature control. The 
only Al { erta II-IGH of the month appeared in the nortli- 
west about the 29th and was responsible for the only 
im ortant temperature reduction. In  fact, the character 

about as would be ex ected considering the abnormal 

Alberta t pe with centers o P minimum pressure north of 
the Cana if ian border. The really important storms of the 

an B movement of the high and low pressure areas were 

warmth which prevaile B over most sections. 

FREE-AIR SUM MARY. 

By L. T. SAYUELS, Meteorologist. 

The abnormally hi li mean temperatures, particularly 

striking feature of the free-air conditions for the month. 
(See Table 1.) An intense cold wave occurred at  the 
close of the month reaching Ellendale late on the 2Sth, 
Drexel on the 29th, Broken Arrow early, and Groesbeck 
late, on the 30th. The severity of this cold wave 
appreciably affected the monthly means and to esclude 
its influence at  Ellendale, for exam le, would be to 
increase the monthly mean 2” C. d e n  this is taken 
into consideration it is even more clearly seen how 
exceptionally warm the greater part of the month was. 
In general, at the northern stations the departures 
decreased with increase in altitude while at  the southern 
stations the reverse was true. 

Relative humidit departures were most1 negative 
at those stations Kaving large ositive temperature 

Groesbeck where they were considerably above normal 
for all levels. 

Vapor pressures were mostly above normal escept at 
Ellendale where an ap reciable deficiency in the monthly 
precipitation occurred! At Groesbeck the reverse con- 

at t.!ie northern aero 4 ogical stations! present the niost 

departures, being small at  practic ap ly all stations escept 

dition was found, vapor pressures being unusually high 
considering the average temperatures at  this station, 
while a great excess of recipitation fell during the month. 

M e r  essentially from their normals, the largest variations 
being found at Dresel and Due West, where the monthly 
values contain either a more souther1 or less northerly 

ponent than normally. This is in harmony with the 
average temperatures found at these stations. 

Pilot-balloon observations from 13 stations east of 
the Rocky Mountains show the resultant winds at  the 
surface for the month to have been from a southerly 
quartcr escept at Ellendale. A north component 
becomes dominant, however, at stations to the south- 
ward with increasing elevation so that at 4,000 m. all 
of the stations, including Key West, hare a north 
component. 

An unusual turning of t,he wind with altitude occurred 
over the Plains States on the 4th. The map of this date 
shows a LOW of wide estent central over the lower Missis- 
sippi Valley and high pressures to  the westward with 
another disturbance nppronching from the northwest. 
Both morning and afternoon pilobballoon observations 
at  Ellendale and Dresel showed northeast winds above 
3,000 ni., continuing to a t  least the level of the strato- 
sphere. As a rule u per easterly winds are not of ver 

reaching 40 m. . s. (90 in. p. h.1, a t  the highest levels. 

had greatly increased in int.ensity and it seems probable, 
therefore, that the upper nort.hensterly winds a.t Ellen- 
dale and Drerel were part of this cydoiiic circulation. 

On the next day (5th) an unusual temperature dis- 
tribution prevailed over the middle of the country when 
a strong temperature inversion at Ellendale caused a 
rise of 14°C. from the surface to 350 m. altitude. Above 
this, the temperatures continued higher a t  this station 
than a t  those to the southward, as far ns Groesbeck. 
This condition estended to unusually high altitudes and 
a t  the hi hest point reached by the kites the tempera- 
tures at  fillendale continued 5°C. higher than a t  Broken 
Arrow. The following table shows the temperatures 
and wind directions observed this date. 

The resultant win a s as shown in Table 2 did not 

component and at  Groesbeck a sma lT er southerly com- 

great velocity but in t E is case a steady increase occurred: 

It is noted that e y the following day the Mississippi LOW 

Altitude, M. 8. L. meters. 

1 Time. ISurface.I 2.50 500 I is0 I 1,M)c) I 1,250 1 1,500 I 2,000 1 2,500 I 3,000 I 8.500 1 4,000 1 4,500 
stations. 

Wind directions and temperatures (‘C.). 
__ 

SSW. .......... .......... 
8. .......... ........................................ ................... .......... .......... 

.................... ........................................ I 6 p . m .  1.6 .......... .................... ............. 

Ellendale 8a .m.  -5.5 

Draxel.. 
Broken Arrow. I 9 a. m. .......... ................. 

.... ______- 

For the esplanation of such a reversal of the normal 
ten1 erature gradient we inquire first as to the source 
of t E e imported air. It is found that on this morning 
Ellendale was in the southern quadrant of a stron LOW 
with SSW. winds at the surface, veering to WNA’. at  
2,000 m. and backing to WSW. a t  6,000 ni. That the 
air brought in over the northern stations vias relatively 
warm is conclusively shown in the above table. The 
high temperahres at  Ellendale did not continue long as 
is shown by a “series” of continuous kite flight made 
here on t h s  date. The rapid eastward movement of 
this LOW caused the winds here soon to shift to NW. at 

all levels and the free-air temperatures fell steadily 
throughout the day. The flight at  Drexel was not made 
until evening and so is not comparable in view of the 
rapid movement of the pressure areas. Flights at  
Broken Arrow and Groesbeck, however, made a t  the 
same tiiiie as at  Ellendale, were under the influence of 
t,he LOW central over the Ohio Valley and winds were 
inostly N. at  all levels. 

During the period 16-18, inclusive, there occurred 
over the interior of the country easterly winds extending 
to 5,000 m. and higher. These are shown in the following 
table. 
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Stations. 
Surfwe. I 5oo I i,ooo ~ ?,ooo I 3,uoo I 1,ooo I 5,000 I 6,ooo I 7,000 I 8,ooo I 9,ooo I 1o,m i 11,000 I 1?,m 
- .- 

\ V h l  directions and velncltles, m. p. s. 

The pressure was above normal over this region at the 
time and it is found that the temperatures II to consider- 

southward. In fact, at  Ellendale on the lSth all previous 
December high records were broken froin . l ,OOO 111. to 
3,000 m. This reversal of tho normal iiorizontul teni- 
perature gradient resulted in the easterly winds observed. 

During the c.old wave st t,he end of the nionth kit.e 
observations showed remarkable strong tel-nperature 
inversions extending to g e n t  heights. For rsnmple, 
Ellendale on the 31st had R temperature only 3' C. 
lower a t  2,550 m. altitude than a t  the surface: on the 
30th a t  Drexel the temperature at  1,250 ni. \vas S o  C. 
higher than at  the surface; on the 31sts only 4' C. lower 
at  2,200 m. than at  the surface: at! Broken Arrow on 
the 30th it was 6' C. highor at  1,730 ni. t.linn at  thc sur- 
face, while at  Groesbeck it was 13' C. higher nt. 1.960 ni. 
than at the surface. Such marked inversions arc in- 
frequent m d  are only found during severe  old w t t ~ e s .  

Lansing reported on the 9th a light NE. wind estcnd- 
ing to 2,000 m. where a hncking occurred to W Y W .  wit,h 
a rapid increase in velocity renching 54 111. p. s. (221 
m. p. h.) at  6,000 m., t,he highest lt?vcl. At the t h e  
this station was on the eastern edge of a n  extensive 
HIGII with a stce south to nort,li horizont,nl tern crnture 

%ue West observeza wind of 47 ni. p. s. (105 in. p. 11. 
from NW. at 11,000 in. This occurred in t,he wnter of 
a circular HIGH wv1iic.h during the next. 24 hours moved 
rapidly eastwtird. Key West on this date ri?ported 
33 in. p. s.(71 m. p. h.) froin the NNFC'. nt 10,000 in.  

TABLE l.-Free-air temperatures, relalivs kunridities, and vapor 
pressures during Dccember, 1923. 

able altitudes were higher to the northwnr B thnn t.o t,he 

radient prevail'ino over this region. On t , ie f lZt.11 

TEMPERATURE ('C.). 
- - - . 

...... 
500 ...... 5.3 
750 ...... 4.8 
IOOO. .... 5.2 im ..... 5.a 
1' NO..... 5.0 
2'000 3.9 
a:m 2.3 
3,m -0.2 -as 

..... ..... ..... .... ..... ..... ...... ...... ............ 

2.6 +3.3 
2.6 +3.4 

0.1 +2.8 

+ 1 . Y  -5.9 +2.4 
+2.6 ............ 
+2.Q ............ 
+2.5 ............ 
+2.2 ............ 

TABLE 1.-Free-air tciiipsrat/creu, rslntirc kumiclities, and vapor 
pressures dming Dcmnber, 1 9 2 3 - C o l i t i n u e d .  

ILELATIVE HUMIDITT (5.1. 

3.211 -;. 1.46 
?. 5Y;L 1.15 
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TABLE 2.-Free-air resullanl winds (m. p .  8.) during December, 1QM. 
~ __ 

Broken Arrow Okla. Drerel Nebr. Due West. 6. C. Ellendale N. Dak. (Iraesbeck Tex. Royal Center, Ind. 
(233 met&). (396 miters). (217 meters). (W mkters). (141 met&). (125 meters). 

Altitude, 
m. 8.  1. 

(mR.) Mcm.  Byearmean. Mean. %yearmean. Yean. iyearmean. Mean. Byearmean. Mean. ti-yearmean. Mean. &yearmean. -- 

T H E  WEATHER ELEMENTS. 

By P. C. DAY, Meteorologist, in Charge of Division. 

PRESSURE AND WINDS. 

The outst.anding feature of the weather during Decem- 
ber, 1923, was the persistence of unusual warmth over 
the districts from the Rocky Mountains eastward, both 
in Canada and the United States. 

This was brought about mainly throu h the large 
number of high-pressure areas entering the 6 nited States 
along the Oregon and California coasts, their slow rate 
of movement over the middle Plateau and Rocky 
Mountain regions, and their far southward drift in pass- 
ing thence eastward to the Atlantic coast. This resulted 
in most low-pressure areas passing eastward nort4h of 
the International Boundary, with resultant southerly 
winds over nearly all districts from the Great Plains 
eastward to the Atlantic coast. 

attended by severe cold, the temperature on the following 
mornin reaching ai1 extreme low reading of 53' below 

During the dosing day of 1923 the anticyclone moved 
southeastward to the middle Plains, and by the first day 
of the new year its influence had extended into practically 
all parts of the country from the Rocky Mountains 
eastward, attended b the coldest weather of the month 

to the Rio Grande and the West Gulf coast. 
As stated previously many of the cyclones of the month 

passed eastward over soutshern Canada, and as is usual 
in such cases the storms were mainly unimportmt in 
their effect upon the weather of the United States as 
to precipitation, but they did induce relatively warm 
southerly winds far  to the northward of their usual 
winter lmits. 

The first important cyclone of the month appeared in 
the far Southwest early in the month, and moving east- 
ward gave mostly light precipitation over the southern 

zero in a ontana. 

from Montana, the IJ akotas and Minnesota, southward 

83986-2- 

mountain and Great Plains districts, reachin the lower 
Mississippi Valley by the morning of the 4t f , at which 
time rain had become heavy near the center. During 
the followin two or three da s the storm moved slowly 

creasing greatly in severity and attended by precipita- 
tion, most,ly rain, over practically all districts from the 
Mississippi River eastward. Heavy rains occurred dur- 

this storm over many portions of the Gulf States, 
%io Val?, and Atlantic coast States, particularly in 
southern ew Enwland. 

A cyclone, in8ifferently outlined, appears to have 
moved from the far West to the southern Plains by the 
mornin of the 9th and to the west Gulf coast during 

snows. Immediately following this another storm 
moved into southern Arizona and during the 10th and 
11 th overspread the southern mountain and Plateau 
States, attended by unusually heavy snow and high 
winds over New Mexico and portions of adjacent States. 
Drift.in snow coni letely tied up automobile traffic, 

same districts immediately following caused a number of 
deaths from freezing and much suffering to automobilists 
and others unable to reach shelter. 

The middle portion of the month was mainly free from 
storm conditions, but beginning about t-he 20th moder- 

extendin northeasterly toward the Great Lakes gave 

to the eastward during the first half of the last decade. 
The amounts of precipitation were mostly small, how- 
ever, save over the Gulf States and Ohio Valley where, 
toward the end of the period, they were more general and 
frequently heavy. 

A moderately well-defined cyclone entered the far 
Northwest on Christmas Day, and with more or less 
definite charact,er moved to the lower Missouri Valley by 
the morning of the 27th and thence to the St. Lawrence 
Valley and Canadian Maritime Provinces by the 29th. , 

This was likewise attended by widely scattered preci i- 
tation, though mostly light, with some snow over t !l e 
more northern districts. 

Imniediately preceding the main anticyclone of the 
month, low pressure developed over Colorado and Ficin- 

toward the 9 ower Lakes an (9 St. Lawrence Valley, in- 

the fol 7 owing 48 hours, at,tended by local rains or 

nullifies railroad sc R edules, and cold weather over the 

ately s ow pressure developed in the far Southwest m d  

more or P ess scattered precipitation over extensive areas 


