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AEROLOGICAL OBSERVATIONS 
[Aerological Division, D. M. LITTLE In charge] 

By L. P. HARRISON 
Mean free-air temperatures and relative humidities for 

September, as determined from airplane weather observa- 
tions, are given in table 1. The “departures from normal” 
given in the table are based OD “normals” derived from 
the number of observations indicated in the note at  the 
foot of the table, where the number of years over which 
the observations were taken are given by the figures in 
parentheses. In general, the numbers of observations 
available for computing “normals” for the higher levels 
are less than those ava.ilable for the lowest levels (repre- 
sented by the data given in the footnote). To conipensate 
for this discrepancy, the ‘(normals” are c,ompute,d by the 
method of differences. 

The mean temperatures for the month a t  the si1rfac.e 
were slightly above normal over most of the country with 
the exception of northern and coastal New England, and 
New Mexico, western Tesas, and parts of Uteh, Arizona, 
Wyoming, Montana, Washington, and Oregon, where 
they were slightly below normal. The largest positive 
departures a t  the surfac.e were generally to be found in 
the Mississippi Valley, especially in t,he south-central 
part of the c,ountry, where departures from +2” to +3O C 
were the rule. 

The departures from mean free-air temperatures for 
the month indicate that tthis above-normal thermal con- 
dition persisted markedly up to a t  least 5 km above sea 
level over a considerable area, particularly in the central 
Mississippi Valley region. On the other hand, Fargo, 
N. Dak., in the extreme north-central part of the country, 
had significant (> 1’ C.) positive departures of tempera- 
ture from normal only up to the 2.5 km level, above which 
the monthly means were very near normal but still posi- 
tive a t  least up to 5 km; whereas Billings, Mont., to the 
west, had positive departures of nearly lo C. up to 5 km. 
Mitchel Field (L. I.), N. Y., and Lakehurst, N. J., on 
the east coast, had only insignificant departures from 
normal up to 1 km, but had positive departures of slightly 
more than 1” C., above that level at  least up to 4 or 5 km. 
San Diego, Calif., had departures between +lo and 
+2O C. a t  1 and 1.5 km, but insignificant departures a t  
the remaining levels for whic.11 data are available. 

The departures from “normal” of relative humidities 
near the surface were largely of mgative sign in the 
central part of the country (maximum -7  percent a t  
Oklahoma City), whereas the cle,partures along the coastiil 
regions were largely of positive sign (maximum +S per- 
cent a t  Norfolk, Va., and Washington, D.  C.). The 
data for Washington, D. C., show a renimkably large 
average fall in humidity from the surface to 500 m, viz, 
87 percent (+8 percent departure), to 59 percent (-9 per- 
cent departure). 

The departures from (‘normal” of the mean free-air 
relative humidities for the month indicate that, except 
near the surface, the region which had above-normal 
temperatures in the central part of the country likewise 
had above-normal relative humidities with departures 
ranging from +4 percent to as high as +14 percent. The 
greatest positive departures we.re to be found in the ex- 
treme south-central portion of the country, especially 
in the layer from about 2.5 to 5 km above sea level, as 
exemplified by the data for Oklahoma City, Okla., and 
Kelly Field (San Antonio), Tex. (+14 and + 9  percent, 
respectively, at 5 km). By comparing the mean monthly 

(See c,hart I.) 

relative humidities for El Paso, Tes., with those for 
neighboring stations, one is led to infer that the values 
for that place in the st,ratum from about 2 to 5 km were 
appreciably above normal (e. g., at 3 km we have El Paso, 
70 percent; San Diego, 31 percent; Kelly Field, 61 per- 
cent; Salt Lake City, 40 percent; Cheyenne, 47 percent; 
Oklahoma City, 62 percent). (This inference is con- 
sistent with the above-normal prec.ipitation which occurred 
in Tesas and New Mexico in September.) In  view of the 
distribution of positive dPpartures, it mny be stated 
that a “ridge” of relatively high humidity, extending in a 
southwest-northeast direction from about western Tesas 
or New Mesico to about central Ohio, existed on the 
average during the mont,h in the stratum from 2 t,o 5 km 
above sea level. In contmst to this “ridge”, there is 
evidence t,hat two “troughs” of relatively low humidity 
likewise existed on the average, running in. approximately 
the same direction, one from the California coast to the 
Dakotas, and the other from the New England coast to 
about northern Alabama. These were most pronounced 
in the strata from 1 to 3 or more lrm above sea level, and 
4 t,o 5 km, respectively. However, the negative departures 
were not on the whole as great in absolute value as the 
positive departures referred to above (e. g., a t  2 km, 
Fargo, - 5  percent; Cheyenne, -3  percent; and a t  5 km, 
Lakehurst, -9 percent; Washington, -9 percent; Mur- 
freesboro, -6 percent). The data for 5 km a t  Omaha, 
Nebr., and Selfridge Field (Mount Clemens, near Detroit), 
Mich., indicate that humidities were relatively low in gen- 
eral by small amounts over a good portion of the northeast 
sector of the country. At San Diego, on the southwest 
coast,, the above-normal humidities in t,he surface layer (+5 
percent) gave way to subnormal humidities up to approxi- 
mately 2.5 kin (maximum departure -S percent a t  1.5 lim), 
above which super-normal humidities again appeared on the 
average (maximum departure +5 percent a t  5 km). At 
Oaklmd, the relative humidities for the month fell off 
rapidly with elevation in the first kilometer from 82 to 
33 percent, and then fell more slowly, until a t  5 km the 
mean value was but 19 percent as compred with 30 per- 
cent for San Diego, 36 percent for Seattle, 48 percent for 
Spokane, and 43 percent for Salt Lake City. I n  the 
north-central part of the country, Fargo exhibited rela- 
tive humidities which were 3 to 5 percent below normal 
in the layer from the surface to 3 km, but 2 to 4 percent 
above normal in the layer from about 4 to 5 km. The 
mean relative humidit,ies for Snult Ste. Marie during 
September were somewhat outstanding in the lower 
3 km by appearing relat,ively high as compared with 
nearby stations. 

The free-air resultant minds basecl on pilot balloon ob- 
servations made during the month of September are given 
in table 2. In general, the direct,ions of t,he rwultant 
winds for the month did not depart greatly from normal 
except in a relatively few instance.s. In particular, sta- 
tions along the Pacific coast exhibit,ed the largest depar- 
tures in this respect. At Seattle, for the level 500 m, the 
monthly resultant was 360”) 2.4 m. p. s., and t.he normal 
236’) 0 . i  m. p. s. For the 1 and 1.5 km levele, the orien- 
tations of the monthly resultants were 60’ and 2i0,  
respectively, clockwise with respec,t to the normal, hence 
more northerly. At Medford, t8he following contrasts 
existed between monthly resultants and normals (in paren- 
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theses), respectively: 2 km, 60°, 1.2 m. p. s. (151°, 0.3 m. p. 
e.); 3 km, 328') 1.7 m. p. s. (254O, 2.9 m. p. s.); 4 km, 
319O, 2.4 m. p. s. (276', 3.7 m. p. s.). At Oakland, in the 
lowest 500 m, the monthly resultant is oriented about 20° 
clockwise of the normal, while from 2 to 3 km, it is oriented 
approximately 20' to 40' counterclockwise of the normal. 
San Diego and Atlanta, Ga., likewise show differences in 
resultant direction from normal but inasmuch as the 
resultant velocities were relatively small, the differences 
are not very significant. 

The resultant velocities were generally slightly greater 
than normal in the southern Mississippi Valley (masimum 
departure a t  Oldahoma City, 1 km, resultant, 208', 13.7 
m. p. s., normal 209O, 8.9 m. p. 9.) and largely lower than 
normal by slight amounts a t  practically all levels in an 
east-west strip through the center of the country. In  
the Northern States, the resultant velocities were generally 
somewhat greater than normal (masimum departure 
Sault Ste. Marie, a t  3 km, resultant 303') 14.6 ni. p. 
p. s.; normal 285') 9.3 m. p. 5.) except in New England 
where they were generally less than normal by small 

Mesico and Texas to New Mexico and even Arizona 
whence it was deflected northward and eastward. To the 
northwest on the c,ontra,ry, the trajectory of the Polar 
Pacific a.nd also Polar Continent,al air not infrequently 
coming down over the Plateau and North Pacific States 
was to the southward, southeastward, and then eastward. 
The consequence of the trajec,tories of these contrasting 
air masses was an interaction which took place over a 
front.al zone estending roughly southwest to northeast, 
with the line from Arizona to Michigan forming the western 
limit of the zone. These conditions were c.onducive of 
above-normal precipitation over most of the States be- 
tween t.hat line and one running from east Texas to Ohio 
(perwntages of normal prec,ipitation for September 1936, 
awarding to Weekly Weather m d  Crop Bulleh,  October 
7, 1936; Tesas, 250 percent; New Mexico, 173 percent; 
Oklahoma, 253 percent; Kansas, 172 percent; Missouri, 
209 perc,ent; Iowa, 211 percent; Illinois, 183 percent. 
Precipitation was deficient in the est'reme West, North- 
west, Northeast, and Southeast). 

The subsidence in the Polar Pac.ific (Pp), Polar Conti- 
nental (Pc), and dry Superior air (S) coming over the 
Pacific coast and the Northwestern States doubtless was 
contributory to the low humidities observed in that 
general region a t  moderate and high levels, as well as to 
the subnormal precipitation which occurred there. 

The frequent invasions of Polar Continental and modi- 
fiecl Polar Pacific air masses over the northeastern sector 
of the c,ount,ry was the basic cause for the deficient pre- 
cipitation in that area. 

- 
amounts. 

At the 2.5 and 3 km levels, the monthly resultants indi- 
cated a small anticyclonic circulation over the extreme 
southern Mississippi Valley. The greater than norma,l 
resultant velocity toward the west side of the valley 
brought about somewhat greater than normal transport 
of moisture-laden air northward up the valley from the 
Gulf and then eastward. On the other hand, the trajec- 
tory of some of the moist air was from the Gulf over 

TABLE I.-Mean free-air temperalures and relative humidities obtained by airplanes during September 1936 
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TABLE 1.-Mean free-air temperatures and relative humidities obtained by airplanes during Septeinber 1996-Continued 
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Depar- Depar- 

-I-I-1-1- -I- -1-1-1-1- 

Barksdale Field (Shereport) ,  La. 
Billings, Mont - - _ _ _  - _ _  _ _  - _ _ _  _ _ _ _ _ _  
Boston. Mass ..................... 

86 
51 
82 
61 
70 
75 
94 
87 

91 
93 

89 
83 
88 
82 
74 
83 

90 
55 
84 
88 
86 
85 

87 
78 
8; 
86 

.... 

47 
72 ....... 66 ....... 64 
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-2 
+2 
+1 
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+e 
..... 

-3 
+4 
-2 

+9 
+I 

+1 

0 

..... 

..... 
_ _ _ _ _  
____. 
2: 

2; 
0 

+e 

Cheyenne, Wyo ................... 
E l  Paso. Tex ...................... 
Fargo, N. Dak .................... 
Kelly Field (San Antonlo), Tex. _ _  
Lakehurst, N. J ................... 
Maxwell Field (Montgomery), 

Ala .............................. 
Miami, Fla ........................ 
Mitchel Fleld (Hempstead, L. I.), 

N .  P ............................ 
Murfreesboro, Tenn-. - - - - - - _ _  - - - - 
Norfolk. Va ....................... 
Oakland, Callf. ................... 
Oklahoma Citv. Okla ............. 

6an Diego, Calif __.___ _ _ _ _  _ _ _ _ _ _  _ _ _  
Saul1 Ste. Marie. Mich ............ 
Scott Field (Belleville), Ill-. _ _ _ _ _ _  
Seattle, Wash ..................... 
Selfridge Field (Mount Clemens), 

Mich ............................ 
S okane, Wash .................... 
Tfashington. D. C .  ................ 
Wrlght Field (Dayton),  Ohio-..-. 

Observations taken about 4 a. m., 75th mQ:idian time, except dong the Pacific coast and Hawali where they are taken a t  dawn. 
NOT?!.-The departures are bawd on normals covering the following total number of ohservations made during the same month in previous w a r s .  including the current month 

(Years of record are given in parentheses following the number of observations): Billings. 88 (3); Cheyenne, 90 (3); Fargo. 87 (3);  Kelly Field, 88 (3); Lakehurst: 45 (3); Mnxwell Field 
86 (3); Mitchel Field. 73 (3); Murfrceshoro, $9 (3): Sorlolk 134 (7); Oklahoma City. h6 (3); Omaha, 130 (ti); Pensacoh, 195 (0); Jnn Diego, 103 (7); Scott E leld. 48 (3); Seattle, 61 (7); 
Selfridge Field. 88 (3); Spokane, 84 (3); Washington 233 (12); Wright Field, 83 (3). 

TABLE 2.-Free-air resultant winds (meters per second) based on pilot-balloon observations made near 5 a.  m. (E.  S. T.) during September 1936 

[Wind from N=3BO0, E=90', etc.] 

-11- -11-11 I l- 

1.1 
5.6 
6.4 
4.8 
3.2 
2. 7 
2.4 
3.7 .__-__ 
- - 

---- 
D 0 

1.2 146 3.3 26 
5.6 _i _ _ _ _  _____. 299 
6.5 ____..______ 83 
4.3 156 3.6 82 
5.1 170 1.9 144 
4.8 193 2.2 201 
4.9 230 2.6 226 
6.9 256 5.0 .-.- _ _ _ _  278 3.9 - - - -  

1 Navy statlons. 


