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'&MARY OF AEROLOGICAL OBSERVATIONS OBTAINED BY MEANS OF KITES, 
AIRPLANES, AND SOUNDING BALLOONS IN THE UNITED STATES 

By CHARLES M. LENNAHAN 
[Weather Bureau, Washingtpn, D. C.1 

INTRODTJCTION 

This Publication is largely a compilation of data based On of. the free-& temperature, pressure, and humidity 
obserVatlons made in the United States which were avda-  
ble to the Weather Bureau and which could be mcluded 
'Ulder the adopted plan of resentation. The primmy 

Which led to this compgation was the urgent request 7 the Part of the aeronautical industry and others.for 
' ata ??Presentative of average and extreme meteorologlcal 
Fcdltlons in the upper tro osphere and substratosphep 
t @ Plan of presentation ofthe data was, therefore, dlc- 
at@d to a large extent by the desire to fulfill the h p e -  

needs of the aviation industry in planning for hgh- 

''4DBg 1*4&ogmphlcal locetions of the 65 stntions where the observations were 
made. Numbers correspond to those given in table 1. 

dt. 
% ltude flying and at  the same time to fulfill the needs of 
Neteo!Ologists, so far aa practicable, with the limited 

atQ1al at hand. 
The stations where the observations used in this sum- FQ? Were made are given in table 1. Their geographical 

Ocatlon is shorn in figure 1. The t pes of obseryations 

th %gther with the dates of the periods durlng whlch 
p: '?UndUgs Were mado The airplane flights were made 
b>nY every day at  the same tune, but the kite flights 
it Often dela ed until late in the day, and frequently 

aPossibc to get a sounding because of hght wmd 
weather. The sounding-balloon observa- 

PPeTe made a t  periods designated u3. advance, exc.ept 
Utances when a particular type of meteorologmd 

9 th 
eltuatlon wm being in vestigated. In the latter case the 
COQdltlon. ObSe9?'S had to b1d e their time and wait for the desired 

%The data published herein include four primary $0- 
ptn'-temperature, pressure, humidity, and density. 
Per0 secondary elements are also included-extreme tem- 

at the different stations are aso 9 indicatgd rn the 

and minimum pressure. 

The observations were made a t  55 different placBs, dis- 
tributed over the entire country, but 43 of them are east 
of 100' W. longitude. Sounding-balloon observations 
were made at  29 different stations and numbered in all 
somewhat over 550. The kite and airplane observations 
are very numerous, the former having been made at  9 
TABLE 1.-Stations at which aerological observations were made 
- 

No. 

- 
1 
2 
3 
4 
5 
6 
7 
8 
8 
10 
11 
12 
13 
14 
16 
16 
17 
18 
18 
20 
21 n 
23 
24 
25 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
w 
51 
62 
59 
64 
56 

. -  

Station 

I I I 

Type of 
Period observa- 

Number 
of years I re&d I 1 

Cincirkdi, Ohio 2 . . . . . . . . . . . . . . . . . . . .  
Columbia, Mo.l_______________________ 
Concordia, Kans.2 ________________..__ 
Cleveland, Ohio . . . . . . . . . . . . . . . . . . . . . .  

1834 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1818-31 _ _ _ _ _ _ _ _ _ _ _ _ _ _  Qalbston, Tex. . . . . . . . . . . . . . . . . . . . . . .  

Qroesbeck, Tex- _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  _ _ _ _  
Huron, 6. Dak _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

BS 
A 
B 
A 
A 
K 
A 

BK 
A 
A 
B 
A 
B 
B 

BA 
B 
B 
K 
K 

BK 
A 
A 
A 

BK 
B 

B 
A 
K 
B 
B 

BA 
A 
E 

BA 
B 
A 

BA 
BA 
BA 

A 
A 
B 
B 

BK 
A 
A 

BA 
A 
A 
B 
A 
A 
B 
A 
A 

1 December 1827 and February 1828. 
1 December 1828 and January 1830. 
8 B = balloon sounding, K=kite observation, A-sirplane obs@mation. 

stations and the latter at  30 others. However, Leesburg, 
Ga., and Blue Hill Observatory, Milton, Mass., have made 
but a comparatively small number of kite flights, and 
some stations have a record of airplane observations. ex- 
tendmg over onl 1 year, The kite and air 3 lane stat;ons 
are mutually exc T usive, but the sounding-b oon statrons 
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include some stations of the kite and airplane groups. 
Sounding balloons were sent up at four of the kite stations 
and at  eight of the airplane group. Also, a few limited- 
height sounding-balloon ascensions were made at the kite 
stations in lace of the regular kite fllghts. 

were combined with the more-numerous data of a nearby 
station. Thus the data obtauyd at Fort Worth, Mont- 
gomery, Nashville, and St. Lous were combined with the 
data for Dallas, Maxwell Field, Murfreesboro, and Scott 
Field, respectivF1y. It is to be noted that Drexel and 
Omaha are published separately. This was done because 
of the relatively long. period of observation at  each station 
and the different periods of observation. 

Thirteen stations have records with observations during 
at least one season, extending over a period of 5 years. 
Seven of these are lute stations and six of them are airplane 
stations. Of the other 26 airplane and kite stations 20 
have only 2 years or less of record. A few in the airplane 
group have a record of less than 1 year. The 16 stations 
having only soundmg-balloon records have observations 
ranging in number from 1 to  16. Most of the latter are of 
interest as individual observations rather than as aggrega- 
tions yielding representative means. 

The temperature data are presented in the form of 
seasonal mean curves, in seasonal longitudinal cross- 
sections, in tabular form, and for the region up to 5 km on 
standard level maps. 

The ressure and humidity data are shown by means of 

kilometers in the form of standard level maps. 
The density values are presented in the form of curves 

and tables for only the seven stations in the central part 
of the country. 

The temperature extremes are shown for the seven 
central stations on the same graph with the seasonal 
mean-temperature curves. For the other stations they 
are shown in tabular form only. In the tables the extremes 
are listed among the temperature data for the winter 
season, with six exceptlons; five of these are with the 
summer data and one is with the autumn data. 

The minimum pressures are shown by means of ,two 
curves, each with different assumed surface conhtions 
and an assumed lapse-rate. 

The observations were not made at  corresponding 
periods at all stations. Some of the soundinps were made 
rn the early days of aerology: Blue Hill in 1903-6, Mount 
Weather 1907-12, and others during various periods 
throughout the subsequent 25 years. Practically all of 
the available observations were used but in those cases 
where two or more soundings were made on the same 
calendar day only one observation was used. For this 
reason only about 75 percent of the Polar-Year observa- 
tions, August 1932-August 1933, were used. The fact 
that the times and places of the observations are at such 
variance tends to vitiate the results of any attempt to 
combine them into a homogeneous whole. For seven 
stations in the central part of the United States during all 
four seasons the number of observations is sufficient to 
give fair mean values up to 15 km. With regard to the 
other stations having sounding-balloon records, the obser- 
vations are too few to g.1~0.a mean value that can be 
considered truly representative. The means for those 
stations having kite data, are considered reliable u to 4 

considered to be reliable u to 5 km, but, because some of 

may be affected by the abnormality of the year. 

At severa P stations where there were but few data these 

seasona 9 mean curves, in tabular form, and for the first 5 

Density is not further considered. 

b;m; and those for the airplane stations, on the who P e, are 

the periods of record are P or only 1 year, the mean value 

they were necessarily gre 
agreement with the corr 
mmmary, whwh are o 

This summary has b 
with the available ma 
sral meteorological el 
the season of the year. 

DATA 

partly to the fact that a monthly iummary of 
data was made for the kite stations for the first 2 
operation onl? and partlg to the fact that pressure 
not lncluded m the published data of observations 
at  Blue Hdl, nor for those made at  St. Louis (1 
under the direction of the Blue Hill Observatory. 

In like manner, the humidity data are less nUm@ 
I W R. Oregg, An Aerological Survey oftbe United Statas Part I. Resultsof Ob 

Bolne Results Of BoundInn.Balloon Observatlons Ducrn the Seoond Interne 
tions by Menns of Kites, MONTHLY WEATHER REVIEW 8u blement 20,1922. 

Polar Year August 1932 to August 1933, inoluslve. J. 0. Bakard, MONTHLY VI' 
REVIEW, February 1934,02: 4668. 
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than those of temperature. This condition is due to the 
fact that the humidity element of the meteorograph was 
sometunes faulty and also to the fact that some of the 

observations were made with meteorographs havlng 
no humidity element . 
.The density data were computed for only seven sta- 

t10n5J and not for all seasons at  these seven. Only those 
sea?on~ were used for which stratosphere soundings were 
"a?able for the station. Densities were computed ac- 
cor.dmg to the formula given in the "Smithsonian Meteoro- 
l0g1Cal Tables." One constant was altered somewhat 
from the value given in the tables: The value of the com- 
plement of the density of water vapor used was 0.377 
"tead of 0.378, as given in the tables 4;  the average value 
Of density of water vapor as determined experimen- 
tally ~3 0.623 rather than 0.622. The density values were 
ComPuted chiefly for the convenience of aeronautical engi- 
heera and others interested in aviation. 

The extreme temperatures are the lowest and highest 
teuPeratures at the standard levels above each station. 

values are published for levels up to 12 km in some 
although for most of the stations they are given for 

bo levels higher than 5 km. These are not values which 
have been observed at the signijicant levels, but are the 
'h dated values a t  the standard levels; that is, they 
are t t e  values taken from the temperature-height Furv?. 

"he. minimum pressures were obtained by arbitrarlly 
&gsumg surface and upper-air conditions of a sufficiently 
extreme nature to give pressures for the standard levels of 
a lower value than could be reasonably expected to actu- 

The mean temperatures were determined by the method 
Of daerences, that is, by totaling the sums of the differ- 
ebc?S of temperature between corresponding airs of SUC- 

'85Pq4ding number of observations for the season. The 
!'otlent was taken to be the mean difference of tempera- ? between the two levels. The mean surface tempera- 

was obtained by dividing the sum of the surface tem- 
peratures by the total number of observations To this 
s8&sonal mean surface temperature was added algebrai- 
$llJ' the mean difference of the next higher level to obtain 
fo: mean tem erature of that level, and so on spccessively 
t each 1eveP. The computations were carried out to 

The method of differences was used because it is thought 
tobe somewhat more reliable than simple arithmetic avpr- 
p g  When the number of observations decreases wlth 

t1tude.6 This undoubtedly holds true for the tropo- 
but in the region of variation of the tropo ause a 

" the ~oundings failed to extend to the 15-km level, and 
fQce the difference method is known to hold above that 

the method, for the purpose of this summary, is ' a few Polar-Year soundings where both the 8 a. m. 
'bd the midnight observations were used and where the pn f k h t  was higher than either or both of them, if the 

ascension reached 10 km, the lapse-rate for noon was $td to supply values for the missing levels. This arbi- Q a p  Procedure was followed in only three instances: 
as on August 25 and Omaha on August 25 and Novem- 

'1'~ occur, 
PROCEDURE 

cesslve standard levels and dividing this tot af by the cor- 

of a degree, centigrade. 

q'estlon of applicability arises. However, since Q ut few 

throughout the atmosphere. 

i ber '0, 1932. 
~ $ ~ ~ $ ; t e o r o l o g i o e J  Tables, 6th Revised Edition, 1931, p. I r u .  

de, * aww, "I&tische Bemerkungen sur Dlfferenrenmethode", Beltrage sur Physik 
%le' A b s p h l r e  XXI Bend, Heft 3,1934, pp, 268-282, 

The pressure and humidity seasonal mean values were 
determined in the same manner as were the temperature 
values. These two elements were computed to whole 
millibars and to integral values of ercentage, respectively. 

however, the mean pressure is given to tenths of a mdhbar. 
It should be noted that the seasonal mean values of 

temperature and humidity for Blue Hill are the arithmetic 
means o€ the published monthl mean values. The same 

h?i?$&sity values were determined by inserting the 
mea? . values of temperature,. pressure, and relative 
humidity for the various levels m the formula referred to 
on page 3. The actual computation of the values was 
carried out by using the equivalent formula: 

For the surface and for the first f eve1 above the surf&ce, 

is true in the case of Mount 5 eather for pressure and 

=272.5 0*3477 + t (B-0.377e), 

where p is the density in kg/m3, t is the seasonal mean 
temperature for the level in "C, B is the seasonal mean 
barometric pressure in mb, and e is the vapor pressure 
determined from the seasonal mean values of humidity 
and temperature. /The densities were evaluated to the 
third decimal place in kg/m3 and then converted into 
lbs/ft3 to four places. 

The extreme temperatures were determined by takin 

individual soundings. In some cases the number of 
observations is considered too splall to yield-representative \ 
extremes. Therefore, 16 stations were elmmated from 
the class for which extremes awpublished. None of the 
39 stations has less than 10 observations. Ten observa- 
tions are too few to indicate either the full range of tem- 
perature or the month in which to expect an extreme 
temperature. The extremes are published accordingly 
with these qualifications in mind. 

The extreme pressures were obtained by arbitrary 
methods. The lowest sea-level pressure observed in the 
United States, 26.35 inches, occurred on the Florida Eeys 
during the hurricane of September 1935.e Therefore, it 
was assumed that the surface pressure of a station at sea 
level is 27.00 inches (914.3 mb.) q d  th? surface tempera- 
ture 50' F. (10" C.) with a dry adiabatic lapse-rate up to 
the point where the temperature-reaches -90" C. From 
this point u ward to 12 an isothermal lapse-rate was 
assumed. 1 second situation was assumed in which the 
surface pressure was taken as 29.00 inches (982.1 mb.) and 
the surface temperature as 10' F. (-12.2" C.), mth the 
same assumptions as to laps?-rate as in the first case. On 
the basis of these eassumptions, curv~s wtre constructed 
using values obtamed from the adiabatic chart; these 
values were checked by an algebraic formula for several 
points up to the isothermal region. 

the highest temperature, a t  the standard levels, of a K 

DISCUSSION 

The seasonal changes in mean temperature in the tropo- 
sphere (fig. 2-8) seem to be more pronounced between 
an intermediate season and the following extreme season 
than between an extreme season and the fo l loFg  mter- 
mediate one. That is, the temperature mcrease 18 greftter 
from spring to summer than it is from winter t o  aprmg; 
also, the decrease 18 greater from autumn to wulter than 
it is from summer to autumn. That the mean tempera- 

# W. F. MoDonald The Lowest Barometer Rendln in the Florida K e n  storm of 

PBandbodk of deronautics, Qale and Polden, dtd., London 1931, p. 6689 
8e tembcr 2 1835 M ~ N T H L Y  WEATHER REVIEW OotofW 189(1,08: 286. 
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F ~ Q V R ~  ~.-6easonal mean-temperature and humidity CU~VBS for Broken Arrow, Okla. Dots represent the extreme temperaturea for the indicated levels. 
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FIQURE 5.-Seasonal mean-temperature and humidity curves for Groasbeck, Tex. Dots represent the extreme t e m p e r a t w  for the fndloeted leve*& 

‘ 7 7 0 7 - 8 6 2  
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F I Q ~ R E  7.--Seasonal mean-temperature and humidity curve8 for Royal Oenter, Ind. Dots represent the extreme temperaturer for the ind1cah-I levels. 
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28 

Fiowm lO.-Seasonal mean-pressure curves for Dallaq, Tex. 
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Mean Pressure (mb.) 
FIQWBE ll.-Seasonal mean-pres3ur'e ourves for Ellandale, N. Dsk. 
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FZOUBE 12,-$ewnsl mesn-pressure curve8 for Groesbeok, Tar. 
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BIGWXB 18.--6C&son81 mean-pressure ourvea lor Omaha, Nebr. 
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FIQIJBE 14.-Seasonel mean-preasun curves for Royal Center, Ind; 
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IS 
ture for spring is undoubtedly lower than the mean tem- 
perature of autumn, is shown in the seven graphs and is 
shown also in the tabular data for thesother stations. 

There seems to be a sin ular condition in the winter 

above 6 km than would be expected from a consideration 
of the othar stations, and .as a result the winter mean tem- 
peratures for Dallas at  bgh  levels are warmer than the 
spring mean temperatures at correspondmg levels. This 
irregularity may be explamed as the result of the decrease 
in the number of observations from 251 at 5 km. to 8 at 
6 km with rather small lapse-rates in the eight observa- 
tions a t  6, 7, and 8 l a .  Somewhat the same situation 
exists in the data for San Antonio (table 3), but in the 
opposite sense-the lapse-rate for spring is too great. 
These data indicate that the order of the seasons from 
cold to warm is winter, spring, autumn, summer, and this 
order holds up to about 10 km. Above 10 km the strato- 
sphere complicates matters and the mean temperatures 
lose their characteristic surface order and assume, in 
some cases, the reverse. order. That is, winter becomes 
the warmest season, mth spring, autumn, and summer 
in order of warm to cold. 

At three of the stations the tropopause is lowest and 
warmest in winter, while a t  the other two stations for 
which the records of the other seasons are available, spring 
is the lowest and warmest: It necessarily follows that 
the lowest tropopause carmes with .it a relatively warm 
stratosphere by vlrture of the definition Of “stratosphere”; 
but the season of highest tropopause 1s- not necessarily 
the season of coldest stratosphere. Steep mversions at  the 
base of the stratosphere often exist with a high tropopause 
and a consequent high temperature in the stratosphere. 
In the four instances, where there are representative 
records for summer in the stratosphere, the tropopause is 
highest but not coldest in all cases. 

In all seven cases for which curves were plotted the 
minima in the troposphere depart further from the mean 
values than do the maxima5 111 the stratosphere, on the 
other hand, the divergence is as often greater with one 
extreme as with the other. However, the number of ob- 
servations in the stratosphere is so small that reliable 
extreme values are not et ascertainable: 

indicate that the tropopause is highe? for all se.asons at the 
southern than at  the northern stations. Thrs difference 
in height of the tropopause seems to be most noticeable in 
winter and least in summer. The tropopause seem also 
to be dehitely highest in summer and, for stations north 
of latitude 38O N. lowest during winter. 

The latitudinai temperature gradient is, of course, 
greatest in the winter and smallest 111 the summer. This 
relation holds for all altitudes up to the tropopause. In 
the stratosphere, however,. the temperature gradient is 
reversed, :ha! is, foy an pven level the-temperature in- 

ever, at which the latitudmal ;temperature gradient is zero 
at every station, even thoygh It chap es <e. This is due 

the south than 
it is in the north. Thusfor any level whwh is lower than 
the level of the tropopause in the south and higher than 
the tropopause in the. north, the. temperatufe gradient 
from south to north wdl be negative to the mtersection 
of that level with the tropopause and thereafter it will be 
positive. 

The slope of the tropopause from south to north seem 
to be greatest in summqr and least rn autumn. 

At the l-km level dumg summer (fig. 29) there is a cold 

lapse-rate for Dallas. The K apse-rate has a smaller value 

The curves and the 9 onatudinal sectlons (figs. 24-27) 

cremes mth mcreasqg 9 atitude. There is no level, how- 

to the fact that the tropopause 18 hqg % er 

body of air extendin down into the Ohio, Tennessee, and 

usua! year-at Murfreesboro, or whether it is the norm5’ 
condition, is a question to which the answer can be SUP’ 
plied only when more observations are available. The 
condition prevails up through the 5-km level dunng tbe 
summer season. 

Just to the west of this cool region there is a warm strip 
extending up through Texas into southern Iowa. 
warm area is very likely due to the prevailing south 
southwesterly wmds * over the area. It is most Pro- 
nounced in the first 2 kilometers. 

There is also a relatively cool area indicated in northo@ Florida and in the southeastern sections of Georgia ,p d 
South Carolina. This may be due to the prevadflg 
winds from the southeast over this area bringmg in tbe 
cool air from the ocean and from the high pressure ar0; 
to the east. This cool area is present only m the first 

all lsilome ters. 
Sprin (fig. 28) is cooler than autumn (fig. 30) in 

7 d cases at east up to 5 km, except at the surface at Atlant5, 
El Paso, Montgomery, Murfreesboro, and Spokane, 
a t  1 km over Atlanta. 

The cool and the warm areas of the summer season are 
not so pronounced on the maps for autumn (fig. 30). The 
warm section, which extended from Texas up to Iowa ia 
summer, is much smaller in autumn and is displaced Cor 
siderably to the eastward; it is centered over south@ 
Louisiana and extends northward to central Arkansas ia 
the first km. At the higher elevations it is located to tbe 
southwestward over sputheastern Texas. The cool fire’ 
seems to have been displaced eastward and the wave i0 
the isotherms is of much smaller amplitude than wd 
evident in summer. 

The winter maps (fi . 31) show that the warm are8 is 

cool wave is smaller in amplitude, but a second w&p0 
apparent in Tennessee, Indiana, and lower MichW@’ 
This second wave may be due to the unobstructed sweep 
of the cold masses of am moving south over central Camd5 
and across the Great Lakes. 

In spring the warm area again shows up strong19 ia 
eastern Texas, Louisiana, and Arkansas, where this Pbe’ 
nomenon is well shown at all five levels. The cold are’ 
is not vtry pronounced at the 1 km and the 2 km levo*’ 
but it 18 rather well dehed  at  the 3-, 4-, and 5-# 
levels. 

The pressure curves (figs. 9-15) show that the DeaP 
pressure at  the surface 18 greater in winter than in summer’ 
This is corroborated by the tabular data for the ofbd 
stations for which data are available for both sea90fl’ 
with the exception of Boston, El Paso, and Cheyefle‘ 
However, at 1 km above the surface the summer De@ 
pressure becomes greater than the winter mean pressure 
and remains greFter in all cases, at least up through 5 q: 
with the exception of Cleveland, Oklahoma City, P d  
delphia,. Sari Diego, and Wright Field. 

The mtermediate seasons (spring and autumn) 32 
mean values between those of summer and winter for 14 tudes below 15 km. In the cases of Ellendale, a b o v s  
km, and Dallas, above 19 km, the mean values for aut 
become lower than those for winter, but this is very 
due to smgularities in the autumn soundings. At OFf; 
the highest mean pressures at altitudes of 19 km and hlg 

than those m autumn with the exception of the l e d s  

lower Mississippi Va K leys. Whether this is due to an uD’ 

*?! 

confined solely to the d ulf and south Atlantic coasts. T$ 

occur m autumn. The mean pressures in spring are log@ 

‘An  Aerologl@l SWeY of the United States, W. R. Gregg, Part 11, Id 
WEATHEB REVIEW SUPPLEMENT No. 26,1828. 



F I ~ W E  16.--8easonal mean-atmospheric density a u v e  for Broken Anow, Okla  . 
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FXGUBE 18.4easonal mean-atmospheric density m e a  for Ellendale, N. Dak. FIGWEE 19.-Seasonnl mean-atmospheric density curve for Oroesbeek, Ter. 



R o ~  #).-8eae0nal mesn&mospharic density curve for Omaha, Nebr. 



Pressure (mb.) 
FIGWBEI~~.--S~~~OIBI mean-atmospheric density curves for Scott Field, Ill. FIGWE B.-Theoretid minimum-pressure curves. 
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‘.and hcluding 3 km at Pembina, of the surface at  San 

t 
’lego, and of the levels above 12 km at Ellendale. 

The greatest annual amplitude in the mean pressures is 
at the approximate mean altitude of the tropopause and 
8eeQ5 to be of the order of 25 mb. Of the cases here pre- 
sented the greatest difference is the 32 mb between sum- 
laer a d  h t e r  mean pressures at 8 and 9 km at  Ellendale. 

appears to be a trough of low pressure (figs. 32-35) extehdm@; down through Wisconsin and Illinois rn allfour 
and a similar one just to the west of the Ap- 

pla!lU-m. The trough in the central United States 
Ieb!elY extends all the way to the Gulf at the l-km p1 9 autumn and winter, but it is somewhat obscured 
to5$$% and summerl and the one to the east extends only 

.orth Carolina m all four seasons. The ressure 

e?St-to-west and west-to-east gradients in some cases, 
especlab at high levels. Only in summer and autumn, 
ho?ever, is a north-to-south gradient indicated, and this 
Is bted to the Gulf coast There seem to  be two centers 
Of k$~ Pressure-one off the south Atlantic coast and the ither Off the Gulf coast. The Atlantic HIGH extends 
&thest $sad and farthest north, with the hi hest pres- 

PPeakest h pressure and extent. The Gulf HIGH is also 
strong@t and farthest west in summer, and is weakest 
and farthest east in “fpling. 

* The distribution o ressure at the 2-km level is essen- 
‘“J’ the same as a t  t E e 1-km level. The one noticeable 

erence i s  the increase in the pressure gradient at 2 km dift 2 that at 1 km. In the southern United States t h s  
bhtafence is not so pronounced in summer end autumn, 

very evident during winter and spmg; over the 
zQa?dw of the country considered (east of the 100th 

enhan) the difference IS very noticeable in all seasons. 
Pressure distribution at 3 km is again very m y h  

“Me as at 1 and 2 km. A north-to-south radient 

$ 3 4  in the main, is from south to north; but t 1 ere are 

dUng summer; in spring, on the other % and, it is 

l! 

?$::::.this level in the summer and autumn a P ong the 

midity. The Southern States in winter, on the whole, have 
low humidity values, and in the spring the values are lower 
than during summer and autumn, although not so low as 
in winter. 

At the 2-km level the distribution of the relative hu- 
midity values is much the same as at 1 b, except that in 
autumn there is an area of low humidity over southern 
Louisiana and southeastern Texas, as indicated by the 
data for Galveston. Also, in spring the mean value at 
Pensacola leads to an area of higher humidity on the Gulf 
coast. 

The distribution at 3 km is practically the same at all 
seasons as at 2 km, except that during winter an area of low 
values is evident m the upper Misswsippi Valley and the 
Lake Region, and persists through spmg, as shown by 
the value at Detroit. The area of low humidity at 2 km 
over Galveston is emphasized at 3 km, having the support 
of an additional station in both summer and. autumn. 
Murfreesboro shows high humidity in both wmter and 

At 4 km the main difference in summer is the great 
extension of the low-humidity area, which was confined 
to the up er Mississippi Valley and New England at the 

United States, with the lowest values being indicated in 
New York and New England. This low humidity area 
persists into the autumn season, but in a modified form. 
The 4-km level in winter and spring is much the same as 

spring. 

lower leve Y s. This area at 4 km covers the entire northern 

- -  
the 3-km level. 

In the distribution at 5 km a closed area of higher hu- 
midity is evident over the northern part of the Gulf States 
and southern Arkansas and southern Tennessee. The 
other seasons show no decided change at the 5-km level 
from the 4-km level, 

The density curves (figs. 16-22) vary with consi@ent 
regularity, with the exception of the curve for the wmter 
mean density a t  Dallas where the irregularity is un- 
doubted1 due to the singularity of the temperature values 

was pomted out, on page 18. The density IS greatest at 
the surface d u r q  wmter and least during summerf and 
in spring the density a t  the surface is consistently hgher 
than in autumn at all stahons. This order ersists u to 
the “level of constant density”e at  about 8 pk,, at  wEch 
level it is reversed-summer ,havin.g the greatest density 
with autumn, spring, and wmter m order of decreasing 
density. To t b  pattern, however, the density values at 
Dallas do not conform. The variation of densit with the 

km than at Ellendale, Royal Center, and St. Louis. In 
the case of Omaha, this may be due to the greater number 
of observations available. At Dallas it ma be due to the 

the tropopause is relatively high. 
The extreme temperatures (figs. 2-8) for the ye? at the 

seven stations are plotted on the same graph wlth the 
seasonal mean tem eratures. The extremes for Omaha, 

those above 5 km at Groesbeck and Broken Arrow are 
deemed to be somewhat less so. The minima at Broken 
Arrow are representative but the maxima are omitted 
above 4 km. 

Extreme temperatures for the other stations, generaus 
up to 5 km, we given in the tabular data. 

The minimum pressure curves (fi 23) werederived 80 

during .t & s season. The temperatures are. affected, as 

mason seems to be smaller at Omaha and D & as at  12 

fact that the station is in a relatively low T atitude where 

Ellendale, and Da 9 a5 are considered representative, but 

as to show a lower pressure at eac k given altitude than 

8 W. J. Humphreya, Phydoe of the Air, ad edltlon, 19% P 77- 
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FIQWBE %.-Spring mean temperatures in a longitudinal section of the atmosphere. 
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FIQVHE 25.-Summer mean temperatures in a longitudbl  section of the atmosphere. 
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FIGVBE %.-Autumn mean temperatures in a longitudinal section of the atmosphere. 
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FIGURE !27.-Wlnter mean temperatures In a IongLtudinsl seotion of the atmosphere. 
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FIQUBE 29,--8umrner moan temperatures at the surface and flve upper levels. 
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FIQUBE 8O.-Autumn mean tempersturea at the kurface and five Upper levels. 
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FIQURE 81.-Winter mean temperatures at the surfaoe and flve upper levels. 

*770?-8- 
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FIOWE 32.-SPring mean pressures at the surface and five upper levels. 
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FIOURE 33.-Summer mwn pressures at the surface and five upper levels. 
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.- 
lrrona~ al.-Autumn mean pressures at the surface and flve upper levels. 
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Fiiova~ a6.-Wlnter mean pressures at the aurbce and flve upper levelk 
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F I ~ U B E  36.-Spring mean relative humidities at the surface and flve upper levels. 
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FI~URE 87.--Bummer mean relative humidltles at the surface and flve upper levels. 
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FIGUBE 38.-AUtumn mean relative humidities at the surface and five upper levels. 
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FIGURE BD.-Winter mean relative humidities at the surface and flva upper levels. 
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can reasonably be expected to actually exist. It should 
be noted that the lower sea-level pressure does not neces- 
sarily yield the lower pressure a t  high altitudes, since the 
two theoretical curves mtersect a t  about 5% km, and above 
this level the lower pressure is shown by the curve cor- 
responding to the higher surface pressure and lower surface 
temperature. 

C O N C L U S I O N  

Because of the fact that this publication is mainly 
factual in scope, no attempt is made to generalize. Fur- 
thermore, it is felt that It should be made clear that, 
before any generalizations can be made, there must be 
records of 10 ears or more m length from each station in 

the present one.* 
In the compdation of a11 the data presented herein 

the aid of many individuals was involved. Particular 
acknowledgement is due the cheerful help of Messrs. W. 
B. Drawbaugh, A. D. Hustead, and Carl Russo. Especikl 
mention must also be made of L. P. Harrison for his 
invaluable suggestions and criticisms. Practically every 
member of the Aerological Division in the Central Ofice 
participated in this work to some extent. 

a network at  9 east as dense, and preferably more so, than 
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TABLE 2.-Data for the 7 central stations 
BROKEN ARROW, OKLA. 

.59 

.67 

.77 

. I3  

.70 

.40 . 19 

.57 

SPBlNO 

Se t 17 1925 
9.2 {Jufy. $1928) -'6.' 

-.4 July 19,1924 -32.8 _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -38.2 _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -41.7 _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -46.8 _____do _______. _ _ _ _ _ _ _ _ _ _  _ -______- - -____ -62.1 _____do 

_ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -62.1 Dee. 13,1929 _ _ _ _ _ _ _ _ _ _  __- -___________ -72.6 _____do _______. 
_ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -66.8 Dee. 23,1929 

I Extremes 

Temper- 
ature 

cent 
186.4 _ _ _ _ _ _  66 _ _ _ _ _ _  _____. 
j65.5 _ _ _ _ _ _  64 _ _ _ _ _ _  _____. 
IO1 _ _ _ _ _ _  61 _ _ _ _ _ _  _____. 
M9 _ _ _ _ _ _  65 _ _ _ _ _ _  _____. 
100 __-_-- M)  

WINTEB 
~~ 

Pressure 
?umber 
tf obser- 
vations Temperature I Altitude (km) 

Extremes 
Lapse 
rate 

Max. 1 Date 1 Min. 1 Date 
Hum- 
idity Density 

- 
B. 

39.6 
38.5 
37.6 
30.3 
33.6 
29.7 
26.2 

16.4 
4.8 

-7.2 
-21.1 
-34.2 
-413.8 
-67.1 
-64.3 
-67.7 -ae 
-72. 6 
-77.3 
-81.2 
-83.0 
-83.7 
-86.3 
-84. 8 
-84.5 
-81.0 - 

- 
mb. 
991.5 
959.6 
903 
849 
798 
750 
704 

e20 
646 
477 
416 
361 
313 
270 
232 
199 
171 
147 
126 
108 
93 
80 
69 
60 
62 
46 - 

'nchca 
29.28 
28.33 
26.67 
25.07 
23.56 

20.79 

18.31 
10.09 
14.09 
12.28 
10.66 
9.24 
7.97 
6.85 
6.88 
6.06 
4.34 
3.72 
3.19 
2.76 
2.86 
2.04 
1.77 
1.64 
1.33 

22.16 

- 

Percent 
70 
65 
66 
48 
43 
41 
40 

40 
39 
34 
33 
33 
33 
32 
32 
31 
30 
29 
29 
29 
28 
29 
28 
29 
29 
29 - 

kolm a 
1.243 
1.200 
1.137 
1.072 
1.014 
.960 
.910 

.818 

.730 

.661 

.695 

.533 

.476 

.421 

.368 

.319 _-- - - - - - _- -, 
_ _ _ _ - _ _ - I  

1bs.lft.a 
0.0770 
0.0753 
.0710 
.0669 
.0033 
.0599 
.OS66 

.0611 

.0459 

.0413 

.0371 

.0333 

.0297 

.0203 

.0230 

.0199 _-_-_-_ -. 
________. 

964 
963 
929 
817 
681 
629 
366 

127 Dee. 22,1929 
_____do _ _ _ _ _  
_____do _ _ _ _ _ _ _ _  
_____do _______. 

2 
1 
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333 9.83 42 
289 8.63 40 
251 7.41 39 
217 6.41 39 
187 862 38 
160 4.72 36 
136 4.02 36 
116 3.43 34 
98 2.89 34 
84 2.48 34 
71 2.10 -__-. 

T A B L ~  2.-Data for the 7 central stations-continued 
DALLAS, TEX. 

BPBINB 
I 

0.470 0.0293 
.419 .0262 
.376 .OB4 
.334 .0209 _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _  ____--_ _.._._ ___- --. 

. 6  
, O  

29.43 
28.32 
26.72 
25.25 
23.83 
22.47 
21.20 
18.76 
16. 60 
14.66 
12.88 
11.28 

9 _ _ _ _ _ _  
10 _ _ _ _ _  
11 _ _ _ _ _  
12 _ _ _ _ _  
13 ____- 
14 ___-- 
16 _ _ _ _ -  
16 __-__ 
17 _ _ _ _ _  
18 _ _ _ _ _  
I9 _ _ _ _ _  

-26.0 -14.8 
-32.8 -27.0 
-40.1 -40.2 
-46.9 -62.4 
-62.4 -62.3 
-67.6 -71.7 
-60.6 -77.1 
-62.2 -80.0 
-64.3 -83.7 
-63.7 -82.7 
-63.0 -81.4 

0.0749 
.0714 
.0676 
.of342 
.0611 
. o s 1  
.0663 
.0499 
.0461 
.0407 
.0366 
.0327 
.Om3 
,0280 
.OB1 

- 0.149-- 
$6 _ _ _ _ _  
1 _ _ _ _ _ _  
1$6.--- 
2 _ _ _ _ _ _  
2$6---- 
3 
4 _ _ _ _ _ _  
6 _ _ _ _ _ _  
6 ___-__ 
7....-. 
8 _ _ _ _ _ _  
9 ____-_ 
10 _ _ _ _ _  
11 ___--  

16.8 80.4 1, 
18.0 64.4 
17.1 62.8 
16.1 69.2 
12.7 64.9 
10.2 50.4 
7.7 46.9 
2.0 36.6 

-3.9 26.0 
-10.2 13.8 
-16.6 2.3 
-22.6 -8.7 
-29.2 -20.6 
-36.9 -32.6 
-41.8 -42.9 

,000.1 
960.9 
906 
864 
806 
769 
716 
633 
669 
492 
431 
377 
3% 
284 
246 

29.53 
28.38 
20.76 
26.22 
23.36 
22.00 
20.73 
18.28 
16.09 
14.12 
12.31 
10.72 
9.27 
7.97 
6.86 

12 ___-_ 
13 _ _ _ _ _  
14----- 
15 ___-_ 
16..-.. 
17 _ _ _ _ _  
18 _ _ _ _ _  
19 _ _ _ _ _  
20 _ _ _ _ _  
21 _ _ _ _ _  
22 _ _ _ _ _  
23 _ _ _ _ _  
24 _ _ _ _ _  
26 _ _ _ _ _  

-46.3 -61.3 
40.2 -68.4 
-E3.6 -64.3 
-67.3 -71.1 
-69.0 -74.2 
-60.9 -77.6 
-00.3 -76.6 
-66.6 -69.9 
-62.0 -61.6 
-46.7 -62.1 
-42.1 -43.8 
-36.3 -31.6 
-34.3 -29.7 
-28.7 -19.7 

80 
67 
61 
69 
67 
62 
48 
44 
40 
44 
41 
39 
38 
37 
36 

1.200 
1.144 
1.082 
1.028 
.978 
.931 
.888 
.860 
.723 
.e62 
.685 
.624 
.489 
.417 
.370 

SUMMER 
I 

1 
1 
I 
I 
0 
I 
I 
4 
9 
9 
1 

I 

- 
276 
276 
276 
276 
276 
276 
273 
273 
282 
18 
7 
7 - 

78 1.158 
70 1.110 
66 1.064 
86 1.007 
64 .981 
60 .917 
68 .875 
63 .792 
61 .717 
48 .648 
46 .582 
43 .624 

0.149-- 24.0 
%----- 25.2 
1 _____- 23.6 
I%..-- 20.7 
2 _ _ _ _ _ _  17.6 
2$6..-.. 14.6 
3 _____. 11.7 
4 6.6 

AUTUMN / 

9 
9 
D 
8 
8 
0 
0 
6 
B a 
1 
1 
1 
1 

/ 

- 
212 
182 
168 
133 
113 
97 
83 
71 
60 
62 
44 
37 
31 
27 

- 

- 
6.86 
4.96 
4.19 
3.61 
2.92 
2.46 
2.04 
1. 68 
1.36 
1.12 
.89 .ea 
.bo 
.38 

- 

- 
280 
280 
280 
280 
280 
280 
280 
278 
271 
11 
9 
9 
9 
9 
9 - 

I l l  I I  

WINTER . 

-1-1 I-I- I I- I 
OB. mb 

46.9 960.S 
47.6 904 
46.4 861 
43.9 800 
39.7 762 

43.7 1,m1.: 
O C .  

6.6 
8 .3  
8. 6 
8.0 
6. 6 

I 4.3 
1.8 

-4.2 
-11.3 
-16.8 
-21. 6 
-26.9 
-33.4 
-39.9 
-46.3 
-61.4 
-55.1 
-55.3 
-66.7 
-67.9 
-68.8 
-60. I 
-69.7 
-69.9 
-69.3 
-58. 3 
-67.2 
-66.9 
-64.7 
-ha. o 

25.13 
23. 62 
22.21 
20.91 
18.43 
16.21 
14.20 
1 2  46 
10.87 
9.48 
8.21 
7.09 

1.062 
.994 
.943 
.896 
.808 
.730 
.e54 
.586 
.621 
.407 
.416 
.369 
.320 

.0667 
* 0621 
,0689 
.0669 .w 
.0466 

.12 __. 

.28 

.48 __. 

.bo 

.80 

.71 

.66 

.48 

.63 

.66 

.66 

.e4 

.6 l  

.------- -_________-___. 
24.4 July 12,1933 

18.0 Aug. 28 1931 
11.7 Sept. 16: 1933 
6.3 _____do _______ 

-3.3 Aug. 10,1933 
-8.2 _____do ______. 

-12.7 _____do _______  
-18.6 .____do -_____. 
-23.8 Sept. 29,1932 
-27.7 Dec. 11,1932 
-31.6 Dec. 16,1932 

.------- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
35.2 707 
24.4 823 
11.7 648 

-1.8 480 
-6.9 421 

-16.4 367 
-28.1 320 
-39.8 277 
-61.3 239 
-60.6 206 
-67.2 177 
-67.6 152 
-70.1 130 
-72.2 111 
-74.0 96 
-76.2 82 
-76.6 71 
-75.8 61 
-74.7 62 
-72.9 46 
-71.0 39 
-68.6 _-__-- - 
-6G.6 _____- - 
-W 6 _.____- 
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Altitude (km) Temperature 

L 

SVYYEB 

Extremes 

Pressure lmgiyl Density 1 3: 1 
Max. 1 Date I Min. I Dote 

.-. 

O C .  
-9.8 
4 . 7  
-7.7 
-7.3 
-8.8 
-11.0 
-13.6 
-10.2 
-26.4 
-32.3 
-38.6 
-44.4 
-48.0 
-49.1 
-47.8 
-40.6 
-46.B 
-46.0 
-46.1 
-46.7 
-47.6 
-46.9 
-45.3 
-46.8 
-46.4 
-46.8 
-43.4 

9 _ _ _ _ _ _  -31.3 -24.3 
10 _ _ _ _ _  -39.1 -38.4 
11 _ _ _ _ _  -46.0 -60.8 
12 ___--  -47.8 -64.0 
13 _ _ _ _ _  -47.6 -63.5 
14----- -48.3 -66.7 
16 _ _ _ _ _  -51.6 -60.7 
16 ____-  -54.0 -66.2 
17 _ _ _ _ _  -64.9 -66.8 
18 _ _ _ _ _  -55.4 -67.7 
10 ____-  -52.0 -61.6 

OF. 
14.4 
14.5 
18.1 
18.8 
16.2 
12.2 
7.5 

-2.6 
-13.7 
-26.1 
-37.6 
-47.9 
-54.4 
-66.'4 
-64.0 
-61.8 
42.4 
--W.8 
-61.0 
-62.1 
-63.7 
-62.4 
-49.6 
-5l.4 
-61.6 
-60.4 
-46.1 

- AVTUMN 

71 1.197 
69 1.188 
61 1.121 
66 1.081 
63 1.006 
62 .953 
62 ,903 
60 .812 
48 .720 
48 .663 
47 .684 
44 .622 

9 _ _ _ _ _ _  -40.7 -41.3 
10 __-__ -47.9 -64.2 
11 _ _ _ _ _  -52.0 -61.6 
12----- -64.1 -65.4 
13----- -65.0 -67.0 
14 _ _ _ _ _  -56.0 -68.8 
15 _ _ _ _ _  -56.0 -68.8 
16 _ _ _ _ _  -66.1 -69.0 
17----- -E60 --88.8 
18..-.. -63.4 -64.1 
19. _ _ _ _  _-_--- ---. - - 

I 
327 
283 
246 
212 
183 
158 
136 
116 
100 
86 
74 

311 
267 
229 
196 
167 
143 
121 
103 
87 
76 
65 

9.66 
8.36 
7.26 
6.26 
6.40 
4.67 
4.02 
3.43 
2. 95 
2.64 
2.19 

37 0.471 0.0284 
36 .422 .0263 
36 .378 .0236 
35 ,328 .0205 
34 _ _ _ _ _ _  --- --- - 
32 _ _ _ _ _  - - 
31 _ _ _ _ _ _  _ _ _ _ _ _ _  
31 _ _ _ _ _ _  ~ _ _ _ _ _ _  
31 _.____ _ _ _ _ _ _ _  
31 _.____ _ _ _  _ _ _ _  
31 _.____ _ _ _ _ _ _ _  

I l l  

B. 18 
7.88 
6.76 
6.79 
4.93 
4.22 
3.67 
3.04 
2.67 
2.21 
1.82 

?umber 
of 

obser- 
vations - 

1291 
1281 
1273 
1171 
ION 
807 
169 
134 
24 
12 
11 
11 
11 
11 
11 
11 
11 
11 
10 
9 
6 
4 
4 
1 
1 
1 
1 

_L 
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TABLE Z.-Data for the 7 central statione-Continued 
QROESBECR, TEX. 

7.4 
4.6 

-1.6 
-7.2 
-13.0 

SUMMER 

__---. _____. 

Temper- 
ature 

oc.  I OF. 

AUTUMN 

Extremes 
Altitude (km) 

Max. 1 Date I Min. 1 Date 

OC. 
18.3 
17.2 
16.2 
13.2 
11.0 
8.7 
6.3 
1.0 

-4.8 
-11. 6 
-18.9 
-?A. 8 
-34.3 
-41.1 
-47.0 
-62.0 
-50.3 
-60.4 
-64.2 
-66.8 
-65.2 
-64.3 
-62.7 
-61.0 
-60. 3 
-69.6 

O F .  mb 
64.9 1,Ooo.l 
87.0 069.f 
59.4 905 
66.8 863 
61.8 804 
47.7 767 
43.3 713 
33.8 
28.4 
11.1 
-2.0 
-16.2 
-29.7 
-42 2 
-52.6 
-61.6 
-69.3 
-76.7 
-83.6 
-86.4 
-86.4 

-80.9 
-77.8 
-76.6 
-76.8 

-13.7 

/ 
WINTEB 
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. SUMMER 

79 1.164 
6Ll 1.124 
65 1.068 
63 1.008 
62 .961 
61 .917 
61 .875 
48 .794 
46 .721 
43 .649 
39 .a2 
37 .623 
36 .468 

33 ,331 
::E 

1 1  

0.0720 
.0702 
.of361 
.0629 . OB00 
.0672 
.0546 
.0496 
.0460 
,0406 
.0363 
.0327 

374 

~ 17 

- 

13 _ _ _ _ _  -61.6 -60.7 
14 _ _ _ _ _  -66.8 -68.4 
15----- -68.7 -73.7 
16 _ _ _ _ _  -60.4 -76.7 
17----- -60.8 -77.4 
18 _ _ _ _ _  -60.2 -76.4 

-67.4 -71.3 
20 _ _ _ _ _  -65.2 -67.4 
21 _ _ _ _ _  -62.8 -63.0 
2'2 _ _ _ _ _  -60.3 -68.5 
23 _ _ _ _ _  -47.7 -63.0 
24 _ _ _ _ _  -45.8 -60.4 
26 _ _ _ _ _  -43.4 -46.1 
26..-.. -41.2 -42.2 
27 _ _ _ _ _  -39.7 -39.6 

185 6.46 
168 4.67 
136 3.98 
116 3.40 
98 2.89 
83 2.46 
71 2.07 
60 1.77 
62 1.64 
44 1.30 
38 1.12 
32 .94 
27 .80 
23 .BE 
19 .fa 

- 
16 
16 
16 
16 
14 
11 
10 
0 
7 
6 
4 
3 
3 
2 
2 

3 28.98 
. 9  28.32 

28.67 
25.10 
23.62 
22.24 
20.91 
18.46 
16.27 
14.29 
12.62 
10.87 
9.46 
8.18 

0.0766 . 
.0734 
.0689 
.0661 
.0617 
.om6 
,0657 
.0503 
.0464 
.0410 
.0369 

.0296 

.0203 

.os80 

470 
470 
470 
468 
467 
486 
463 
468 
442 
93 
18 
17 
16 
16 

11 _ _ _ _ -  -40.0 -66.2 
12 _ _ _ _ _  -52.6 -62.6 
13 _ _ _ _ _  -64.1 -65.4 
14----- -66.0 -67.0 
16----- -66.7 -68.3 
16 _ _ _ _ _  -66.6 -69.7 
17----- -66.3 -69.3 
18..-.. -56.3 -69.3 
19 _ _ _ _ _  -66.6 -68.8 
20 ..... -61.8 -61.2 
21 _ _ _ _ _  -49.6 -67.3 
22 ...-. -47.6 -63.7 
23.---. -46.4 -40.7 
24 _ _ _ _ _  -46. 6 -60.1 

239 7.06 
206 6.08 
177 6.23 
162 4.49 

112 3.31 
97 2.86 
83 2.46 
72 2.13 
63 1.86 
66 1.62 
47 1.39 
41 1.21 
36 1.06 

130 a.84 

16 
14 
14 
14 
12 
12 
10 
9 
6 
4 
3 

1 
; 

I I I I I  II 1 I I I  I I  I I I I  I I  I 

WINTER 

Extremes 
Number 
of obser. 
vations Date 

Pressure Density Lapse rate 
HU- 
mid- 

i tY gfk 1 Date 1 gtk 1 

I 

'C .  OF. 
-4.0 24.8 
-3.3 26.1 
-1.7 28.9 
-1.0 30.2 
-1.9 28.6 
-4.1 24.6 
-6.6 20.3 
-12.3 9.9 
-18.7 -1.7 
-26.6 -14.1 
-32.4 -26.3 
-38.8 -37.8 
-44.6 -48.3 
-48.9 -56.0 
-61.7 -61.1 
-63.0 -63.4 
-63.2 -6s.8 

-E471 -68.4 -66~61 -64.1 

-Ea.o -63.4 
-626 -62.6 
-62.4 -02.8 

mb 
983.4 
969.1 
901 
846 
794 
745 
699 
613 
637 
470 
409 

306 
263 
226 
194 
166 
142 
121 
104 
89 
76 
65 
66 
40 
41 

80 

aa 

a6 

.44 __-__----- 

.48 18.9 

.M) 10.2 

.e4 6.2 

.69 -6.2 

.68 -11.2 

.64 -18.2 

.68 -23.0 

.43 -29.4 

.28 -36.O 

.02 

. ia  -38.5 

432 
432 
432 
430 
426 
421 
417 
409 
388 
98 
67 
55 
'55 
66 
66 
65 
63 
MI 
45 
25 

18 
13 
0 
6 
1 
1 
1 

m 

I I I I I I 
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Altitude (pm) 

o c .  
-2.2 
-3.6 
-4.2 
-4.8 
-6.1 
-8.0 
-10.3 

OF. 
28.0 
26.5 
24.4 
23.4 
21.0 
17.6 
13.6 

mb 
691. 
967. 
899 
843 
791 
741 
696 
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TABLH~ &--Data for the 7 cental stations-continued 
800TT FIELD, ILL. 

BPRINQ 

Number 
of 

o~~~~ 

Extremes 

Md- I Date I Et& 1 Date 
Altitude (km) 

\ 
V-7. 

9.6 
11.1 
9.6 
7.2 
6.0 
2.6 
. I  

-6.0 
-12.3 
-17.6 
-24.6 
-32.8 
-40.9 
-48.1 
-62.3 
-63.9 
-64.2 
-66.0 
-66.9 
-64.7 

88 
88 
88 
88 
87 
86 
86 
81 
76 
13 
12 
12 
12 
10 
8 
8 
6 
6 
4 
1 
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I O C .  

R 

P r m  I1 
-- I 
mb I Per- 

cent 
980.8 8: 
968.6 7( 
904 6( 
852 G 
801 6’ 

BUMMER 

AVALON, CALIF. 
BUMMEB 



TABLID 3.-Data for the $0 stations mostly having only kite and airphne observations-Continued 
BILLINQB, MONT. 

BPRINO 

4*7 
2 h--- ---- '*7 

'g::: zi: 
O*g 

1 

BUMMER 

AUTUMN 

WINTER 

1016 8 08 _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  214 3 _ _ _ _ _ _  -6.4 098 66 0.40 _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  -_-____ -_-_-___-_-____ 211 
9W'l 06 0.63 _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  214 4 _ _ _ _ _ _  -10.6 614 60 .61 _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  200 
Em' 62 .40 _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  214 6 _ _ _ _ _ _  -16.6 639 48 .60 _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  166 
844 60 ,313 _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  214 6 _ _ _ _ _ _  -23.2 470 46 .07 _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  __.____________ 01 
783 69 .38 _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  214 7 _ _ _ _ _ _  -30.4 _ _ _ _ _ _ _  60 .72 _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  7 
744 67 .42 _____._ _ _ _ _ _  ---------- 212 
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TABLB 3.-Data for the $9 stations mostly having only kite and airplane observations-Continued 
CLEVELAND, OHIO 

+-.: 
@:-- 
'*--*- .-* 

> I .  I I I 

0.34 _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  242 -1.0 989 2 80 _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  ___---_-_______ 262 234 ---- -6.8 
--.Q 8 6 i 3  77 +o.o4 _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  262 3 _ _ _ _ _ _  -8.1 gi? '2 .44 14.0 July 51931 -32.0 Feb. 8,1P33 236 

-2. 1 888 73 .24 27.8 July 23,1933 -26.0 Feb. 8,1933 260 4 _ _ _ _ _ _  -13.1 611 61 .W 8 4 July 6 1831 -38.7 _____do  _ _ _ _ _ _ _ _  222 
-3.1 -4.2 846 66 _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  ________.______ 263 6 _ _ _ _ _ _  -18.3 636 60 .62 3:8 July 0:183l -36 6 Mar 11 1834 166 

782 68 .22 21.7 Julie 8,lQ33 -27.4 Mar. 10,1R33 246 6 _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  ___.________.__ -13:7 Nov: dl831 -_-_ 

BPRXNQ 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  840 8 ___-__ -8.2 697 63 0.50 17.4 Aug. 4,1818 -31.8 '-- ''.7 76 0.10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  838 4 __-_ ..-14.6 612 61 .64 7.6 June10 -34.6 
844 67 +.OS _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  ______________-  849 6 __---- -20.8 638 61 .62 0.2 Bept. 7:1917 -29.0 

6 _ _ _ _ _ _  ___.___ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  -8.0 Bept. 4,1825 -22.1 
'%? -a*6 July 36 1917 64 +.a 34.2 Aug. 4,1818 -32.6 Jan. 11,1818 811 

271 
271 
271 
208 
266 

Jan. 11,1818 601 
_____do _ _ _ _ _ _ _  117 

Jan. 21,1926 16 
Nov. 26,1918 ---- 

BUMMER 

- WINTER 

\ AUTUMN 

1 WINTEB 

62 
62 
M) 
47 
43 
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0.217.. 
sfr ____- 
1 - 
l%---- 
2 _____- 

TABLE 3.-Data for the 89 station8 mostly having onlg kite and airplane observations-Continued 
DUE WEST, 8. 0. 

BPBlNQ 

3as 7.0 696.2 72 _._________________________._________________._______ 783 2% _ _ _ _  0.6 762 48 0.42 ____.___________._____ ~ __________________- -  - 
6.8 961.6 66 0.07 ___._._ -______________ 2 _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  782 3 _ _ _ _ _ _  -1.8 707 46 .46 21.2 Aug. 22 1927 -17.4 Feb. 10,1926 % 
6.9 906 60 .18 27.2 8ept. 8,1927 -11.0 Jan. 15,1927 741 4 _ _ _ _ _ _  -7.1 624 44 .E3 8 4  Sept.16’1927 -162 A r  181923 
4 4  861 66 .30 ___-___ --_____________ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  624 6 ____-_ -12.9 649 49 .68 0:s Aug. 19:1926 -2214 M%. 12:1924 ..-- 2.6 800 62 .36 24.2 8ept. 8,1927 -16.0 Jan. 10,1927 602 6 _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _  ___-_____ _ _ _ _ _ _ _  __.____________ _ _ _ _ _ _ _  ____._______. -- 

I 

WINTEB 
. .  

EL PA80, TEX. 
BPBINO 



HURON, 8. DAK. 
BUMMEB 

9@3 63 _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _._____ _____________._ 
0.98 _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  6 7 _ _ _ _ _  -18.6 426 48 0.71 -15.4 8ept. 16,1910 -26.0 Sept. 8,1910 4 

6 8 _ _ _ _ _  -26.3 371 46 .67 -22.4 __.__do _ _ _ _ _ _ _  -33.0 Sent 4 8 1910 4 
.82 27.1 Aug. 12,1910 7.4 Sept. 8,1810 6 8 _ _ _ _ _  -32.1 321 46 .08 -30.7 _____do ______.  -41.8 Sept. '6,1910 4 

83 _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  __-- 10 _ _ _ _ _  -37.2 279 44 .61 -83.7 Bept. 6,1910 -47.7 Bept. 8,1910 3 
61 .74 21.6 Sept. 16,1910 2.8 Aug. 11,1910 4 11 _ _ _ _  -41.3 241 42 .41 -36.9 _____do _ _ _ _ _ _ _  -63.1 _____do _ _ _ _ _ _ _  3 

12 _ _ _ _  -46.1 200 42 .aS -43.3 Bept. 9,1910 -62.0 Aug. 11,1010 8 
13 _ _ _ _  -46.2 180 42 .01 -44.1 _____do _ _ _ _ _ _ _  -67.9 _____do _ _ _ _ _ _ _  2 
14 _ _ _ _  -46.3 167 41 .01 -46.3 Aug. 11,1810 -63.7 --___do _____-_  1 
16 _ _ _ _ _  _ _ _ _ _ _  ----___ --____ _ _ _ _ _ _ _ _ _  4 0 . 1  Sept. 10,1910 -63.3 Sept. 3,1910 _ _ _ _  

t;; 
----iCi 

AUTUMN - 
160 
127 
109 
93 
79 
67 
67 
48 
41 
34 
29 
26 
21 
18 
14 
11 
8 - 

I 
37 
36 
36 
36 
36 
36 
36 
34 
33 
32 
32 
32 
31 
31 
31 
31 
81 - 
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TABLIU &-Data for the 89 stations mostly having onlu kite and airplane ob8ervations-Continued 
LAKEHURBT, N. J. 

Alti- 

2% 
-- 
OC. I mb 

-1.4 760 
-3.6 706 
-8.6 621 

-13.6 E47 

, 

. WINTEB 

I .I . - I _ _ I  I I  l _ _ I I _  I . _ I _ I  I I I  I t  
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TABLE &-Data for the &'Q stations mostly having only kite and airplane observations-Continued 
MURFREESBORO, TENN. (NASHVILLE) 

BPBINQ 
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TABLB~ 3.-Data for the $9 stations mostly having only kite and airplane observations-Continued 

76 
71 
Bo 
53 
48 
46 

OKLAHOMA OITY, OKLA. 

SPBINQ 
\ *  . .  . .  

_ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _  ________-_-- 
+1.18 _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

.36 30.4 Aug. 13,1934 -20.2 Jan. 21,1935 

.14 _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

.34 23.7 Aug. 1,1034 -16.0 Feb. 26,1936 

.40 _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

I o c .  I I I1 
cent 

966.9 72 _ _  
954.5 69 
Qoo 57 
847 49 
798 45 
751 42 
707 42 
624 44 
6M) 45 

O C .  I mb I Per- 
cent 

-29.0 422 
-34.6 307 
-37.8 319 
-36.2 277 _____. 
-38.7 241 
-43.1 210 _____. 
-48.5 182 
-52.1 168 _____. 
-63.2 136 _ _ _ _ _ _  

44 .56 10.2 (2;;. }-18.7 Jan. 21,1936 
8.3 July 28,1836 23.2 Jan. 21 1936 
3. I/ Aug. 6,1934 1 -20.81 Deo. 20: 1934 1 

.82 _-_____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  __________.____ 34 

PEMBINA, N. DAE. 
a p m o  

BUMYE8 

983.0 78 ...__.___ __._... ___.__.._._.__. ___..._ ______._.__ -.-- 84 
964.9 70 +0.86 _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  ____________-- -  64 
901 66 .22 27.8 M a y  28,1834 -36.6 Deo. 28,1933 04 
840 63 .62 _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  A 4  
7Q9 GO .48 21.2 June 27,1834 -36.0 Deo. 26,1933 GI 
752 69 .66 _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ______. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  04 
708 56 .64 16.2 June 27,1934 -39.2 Deo. 26 1933 64 
026 52 .68 6.8 dug. 6,1833 -30.6 Feb. 26:1834 04 
653 45 .83 -2.3 June 26,1934 -42.0 Feb. 26.1934 62 
480 46 .67 _ _ _ _ _ _ _  __________.__._ _ _ _ _ _ _ _  _._____________ 4 
427 33 .48 _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _._____ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4 

281 22 .61 _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4 

322 28 .e1 _ _ _ _ _ _ _  ______________. _____._ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  4 
324 ai .n _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  ____.__ _____.__._.___. 4 

243 
210 
181 
166 
133 
114 
97 
83 
71 
61 
53 
45 

I I I I I 

4 
4 
4 
4 
4 
4 
4 

3 
2 
1 
1 

a 

.._I 
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TABLBI &-Data for the 89 stations mostly having only ktte and airplane observations-Continued 
PEMBINA, N .  DAK.-Continued 

AUTUYN 

l a 1  I I I Extremes 

983.6 
954.2 
897 
843 
791 
742 

BUYYEB I 

AUTUMN I 
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TABLEI 3.-Data for the 99 statiuns mostly having only kite and airplane observations-Continued 
BAN ANTONIO, TEX. (KELLY FIELD) 

'-%- 

"---. 
2JI'::: 

1 WINTER 

O.OlO.-;'- 
'Ol8.8 73 _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  433 3 _ _ _ _ _ _  1.7 706 32 0.60 18.0 July 16,1834 -12.9 Mar. 10,1936 

.%I 32.0 July 27,1934 1.6 Mar. 22,1836 433 6 _ _ _ _ _ _  -10.9 647 28 .64 6.6 July 6,1934 -24.8 Deo. 6,1884 
9 f S 8  63 +.os _ _ _ _ _ _ _  _._____________ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  433 4 _ _ _ _ _ _  -4.6 622 30 .62 12.0 June 20,1936 -21.1 ____. do------- "" E :+ .46 _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  418 6 _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _  ___.___ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _----- - --------------- ---- 

" 789 41 .46 27.0 July 12,1834 -6.7 Jan. 10,1038 418 7 _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _  _.____ _ _ _ _ _ _ _ _ _  ____._. _._____._______ ___---- -----------*--- ---- 

BAN DIEQO, OALIF. 

8PRINQ 

< 

1 BUMMEB 

36 .48 _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  3.55 

AUTUMN 

I I I I I I I 

-' I I I I  I I  I I1 I I  I I I I 

1 WINTER 
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TABLXI 3.-Data for the 89 stations mostly having only kite and airplane observations-Continued 
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TABLPI 3.-Data for the IO stations mostly having only kite and airplane obseruations-Continued 
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TABLB 3.-Data for the 89 stations mostly having only kite and airplane observations-Continued 
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TABLB 4.-Data for the 16 stations mostly having only a few sounding-balloon observations 
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Altitude (km) 

TABLI~J 4.-Data for the 16 stations mostly having only a few sounding-balloon obsetvat~on8-Continued 
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