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TECHNICAL NOTE 4169

ATMOSPHERIC TEMPERATURE OBSERVATIONS TO 100,000 FEET
FOR SEVERAL CLIMATOLOGICAT. REGIONS
OF THE NORTHERN HEMISPHERE

By H. B. Tolefson
SUMMARY

Radiosonde measurements of upper-asir temperastures teken over g
5-year period at nine stations in the northern hemisphere are summarized
in order to provide information on the temperatures likely to be encoun-
tered during airplane and missile operations up to 100,000 feet. The
results are in general sgreement with those from previous investigations
of upper-air temperatures and indicete that the mean temperatures from
the tropopause to 100,000 feet tend to increase fairly regularly and
rapidly for southern locations, whereas a smaller increase occurs for
more northerly locations. The scatter in the temperatures sbout the
mean generally decreased with Inereasing altitude from the tropopause
to 100,000 feet. Little, if any, effect of locstlion upon the Tempera-
ture was apparent for altitudes above about 90,000 feet.

INTRODUCTION

Data on the atmospheric temperatures at different altitudes have a
number of applications during both the design phases and the actual
operations of high-speed alrplanes and missiles. Measurements of the
upper-alir temperatures were summarized some time ago by the Unlited States
Weather Bureau in reference 1 1n order to provide informetion on the
frequency with which given temperatures might be expected at different
altitudes and locations. These data covered radiosonde observations
made over a 5-year period from locations within the continental United
States and in edjoining sreas and, because of limitations of the sounding
equipment, were restricted to altitudes of about 50,000 feet.

With the more recent design of airplanes and missiles having much
greater altitude and range capsbilities, temperature data are now needed
for higher altitudes and for other areas throughout the world. A sum-
mary of radiosonde temperature measurements was accordingly undertsaken
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by the National Advisory Committee for Aeronautics to extend the results
in reference 1 to altitudes of sbout 100,000 feet and to several loca-
tions in the northern hemisphere. Although both the altitude and the
area coverage of the results represented by this study are still limited,
an effort was msde through choice of station locations to obtain tempera-
ture date whlch could be considered representative of some of the wider
climatological or geographical areas of the northern hemisphere.

Acknowledgment is made to the Office of Climatology of the United
States Weather Bureau for their assistance in selecting the upper-alr
stations most sultable for the present study and to the National Weather
Records Center for their services in processing the originsl obgerva-
tional data.

PRESENTATION OF DATA

Scope

Complilation of the availileble atmospheric temperature and pressure
measurements to an altitude of 100,000 feet for a large portlion of the
earth would be a task of great magnitude. The compilation for conti-
nental United States, given in reference 1, gnd that for the North
American continent, given in reference 2, suggest that the mein tempera-
ture features, particularly at pressure levels corresponding to high
altltudes, can be disclosed with significantly smaller effort by con-
sidering data for a_few radiosonde statlions selected to represent several
broed climastologicel regions end geographlc locations. Further, a sur-
vey of the avallable radiosonde date indicated that temperature and pres-
sure measurements up to an altitude of ebout 100,000 feet and extending
over & time interval of several years exlst only for locations in the
northern hemisphere. In view of these considerations, nine widely
dispersed radiosonde stations in the northern hemisphere were sélected
to represent predominantly arctic, semitropical, maritime, and conti-
nental influences. Radiosonde observations covering a 5-year period
were used for each station. The stations selected, thelr climstologlical
reglons, the time perliod covered by the observations, and the total
number of radiosonde soundings from each station are listed in the fol-
lowing table:



TECHNICAL LIBRARY

ABBOTTAEROSPACE.COM

NACA TN L4169 3
Station izii252322d Period of observation sgo'i?f
Thule, Greenland Arctic Jan. 1951 - Dee. 1955 1,785
Barrow, Alaska Arctic Jan. 1951 - Dec. 1955 1,816
Sen Juen, P. R. Semitropical| Jan. 1951 - Dec. 1955 1,823
Ocean gtation vessel Maritime Jan., 1951 - Dec. 1955 1,751

Echo (1lat. 35° N.,
long. 48° W.)

Oceen station vessel | Maritime Sept. 1951 - Aug. 1956 1,767
Vietor (lat. 34°N.,
long. 164° E.)

International Falls, | Continental § Jan. 1951 - Dec. 1955 1,793
Minn,

El Paso, Tex. Continental | Jan. 1951 - Dec. 1955 1,820

Ttazuki (Fukuoka), Continental | Jan. 1951 - Dec. 1955 1,772
Japan

Wiesbaden, Germany Continental | Jan.-Apr., June-Aug., 1,752

Oet.=~Nov., 1950
Jan., Mar., May, Sept.,
Dec., 1951
Feb., Apr.-Dec., 1952
Jan. 1953 - Dec. 1855

The data for the stations in the teble were confined to the daily
radiosonde observation taken near 2300 e.s.t. (0300 Z). Because of
differences in longlitude of the stations, some of the data represent
nighttime observations while others represent daytime observations.
Temperature differences resulting from these differences in local *ime
of the soundings are not considered significant for the higher altitudes
which are of particular interest in this study. References 3 and b, for
example, indlicate that diurnal temperature variations at the higher alti-
tudes amount only to about O. 5 C. It may also be noted that with the
exception of the data for Wiesbaden, Germany, each set of soundings
covered about the same continuous 5-year period.
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The results are summarized in teble I in terms of the frequencies
f and the cumulative probabllity distributions cpd of the tempera-
tures % observed at gilven sltitudes for each of the nine stations.
For the different statlions, separate distributions are given for each
month of the combined 5-years' sample of data and for the total 5-years!
sample. The temperature date glven in the taeble were obtained at the
standard reporting pressure levels of 850, 700, 500, 300, 200, 100, 50,
30, 20, and 10 millibars. For convenience, these pressure levels are
expressed as the corresponding geometric altitudes in the standard
" aeronautical atmosphere gpecified in referenceés 2 and 5.

Each entry in table I refers to a temperature observation within
a class interval of 2° C. A frequency value for a temperature of 10° c,
for example, indicates the number of cbservations between 10° C and
11.9° C, and a frequency value for a temperature of -10° C indicates
the number of observations between -10° C and -8.1° C. The cumulative
probebility distributions indicate the percentage of observations for
which the temperatures exceeded the specified values' It was considered
for & variety of uses, such as determining séascnal varistlons at a
given location, the mean, or the standard deviation of the temperatures
gbout the mean gt different altitudes.

It might be noted from table I that the number of observations
obtained decreases rapidly with altitude, particulerly for altitudes
above 67,500 feet, because of limitations in the performance of balloon
sounding eguipment. For Wiesbaden, Germeny, only three cbservatlons
were obtained at altitudes above 67,500 feet in Janusry and February
because of interrupted weather services during these months over parts
of the 5-year perliod selected for study. For completeness, however,
2ll observations were tabulated, regerdless of how few were availsble.
In eddition, all singularities noted during the tabulation of the data
by the National Weather Records Center were checked agalnst data reported
by previous or following soundings.

It might be pointed out that for each altitude teble I approximates
a graph in which temperature is the ordinate, time is the a&bscissa, and
the curves are formed by lines running through constant values of the
cumulative probebllity distributions. Thus, the variastions in the tem-
perature with season, altitude, and location msy be readily ocbserved
from the table.
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DISCUSSION

Table I indicates large monthly and seasonal temperature variations
at all altitudes for the northern locations as compared with somewhat
smaller variations for the southern locations. A few examples of the
extreme veriatlons in the temperature during summer months (June, July,
and August) and winter months (December, January, and Februery) st alti-
tudes sbove the tropopause are summarized in the following table for
statlons representing arctic, semitropical, and maritime regloms.

Temperature range, Sc » at altitude of ~
Station 67,500 ft 8,500 £t 87,000 £t
Summer Winter Surmer Winter Surimer Winter

Thule, Greenlsnd ] t |-40 to -50 | -k2 to -82 | -38 to -50 | -k& to -82 | -36 to 48 | cccmmecen

(arctj_c) Ot 10 ho 12 %8 12
Sen Jusn, P. R. [+t }-56 to -64 | -60 to -BO | -kt to -60 [ -50 to -T0 |-48 to -5k | -k6 to -6k

(semitropical) | At 8 20 16 20 6 18
Ocean station

vessel Victor g; -5k zg -6 | -52 Ig -70 | -46 Ig -58 | -k& ;g 64 | -4 ;g -S54 | ~k2 tg -60

(meritime) L

The primery indicaetions of the preceding summaery are the generally
colder temperstures and the larger spread in the temperatures at all
locations for the winter months than for the summer months. In similar
investigations (ref. 6, for example) tendencies have been found for the
temperatures at altitudes near 100,000 feet to be somewhat colder for
northern locations than for more southerly locations. These latitude
effects are not particularly aspparent in the foregoing summery or in
table I. The relstlvely few observations at 102,000 feet in the present
summery, however, do not permit definite conclusions to be made in regard
to such tendencies in the temperstures.

-

For a better 1ltlustration of the variations in temperature at the
different altitudes, the mean tempersture and the standard deviation
of the temperatures sbout the mean are plotted against altitude in
figure 1 for the 5-years' set of observations taken at Barrow, Alasks,
ocean station vessel Victor, International Falls, Minnesota, and
San Juan, Puerto Rico. The standard deviatlon ¢ 1s a useful measure
of the scatter in the data sbout the mesn and indicates the range that
includes approximately 68 percent of the observations. The points in
figure 1 are plotted slightly sbove or below the given altitudes for
ease in distinguishing the average tempereture snd the values of .
The varigtions in temperature with altitude for the stendard atmosphere
of references 2 and 5 are also ghown by the curve in figure 1 for com-
parison with the observed dats.
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The much colder temperatures at tropopause levels and the wide
departures from the temperatures for the standard atmosphere are evident
for the southern locations from inspectlon of figure 1. Also, conditions
in the stratosphere for the southern locatlions are characterized by a
fairly large increase in the temperatures with sltitude, while a small
increase occurs for the more northerly locatlions. The meen temperatures
for the high and low latitudes sppear to converge at sbout 90,000 feet.
Simllar variations in the mean temperature with altitude sbove the tropo-
pause for different latitudes are discussed in references 6 and 7.

The values of ¢ in figure 1 polnt out the very small veristions
in troposphere tempersastures throughout the year for semltroplcal loca-
tlons and the much larger varistions for high-latitude stations. Above
the tropopause, the tempersature spreads generally decreasse as altitude
increasges to 102,000 feet. The comparastively smsll asmount of deta
obteined- at the highest levels does not permit complete confidence to
be placed in the values of ¢ at these altitudes, but in general 1t
appears that the scatter in the temperstures gbout the mean values is
represented by a value for ¢ of 10° C or more at low altitudes and
less than 5° C at the higher altitudes.

CONCLUDING REMARKS

The preceding summary of the upper-ailr temperature meagurements
taken at nine radiosonde statlons over a 5-year period provides basle
temperature statistice for use in eilrplane and missile design studiles.
The stations were selected to represent given geogrephic or climatologl-
cel influences, and the expected wide departures in the temperatures
from those speciflied for standard atmospheric conditions were noted.

The scatter in the temperatures at different altltudes agrees with the
results from other investigations, and in terms of the standard devia-
tions of the temperstures sbout the mean, frequently exceed 10° C in
the troposphere and sre less than 5° C for altitudes from the tropopause
to 100,000 feet.

Langley Aeronauticel Laborsastory,
Netional Advisory Committee for Aeronsutles,
Langley Field, Va., August 23, 1957.
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TABLE I.- SUMMARY OF RADIOSONDE MEASUREMENTS QF UPPER-AIR TEMPERATURES

Alt ', Jan. Feb. | March | April May June Joly Aug. Bept. Oct. Nov. Dec. | Total t,
r
ftocf'!Pd‘thtmfmfwfm!m‘mlwtmiq)d!cptfoc
% % % % % % % % % % % % [
(a) ‘Thule, Greenland — - .
5,000 8 1 1j 1 1} 2 1 [ ]
[ 2 3l 6 8} 2 3l 2 1 13 1]
4 s &} 5 & 2 & 12 2l &
2 7 11}18 20f 22 18] 1 2 AT Al 2
Q 2 117 22(39 as| 33 401 B 8 59 10] o
-2 1 1} 7 &]2% 39|30 6429 s59) 8 13} 2 1} 1 132 1]10% &} =2
=412 1 1 1} 7 1l|2a ssf27 e2{29 78{22 22| 3 3| 1 1 106 22| =4
-l 4 s11 1 7 8} 9 )l2s y2l22 98} 20 9121 a1} &4 6] L 2] 2 3123 29) -6
-8 2 213 2]8 312)l16 27}13 81] s 100j 22 9918 s4| @ 12} 3 4 |1 3| 91 34 -8
-0l 6 8{1 3 12 2024 4318 93 99 f21 73|23 27} 8 e 2 51122 Ap|~10
=12] 5 11§ 1 4 ;& 5|14 29}27 61} 7 97 110025 9025 4] 3 11§ 3 7] 115 a7}-12
-14§32 19| 3 6] 7 917 a1j20 74} 3 99 6 9hfi18 sef2r 25|13 9| 1l0 53]-1a
-16f 9 25¢3 8} 7 1af12 49|20 e1{ 1 100 9919 6916 26 | 8 14| 102 se|-1s
~18}13 34| 8 12 }16 24|13 88| 8 92 1100} 19 8120 49 )12 22 107 65|-18
=20114 43 |14 22 |15 24 j16 &%) 5 5% 11 89|21 &3 [19 35|18 ?ij-20
~22} 9 49 J11 30 |19 asj12 77§ 2 97 8 9al16 Ta J1A AS] 9L 76|-22
~24l 8 sS4 )12 3% )9 s2) 6 81] 3 99 5 9718 86 [16 38) 77 Wi]-24
-26f18 64 125 %0 {13 61 9 87] 1 99 2 99| 9 92 {19 68{ 83 85|-26
=28{14 73 }21 66 |17 72| &4 90} 1 100 2100 & 95 |17 so] s0 90f-2¢
-30{15 83 J18 79 |18 eax}| & 92 7 99 |16 91| 78 9Af-30
-32116 93] 5 63 |11 91| 3 95 1100 [11 98f &7 97]-22
34}l 3 98 [11 91 5] & 97 3 100 28  98|~34
~360 5 99 { 8 o8 99 | 4 100 19 9%|-34
~38| 2100 2 9 | 2 100 6 100)-38
=40 8 100 5 100|-40
10,000 [ 2 1} 1 1
-2 1 207 5] 2 1
-4 5 5113 14{12 91 & 3
sl 1 1 17 17)32 3828 21} &4 6
-8j 1 1 5 3|19 29027 #8639 3311 1] 1} 1
=10 1 1 6 719 a2(27 &3(33 731l 21} 1 1
=121 2}1 1 2 2] 9 13}30 62)33 8%]15 84 l26 40) 2 3
~4) 2 3f1 211 1fs stie 26l22 77(18 9723 o3 j1s 83| 8 8
=16 3 s} 31 2 )3 a3/1s 25[15 3426 @v] 3 _99) & 97 )18 65116 29
-18) 9 11 j 1 3} 5 6pie 277127 51} 8 93] 2100} & 9917 ¥7{17 130
=20f 7 16} 8 sl 121 2|32 72} 6 97 1 100 {14 87 |25 A7
-22§16 26 | 4 8| & 16)15 82121 e} 2 98 11 95|18 89
=24[17 38 | 7 13 j20 2921 6620 93] 2 ¢ 8 99 )16 69
=26117 a9 |12 22 [22 a3 |18 8| & 97 9% {19 82
-28]19 61 |18 35 |18 %5 | 9 8a} 2 98} 1 100 1100}12 90
-~30{18 73 |17 a8 |19 e8| 5 B8 | 2 99 8 95
=~32112 81 {24 6% [16 T8 | 3 90 4 98
~34§12 89 J15 77 jirt 86} 5 93] 1 100 1 99
~36(16 95 {12 as [1a 95| 3 o5 2 100
~381 3 97 8 91} 2 3 97
~A0 99 ) &4 94 | 6100} 2 99
~42} 2 100 | 2 96 1 99
~hd 6 100
~Ab 1 100
18,000 =16 1 1} 3 201 1
-18 1 1(10 9f 8 &
~20 s 7{19 22|12 12§ 2 1
-22 4 315 17)21 36}29 2| % 5} 2 1
=240 1 1 4 5119 30|24 52736 87 [13 18
~24} 2 2 1 1) 3 2} 7 103 3330 72131 7817 27} & &
-28) v 3f2 2f(1 1[ 8 @8}11 17§22 69|24 88123 86 [22 a3] & @
-20j 1 3 4 4| 7 12({18 30{22 84|11 95|11 94 {23 39| & 14
-32) 4 &)1 24 )13 21]31 S0}1s 93| &4 98] 5 97 J19 73 )15 24
-34[ ¢ 121 3}9 1317 33{26 68} 5 97| 2 9% 99 |15 84 |22 39
~3614 221 & & {12 2222 48|24 84| & 99 1100! 2100| 8 90[z20 53
~38l19 33 | 7 12 18 34 |25 43118 96 7 95j21 67
-40f24 81 {15 24 j20 a8 38 TT! 4 99| 1 100 4 98l20 @81
~4z2[24 67 j22 Al j27 67 |14 87 2 9916 92
44118 79 [25 61 |15 77| 8 90§ 2 100 1100) &4 9%
-46{17 91 {29 84 j28 90 ) 6 9% 6 99
~48! 7 93 |11 92 |11 97] 2 96 1 99
~50f 3 91| 8 98 | 4100} 2 &7 1 100
~52| 4 100 | 2 100 4 100
80,000 ~-38 1 1{1 1t1 1
~40 11 V2 214 a)3 sl2 2
=A2 2 sl1 1|1 1]le o6}e 8} 7)1 2
~A4 s 7414 412 sfas 175 mf11 181e 7} il 1
46 4 10 |7 9711 11419 30} 9 18f27 31 13}) 85 s} 3 3
=48 & 14 |13 39 ] 6 16 J24 A7 [40 a6 |31 38 |31 39 112 lal 9 9
-50l ¢ 717 20 {13 29117 =28 |22 62 [36 72 81:[48 73 [20 30| 9 1&
~s2! ¢ 14 |12 230 j2a B [29 50 )22 78 J28 92 |23 97 |24 92 }29 52 30 3T
~5a4[16 26 [11 39 |10 35 [24 67 |19 91 ji1 99| 4 100} 8 98 {31 77128 S5
~36112 35 |19 85 122 7J2 }19 82 }11 99 ] 1 100 3 100 {21 93 |33 80
-58|20 51 j16 &9 |19 87 |17 94 [ 1 99 9 100 18 92
-60[21 &7 115 81 [11 98 | & 100 9
~62]24 85 |14 93 | 6 100 1 100 3 100
~64[16 98 | 6 98
-66f 3100 | 1 99
-68 1 100
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SUMMARY OF RADIOSONDE MEASUREMENTS OF UPPER-AIR TEMPERATURES -~ Continued

AR N Jan. Feb. March | April May June July Aug. Sept. Oct. Nov. Dec. Total t,
a (]
t ,cpd,mdlmdtcpdtcpd!mdfcpdtcpdf@d‘q’dfcpdfqdfquoc
% % % * % * % * % * % % %
(a) Thule, Greenland - Continued
38,500 -36 11 1 =38
-38 3 3 5 4l 3 3 11 1|=-28
40 6 811 12 8 613 14|18 151 4 3| 1 1 a9 4l =20
-42 2 109 9 21 22 |37 a3 |35 s1 |11 13| 2 3 117 12|=-a2
-84 10 1811 9 las %6 j22 60 )29 63 |19 29| & 9 1 1| 3 2|49 22]|=as
-46] 5 4| 8 18| 7 2421 25 (31 79 |30 es |23 @0 }26 s1 {20 26 7 s | e 5|3 5187 3a[-4s
-28) ¢ 9| 8 25 |14 2 )31 s0 {18 92 J13 94 (10 87 |23 71|29 S2 (21 20] &4 9| 2 6 |179 abi-sE
-s0{15 22 |11 3% {18 S2 123 &8 | 3 94 98 (10 93 |14 @331 77 (38 a8 & 15| 9 13 j186 99(~50
~52|18 37|19 53 |22 Ti)24 87| 3 96| zia0| z 96 ] 7 w9 )12 87 |36 v f2z 32 |12 23 |i79 71|=s2
~54(14 a9 7 %5910 80| & 92| 3 99 2 98| % 93| 7 93|17 86 |32 57 (23 &1 |127 79|-54
~ss] 5 53| 5 4|8 87| T o8| L 99 3 96| 3 96 9 9329 80 |21 58 | 91 86{-%6
-s8| 5 s7 |15 78!l 3 90 1 98 2 99| 2 97 7 98 [18 94 [1% &9 | 68 90{-s58
-s0] 7 63 {12 89 z 100 1 98| 4 99] 3100 | & 97 | & Te | 4l 93| «s0
-62j31r 72| 7 9% | &4 93 1 100 1100 1 99 3 99 |11 e4 | 39 95|-62
-64{1% 85 2 97| 3 9 1100 | 1 100 1100 | 6 89 | 29 97|-es
-56[13 96 1 98 | 2 97 6 94 22 99]|-ss
-68[ 2 98| 1 99 |1 98 2 95 6 99[~68
=70 99 2 100 2 97 6 100[=70
~72{ 1 100 1 98 2 100{-72
=74 1 100 3 100 & 100[-74
53,000 -3¢ 2 3 2 -38
~40 6 12 {232 3 s 3l 7 & 19 H e
=42 1 13 )8 13 2 218 1941 sl 6 6 78 9)-42
44 6 19§ 5 5|20 20 [38 54 (a1l &2 42 48| 1 I 11 154 22i-as
~48] 2 3| - 8 25 ;12 18 |40 56 |39 84 |16 95 |32 79115 18 1 3 [156 36|-46
~x81 9 16| 3 7| 6 32[15 3% ]29 82 (16 99| 4 100 |i7T o6 |21 &l 1 13 7T /[128a A7f-ss
-50]13 34 |12 33 | 5. 38|22 57 j13 o9& 3 99132 76|10 ¢} 5 &)1 @8ils 57(-50
-2 2 28| 5 s0f @ avr|17 76| & 93| 1 120 1100 |18 96 (37 40| & 12 ] 6 16 |108 &6(=52
-5l 1 39( 8 51 [19 &8 {18 95| 1 100 3 99|30 66 ( 9 20| 3 20| 92 7A s
-56{ 2 42} 5 s8 |10 80| 5 100 20 @3] 9 29| 6 28| 57 79/-56
-58] 3 a7} 6 &7 | 5 85 1100 {13 94 |16 44 ] 6 36 | S0 a4{-s8
-60f 3 SI ] 1 &8 [ 3 89 5 98 j25 sa | & 4+ ] a3 87|-60
62| 4 561 7 78|11 9 2 100 |23 90 [11 59 [ A8 92{-82
64| 5 63| & 86| 1 91 9 99| @ 69 | 29 9al-ss
6| 6 72| 4 92| 2 9 1100 f 6 77 | 1% 96|-66
-&8| 6 80| 5 99| 3 97 5 84 | 19 O9T{-s8
=-70{10 94 3 100 5 91| 18 99]-70
-72] 2 97| 1 100 4 96 7 100|=72
74! 2 100 2 99 i 100]-74
=76 1 100 1 100{=78
67,600 -40 2 5 s 9115 19 25 al-a0
-42 4 24|35 13 1 1|30 4546 76| 8 20 92 19[~-a2
—&& 1 15| 4 6 [19 25 |29 79 |19 100 |36 %8 108 35[-aa
-46 1 29| % 28 |1 23 |21 s1 |16 98 27 91p 1 2 82 AQ|-h6
-48 I 3110 39 [20 76 | 2 100 4 95 [14 26 1 4] 52 sg|-a8
~50{ 3 21 5 46 |1% 94 3100 | 9 as 3% 6350
-52 1 3511 33| 4 52 99 12 6741 2 1 9| 24 &7]-32
~s4| &4 50 1 3| 7 63| 1 100 W% 93| & & 1 13 [ 32 72|-%
=561 3 710 4 59} 4 AS] T Ta 4100 6 18} 1 s 3 26| 32 77i~36
-58 1 65| 3 54} 6, 83 |18 se z 38 82(-s8
-60 3 821 5| 8 95 17 17| 4 17| & 52| 37 88[~sD
=62 2 86 [ 3 100 |11 &5 | 3 100 10 93| 6 28] 2 61| 37 9al-6z
-5 2 S0 3 98| &4 52| 1 65 16 95|-64
&6 & 100 1100 8 79| 3 18| 16 98]=6s
=48 4 93 4 99|=-68
=72 1 97 1 99}=-72
~74) 1 93 1 100 2 99[-74
-76| 1 100 1 83 2 99(-~76
-78 2 92 2 100{-~78
~80 1 96 1 100|~80
-82 1 100 1 100|-82
78,500 ~38 12 I -38
. -0 CJ19 33|24 a1 43 1af-40
-42 3 8|2 79]28 8T |15 28 72 38|-a2
-A4 1 33t 1 20 1+ 3l12 arf10 97| 8 100 (22 69 55  S4|-aa
~45 s 19 f11 70} 2 100 14 94 32 57| ~46
-48 2 0| 7 AL} 8 92 2 98| 5 18 24 7a|-a8
=50 1 48| 2 97 1100 ¢ az 13 79j-%0
-s2 1 30 1 4T [ 1 100 3 82 & 81=-s52
-s4| 1100 1 &7 FRT i1 8% 16 86 =34
-5 1 59 4 97| 1 5 5 88f-56
~58 5 75 1100 3 22 9 91«58
60 5 91 5 47 10 94 =60
-62 1 9% 5 78 6 96]-62
-5k 2 100 4 95 & 98! -84
=66 1100} 2 100 1 100 & 99 =8¢
-58 1 100 1 100}-&8
-82 1100 1 1o0| =82
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TABLE I.- BUMMARY OF RADIOSONDE MEASUREMENTS OF UPPER-AIR TEMPERATURES - Continued
Al . Jan. Feb. March | April May June July Aug. Sept. Oct. Nov. Dec. Total 4,
w it
it o, cpd cpd cpd cpd cpd cpd cpd epd cpd cpd cpd cpd cpd| o
c |t l w |1 ] %t e el linlt et lmtilnjflmjfln ftleg(fiel? = (+f
(s} Thule, Greenland -~ Concluded
87,000 ~26] 1 311 3 2 1l=3
-3 1 4818 2601 3 23 17{~38
-40] 1 5|9 1719 80| 2 10 31 37)~a0
~42 & 38| 3 87 7 100 j1& 57 36 57]=s2
~44) 9 80| & 100 11 93 24 13]=a6
46| 3 25| 1 88 1 971 2 11 7 78|=48
=48] 3 80} 2 9% 1100 3 28 9 esl-as
=50] 3 4 3 gei-%0
~52| 150 2 87| 1100 4 67 s 91|-82
-84 1 78 & 89 5 95/-84
~56) 1 83 1 9 2 9e)=56
~58 2 100 2 97]~s8
~60) 1 100 1 98[=50
-62 2 100 2 99{=b2
~70 1 100 1 100)-70
102,000 ~30 1 33 1 8]-30
~32] 2 100 2 2%]-32
~34 2 100 2 33 4 58}-34
~3g 1 %0 1 67-38
40 2 a3 2 u3)-a0
v ~44 1100 1 92)-44
~52] 1 100 1 100}-32
(b} Barrow, Alaska
5,000 1;' 11 1 14
1 2 2 2 12
10| s 72 1t 10 if 1o
8 & 3|8 1219 7 21 2 e
6 14 12§18 24 (18 15 50 5|
4 17 2433 45015 29/ 1 1]1 1 o1 8 &
2 101 a 3|32 45129 68122 a3f10 7] 3 3 101 14 2
of 2 1 1 1§12 10§34 8|20 77 )23 s0126 18f &4 8 114 20} ©
-2 & 3|14 1926 85[19 8929 71918 30[ & 8] 2 1 114 26} =2
-4 1 2 3 s3i 7 @af21 33| 8 90} 9 9515 s9}32 52} 9 w4l 2 3 108 32} =4
-8} 2 3 12 16423 481 7 931 7 99111 96 f25 &9 12 21 3 7} 1 17105 38 ~&
~af12 11| 2 2l 2 & 2116 581 & 991 31 100 &6 200421 83 [17 33 {10 13| 2 2 [102 44 -8
-10j11- 18) & 5] 3 6421 35|25 74] 2100 § 89 |17 44712 22 ] 3 & |l09 s0f=10
~12[16 28| 2 6| 8 11|18 a7 |1s 83 13 98 130 63 (25 3| 8 9 (134 87-12
-14! 5 32f & 12|1% 23)19 s0i13 92 320023 7819 51 |15 19 |124  64f-14
-18) T 36114 22[17 3f20 73 9% 22 92 120 64 |13 27 |11%  71f-l
~18f18 a8 f11 30|20 47(14 83| 7 100 8 97 11 72 |15 37 {104 Te|-18
-20{13 56116 4l|22 6L| 9 89 4100 9 78 [26 53| 97 82)-20
=22| 9 62)16 S3|24 7T 8 94 13 87 |19 65| 89 #7122
-24/10 60 )14 62119 asl & 9t 11 9% |13 73| 73 91f-24
-26/11 78|20 77| 8 95| 3 100 99 {19 86 | 69 94|-26
-20/12 @3;10 8a| 3 96 1100110 $2 | 36 96} =28
-30{13 92} 5 87| & 99 7 91| 29 9ef-30
=32} 8 97| 1 92 2 s | 17 99)-32
~34} 2 98} 3 94} 2 100 2 95) 9 99]-3
=360 1 99| 3 97 1100 5 100]~3
=38] 1 99| 2 98 3 100} =38
~40| 1 100§ 3 100 A 100| =40
10,000 2 « o} 3 2 e 1 2
0| 2 [ 1| & 3 17 i o
-2 6 26 28 {19 1T 11 52 4 =2
=4 1 1 11 26 19)29 4721 31| & 3|3 3 79 9] -4
=5 1 1l 1 135 43|37 70(29 B0} 5 6] 3 & 115 15| -
=8| 2 2 2 2] 1 1) 8 6|37 eal2s Bai3c 7018 18{3 8} 1! 1 130 22} -8
-1 3 4 1 3} 3 329 25§28 8710 9320 8336 43} 3 10f 1 1{ 1 1}i3s 20j=10
~12l 1 s} r 2l 2 al 9 o926 alf1s 96| 810016 93121 87 {13 1l e 5 117 36/ =12
-14l 6 8 5 70 7 143 63 & 99 8 99127 7615 28| & 11| 2 2(1le 4a2l-ls
-1 T 13! 3 3] 3 el2o 2721 77] 2 100 2100120 89 22 A2 f1s 22 f & 5120 a9f-le
-18{12 21| 8 8 1a27 4818 &8 10 96 |36 65 [27 40 {17 1s {160 90| ~18
-20§1% 31}12 13§12 22{20 39 )1s 97 2 97 j24 81 )24 %6 |11 23 [134  es]-20
-zﬁ 13 29| 9 21|31 2725 78 99 4100 [11 88 {17 67 |24 32 (121 72|22
-24| 12 47 )20 36|24 37120 83| 1 100 5 95i 9 73l2s as[120 79i-24
~26121 6023 52126 Ta| & 93 7 98|18 88 [22 63 [123 Q4f =26
-268/13 69{24 69|18 86| 9 99 3100 {13 94§22 77]102 9 -28
=30i12 77|14 79f15 96| 2 100 99 16 88| 67 93| -30
~3414 sef10 85| 2 97 110013 9¢) &0 97 -32
-34 10 9210 93{ 3 99 1 9| 24 98 -2
=36l 9 98 99 2 98| 12 99| -3
~38] 99] 4 9s] 1 100 99 [ 9 100 ~38
-a0f 1 100( 4 99 1100 & 100 =~40
~42| 2 100 2 100 ~42
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TABLE I.- SUMMARY OF RADIOSONDE MEASUREMENTS OF UPPER-AIR TEMPERATURES - Continued

AL t, Jan. Feb. | March | Aprl May June July Aug. Sept. Oct. Nor. Dec. | Total t,
~y
ft log|e [y |cpd|, |} fepa] fepa] |epdf fepaf  [opa] o jepd] (opdf fcpd| [opdl , [cpd] of
% % » % % % [ % % % % % %
(b) Barrow, Alaska - Continued
18,000 -12 1 1)1 1 2 -12
~14 2 z2]6 s|e o 1% 1|-14
-16 1 3|12 12{7 9 20 2|-16
-18 6 7|27 30 |21 23 54 5|-18
~20] 1 1 11 15 17137 sS4 26 40| 4 3|3 21 1 a8 10|=20
=22 3 13 2 1|3 3|3 2|31 3939 8032 1] 8 3| & 5 125  17{~22
~24] 1 3 1 2|3 s)1s 12|28 58 |16 90 j23 7T 22 24| B 10O 1 2 |119  24|=2a
-26{ 2 5 s a| e 11|26 29 (% 83] 8 95 {16 87 (35 a8 |22 18| 2 2|1 1 |150 32{=26
~28] 6 9| 1 1| 7 8] & 13|28 a7}{is 93] 7 100 |12 95 |22 3 |10 24 | 3 & 113 3s|-28
-30| 5 12| 2 2|10 15|12 21|32 &80 100 99 1280 82 |17 36 |12 22| & 5 {140 a&]-30
-32] 8 17| 3 4| % 1a]1s 32|29 @1 1100 (15 92 |28 =5a 1T 24 ] 5 9 [117 53]~32
~38l11 24 9 11 /14 27)17 a3]29 @ 6 37 |24 70 {25 41 [22 23 [1aT  l|=34
~38}13 33 {18 24 (13 2633 &5|10 99 99 [28 88 {29 61 [20 36 (188 TO[~38
-38{20 A6 |20 38|32 56|26 83} 1 100 1100 7 93|21 75 |14 s [142 78[-22
-40{23 6123 84|33 77[18 95 10 99 [21 89 |25 1 [153 B8T(~40
~32119 7a |27 74|16 88 99 1100 [10 96 |30 81 [109 93]~a2
-44l16 8426 8513 96| 2 100 3 sglz2 95 | 12 97|-as
46116 9512 9| & 99 3 100 99 | ac  99|-4&
-28l 6 99| 7 99| 1 99 2 100 | 16 _100[~48
-50{ 2 100| 2 100 1 100 s “100{=50
30 =38 3 2 3 ~38
heo =40| 1 1{2 3}tz 1 5 1]=A0
-2} 2 1) 2 21z 11]s s 21 zles2
-44 1 1} 2 2|1 1|1 1) 2 3|8 @aj21 25]18 1s| 2 1 54 5[=a4
~46 2 2] 3 & 2 210 914 18)3a a7r)29 38| 2 3| & 3 100  10|~as
~38{ 3 4} 3 sl10 7] 6 6|14 18}26 3740 73 j40 64| 8 912 I [ 1 1} 1 1 ]164 20 ~a8
-so{10 11[ 7 11( 7 12{12 14|21 32|34 62|31 9a 28 83|26 28|19 20| 3 3| 4 3196 31{~%0
-52110 18|19 25]18 24{23 30|36 %633 86 99 |17 95 |37 5a4 |17 31 |17 15| 5 7 [240 A5[~52
-54{33 40 [19 39 |30 43|25 46 |a1 82|14 96 2 100 g9 |42 85| 9 37 {33 2g |19 19 (273 60|~54
-56]32 62|19 53|32 6a[39 73[21 96| &5 100 1100 |18 96 |24 53 |37 &4 |30 38 |2%6 75|~56
~58|24 79 |29 74|25 79|24 89| & 100 99 135 77 |29 8a |33 &0 |207 a7|-s5e
~60{14 88 |22 90 (22 9&|1a 98 2100 [30 97 |18 97 [28 78 150 95{~-&0
-62[13 97| & 96| 9 99 3 100 99 | 5 100 {28 96 | &9 99]-62
~64f 3 99 2 98 1 100 99 | 10 100{~64
-66{ 11060{ 2 99| 1 100 2 100 6 100[=66
-8 1 100 1 100|-63
28,500 -A0 z 1 T 1]ls 3]2 1 10 1{~40
—4 e s] 3 3 3 2f5 af27 15]8 7 A4 342
~s4l 2 2/ 4 9] 1 5| % a212 10|25 23|20 28|23 22| 3 2] 2 1 99 1
~46{10 9| 8 18| @ 11|10 10{28 29|27 3|30 a8 |22 37{15 13| 5 5 I 1 [l1es 19)=46
. =8 14|18 27§16 22|27 2934 64 (35 s8}20 61 |34 61026 32§ 7 10] 6 4] 3 3250 33)-a2
“80{19 29[22 44[26 38|40 57|24 8017 81121 7520 7429 53 [19 24|18 IT]| 8 8 [261 A%|~50
-52§20 44 |15 5530 38|22 72|14 89|10 ea |11 &2 |12 82|30 74 |27 43 |39 a5 |25 25 |255 ‘es)-52
~84f24 62123 73[16 6921 87] 7 94| 5 92| 7 @7 | 5 86|15 85 |24 60 [28 65 |28 4as [203 T7sj~34
~36[22 79|18 87 (24 @S] 9 93 97| a8 98| 5 so] s 9111 9316 72 |26 84 |22 59 [173 06[=56
~sg| ¢ 83|11 95| 9 e1| 3 951 4 99| 2 99] 5 93| 7 6.5 95|16 84 J13 93 |1T 71| 98 91L[-~58
-0 7 89} 2 97| 6 95| 1 96)] 1 100] 1100f 6 97| 2 97| 4 99| 6 8B} 3 95 10 TR [ A9 9A[-60
~82| 5 92| 1 98 3 93 4100) 4100} 2200 2 B9 2 S6| T 82| 29 96[-62
-64] 1 93) 2 99| 3 97| 2 99 £ 92| 3 991 9 88| 28 97|64
-66) 1 9al 1100 2 99| 1100 6 96| 2100] 8 94| 21 99|88
~s8( 3 98 2 100 3 99 4 97| 12 99|-68
-70{ 5 100 1 99 4 99 ) 10 1o0l-76
-T2 1 100 1 100 2 100{-72
53,000 -38 1 1} 1 1 2
=40 1 2|2 2 3
-42 3 3| 3 s| 7 & 1 1 I 1{1 1] 1e
-2l 2 &) 6 11| 6 12[ &4 3| T s5|12 sf39 27{12 @ 1 2|1 2} e
-46] 7 10) 8 18| 8 19|13 1321 19|67 S9 (57 66 |52 31 12 s| a4 & 4 5| A 5263
~48{24 31112 30| 9 25|26 32|52 5440 89 |38 91|45 83|30 31| 4 7|18 18| 8 12 )306
~50118 4T (16 45|16 38|30 safss 9z)12z 9a[12 99 |21 enjas 78 |22 1822 25 {13 23 |2¢m1
-52119 64|18 63)27 59|32 78|22100| 3 100| 1200] 3 100}26 9% |30 45 {35 62|12 33 [218
-54|12 74 (14 76 )28 80} 20 93 3100 [21 63 |16 7421 51 |135
-56/11 84 (20 95}11 89] 10 100 20 a1 |14 as |13 e2| 99
-58{ 10 92 7 9 11 91 ) 9 92|11 72| 48
-50) 5 97| 2 97| 2 95 7 g7{0 99| & 77| =2
=62 9T 9 98 1 9z 110012 87] 18
-6Af 3 100} 1 100| 8 100 99 T 93| 17
=66 1 100 A 9T 5
=68 2 98 2
=70, 1 99 2
-72| 1 100 1
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TABLE I.- SUMMARY OF RADIOSONDE MEASUREMENTS OF GPPER-AIR TEMPERATURES ~ Continzed

Jan. Feb. March [ Aprii May July Sept. Oct. Nov. Dec. Total

June Aug.
Alt., |t t,
cpd cpd cpd cpd cpd cpd cpd cpd cpd cpd cpd d d
o foc |1 ¥ J*IT" % ‘l'k tJ,,:L,. ff,. fl"- rT,' q,‘_ IB £ |FY oo

; A=
(b) Barrow, Alaske - Concluded - Tt e -
87,500 -36 101 1 -3
-38 1 s 3 =38
~40 2 8 2 4 4 1[=a0
~420 3 5[ 2 6] & 13 3 3} 8 & T 1|3 10} 28 3 {~42
=40 1 61 2 11} 2 1% 3 2|44 42173 b1 |16 12 3 6|1 13 [1a%  1T7]~aa
=461 4713} 1 14§ 5 221 3 3127 245 BT }4s 94 |38 A1 | 5 S 2 9 )3 19 {182 3sj~ab
-48t310 29{ &4 25 { 5 20 ({26 246440 5T|13 69 22008 86| & S{1 2 5 29 [173  30(~A8
-850} 4 85| 1L 28] & 39|23 44 )3% B4 ) 1 100 16 99 23 29 6 17 | 8 46 [125  41)=30
-52{1a 571! 8 42| &4 45|21 62}16 97 2100 1a6 7011 & {15 36| % 65 |11 73f-~s52
~541312 76! 8 64 ) & 51]25 8A ] 4 100 25 92 |11 26 J12 34 | 7 19 {110 83 |~54
~s6f 7 er{ 7 83 f1? 1316 97 8 10 42 17 64 | ) 81| 73 90(~58
-58f 3 92| &4 94 |13 3 100 1100 {15 89 ] 7 78 | 1 83 | 4T 93j=58
-60{ 1 va[ 1 97| 8 96 8 84| 9 8713 9 | 27 97|60
~62) 2 97} 1 100 6 95 17 97| 2 94 ) 18 99j-s2
~64{ 2 100 3100 | 2100 | 2 96 8 100}~64
~66 2 99 1 %8 3 100)~66
-68 1100 1 100 (~e8
=70 . 1 100 1 100[-70
78,500 ~a0! 1 2{1 1 1 1a 3 1]|=a40
-42 6 1218 25} &4 8 2 43 | 30 8j=a2
44 1 9} 1 & & 12129 &0 |37 73 }10 1 84 27)~ad
=48f 1 11t s 381 1 13| 3 sl 35|22 97|17 97129 48 |1 2 1 37 | 89 avi-as
=48 T 18] 6 a7} 1 98 2 100 |30 82 2 86 ) 48  58|=48
-50f 1 22} 2 3851 2 25 [14 3|14 T&| 1 10C 12 96} 9 22 55 70|=%0
=52] 1 33)] 2 73] 21 31| 6 5al 9 o 410020 67|21 10}1 8 45 B1}=82
=-54) 2 8¢ 1 38} 8 8| 3 100 8 gh| 2 %0} 1 17 2% 86]=54
-6 1 671 1 82| 1 ] 6 9 6 8| 2 s0)as s} 1100 22 eij-%
~58; 1 79 & 81|10 o4 . 1100 |3 &0 21 96[=58
~&0 1 esl 2 100 1 %0 4 03 8 99)=60
-62] 1 89| 2 100} 2 100 1 100 & 99(-62
-64f 1 100 2100 3
87,000 -40 3 15 3
~A2] 2 14 5 a6 | 9 60| 3 21 19
=44 2 29} % 13} 7 95} 2 36 14
48| 3 500 2 91 12100 & 64 10
=AB 1 %0 2 13f 1 57 2 79 .
=30 1 50 2 71( 1100 2 931 3 60 9 12{=50
-2 1 100 4 33| 4 100 1100} 2100 12 s6}~52
=35 2 50 2 88)-%¢
-85 5 81 5 9al-sg
-80 1100} 3 100 1 100 5 100(-60
102,000 =40, 1 %0 1 25]=a8
=321 2 100 1 100 3 100}~52
(c) San Juan, Puerto Rico
8,000 22 101 1 22
20| . 11 1 1 2 20
18 3 2| 3 3|15 10[19 13 2% 16 |52 34 %5 37 136 25 | &6 & 216 12] 18
16/ 3 2[ 6 4] 6 6]a0 3088 67}97 7813 89 [92 93 [92 98 | 3 92 {86 61 [22 14 |[TAE 53| 1s
14149 34 [ A2 34 [AT 365 )6a 73 150 9933 100 j17 100 |11 100 3 100 |13 100 [52 96 |87 T1 ] 468 79] 14
12[88 90 [&3 79 }71 82133 95/ 1 100 6 100 [43 99 [30% 98) 12
10/ 15 100 [ 2% 97 |26 99 ] & 100 2300 7 100} 10
[ $ 100 | 2 100 7 100] »
10000 3128 1 1| 6 4 &4 3 1 1)1 1 1 1{2 1)1 1}f3 z2i4 3| 28 1} 12
10026 18122 2012% 19y 6 & )12 9i12 9 )24 16 {27 18 |31 22 jal 27 [16 13 §23 18 265 16} l0O
8141 A4 |41 49 |57 se|58 43177 59 [97 73|99 79 |10 89| 3 91 |72 74 |76 63 {47 40 |878 64| 3
6l65 BS [A4 82 149 87 )89 82 [52 93§38 99 /29 9B [16 99 !13 100 |39 99 |49 95 J64 90 {519 93} &
413 95 |22 98 (18 99|25 99(10 99| 2100} 2 99| 1 100 1100 4 99 |11 97 (109 99| &
2 100 2 100§ 2 100} 1 100 1 100 2100} 5100 ) 22 100| 2
0 3 100 3 100) ©
18,000 -2 1 1 1 -2
- T 1js 32 1])2 1 1 1}19 e}5 30a&4 3J]10 7]1 1] a0 2] ~a
~8{22 1a[20 1931 24 fas 3432 23|29 20 |34 23 [54 a2 [AT 235 57 41 [51 41 [s0 33 Jamr  29) -~
-8{74 63 (%2 57 {77 74|49 66 |74 72|90 80 l89 80 {79 o4 [79 88 {71 87 [54 77 [62 7 [830 T&| ~¢
~10{42 90 |48 91 |31 94 jAL 94 |38 97 |20 100 [30 99 | 9 100 [16 99 [20 200 |31 98 |33 9% |3se #7}-10
~12{12 98 {10 99| 7 99| 9 100 | 5 100 1 100 2 100 3100 7100 | 56 100f-12
~14] 2 99| 1 99| 2 100 5 100]-14
~16{ 1 100 | 1 100 2 100[~16
20,000 ~30| 101 | S 6 4l s 3 101 14 if=30
~32 9 &) 6 S)l10 Ti12 819 14} 8 6] 8 517 15 33 26 |27 18 |14 0] T 5 }i70 10)-32
~34033 28 (35 20 [21 2188 A7 |67 61 [60 AT [a6 35 [T7 66 |58 45 |78 69 [70 50 [49 37 652 47|-34
~36/69 TA |60 74 |58 B9l6l B89 |48 93 |83 92 |83 90 |ab 97 [46 96 [A4l 96 |49 91 |72 B4 |69 86[{=38
~38131 95§31 96 |45 89|15 99| 9 9911210015 99 | 5 100 & 100 [ 6 100 (12 99 [23 99 [210 98[~38
=450 6 92 % 5 100 |17 100} 2 100] 1 100 1 100 1100 1100 | 3 100]=a0
~a2[ 2 100 2 100[-s2
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TABLE I.- SUMMARY OF RADIOSONDE MEASUREMENTS OF UPPER-AIR TEMPERATURES - Contlnued

13

Aung.

At N Jag. Feb. | March | April May June July Sept. Total t,
. s

ft cpd epd cpd cpd cpd cpd cpd cpd cpd cpd

Clt g if|s|flw|{f|ls|t|x|f|sjf]|x f|ln[tlx 1 jg] %
(c) San Juan, Puerto Rico - Concluded
38,500 -3¢ 1 1| 1 1{ &6 4 ] 1{~50
21 15{ T 6&[23 19] 6 4| 3 2 2 1|5 1 1|3 2| mn 8| ~52
42 AA |56 AT 45 4939 311235 18] 2 1| & 4|21 15[19 17 |24 16 |23 16 f32 23 [331 2af-3a
55 8338 T5({49 82|67 77|63 & |52 39039 30|80 69|79 71|78 68 (99 84 [62 64 [743 67| ~56
22 98|29 96|2a 98|33 100{a7 97|70 89 [87 89 |43 9a[35 95 |47 99 |23 100 [82 99 812 o97[-sa
99| 6200} 2 99 3 99f13 99 16 99| 3 100 | 7 200] 2 100 . 1100 | 5% 100|=60
1 100 1 200 2100 2 100 6 100)-82
1 100 1 100{-&6
53,000 1 1 3 1 4 -84
10 9{14 11| 5 4|8 9]1 1 ag 3{-70
2 2 S 47 7 6|26 30 40 a1 ]26 23]26 321} 6 & 3 2|29 12{-72
16 9| 72 5| 7 sl1a 13|14 29]|aa 6952 81 )62 6826 53|25 25| ¢ 71| 8 & [278 30]-7s
25 28|22 2338 32|41 49|37 52|19 86 [24 99|35 93 (43 89 [25 53 |25 27 |25 24 [359 sal-Te
46 63 (60 69[55 72|45 85|25 83| 8 93] 2100 8 99 (12 99|30 76 |53 &3 |47 se [a01 zo{-72
35 89|28 91[32 95|13 96|15 96| 5 97 1100 | 1100122 94 |33 94 |31 20216 94)~80
14 100 | 12 100 99| 5 100[ 4 100| 2 99 4 98¢ 6 98 {28 100 | 83 100|-82
1 100 1 100 21100 1 99 5 100{-84
1 100 1 .100[~86
67,500 11 1 1 2 =54
- 1 3| 2 32 2 s 1]~56
1 2f 2 2( a4 8|85 9|6 911 10[{2 3|2 2 33 4|-58
3 Al 2 21 2 & 9 1319 33[18 32|32 4335 42|18 24| 6 9| 5 &) 2 2[1a9 18f-s0
3 8 2 5| 3 7|11 26|26 59(30 70 (37 8a|aa 8332 66|52 ar |23 91| & 12 |243 a1[-s2
5 14|11 18|15 21)25 5516 74]24 100|125 100 |19 100 |19 91 [30 82 {26 &0 18 33 |223  e3]-es4
16 33(23 a6)l28 asf[23 81[12 90 T 100 (11 95 |23 86 [27 &6 |170 79|=65
18 88 [ 17 66|27 74|14 92| 8 100 4 100 {13 100 (18 &7 [119 90]~68
25 90116 86|18 91| I 99 7 95] 67 97|=70
5 96| 9 9| 7 98| 1 100 o8 | 24 g9{e72
1 97| 3100( 2 100 2 100 8 100|~74
1 99 1 100| =76
1 100 1 100{~80
78,500 1 2 1 -A4
1 s 1 =44
1 2 1 1| =A8
T 2f 1t 1| 32 e| 2 &f 3 211 1 2| 2 s 2 s 13 3{ =50
1 4| & 12} 1 8| 5 25| 2 16) & 12) 7 13} 1 @ 4 12| 1 2} 38 9 =52
4 13| 7 22f11 3013 42|25 50[1% 42[17 40 & 23] 3 6i16 40|12 253|119 28|-s4
8 17§ 9 317724 55/ 23 76(20 83|18 91(25 9222 76|18 69|14 31[12 60|16 %2 ]20% &1]-s6
812 44[13 s58)19 B1| 9 9a| #100[ 3 98| 4 100|13 97 (11 eT |24 75 (12 s1[1sa 77|14z 83{-32
18 83|13 85|10 95| 3 100 1 100 2100 1100 11 95| 9 97|10 95| 78 9&|=s0
A ¢ 9| 5 96| 3 99 3 100 | 2 100 98 | 21 99[=62
1 95| 2to0| 1 100 1 100 5 100]| =64
1 100 1 100{-70
87,000 1 8 1 =44
1 3 105 17 I 6 & 2} =28
3 18] & 17] & 30| 3 %) 3 27{ 3 21( 2 12| 2 13| 1 4] 5 1e 31 15|=a8
2 81 3 2513 60| & 50| 7 85)] o 2| 5 47| 6 47| 1 20] 3 18|17 79| 5 35| T2 A4{-s0
6 33| A a2} s 77| 4 70| 1 92f 1 91| 8 90| 7 @8] & ar}i0 56 3 89| 3 53| 56 e8l-52
4 50| 7 71| 3 87| 5 95] 1100 1100f 2100 2200 7 93{I11200| 3100| & 77| 50 aa]-ss
5 71| 4 88| 2 93| 1 100 1 100 2 88| 15 94f-ms
6 9| 2 95| Z 100 2100( 12 99(-58
1 100 1 1200[ =62
1 100 1 100f-64
102,000 1 17| 1 s0 2 15(-42
-4 1 33 1 23}-as
3 e 1 100 [ TIETYY
1 33 1100 1 100 3 TI{-a8
1 100 1 85[{=50
1 67 1 92{-sa
1 100 1 100{~62
{®) Ocean station vessel Echo

5,000 2 1 1 1 20
1 1 1f{ 4 3| 2 2 7 1 18
16 2 1|14 10|38 2825 19| ¢ 7T a8 16
1 1 1] & 4]a1 29179 s1)89 68|69 67|41 38) 8 s 1 1]|338 25| 14
1 8 &l 3 21 3 2[] 5 4|32 25)6a 7TL]52 9415 98 {36 924l &6 |34 31[16 12309 42| 12
10422 21f14 14|11 9|34 27|52 s0]30 91| 9 100 3 100 87 |17 7833 55|29 33 (264 57| 10
34 aa|37 40|28 28| a3 35029 79( ¢ o7 4100(12 8783 79 |40 61289 73| 8
636 69)30 62]36 51} 36 79f16 90| & 100 13 96|13 8920 75)206 8a &
25 86|19 76)35 74| 11 87)10 &7 $100(12 9a[18 @8 135 92| &
15 96|14 86| 25 91 0| 5 100 310011 96| 78 97 12
99|12 9| 9 97] 12 98 6100 44 99 o
~3 1100] 8100 4 99| 3 200 16 100| =2
- 1 100 i 1001 -4
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TABLEI.- SUMMARY OF RADIOSONDE MEASUREMENTS OF UPPER-AIR TEMPERATURES - Continued

ALt . Jan. Feb. | March | April May Juse | July | Aug. Sept. Oct. Nov. Dec. | Total ¢
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Figure 1.- Comparison of upper-sir tempersture measurements for several
geographic locations with temperatures for stenderd stmosphere.

NACA - Langley Field, Va.



