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2/ 10 of the sky covered) would best be de
scribed as: 
19% fair 17% sunny -10% clear 24% 
bright. 

Other: 2/ 10, cloudy bright, fairly bright, 
few scattered clouds, fair with good visibility. 

JO. A forecast reading "Tomorrow will be partly 
cloudy" means to you: 
49% Part of the sky will be covered by 

clouds all clay 
38% Part of the day will be clear, the re

mainder cloudy 
2% Rain will fall intermittently during the 

day 
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6% It will be cloudy in some areas, clear in 
others. 

7% The forecaster is only partly sure what 
to expect. 

Other: Intermittent sunshine. 

11 . A forecast which called for "rain and sleet" 
would lead you to expect : 

50% The formation of ice on roads and side-
walks 

13% Some snowflakes to fall with the rain 
35% Some ice pellets to fall with the ram 
2% Rain during the morning and snow dur-

ing the afternoon. 
O ther: Heavy wet snow. 

New Data on the Lower Stratosphere * 

B. GUTENBERG 

California l11 st-it11te of Technology, Pasadena 

W ITH the increase of flying in the strato
sphere improved data on the temperature, 

wind, and humidity there become more impor
tant. Although the information now available 
will become obsolete rather soon with the increase 
in observations, a summary of some results is 
given here. 

Starting with the end of March, 1947, prelim
inary reports on routine measurements of meteoro
logical elements using 2000-gram balloons have 
been issued by the Air \ i\Teather Station, White 
Sands Proving Ground, Las Cruces, New Mexico 
(32.4° North , 106.3° West, elevation 3991 feet 
= 1217 m). Rawinsondes are used for transmis
sion of the data; heights are computed from the 
pressure and occasionally checked by radar track
mg. 

Many of the measurements were made at alti
tudes exceeding 75,000 feet ( see table below) with 
occasional reports fo r altitudes over 100,000 feet 
( 30 km). The agreement between clay and night 
data is good, and no large errors are indicated. 
These measurements provide a very important 
aid in attempts to solve a number of meteorologi
cal problems. A second simi lar station situated 
as far as possible to the north would be very 
valuable. 

* Contribution No. 459, Balch Graduate School of the 
Geologica l Sc iences, Cali fo rnia Institute of Technology, 
Pasadena, Ca li forn ia. 

Average values of the observed temperature for 
four quarterly periods are given in FIGURE l.1 

It seems that except for the neighborhood of the 
tropopause, where the lowest temperatures are 
recorded in summer, the temperature of the lower 
stratosphere is highest in summer. This agrees 
with findings by Dobson et al ( [1], p. 172) for 
regions farther north. For an elevation of 90,000 
feet ( about 30 km) averages were calculated fo r 
those months for which sufficient data are avail
able. These resulted in the following values (in 
degrees centigrade, with standard error , April 
1947 to May 1948) : 

M onth J an. / Feb. March April M ay Jul y Sept. 
Tempera ture -48 ± 2 -50 ± 4 -44 ± 6 -38 ± 7 -37 ± 6 -42 ± 4 
N umber of 6 7 24 7 12 5 

observa tions 

The yearly period is significant. For higher 
a ltitudes the results from sound data in Central 
Europe indicate a temperature maximum there 
occurring late in winter [ 2] ( ozone effect ). No 
reliable data are available regarding the height 
of the layer (probably between 30 and 40 km, 
likely to depend on the latitude) in which the 
curve giving the annual period of temperature 
reverses its maxima and minima or gradually 
changes its phase. 

1 Data were plotted first for individual ascents by Dr. 
L. P. Geldart: the combining and drafting of FIG U RE 1 
was done by Mr. R. Gilman. 
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F rc. 1. Mean temperature-height curves fo r White Sands P roving Ground, Las Cruces, New 
Mexico, U. S. A. , Lat. 32°N., 1947- 1948. 

The great majority of the wind observations 
show westerly wind in the higher levels of the 
troposphere. Investigations by Dobson [3] and 
others have indicated a maximum of the wind 
velocity near the t ropopause. In the data from 
White Sands where the tropopause is usually at 
an altitude between 45 ,000 and 55 ,000 feet (15 -+
km ), the maximum wind velocity usually occurs 
well below the tropopause, roughly at 40,000 feet 
( 12 km ). Since the direction of the horizontal 
temperature gradient reverses from poleward to 
equatorward in the ave rage near this level, the 
hori zontal pressure gradient decreases above this 
altitude. T he apparent di ffe rence between the 
earli er results and those based on data from 
White Sands a re clue to the fact that most of the 
earli er data on the wind velocity were obtained in 
higher latitudes, where the level of the tropopause 
more nearly agrees with the level of maximum 
pressure gradient. 

The highest wind velocities observed in the 
troposphere over White Sands reached about 200 
miles/ hr ( 100 -+- m/ sec). Values of more than 

100 miles/ hr (over SO m/ sec) in the upper tropo
sphere were recorded in almost every month. 

During the winter months, occasionally a change 
from westerly winds (below) to easterly winds 
(above) was found in the lower stratosphere. 
Usually, however, westerly winds with velocities 
decreasing with altitude prevailed to the top of 
the ascent ; rarely velocities higher than the maxi
mum in the troposphere were observed in the 
lower stratosphere over W hite Sands. Over 
Norway, mother-of-pearl clouds have indicated 
occasionally westerly winds with velocities of 
about 170 miles/ hr ( 75 m/ sec) during winter 
(see St¢rmer [4] ). 

From May to October, easterly winds prevailed 
above about 60,000 feet ( 18 km ) at White Sands, 
but then usually the wind velocity did not exceed 
SO miles/ hr (25 m/ sec). The maximum was 
about 100 miles/ hr ( SO m/ sec). H owever, it 
must be considered that generally in instances of 
higher velocities the balloon is rather fa r away, 
and observations are likely to have been lost more 
frequently in such instances than during ascents 
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in calmer weather. Various kinds of observations 
(see, e.g., Gutenberg l2J) indicate an increase in 
velocity of the easterly winds with altitude, reach
ing or even surpassing 200 miles/ hr in the upper 
stratosphere. 

In a short note, J ohnson l 5] published results 
for wind at a level of 30 km (100,000 ft ) over 
E ngland . They show seasonal changes similar to 
the corresponding data from White Sands. Be
tween February 1944 and May 1945, easterly 
winds prevailed at an altitude of 30 km over 
E ngland during the summer with a mean velocity 
of about 25 miles/ hr ( 12 111/ sec) and westerly 
winds of an average of 80 miles/ hr (37 m/ sec) 
during the winter; the observed maximum was 
146 miles/hr (66 m/sec). 

Flohn [7] has discussed similar results fo r 
Omaha (Nebraska), Ii-aq and Tateno (Japan). 
Combining these with the fact that in the equa
torial region (Batavia, Atlantic Ocean ) easterly 
winds prevail above about 18 km (60,000 ft), he 
came to the conclusion that during summer east
erly winds prevail in the lower stratosphere be
tween the equator and at least the sub-polar zone. 
However, during winter thus far no evidence is 
available to locate the transition zone between the 
westerly winds which extend certainly as high as 
25 km (80,000 ft) and the easterly winds above. 
F lohn points out that the unpublished results of 
the Schwaben land-expedition indicate that during 
summer in the southern Atlantic south of 35 ° lati
tude the reversal of the pressure gradient occurs 
above 20 km, somewhat higher than in the north
ern hemisphere. 

According to Flohn, new calculations of the 
pressure and temperature distribution as a func
tion of the latitude are being undertaken. The 
best data now available are those given in Hann
Si.iring [61. The following tabulation is based 
on pressure data which have been calculated there 
from observed temperatures. The observed sea
sonal changes of the wind velocity in the lower 
stratosphere correspond to these calculated sea
sonal variations of the mean pressure gradient: 

H umidity observations at great altitudes are 
rarely accurate, and very few data a re available 
above about 35 ,000 ( 10 -+- km). At White Sands, 
occasionally, the relative humidity observed be
tween 30,000 and 35 ,000 feet was as high as 90 
percent but in the great majority of ascents it was 
between 20 and 35 percent at the highest points 
of observation. Considering, that at the average 
temperature there of about - 50°C the satura
tion pressure of water vapor is about 0.03 111111 

Hg, the actual pressure of water vapor there 
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PRESSU RE D IF FERENCE I N !VIJLl ,lB ARS 

[\ltit11dc 7 5° N . l o l ◄: c p1 ator <,0° N. to 30° N. 

J...:.111 Feel ± Summer \Vinter Summer \ Vinter 
----

6 19,700 -28 -55 -18 - 30 
8 26,:rno - 29 -55 -20 -31 

10 32,800 - 26 - 48 -19 - 26 
12 39, 700 - 20 -38 -14 -21 
14 45,900 -1 2 - 27 - 9 -15 
20 65 ,600 + 2 - 5 0 - 3 

I 

would be normally about 0.01 111111 Hg, or only 
about 0.004 percent of the air pressure there. 
This is a small fraction of the corresponding ratio 
near the surface where it is of the order of 1 
percent. In the lower stratosphere, according to 
Dobson et al ([1], pp. 152- 157) the relative 
amount of water vapor continues to decrease. 
However, the existence of the mother-of-pearl 
clouds shows ( see [ 4 l ) that saturation occa
sionally may be reached at elevations between 20 
and 30 km (70,000 and 100,000 ft) . Even then, 
water vapor forms a much smaller percentage of 
the air in the lower stratosphere than near the 
ground. Apparently , no explanation has been 
given for this rapid decrease of water vapor near 
the tropopause. 

No new data seem to have been published con
cerning changes in the percentage of other con
stituents of the atmosphere with altitude. For 
discussion of ozone and carbon diox ide see, e.g., 
Dobson et al [ 1]. 
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