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SYNOPSIS.

The most accurate forecasts of winds at moderate elevations over
wide areas can be made only when we have isobaric and wind charts
for those levels. One of the most important steps in the making of such
charts is the securing of accurate data on the mean temperature of the
air column between the station and a given level in the free air. To
this end, such information, obtained by kites at Mount Weather, Va.,
Drexel, Nebr., and Fllendale, N. Dak., has been classified by months
for each of the eight recorded wind directions at the surface. The sur-
face wind direction has been used as an index to determine whether
such local phenomena can be used as a guide to conditions aloft. The
final values which were obtained from a study of the data represent the
differences in degreées, centigrade, between the mean temperature of
the air column and the surface temperature. It was found, in general,
that in winter, with southerly winds, the air column has a higher mean
temperature than the surface; that in summer, with northerly winds,
the air column has a temperature below that of the surface. These
effects are due, Yin'man‘.ly, to the seasonal variation of surface tempera-
ture. The amplitude of the values was much greater at the inland
stations, Ellendale and Drexel, than at Mount Weather, near the coast.
Aside from the geographical contrasts, the difference between the sur-
face temperature and that of the air column to a height of 1 or 2 kilo-
meters depends, so far as the surface factor is concerned, mostly on the
season; and, so far as the temperatures aloft are involved, upon the wind
direction, . L.

A statistical study of the errors which may be carried into the reduc-
tions of pressure to levels in the free air as a result of the errors in the
temperature argument, leads to the gratifying result that the values
by which the surface temperature is corrected to obtained the mean
temperature of the air column, will not, in general, be in error by more
than 1.5° C., which, even with long air columns, is not sufficiently large
to uce large errors in the pressure, For air columns 1,000 meters
in length, when the conditions are, for example, =0° C,, and B,
(station pressure)=1,000 mb., the study shows thai the probable
variation of a given value in temperature units will yield a probable
variation in pressure units of about +0.5 mb.; and, under the same
conditions, with a 2,000-meter air column about +1.3 mb. These
errors are very small indeed, and give considerable promise to this type
of pressure reduction.
INTRODU&TION.

When Torricelli, in 1643, by his classic experiment,?
demonstrated that the weight of a given air column is
equaled by the weight of a column of mercury of equal
cross-section and ﬁwut 760 millimeters in length, he
opened a field of meteorelogical investigation of such
vast extent that even to-day it has not been fully ex-
plored. Infact,there are man¥ problems requiring a more
satisfactory solution. One of these problems concerns
itself with the growing necessity for forecasts of winds
aloft for the use of aviation. This problem, emphasized,
as it was, by the war, has, with the cessation of hostilities,
lost none of its importance, for it is a matter of common
comment that the skies are filling with the hum of aerial
commercial traffic. The increasing demands for accurate
forecasting of conditions aloft necessitate a closer study

1 Presented in two &apen before the American Meteorological Society at 8t. Louis,
Dec. 30, 1919, and at Washington, Apr. 22, 1920,
2 Helfmann, G.: Neudrucke von ften und Karten tiber Meteorologie und Erdmag-
g‘eﬂsmus No. 7: Evangelista Torricelli: Esperienza dell’ Argento Vivo. pp. (1)-(68); and
o.2: Blaise Pascal: Récit de la Grande Expérience de I’ Equilibre des Liqueurs. See also
Zum 250-jithrigen Jubilium des Barometers, Meteorologische Zeitschrift, Dec., 1894, pp.
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of these conditions, and an application of what is known,
both theoretically and empirically. It is unfortu-
nate, however, that the supply of kite and sounding-
balloon data upon which our knowledge rests is, as yet.
somewhat limited. While, in general, such forecastin
can be done with a certain degree of success by means o
the present sea-level isobaric maps supplemented by
current aerological data, it is a recognized truth that the
promise of best forecasting of winds aloft over wide areas
can be found in pressure charts of the same approximate
level for which it is desired to forecast.

Not_only will the production of accurate maps for
upper levels be of value in forecasting for aerial activities,
but they will also hold forth the alluring possibility of
the solution of one of the long-recognizes giﬁiculties in
barometry. In 1900 Prof. Bigelow said,® concerning this
problem:

The primary practical difficulty in forming station reduction tables
for pressure on a plateau or otherwise elevated region consists in de-
termining the mean temperature of the air column to be substituted
for the plateau itself, where an observation of temperature can be
made only upon the surface of the ground, and the corresponding sea-
level temperature can only be indirectly inferred. If the plateau
temperature does not agree with that of a free-air column at the same
elevation, in what ratio does it differ from it, and how is the difference
to bhe obtained in any exact way that will not be the result of con-

}ecture merely? If the temperature gradients in the free-air can be
ound by !a'loon and kite ascensions, or by measurements on cloud
heights and by computations on the physical processes involved, how
are the corresponding gradients to be found within the plateau itseli?

These questions have not been answered, and it is
certain that the temperature argument at present em-
ployed, i. e., the mean of the current and the preceding
12-hour temperature, often introduces errors in the sea-.
level reduction, especially where the so-called air column
is especially long.

As indicated in the remarks of Prof. Bigelow, the heart
of the problem lies in the determination of the mean
temperature of the air column, not only in the case where
the air column is imaginary, as in sea-level reduction, but
also when it is real, asin reduction to levels in the free-air.
Realizing this, the scope of this paper is only such as
to treat of temperature in relation to pressure reduc-
tions in America,* through the observations of free-air
temperatures by kites and sounding balloons.

THE VALUE’OF FREE-AIR PRESSURE CHARTS.

Gradient, or geostrophic winds.—The value of uIt)LEer air-
pressure maps as aids to aviation depends upon the rela-
tion between the horizontal air movement and the hori-

% Bigelow, Frank H : Report on the barometry of the United States, Canada, and the
West Indies, Report of the Chief of the Weather Bureau, vol. 2, 1900—11501, p.

¢ The reductions, which were made by Bigelow in the work cited abo eﬁloyed
temperature ts which were obtntned mostly in Europe by manned loons,
temperature bution in the lowest 5 kilometers of cyclones and antieyclones,’
and which are not strictly aﬁplieable to conditionsin the United States. (See Vertical
temperature distribution in the lowest § kilometers of %lo:l;a 64“'?—‘64 %n)mycloma.” Willis
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zontal pressure gradient which produces such movement.
It is well known that the surface wind, where it is not
influenced too strongly by the terrain, blows at a certain
angle across the isobars. This is to be attributed to the
rotation of the earth combined with the friction or
resistance to the air stream moving over its surface. As
we attain even moderate elevations, however, the effect
of surface friction is largely eliminated, and the deflection
of the air stream by the earth’s rotation and the curvature
of the isobars are the dominating factors. It is found
that at such heights the wind blows practically parallel
to the isobars of a given level. This 1s true, in general,
as high as 500 meters, with respect to the sea-level
isobars. It should be borne in mind, however, that,
strictly, the conduct of the wind at a given level is subject
to the pressure distribution at that level. This wind,
leaving surface friction out of consideration, is called the
gradient, or geostrophic, wind, and may be defined as the
wind in which equilibrium is maintained between the
pull of gravity down the pressure slope, the deflective
tendency due to the earth’s rotation, and the centrifugal
tendency due to the curvature of the wind path; and its
velocity may be computed from the formul® given by
Dr. Humphreys:®

v= J %+ (rw sin ¢)*—rw sin ¢, for cyclones;

v="rw sin ¢ — 4 (rw sin ¢)’—: gﬁ » for anticyclones;
and,
dp
'v=2w;z#¢, for straight isobars;

in which » is the velocity, Z—Z is the difference in pressure
per unit horizontal distance normal to the isobars;
r=r, sec a, in which r, is the radius of curvature of the
wind path, and « is the angular radius of the circle upon
which the air is moving, measured from the center of the

_earth; p is the density of the air, w is the angle through
which the earth turns in a second, and ¢ is the latitude
of the place.

The agreement between computed and observed
velocities of the wind aloft has often been noted. A good
example is to be found in a recent note by Mr. Gregg,® in
which he computes a wind velocity at 2,500 meters
above sea-level of 23 meters per second, a value which
agreed within 2 or 3 meters per second. with those ob-
tained by many pilot balloon stations in the eastern
United States on the days in question. Another example
of this relation is given in the flight of free-balloons from
Fort Omaha, .Ngbr., at nearly constant elevations.’
The first example is one in which the computed wind is
obtained from isobars for the 2,500-meter level, whereas
the second shows the agreement, up to almost 1 kilo-
meter, where the velocity was computed from the sea-
level 1sobars. It is obvious that were there no surface
friction, the surface wind would atteln gradient velocity,
and this is more nearly the case over the ocean than over
the land.

Forecasting for aviation.—Now, recognizing the close
agreement which obtains between theory and observa-
tion, it is apparent that if accurate charts of the pressure

& Humphreys, William J.: ‘The physics of the air. Journal of the Franklin Institute,
Nov., 1017, pp. 668-669.

¢ Gregg, Willis Ray: Note on high free-alr wind velocities observed December 16 and
17,1919,  MONTHLY WEATHER REVIEW, Dec., 1919, 47: 853-854,
7 Mei r, C. LeRoy: The constant elevation free-balloon flights from Fort Omaha.

MONTHLY WEATHER REVIEW, Aug., 1919, 47:
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aloft can be made, it will not only be possible to tell
with almost mathematical accuracy what winds are
blowing at the time, but also, after some experience, fo
forecast what changes are to be expected. This is the
point of lpra,ctica.l contact with forecasting for aviation.

General forecasting.—The contact with the general
forecasting of weather is not at once so obvious, and the
scheme of free-air pressure charts, in combination with
surface weather, is one whose practical utility must be
established by experience. This is true especially in
the eastern United States, where the average elevation
of the land above sea level is not very great. In the
West, it appears to be a simple and direct step toward
accurately representing the pressure distribution. But
this is an old problem and its satisfactory solution must
follow a careful and painstaking study. It is believed,
however, that these charts will %ead in the proper direc-
tion for the following reasons:

1st. Reduction planes, say at 1 or 2 kilometers above
sea-level, will materially shorten the distance through
which pressure must he reduced. It can be seen from the
accompanying map (fig. 1) that over the eastern part of
the United States the air columns would average about
700 and 1,700 meters in length, respectively, whereas an
area half as large as that east of tEe Mississippi has an
elevation of more than a kilometer and a half, and in this
area the length of the air column would average about 500
meters to either plane. It will be shown later that
considerable errors could exist in the mean temperature
of so short an air column without materially affecting the
reductions through it.

2nd. Abnormal temperatures, due to chinooks, or
other less pronounced causes, introduce considerable
error in sea-level reductions ®, whereas a reduction to a
free-air plane, as will be shown later, will yield a more
truthful representation of facts.

3rd. There is a certain uneasiness in using the tem-
perature argument employed at present, because it does
not represent in any real sense-that which is implied b7
0 in the Laplacian formula, namely, the mean temperature
of the air column between the station and a point in the same
vertical located in the reduction plane. When the reduc-
tion is to sea-level there obriously is no air column and the
value substituted is only an arbitrary one, which, under
ordinary conditions, happens to suffice. Free-air charts,
on the other hand, do havéan air column that is real and
observable if means are provided for its observation.

THE NATURE OF THE INVESTIGATION.

Wind direction as an index to temperatures aloft.—From
the beginning, the idea of practicability has been kept in
mind. It seems desirable to discover some means of re-
duction of such simplicity and directness that its applica-
tion will not he difficult. Again, it is desirable to find
a method which will relate the temperatures aloft to
some observable surface phenomenon. Of all surface
phenomena, the one which is most likely to affect tem-
perature, either aloft or at the surface, is wind direction.
Will it not be possible from a suitable study of the data
to note the wind direction at the surface and the current
surface temperature, and, from the time of day and year,

" tell what correction must be applied to this surface tem-

perature to yield the mean temperature of the air col-
umn? It is the answer to this question which it is the
immediate purpose of this paper to seek.

.Y
8 Hallenbeck, Cleve; The influence of abnormal temperature conditions on the sea-
level pressure reductions. (Unpublished.) “The writer * *

has observed
*chinook’ rises in temperature that lowered the sea-level pressure V.13 to 0.20 inch, all
without affecting the station pressure,”
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Aerological observations in the United States.—In June,
1907, the United States Weather Bureau began making
aerological observations at Mount Weather, Va. This
was continued for a period of five years, during which
time numerous kite and captive balloon ascensions were
made for observing conditions aloft. Late in 1915 kite
observations were begun at Drexel, Nebr., and since that
time flights have been made there almost daily. Still
later other stations were established at Ellendale, N. Dak.,
Broken Arrow, Okla., Groesbeck, Tex., Royal Center,
Ind., and Leesburg, Ga. The data from all of these sta-
tions have been published ®* and are being published as
rapidly as funds will permit. The three stations havin,
the most complete data were selected and investigated,
namely, Mount Weather, Drexel, and Ellendale. From
these three stations records of over 3,000 kite flights have
been examined.

The selection of reduction levels.—The question of the
selection of reduction levels is an important one, and is,
doubtless, one which experience must decide. At the
outset, however, there are two considerations which will
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The elevations of the stations investigated are:
Meters above
: M.S. L.
Mount Weather, Va................o. ... 526
Drexel, Nebr....... . .. . .oiiciiiaiaiioa.... 896
Ellendale, N. Dak...... . ........o.......... 444

The first of these stations is located on the Blue Ridge
and is situated upon a mountain top, with a valley on
either side; the last two are in the open plains region and
are well exposed to winds from every direction.

Briefly, then, the procedure of the investigation was as
follows: The observed mean temperatures of the air column
between the 1 and 2 kilometer levels were tabulated from
kiterecords. The differences between these values and the
current surface temperatures were obtained. These differ-
ences were then classified by wind directions and months.
It must be emphasized that the values to be discussed in
this paper are not mean temperatures of the air column,
but are the differences between the mean temperature of the
air column and the current surface temperature under certain
conditions of wind direction and season.
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LY F16. 1.—Elevations of different portions of the Unit¢d States ahove sea-level.

assist in their tentative selection: First, the level must
be sufficiently elevated to be unaffected by topography;
and, second, it must be near enough to the surfacz to
represent the pressure distribution which is, at the
moment, controlling the surface weather. The eleva-
tions of such levels, therefore, depends largely upon the
elevation of the surface they are to cover—in other words,
upon the general topography of the United States. Fig. 1
slll)ows the general elevations of the United States, with
the area above and below each succeeding 500-meter
level from sea level to 2 kilometers. The western part
of the United States is quite high, ma,ng ;i?ints lym% far
above the 2-kilometer level. It is thought best, therefore,
to investigate temperatures between the surface and the
two levels, 1 and 2 kilometers above sea level, respectively.

¢ Mount Weather: Bulletin of the Mount Weather Obscrvatory, vols, 1-6, 1908-1913,

Drexel, Nebr.: MONTHLY WEATHER REVIEW SUPPLEMENTS Nos. 3, 5, 7, §, 19, 11, 12,

, 14,

Ellendale, N. Dak.: MONTHLY WEATHER REVIEW SUPPLEMENTS Nos, 12, 13, 14.

Brokén Arrow, QOkla., and Royal Center, Ind.: MONTHLY WEATHER REVIEW Sup-
PLEMENTS Nos. 14 and 15,

Groesbeck, Tegp, and Leesburg, Ga.: MONTHLY WEATHER REVIEW SUPPLEMENT
No. 15.

It should further be noted that the kite flights from
which these data were obtained were made in the fore-
noons, and that the average time of the middle of the
flights is about 8 a. m. This is because most of the flights
at aerological stations are made during the mornings, thus
leaving insufficient information from those few which are
made in the afternoons. Thus, the values we shall
obtain are applicable only to morning conditions, approxi-
mately corresponding to the time of regular station
observations.

TEMPERATURES AT THE SURFACE AND ALOFT.

The factors affecting temperature.—Temperatures at the
surface and aloft may be said to be subject principally to
six factors, namely:

Wind direction.
Seasonal variation.
Geographical location.
Diurnal variation.
State of weather.
Character of surface.

S W=
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Winds aloft and surface winds may be affected in
greater or less degree by each of these factors, and these
relations and interrelations will be discussed. It is
possible at the outset, however, to eliminate the last
three factors from consideration in this discussion.
While it is obvious that temperatures may vary con-
siderably, especially at the surface, during the daily
period, such variation is not important in this discussion,
since all observations were made at gractically the same
time of day at all stations. Second, the conditions of
the cloudiness of the sky may exert a less marked in-
fluence upon temperatures; but, in this work, all the
observations have }i)een lumped together, whether made
in clear, partly cloudy, or cloudy sky; hence the averages
represent the means of conditions with all degrees of
cloudiness. Finally, the character of the surface need
not be considered, since all the observations have been
made over land surfaces which are, in the main, of the
same character. The only exception is that in the case
of Mount Weather, whose mountain location was taken
into consideration, as will be shown. . This leaves the
first three factors to be considered.

Wind direction.—First of all, let us consider the effect
of wind direction on temperatures at the surface. The

SOLID CIRCLE =0" DEPARTURE
T DOTTED CINCLE = MEAN DEPARTURE

MT. WEATHER, VA.

ELLENDALE, N.D.

F16. 2.—Temperature differences between air column _(surface to 2,000 meters above
:_zenilevel) and surface (°C.), by wind directions for Ellendale and Mount Weather,
in January.

air next to the ground is dependent to a large degree
upon the temperature of the surface itself. If it be
warm, as in summer, and the wind becomes northerly,
and the air of relatively low temperature transported to
regions where the ea.rt,Z is very warm, it is well known
that the wind must be persistent in order to affect to
any considerable degree the temperature of the region;
for the high temperature of the earth will warm the air *°
as 1t }frogresses southward. There are many familiar
examples of southerly winds in winter, blowing out of very
warm regions and losing their identity as warm winds after
blowing over cold ground or snow-covered surface for some
distance. True, if the winds are of high velocity and per-
sist for a considerable time, they will have a telling effect
upon surface temperature. This, of course, does not refer
to such abnormal local effects as chinooks, 1n which winds
with a temperature far higher than that of the surface,
owing to dynamic heating, suddenly swoop down upon a
locality, often with sufficient effectiveness to melt and
evaporate entirely a considerable depth of snow without

10 Martin, Howard H.: The relation of winds to temperature in Central Ohio.
MONTHLY WEATHER REvVIEW, February, 1920, 48: 85-86.
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leaving so much as a muddy surface;'' nor are we refer-
ring to cases in which a very warm layer of air may be
overriding & cold one in waves in such a manner that the
troughs of the waves may occasionally intersect the sur-
face, and produce for a short time a change of wind direc-
tion and an abnormally high temperature. We have refer-
ence, rather, to the normal varying circulation about
the ordinary veering and backing of winds as the result
of the passage of HiGHS and Lows.

But what of the temperatures aloft? They are not
subject to the effects of radiation and absorption of the
earth’s surface to the same degree as are surface tem-
peratures. The frictional turbulence of the lower layers
does not play so conspicuous a part in the determina-
tion of temperatures aloft. They are dependent upon
the temperature of the region trom which the air is
being transported. 1f from the south in winter, an
upper current may retain its identity as a warm one
over others many degrees colder. As an example of
this, one may note the upper air phenomena which
accompanied the recent sleet storms in eastern United
States.!? Here, the southerly component produced a
temperature above freezh;lg in the upper air over land
that was considerably below freezing; indeed, in one
case, rain fell upon a surface where the air temperature
was as low as —11° C. Again, along the Atlantic coast,
in winter, an east or southeast wind may transport
warm air from the Gulf stream or from the warmer
waters of the Atlantic, but the effect is most marked
aloft. Or, in the plains States, winds which have their
origin in the chinooks of the Rocky Mountains, may,
after striking the surface, rebound, as it were, and
flow out over the cold air blanket of the Middle West,
producing upper-air temperatures much higher than
those at the surface.’* These points seem to indicate
that the temperatures of the upper air are to a great
degree dependent upon wind direction.

Let us now compare the effects of different wind
directions upon temperatures at the surface and alo’t,
using data which were obtained from kite flights. Figure
2 shows the difference between the mean temperature of
the air column (surface to 2,000 meters) and the surface
temperature at Ellendale with various wind directions
in January. The solid circle is the origin or locus where
the mean temperature of the air column equals the sur-
face temperature. The adtual values are measured from
this circle along radii which represent wind directions,
and, if positive, are measured outward; if negative,
inward. A study of this diagram will show several
features of interest which will be pointed out from time
to time. But the significant point in the present con-
nection is that westerly or northwesterly winds pro-
duced aloft the lowest temperatures relative to those at
the surface, while southerly or southeasterly winds
produced aloft the highest temperatures relative to those
at the surface. The fact that all the values for January
at Ellendale are positive will be brought out later in
the discussion. 1<Pigure 2, which gives, in the same
manner, the data for Mount Weather for January, shows
the same effect, except that, owing to its coastal location,
westerly winds produce lowest temperatures aloft rela-

u Mr. Herbert Lyman, at Helena, Mont., has observed a snow cover of 10 inches
disappear over night, leaving a dry surface the following morning. See also, Mark W,
:E:‘;;ringtan: The chinook winds. "A merican Meseorological Journgl, vol. 3, pp. 520-521,

18 Meisinger, C. LeRoy: The precipitation of sleet and the formation of glaze in eastern
gg(l)t%% %s, with remarks on forecasting. MONTHLY WEATHER REVIEW, Feb.,

1 Bavendick, F. J.: Blizzards and chinooks of North Dakota plains, MONTHLY
WEATHER REVIEW, Feb., 1920, 48: 82-83,




May, 1920,
tive to the surface; while easterly winds, blowing off the
ocean, produce highest relative temperatures aloft.

It is necessary to digress, for & moment, to mention
that, owing to the mountain-top location of Mount
Weather, the surface temperatures employed are those
of the nearest Weather Bureau station m the valley,
namely, Washington, D. C., about 40 miles southeast of
the mountain. In determining the mean temperature
of the air column, the mean was taken between the
Washington surface and the Mount Weather surface,
which gave a good value for the mean temperature of
the lowest 500 meters. Above Mount Weather the kite
results are used and these are averaged with the pre-
viously determined value for the lowest 500 meters.
Hence, in the strictest sense, these are the mean tem-
peratures above Washington, D. C., although if this
fact is borne in mind, there should be no confusion in
referring to Mount Weather data.

Figure 3 shows the same effects as were pointed out
above, but to a much smaller degree, the reason being
that the seasonal effect is of so much greater amplitude
that the effect of wind direction is nearly obliterated in
summer. Figure 4, however, brings together the data
for all the stations for the whole year and contrasts the
effect of two opposing winds upon the difference between
the mean temperature of the air column and the surface
temlperature. Let us, in considering this diagram, try to
neglect the annual march of these temperature differences
and think only of the comparison between the two wind
directions for a given station. First, consider Ellendale:
With a southeast wind we find nearly all the ordinates
are positive in sign indicatini that the mean temperature
of the air column is greater than the surface temperature.
With a northwest wind most of the ordinates are nega-
tive. For Drexel, the mean ordinate is somewhat less
than that of Ellendale, but has the same general char-
acteristics, namely, that its mean ordinate for a south-
east wind is greater by several degrees than the mean
ordinate with a northwest wind. Similarly, for Mount
Weather all values are negative for both winds, the
southeast giving a mean ordinate approximately 3° C.
higher than the northwest.

Seasonal variation.—Considering next the effect of sea-
sonal change of temperature upon the surface and upper
levels, we know from experience that the seasonal am-
plitude of the temperature march is large. We have only
to reflect upon the contrast between the blistering days
of midsummer and the raw, biting blasts of midwinter,
to convince ourselves of the truth of this statement.
Aloft, on the other hand, the amplitude is not so great.
An excellent illustration of this is given by Mr. Gregg for
Drexel, Nebr.* He showsin a diagram the annual march
of temperature at the surface and at levels in the free air.
At the surfacewefind a variation of 36°C., from a minimum
of —9° C. in mid-January to +27°C. in mid-July. At 1
kilometerabovesealevel the values extend from a minimum
of —8° C. in January to +22°C. in July, or a range of
30° C. At 2 kilometers the range is from —7°C. to +16°
C., or a range of 23° C. This shows that as one ascends
and frees oneself from the surface influence; the ampli-
tude of seasonal variation becomes smaller and smaller.

With these facts in mind, we can consider our diagrams
in the light of seasonal variation. Turning agamn to
figure 2. For Ellendale, located in the heart of the con-
tinent and in a northerly latitude, we know that not only
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is the annual march of temperature of great amplitude,
but also that the tendency is for extremely cold winters-
The diagram shows that all wind directions give a tem.

erature aloft which is higher than that at the surface.

n July (fig. 3) we find that the temperatures aloft are
lower than at the surface. But we know that the annual
range aloft is less than at the surface. Hence we must
attribute the great difference hetween the values with a
given wind direction in January and July to the seasonal
range of surface temperature., The same is true at
Mount Weather (figs. 2 and 3). In January we find
the values much higher than the corresponding values in
July. The reason, of course, is that we have superim-
posed upon & widely varying range of surface tempera-
tures a lesser range aloft.

For the entire year, we see from figure 4 that for all sta-
tions there is a decided maximum in winter and a minimum
in summer, indicating that in summer the air aloft at
Ellendale and Drexel tends to have, with southerly winds,
la.r%f positive values and in winter small negative values;
with northerly winds in winter small positive values, and
in summer moderately large negative values.

For Mount Weather the mean temperature of the air
column tends to become equal to, or slightly higher than,

MT. WEATHER, VA.

ELLENDALE., ND.

Fia. 3.—Temperature differences between air column (surface to 2,000 meters above
geajlel\-'el) and surface (°C.), by wind directions for Ellendale and Mount Weather,
in July.

the surface temperature in winter, with rather large neg-
ative differences in summer with southerly winds, and
with northerly winds to have a more uniform negative
difference throughout the year.

Geographical focat'ion.—The relation of wind direction
and seasonal variation to temperatures, both at the sur-
face and aloft, hds been mentioned. Now, let us exam-
ine the effect of geographical location. First, we know
that inland locations, as characterized by Ellendale and
Drexel, have greater extremes of temperature than those
coastal stations of which Mount Weather is an example.
This is due, of course, to the location with respect to the
ocean with its moderating influence. Land, being a bet-
ter absorber and radiator of heat than water, will heat
up more rapidly in summer _and cool more rapidly in
winter than will the ocean. By way of comparison with
the value of surface temperature and temperatures in

“the free air, similar to that of Drexel, we have for Mount

Weather !* & maximum mean surface temperature of 23°
C. and a mean minimum of —1° C., a range of 24° C.
At 1,000 meters above sea level we have a mean maxi-
mum of 19° C. and a mean minimum of —2° C., a range
of 21° C.; and at 2,000 meters there is a mean maximum

14 Gregg, Willis Ray. Av free-air conditions as observed by means of kites at
Drexel Aerologiosl Station, Nebr., during the %erlod November, 1915, to December
1918, in¢lusive. MONTHLY 'WEATHER REVIEW, January, 1920, 48: 1-11,

15 Blafr, William R.: Summary of the free-air data obtained at Mount Weather for
the five years, July 1, 1907, to June 30, 1912. Bulletin of the Mount Weather Observatory,
vol. 6, 1913, p. 179.
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of about 13° C., and a mean minimum of about —4° C,,
giving a range of 17° C. In Table 1 these values are con-
trasted with those of Drexel.

TaBLE 1.
Surface. 1 kilometer. 2 kilometers.
Station.

Max. | Min. | Range. [ Max. | Min. | Range. { Max. | Min, | Range.

°c. | °C. | °C °C. | °C. | °C. °C. | °C. °C.
Drexel, Nebr.......... 27| —9 36 22 —8 30 16| -7 23
idw on, D.C.)... (3% (-3) (€2 ) T AP TR (RPUPR RPN AP
ount Weather....... —1 24 19! -2 21 13| —4 17

Thus, comparing inland and coastal temperatures for
the surface, we find that the inland surface experiences
the larger range; in this case, 3° C. larger; aloft, also,
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sults as we find them in combination. First, concern-
ing surface temperatures, it should be said that they are
influenced primarily by seasonal variation and geo-
ﬁraphical location. Next, temperatures aloft are in-

uenced chiefly by wind direction, but do not respond
to seasonal variation or geographical location as easily
or completely as do these at the surface. What is the
result of this combination ?

It means that for winter, at inland stations, there is a
strong tendency for air warmer than that at the surface
to be present aloft with all directions of surface wind
(fig. 2). For summer, at inland stations, there is a
strong tendency for air cooler than that at the surface
to he present aloft, with all directions of surface wind
(tig. 2). FKor winter, at coastal stations, there is a
tendency when the station is on the east coast, for warmer
air aloft with east winds, and for cooler air aloft with

west winds. For summer, at

+9° -y ] coastal stations, there is a
::° << 7| tendency for cooler air aloft

. =] : ———— ELLENDALE. ND. i from all directions. )
el AN o= omexeL Nesm. iy 7/_- _To-bring all the informa-
J=< A : - VA R tion toegther, six diagrams
bl _ ~ \ 7T 7 have bheen rrepared which
El +3. S N IP2E— 4 show for each month and for
T a2t N i each surface wind direction,
ok +'. S Feo 157 the difference between the
ER3 ° AN ~<L_ o mean temperature of the air
8 0! N ~~J——=-f. 7 column and the surface tem-
xr "2 ~<I= <IN ) perature for that place, from
a 3 N 7 the surface to 1 kilometer
-4 > above sea level, and from the
% ::° surface to 2 kilometers above
S e sea level, respectively. Fig-
s ures 5 and 6 give this infor-
w . _ -4 i mation for Mount Weather;
2 Bl —a N 4 figures 7 and 8 for Drexel,
Wkt < N 4~ ~~"1 and figures 9 and 10 for Ellen-
% a o N N . = L7 dale. The main features of
w3 Yo N | - these isopleths are fairly ob-
T-2 D . 1 Pl vious, and have really been
£ -3 ~ R DT P 7 | pointed out in the foregoing
o “. — s N~ | _~"| ——~~ discussion. For instance, all
Zz-s [ the diagrams show a maxi-
-8 ~ prd mum in winter with south-
-7° ~ T erly winds, except in figure 6,
-8 - _ W > , I . : . . where the maximum occurs
Z o ﬂ<5 o : 4 | 8 o B . 8 B ‘Z( with an easterly wind, be-
< Lt s & s 2 2 < g 0o Z fa) 5 causeof thewarm air from the

F1G. +.—Temperature differences between air column (surface to 2,000 meters ahove sea level) and surface (°C.), for Ellendale,
Drexel, and Mount Weather, for southeast and northwest winds, throughgut the year.

there is a smaller range of temperature near the coast than
inland, the differences from the table being, for the 1-kilo-
meter level, 9 °C., and for the 2-kilometer level, 6 °C.
Referring again to figure 4, we see that the inland
stations are those of greatest amplitude. The curve for
Mount Weather is relatively flat. This means that the
temperature differences at the surface, attributable to
the geographical distribution of the stations is reflected
in the temperatures aloft, but to a less marked extent.
Summary of the effects of the factors.—An effort has beén
made in the foregoing discussion to separate the indi-
vidual factors from the complex or operative factors in
each diagram. But this is difficult, especially where
all the factors are simultaneously operative. And in
reality each of the diagrams has shown the total or
resultant effect of the three factors we have treated
above, wind direction, seasonal variation, and geo-
graphical location, It is now well to consider the re-

ocean. As we proceed to the
inland stations, the ampli-
tude, indicated by the crowd-
ing of the isotherms, increases, until for Ellendale (fig. 10)
the winter maximum gives a temperature of the air col-
umn between the surface and the 2 kilometers level 9° C.
higher than the surface temperature. These curves have
been smoothed but very little. In each case the 0° de-
parture lines have been drawn heavier than the others.
An example of the use of the 1sopleths.—To be certain
that the fuﬁ value of the sopleths is understood, an ex-
a.mxle is given: Suppose that at Ellendale on the morning
of April 15 we have a surface wind from the west and a
temperature of 10° C. What is the mean temperature
of the air column between the surface and the 2-kilometer
level? Looking at figure 10, we find the point on the
chart corresponding to April 15 along the axis of ab-
scissse; and ‘‘west” on the axis of ordinates, and the
value of that point obtained by interpolating between
the isotherms is —2.2° C. This means that to find the
mean temperature of the air column we must subtract
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FiG. 5.—Temperature differences between air column (surface to 1,000 meters above sea-
level) and surface (°C.), for the eight recorded wind directions throughout the year
at Mount Weather, Va.
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F1a. 7.—Temperature differences between air column (surface to 1,000 meters above
sea-level) and surface (°C.), for'the eight recorded wind directions throughout the
year at Drexel, Nebr.
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F16. 9.—Temperature differences between air column (surface to 1,000 meters abt.)ve
sea-level) and surface (°C.), for the eight recorded wind directions throughout the
year at Ellendale, N. Dak.
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FIG. 6.—Temperature differences between air column (surface to 2,000 meters above
sea-level) and surface (°C.), for the eight recorded wind directions throughout the
year at Mount Weather, Va.
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F1a. 8. —Temperature differences between air column (surface to 2,000 meters above
sea-level) and surface (°C.), for the eight recorded wind directions throughout the
year at Drexel, Nebr.
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2.2° C. from the current surface temperature, which
would give 7.8° C. If the wind had been southeast on
the same date, 0.1° C. should have been added to the
current surface temperature, giving 10.1° C., the mean
temperature of the air column.

But the reader may say that these data are only for
three points in the whole of the United States, and may
ask, How will it be possible to applg such corrections to
surface temperatures in all parts of the country? The
only answer that can well be given is that until more kite
stations are established the problem can not be brought
to a satisfactory completion. True, there are other
stations which have not been investiit;,ted in this paper.
But the reason is that the remaining kite stations do not
have long enough records to permit of the use of averages
obtained from their data. However, after more stations
are established, and investigated, it will be possible to
draw maps showing lines of equal departure for various
wind directions and months throughout the country,
and such maps will make possible the construction of
teinperature tables for any station.

THE ACCURACY OF THE VALUES.

It is necessary, before any attempt is made to apply
these values to the actual construction of maps of the
pressure at levels in the free air, to know with what
accuracy they have been determined. To do this, the
familiar statistical methods have been used in treating
the'data. First, the departures of the individual obser-
vations from the mean were classified in the same manner
as the means themselves, i. e., by months and wind
directions. The object of this procedure was to deter-
mine whether or not the values from which the isopleths
were drawn are homogeneobus. Unfortunately, the num-
ber of observations from which each of the individual
means was obtained is too small safely to employ statis-
tically. If we can demonstrate the homogeneity of the
whole mass of data from which a given isopleth was drawn,
we can treat the mass statisticaﬁiy with safety, since the
observations will then amount to several hundred.

In other words, to be very specific, suppose we have a
certain group of, say, 30 observations. e obtain the
mean and tabulate the difference between this mean and
the 30 individual observations. The mean will repre-
- sent one of the points on the isopleth, but since 30 is

usually too small a number to treat statistically, we seem

to be In need either of more observations or some method
for combining this group of 30 with other groups (and
there are 95 otlier similar groups represented in the dia-
ram, some containing more and some less observations
. than the number indicated above). The former course
is not_possible, since this study already makes use of all
available data from the 'stations In question. The
latter is the only feasible plan.

One of the fundamental ideas of statistics is that the
values must be homogeneous. The question for us to
answer is, What is the criterion of homogeneity? If we
can establish with certainty the fact that several hundred
observations are homogeneous, we shall be entirely
justified in combining them. It can be reasoned that if
we have residuals in one small set which have certain
characteristics, as, for example, the same general magni-
tude or equal range of variation, and if we can show that
the residuals in other similar small sets have the same
characteristics, it will be safe to say that if there had
been as many observations in each individual set as the
total when they are all combined, the result for each set
would be the same as is the result for the entire total now.
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The test for homogeneity.—For the sake of dealing with
as many residuals as possible, let us select, in order to
test the homogeneity of the observations, those groups
which have the largest number of observations, and see
how one group compares with another in various parts
of the isopleth with respect to the mean residual. If
there is little difference, we may be justified in treating
the whole mass as homogeneous. ithin these tables,
for convenience, the square of the mean residual has
been entered.

TABLE 2,—Mount Weather, Va. 1,000 meters.

TaBLe 3.— Mount Weather, Va. 2.000 meters.

. [Mean.! y/Mean.
13.51 3.7
20. 04 4.5

8.33 2.9
5.98 2.4
17. 4.2
3.39 1.8
BN i8
3. 20| 1.8
5.02 2.2
9.19 3.1
10. 3.3

TasLE 5.—Drexel, Nebr. 2.000 melers.
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TasLE 6.—Ellendale, N. Duk.

1.000 melers,

Month, N. |[NE.| E, | 8E. | B8, [BW.| W.

In these tables are presented, classified by wind direc-
tions horizontally and by months vertically, the values
'of the mean square residuals for certain months and wind
«directions; in other words, the mean square residuals of
the values of the corresponding points in the isopleths.
These have been selecteg rather indiscriminately except

that values founded upon the largest number of observa-

tions have been given preference. The mean of the
‘mean square residuals and its square root are tabulated
both horizontally and vertically, so that one can get an
idea of the value of the mean residual for all wind direc-
tions for different months, or for an individual wind
direction for the whole year. In the lower right-hand
corner appears for comparison with the other tables the
value of the mean of the mean residua’s.

A perusal of these tables will- convince one that there
are no systematic variations in the values of errors
throughout the year or with various wind directions. To
make this clearer, the following condensed table brings
together the maximum and minimum values of these
means, together with the mean for each table:

TapLe 8.— Summary of data on the distribution of crrors.

Maxi- Mini- Mean for
-mum. mum, Range. table.
°C. °C. °C. °C.
Mount Weather, 1 kilometer................. 2.9 0.9 2.0 1.9
Mount Weather, 2 kilometers................ 4.5 1.8 2.7 2.9
Drexel, Nebr., 1 kilometer................... 3.7 1.5 2.2 2.4
Drexel, Nebr., 2 kilometer-.................. 3.4 0.8 2.6 2.5
Ell e, N. Dak., 1 kilometer.............. 4.5 1.0 3.5 2.1
Fllendale, N. Dak., 2 kilometers..._......... 5.5 2.0 35 2"

We are not so much concerned with the comparison
between tables as between values within the tables them-
selves, and not so much with the fact that particularly
large or small values occur within the table, provided
they occur irregularly. This can be judged best by
looking at the tables directly, remembering that the
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individual tabulated values are the mean squares of the
residuals and not the mean residuals themselves. Such
an examination reveals the fact that the values are un-
systematically distributed. For example, consider Table
4. Here we find the largest tabulated value is 18.46 for
a west wind in September; the second largest value is for
a north wind in January, closely followed by a southwest
wind in August. The smallest value is for a northeast
wind in April, the next larger is for an east wind in
March, but a northwest wind in December gives a value
almost as small. In Table 5, the largest values are to
be found for a southwest wind in January and August, a
fact which would seem to rule out seasonal factors. e
smallest values occur for a northeast wind in January
and a west wind in July, and for a northeast wind in
October. Moreover, the range between the maximum
and minimum values shown in Table 8 is small, bein,
greatest for Ellendale and least for Drexel, which woul
appear to rule out geographical location as a factor of
influence. Therefore, it appears that the errors are not
systematic; and that they are indiscriminately scattered
throughout the isopleths in such a manner that they may
be considered as accidental. At any rate, if one were
willing to admit the slightest effect of external influences
in the distribution of the magnitudes of the residuals, it
is é)lainl seen that such effects must be so small as to be
hidden by the accidental variation.

Frequency histograms.—Having shown that the obser-
vations in a given isopleth are homogeneous, we can now
proceed to discuss the data statistically. Frequency his-
tograms have been drawn showing the number of obser-
vations having residuals of various magnitudes grouped
in classes of whole degrees, as, for example, —0.5° to
0.5°, 0.5° to 1.5°, 1.5° to 2.5°, etc., and similarly in the
negativé direction. The histograms are presented here-
with in figures 11 to 13, which show the residuals grouped
symmetrically about the y-axis. This apparently indi-
cates that the residuals obey the normal error distribu-
tion, and therefore the normal curve of error will best fit
the data. These curves, computed for each of the six
groups of data, are drawn from the equations appearing
upon the diagrams.

The normal curve of error.—The equation for this type
of curve, commonly known as the normal curve of error,
is of the form: .

'y= —_ ¢ —hx?
V7 ¢

or, in logarithmic form,

log y=log 77"; —h*tlog e

in which y is the probability of the occurrence of a given
value of z, » and e are the well-known constants, and &
is the measure of precision or index of the flatness of the
frequency curve, and depends for its value upon the data
under consideration. The value of %4 is given by the
relation:

_ n
b=y 2zn

in which 7 is the number of observations and =z* the sum
of the squares of the residuals.

The standard deviation.—It is also of interest to know
the value of the standard deviation, which is defined **
as “those values of the departure which locate the points

16 Marvin, Charles F.: Elementary notes on least squares, the theory of statistics and
clzg{;elatlosxg,l for meteorology and agriculture. MONTHLY WEATHER REVIEW, October,
, 42 551-560.
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on a frequency curve where the curvature changes from
convex .to concave—that is, points of inflection,” or '’
“the square root of the arithmetic mean of the squares
of all deviations, deviations being measured from the
arithmetic mean of the observations,” and, stated in the

mathematical form, is
_ / Zx?
0= _
n

The probable variation.*—The probable variation of a
given value from the mean is obtained from the relation

E=0.67450¢
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Equations for the frequency curves.—Having thus deter-
mined the values of the constant %, which, for the nor-
mal curve of error, is the only constant which must be
determined, we can superimpose upon the histograms the
curves represented by the equations derived from the
data themselves. (See figs. 11, 12, and 13.)

THE HYPSOMETRIC FORMULA.

Laplace ** has provided us with the well-known hypso-
metric formula, which has been so frequently and thor-
oughly discussed that nothing will be added by its pre-
sentation here in its complete and amplified form.?

()Log y =934248-006606x 3. ag y

1701
60

§ 8

.s‘erra;ﬂbgs -
S 8 8

=933/02 Q0627 x*
%80W2)Log y =98I~ 0.03405 x*|(4)L.ag &y =9//327 ~Q02297 x*|(6)Log Y =9.16643-0.02936 X*

Mumber of Obser
§ 338

~

(5]Log y =9.26285-005020 X*

—_— 000 Meters
----- 2000

87654321 0 1 234567

76 43P~ O / (c? V56 5 SbbA-327O/2Z 345678

Departures

MT7. WEATHER, VA.

and this will be used later in showing how small are the
errors obtained by this method in determining the mean
temperature of the air column.

To this end the values of n, =22, i, ¢, and E have been
tabulated.

TABLE 9.—Statistical data for frequency curves.

n pr ] h L E
°C.
Mount Weather, Va., 1 kilometer......... 720 | 2312.66 0.39 1.8 1.2
Mount Weather, Va., 2 kilometers......... 588 | 3705.77 0.28 2.5 L6
Drexel, Nebr., 1 kilometer................| 785 | 3680.85| 0.38 2.1 L4
Drexel, Nebr., 2 kllometers................ 571 | 5443.81 0.3 3.1 2.0
‘Ellendale, N. Dak., 1 kilometer........... 255 | 1101.46 0.34 2.2 1.4
Ellendale, N, Dak., 2 kilometers.......... 210 | 1593.25 0.20 2,7 1.8

Y Yule, G. Udny: An introduction to the theory of statistles. i ondon, 1915, p. 134,

18 Prof. Marvin points out that while this expression is mathematically identic=] with
““probable error,” the latter refers to measurements of @ fixed quantity, whereas the for-
mer more aptly refers to the changing values of a variable qguantity.

ORENEL , MBR.

FIGS. 11, 12, and 13.—Frequency curves of temperature departures (°C.), at Mount Weather, Drexel, and Ellendale, with their re spective equaticns,

LLLEMDALEL, N.OAA.

A briefer statement of this equation is given by Prof.
Kimball,” as follows: 7

Log B=log B,— < p
18400 [1+40.00367 (#+0.378 -5/0.00367)]

in which B is the reduced pressure in millibars at the
1zlpper level; B,, the pressure as observed, in millibars;

, the length of the air column, in meters; 8, the mean
temperature of the air column, in degrees centigrade;

;— is the ratio of the vapor pressure to the pressure of dry

air at 0° C., in metric units. It has been shown * that

W Mécanique Céleste, Liv. X, Chap, IV,

» For astatement of the amplified and complete formula of Laplace with its constants,
see ._Smit]hjaoniaﬂ Meteorological Tables, Fourth Revised Edition, Washington, 1918, pp.
xxxix-xli, :

21 Kimball, Herbert H.: On the relations of atmospheriec frmsure. temperature, and
density to altitude. MONTHLY WEATHER REVIEW, 47: 156-158, 1919. . .

921! ng&,hre_vs. Vwm. J.: Physles of the air. Journal of the Franklin Institute, Sept.,
1917, p.
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the error introduced into the reduced pressure by an
error of 1 mm. in the value of ¢ in an air column whose
length is as great as 3 kilometers is very slight indeed:
hence it will be unnecessary in this connection to consider
the term containing e. Thus, omitting this term, our
equation becomes: 2

Log B=log By~71g400 (1+0.00367 8)

The purpose of introducing the hypsometric formula at
this point is to determine what effect errors of various
magnitudes in the value of 6 will have under various con-
ditions of surface pressure, with various lengths of air
column, and with § itself at various reasonable points on
the scale. Therefore, with values of Z varying by 500

meter intervals from the surface to 2,000 meters, with .

values of B, at 986.6 mb. (740 mm.), 1,013.3 mb. (760
mm.), and 1,039.9 mb. (780 mm.), and with values of 8
at —20° C., 0° C.,, and 20° C., the error in B has becn
computed when df, or the error in measuring 8, varies by
intervals of 1° C. up to 5°. This is shown graphically in
figure 4. The abscisse represent values of Z in meters,
and the ordinates are errors in B in millibars. The
various conditions of pressure and temperature are shown
by the respective curves. It is seen at once that of the
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tion. It is not within the province of this paper to
assume a critical attitude toward the present reductions;
it is rather to assume such an attitude toward the method
of upper air reductions and measure their accuracy, if
comparisons may be resorted to, in terms of results by
the present methods. As has been mentioned before,
the plan of upper-air reductions has in its favor the fact
that the temperature argument is a real, observable
quantity, whereas the sea-level argument is merely an
arbitrary value derived from surface conditions, and it
is apparent upon the face of the proposition that there
are many conditions in which local phenomena may lead
to values -of temperature which will give erroneous pres-
sure values at sea level, even with relatively short air
columns. Summing up the relative merits in this rather
superficial manner (the only manner possible until it is
within our ability to construct the maps of the upper
air) it appears that (1) reduction through short air
columns to sea level or to upper levels may be of approxi-
mately equa\ accuracy, since the error can not be very
large in either case; (2) reduction through long air col-
umns seems to be very satisfactory in the case of upper-air
reduction, and, in many cases, to be very questionable
in sea-level reductions; and- (3) the importance of the
location of the plateau region with respect to the paths

TasLE 10.
Be 4 [ it
mb. |[mm.| °C 1°C.. 2° C. 3°C. {°C. 5" C.
Length of air col-

umn (m.)......... 500 | 1,000 (1,500 (2,000 500 | 1,000 1,500 | 2,000 500 | 1,000 ! 1,500 | 2,000 500 | 1,000 (1,500 2,000 500 |1,000|1,500| 2,000
mh, | mb. | mb. | mb. | mb. | mh, | mh. | mb. | mh, | mb. | mh. | mb. | mbh. | mh. | wmh, | mb. | mbh. | mb. | mb, mb,
1f—20(0.25 [ 0.46 | 0.63 [ 0.30 1 0.50 [ 0.93 [ 1.20 | 1.&N | 0.75 ! 1,39 | 1.95 | 2.39  1.02 | L.&G | 2,78 : 3.23 | 1.25 | 2.31 | 3.24 | 4.06
986. 6 740 0[0.21[0.40 [ 0.55/0.690}0.4310.80 | 1.11 | 1.38 (.65 1,20 | 1.70 [ 2.07  0.83 | 1.60 | 2,24 1 2,79 | 1.09 | 2.00 | 2.80 | 3.59
+2010.1810.3410.49 1 0.61 [ 0.37 | 0.70 {1 0.99 | L.22 {055 [ 1.5 [ L.4S [ L.%3 1 0.75( 1.40 | 1.98 | 2,451 0,94 | 1.76 | 2.38 3.13
—20|0.27 | 0.47 ] 0.67 | 0.8t | 0.51 | 0.95 | 1.34 [ 1.43 | 0.77 | 1.43 | 2.00 | 2.43 ; 0.03 | 1.91 | 2,67 | 3,31 [ 1.27 | 2.38 | 3.33 | 4.18
1,013.3 760 0(0.22/0.4210.5710.73]0.45|0.83 | 1.14 { 1.43 | 0.67 [ 1.23 [ 1.74 | 2,16 | 0.87 | 1.64 | 2,31 | 2.8» | 1.11 | 2.06 { 2,88 | 3.63
-+20|0.18 | 0.35(0.50 | 0.63 [ 0.37 } 0.71 { 1.03 [ 1.29 | 0.55 | 1.07 [ 1.54 | 1.91 | 0.75 | 1.44 { 2.04 | 2.59 [ 0.95 | 1.80 | 2.50 | 3.25
—30{0.27 | 0.49| 0.70 | 0.82 | 0.53 [ 0.98 | 1.39 | 1.67 | 0.80 | 1.47 | 2.10 | 2.50 | 1 06 | 1.96 [ 2.77 { 3.40 | 1.21 | 2 46 | 3 43 | 4.26
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va.ryi_n% conditions surface barometric pressure has the
least effect upon B, and that variations because of high
or low values of 6 are more marked. This information
is presented in detail in Table 10.

he reader may well point out that sea-level reduc-

tions in mountainous regions have been treated chiefly,
showing that the long imaginary air columns and ahnor-
mal temperatures may combine to introduce large errors,
and that this has been compared to long air columns
in reducing to upper levels from data secured in eastern
United States. What of the errors of reduction to sea-
level in eastern United States, where the imaginary air
column is short, averaging about 300 or 400 meters?
Such comparisons are resolved into two divisions:

(1) Short air columns: Reduction to upper levels
in the plateau region compared with redue-
tion to sea-level in eastern United States.

2) Lo'nf air columns: Reduction to sea-level in
plateau region compared with reduction to
upper levels in eastern United States.

Since the basic formula by which these pressures are
reduced is the same in each case, the comparative value
of the two methods (in so far as we may dare to compare
them in this early state of upper air reductions) must
lie in the relative merits of the temperature determina-

of pressure areas across the country, and the fact that
the plateau region is so extensive, render point (2) so
important as to make worth while any attempt to im-
prove such reduction.

In studying figure 14, it is found that in reducing to a
level in the free-air an error of 5° C. in the mean tempera-
ture of the air column 2 kilometers in length will result
in an error of about 4 mb. in the reduced pressure. In
the case of Drexel, where the value of h is lowest, i. e.,
where the frequency curve is the flattest, for the 2-kilo-
meter air column, the chance that an error of this magni-
tude will occur is 1:4; but, at the same station for the
1-kilometer level the chance of a 5°C. erroris 1:34. For
the 2-kilometer level at Mount Weather the chance of a
5° C. error is 1:8, but for the 1-kilometer level it is 1:40.
It is obvious that for the longer air ecolumn, the chance of
large errors is much greater than for the shorter. But
this is not discouraging. for a glance at the table to be
given shortly, will show how gg,nera.lly small will be these
errors, as hased upon the probable variation.

Having determined the probable variations of the mean
temperature of the air column from those from which
the isopleths have been drawn, and also the amount of
error subsequently introduced by air columns of various
lengths, it will be of interest to see how these probable
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variations will affect the reduced pressure at the upper
levels. Basing our values upon figure 14 and Table 10,
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FIG. 14.—Pressure differences with various lengths of air column, corresponding to

various errors in the mean temperature of the column with varying conditions of
surface pressure and temperature.

let us obtain the pressure error due to the specific probable
variations. A brief table will show this:

TABLE 11.—Pressure errors due lo errors in 8, undier standard conditions.

Len, of air
column.

Station. E
2,000

meters. | meters.

Mount Weather, Va........ccocirncerananaracnnannns
Drexel, Nebr......coooniciicieannnncnnccransamascsannan
Ellendale, N. DaK......cccoiennmemennnanresncananananes

o
?FNPP?Q
WO BN

These values appear to be very satisfactory. If we
assume that the average elevation of the eastern half
of theUnited States is 300 meters, the length of the air
column in reducing to the upper lével will average 1,700
meters, which will decrease the error shown above. In
the mountain districts of the West, the error will decrease
as the elevations become greater, and, if we can only
obtain aerological information equivalent to that from
the three eastern stations we have studied, it seems that
upper-air reductions will- be most reliable in the region
where the sea-level reductions are the least reliable.
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To show the practicability of this scheme, let us give
an example of its use, Suppose the observer at Drexel
(selected because we have data from that station) pro-
poses to reduce his pressure to the level, 1 kilometer above
sea level. At the time of observation, on the morning of
September 1, he has a surface temperature of 10° C., and
the wind direction is northwest. We find from figure 7
that, at that time, the correction to his surface tempera-
ture to obtain the mean temperature of the air column
is—1.2° C., which, when applied, gives him the air column
temperature of 8.8° C. Suppose that his corrected sta-
tion barometric pressure is 970 mb., he will be able to tell
from his tables that the pressure reduced through the air
column 604 meters in length (Drexel’s altitude is 396 me-
ters) will be 901.6 mb. e know statistically that this
observation will have a probable variation of less than
0.4 mb., which is cert.a.in?y within satisfactory limits of
accuracy. '

CONCLUSION,

As was stated in the beginning, this paper can not pre-
tend to do more than penetrate the most superficial
stratum of this great and important problem. As one
progresses through the various steps of its most elementary
aspects, new vistas are opening on every hand—vistas
that are attractive and inviting, and withal necessary to
explore before one can be positive in his survey of the
field. Here have been dealt with only the temperature
argument and its relation to pressure reductions, and that
for only three stations. One can not speak with finality
until the upper air over the entire broad reaches of the
United States has been penetrated by kites or other means
in a score or more of places, and until their meteoro-
graphs have brought to earth thousands of records of the
conditions aloft. Of this, one is certain: That for the
stations investigated the plan reveals itself in an orderly
simplicity not suspected at the beginning. Why should
it not for the stations yet to be studied? Is it too much
to see in this study the nucleus of a method of pressure
reductions and a step toward forecasting for aviation
with greater accuracy and even toward solving the
nettling problem of plateau barometry %

By way of summary, let us review the steps that have
been followed to attain the results of this paper:

1. We assumed fundamentally that surface wind direc-

- tion is a reliable criterion of temperatures aloft, at least

within the lower 2 kilometers of the atmosphere.?

Observations at Mount Weather, Va.,
Drexel, Nebr., and Ellendale, N. Dak., show
that temperatures at the surface and aloft
are subject to three priucipal controls—wind
direction, ge’i‘)ﬁra hical location, and seasonal
variation, e last two affect temperatures
at the surface and aloft in a nearly dpa.rallel
manner, while wind direction’ produces a
more marked effect upon temperatures aloft
than at the surface.

2. There is an orderly and well-marked progression of
(differences between the mean temperature of the air
column and surface temperature in different months and
with different wind directions which can be utilized to
obtain the mean temperature of the air column when the
correction to be applied is known.

L)

2 While this assumption has been shown to be justified in America (see footnote 3)
the work of Mr.W. H. Dines in Europe leads to the conclusion that such a relation is not
to be relied upon. See The characteristics of the free atm sical Memoirs,
No. 13, Meteorological Office, London, 1919, pp. 47-76. A . R. Gregg in
MONTELY WEATHER REVIEW, Sept., 1919, pp. 644-647.
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3. The probable variation of the values is conveniently
small.

4. The probable variation when converted into units
of pressure, gives an accuracy of reduction which is very
satisfactory, even for long air columns.
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TEMPERATURES VERSUS PRESSURES AS DETERMI-
NANTS OF WINDS ALOFT.!

By W. R. GreGga, WEATHER BUREAU.
[Author's Abstract.]

From theoretical considerations a certain definite rela-
tion is expected to exist between the pressure gradient
indicated on synoptic weather maps and the wind at a
short distance, some four or five hundred meters, above
the surface. Observations with kites and balloons show
that this relation does exist, when averages are con-
sidered, but that wide variations are frequently found in
individual cases. These variations are due partly to
incorrect sea-level ¥ressure reductions, partly to too
much smoothing of the isobars, but principally to
departures of horizontal temperature distribution from
normal conditions. If, for example, there is a stee
latitudinal temperature gradient, the free-air winds
quickly depart from those indicated by the pressure

adient, and the principle of ‘‘gradient winds’’ breaks

OWn. if, on the other hand, there is little temperature
change over extended areas, the free-air winds conform
very closely to the surface pressure distribution and
indeed under these conditions anticyclones and cyclones
are found to continue as such to great altitudes. The
first type is most frequently found in winter and the
second In summer, but occasionally in other seasons; in
all cases it is the temperature distribution that is the
controlling factor. Two illustrations are given: One
shows the conditions on December 17, 1919, when a very
steep south to north temperature gradient produced over
the entire country, east of the Rocky Mountains, free-air
west-northwesterly winds, quite at variance in many
sections with the surface pressure distribution. (A note
on this appeared in the MonNTHLY WEATHER REVIEW,
Dec. 1919, 47: 853-854.) The other illustration shows
the conditions on March 23, 1920, when absence of any
marked latitudinal temperature gradient resulted in free-
air winds closely following the surface isobars to heights
of 4 to 8 kilometers.

Studies based upon observations in Europe indicate
that anticyclones are warmer than cyclones at all levels
in the troposphere. In the United States the reverse
condition ﬁa.s been found. The reason for this differ-

1 Presented before Amerfcan Meteorological Soclety, Washington, D, C., Apr. 22, 1920,
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ence is not that different processes are in operation, but
that in Europe the effects of purely dynamic heating and
cooling are more pronounced than are those due to the
importation of cold and warm air by winds with a
northerly or southerly component, whereas the reverse is
true in the United States. The free-air pressure gradi-
ents resulting from changes in air density due to these
currents of warm and colf air are decidedly different from
those at sea-level and show that rows bend backward
with altitude to the northwest and HiGHS to the south-
west. Hence, in the upper levels winds with a northerly
component (usually northwesterly) blow across the sur-
face Hiees, and winds with a southerly component
(usually southwesterly) across the surface Lows. These
are average conditions. Variations from them are of
course produced by variations in surface and free-air
temperatures from the normal. A careful study of these
temperature variations gives valuable aid not only in
forecasting free-air winds, but also in predicting the move-
ments of cyclones and anticyclones, and therefore the
accompanying changes in surface conditions.

DETECTION OF STORMS AND THEIR TRAVEL BY RADIQ
EQUIPMENT.

By Lieut. (j. g.) C. N. KxysER.
[Navy Department, Washington, D, C,, June 18, 1920.]

The perfection of radio apparatus for securing compass
bearings by ships and aircraft paves the way for the
develgFment of a new phase of meteorological forecast-
in, he question of static has been the subject of con-
siderable investigation by those interested in radio trans-
mission as well as those interested primarily in meteor-
ology and meteorological prognostication. Those inter-
esteé7 in radio attacked the problem, first, in respect to
its elimination from the ﬁelj) of radio transmission as a
whole, and later, when this failed, in respect to the elimi-
nation of this interference from the radio receiver itself.
The first problem resolved itself into finding out during
what periods, in what particular localities, and under
what conditions static disturbances prevented or hin-
dered the receipt of radio messages, in order that times
of transmission and locations for stations might be de-
termined upon to eliminate this difficulty. These at-
tempts at eliminating static did not prove successful.
As a result the next attempt was made to eliminate static
interference from the receiving set itself, and in this much
greater progress has been made. The latest develop-
ments in radio receiving equipment have been successful
in damping considerably, if not entirely eliminating, the
interference from static disturbances.

The problem, from the meteorologist’s standpoint, is
not to devise means of eliminating static from radio re-
ceiving, but to associate the various types and intensities
of static with the approach, movement, and intensity of
local and general electrical storm, and of forecasting the
approach of the same. The advent of aviation, more
especially of ‘‘lighter-than-air’’ craft has made the fore-
casting of this type of storm of vital importance.

The matter of detecting storms in their travel by the
use of radio equipment is still in its experimental sta
and is as yet an open field for the experimenter as we
as the amateur meteorological and radio enthusiast to
enter. The time will probaﬁiy come when storm detectors
will be a part of the regular equipment of all meteoro-
logical stations, and when the reporting of static will be



