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HIS ARTICLE covers substantially an
unpublished report of Headquarters
A A F , Weather Division (Report No.
946), prepared by the authors under the
same title in May, 1945. It was prepared
hastily for non-meteorologists concerned
with the suitability of A A F airports for
post-war use and is in no sense a definitive
report on the subject for meteorologists.
Such a definitive report could only follow a
thorough study of the hypothesis of independence of temperature and pressure-altitude on hot summer days, and a more detailed investigation of the distribution of
dH over the United States. Nevertheless,
it is believed this report goes a little further
than its predecessors on the subject, and
it may therefore deserve the wider distribution afforded by its publication in the

T

BULLETIN.

The density-altitude of an airport is defined to be the altitude in the U. S. Standard Atmosphere at which the air density is
equal to that at the airport. It depends on
the air temperature and the "station press u r e " (actual atmospheric pressure, not
reduced to sea level), and is readily computed from such a nomogram as that on
page 38 of the U. S. Department of Commerce, C. A. A. Technical Development Report No. 40, " T h e Correlation of Airport
Take-off and Landing Characteristics with
Airport Size," April, 1944, or from FIGURES
2 and 3 of the present article. For greater
accuracy than the nomograms provide, use
can be made of W. S. Diehl, "Standard
Atmosphere—Tables and D a t a , " N. A. C.
A. Report No. 218 (1935): Let p be the
station pressure in inches of mercury, and
let t be the temperature in ° F ; then proceed as follows: (1) Determine the quantity
p / p 0 = 17.325 p / (459.4 -f-1). (2) Find the
altitude in the table for which p/p0 has the

value determined in ( 1 ) . This is the density-altitude.
In computing the density-altitude it is
frequently more convenient to enter a nomogram with pressure-altitude, instead of the
station pressure, the two being equivalent
measures of the atmospheric pressure. If
pressure-altitude is used with the N. A.
C. A. report referred to above, the station
pressure p is first determined from the
eighth column of the table in the N. A.
C. A. report, corresponding to the pressurealtitude in the first column. The present
study uses pressure-altitude exclusively.
The object of this article is to present a
method for determining the maximum density-altitude to be expected in any 10-year
period at any airport in the continental
United States.
Density-altitude depends so much on the
temperature that the maximum densityaltitude will occur only when the temperature is at or very near its maximum value.
The investigation was therefore limited to
the summer months of July, August, and
September, since practically all continental
United States airports have attained their
maximum temperature in these months.
Among the days with maximum or nearly
maximum temperature, the greatest densityaltitudes occur when the pressure-altitude
is greatest. Meteorological experience indi
cates that on these hot days the pressurealtitude will occasionally be at or very close
to its maximum value for the summer
months. It is therefore assumed that the
maximum density-altitude will be that
determined by the maximum temperature
and the maximum pressure-altitude occurring in the summer months. The procedure
given below is based on this assumption.
The records for Cheyenne, Burbank, and
Salt Lake given for a year and one-half
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in the C. A. A. report referred to above
tend to confirm the assumed independence
of temperature and pressure-altitude on hot
days, but it is clear that a year and onehalf furnishes far too short a record to
reveal the maximum density-altitude.
For the present study, Weather Bureau
and Army Air Forces records were examined
to determine the maximum pressure-altitude
in ten years of summer months at some
twenty-five stations.
FIGURE 1 showrs the
excess of the maximum pressure-altitude
over the station elevation. The excess is
denoted by dH (in feet), and the map
shows isopleths (lines of equal value) of
dH. Note the smooth variation of dH over
most of the continent. In the Rocky Mountain area the elevation varies so much that
it was impossible to draw the isopleths. In
this region, cross hatched on the map,
the value of dH must be obtained from the
elevation H (in feet) by the formula
d H =

{0.08(8250 — w h e n 2 0 0 0 ^ ^ 8 2 5 0 ,
\0,
when 8 2 5 0 ^ ^ 1 0 , 0 0 0 .

The present study does not consider airports above an elevation of 10,000 feet.

FIG. 1.

In drawing the map for the Gulf States
and Atlantic Seaboard, the extremely high
pressure-altitudes occurring near hurricanes
were ignored, since hurricanes are never accompanied by high temperatures. This was
the only exception to the general procedure
of drawing the map for maximum summer
pressure-altitude.
The following procedure is recommended
for estimating the maximum density-altitude occurring at an airport in the continental United States. It is assumed that
the airport elevation is 10,000 or less:
(1) Obtain from the nearest or most
convenient weather station the highest temperature recorded, or estimated to have
occurred, at the airport or area under
consideration. Insist that the temperature
so obtained be based upon as many years of
records as possible. (For many airports, a
good estimate of the maximum temperature
can be obtained from the U. S. Department
of Agriculture, 1941 Yearbook of Agriculture, " Climate and M a n . " Care must be
taken not to infer the temperature of valley airports from that of nearby mountain
stations, nor vice versa.)
The air tempera-

Isopleths of dH.
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ture above an asphalt or concrete runway
at aircraft wing level on a sunny day is
between 5°F and 10 °F higher than the temperature measured in a weather instrument
shelter situated on a grass surface. The
temperatures obtained at a weather station will almost always be taken in a
shelter over a grass surface and, if the
maximum of such temperatures is used, the
computed density-altitude will be the maximum for the instrument shelter, not the runway. If the aircraft performance tests
have been based on the density-altitude for
instrument shelters, it is appropriate that
the maximum temperature be used without
correction. I f , however, the performance
tests have been based on density-altitude
computed for the air above the runway,
then the maximum shelter temperature
should be increased by 10°F to obtain an
estimated maximum temperature above the
runway. (The corresponding increase in
the maximum density-altitude will be on the
order of 700 feet.)

FIG. 2.

{ 2 ) Use the map (FIGURE 1 ) to find the

value of dH (in feet) for the airport. If
the airport is within the hatched area, see
(4) below.
(3) Add dH to the elevation of the airport (in feet). The resulting sum is the
estimated maximum pressure-altitude (in
feet) observed at the airport during the
periods of extremely high temperature.
(4) For Rocky Mountain airports within
the hatched area of the map (FIGURE 1),
the estimated maximum pressure-altitude
(in feet) must be obtained directly from
the airport elevation H (in feet) by use of
the following formula:
maximum pressure-altitude
^ f660 + 0.92 H,
\H,

for 2000 < H < 8250,
for 8250 < H < 10,000.

(5) Using the maximum temperature
from (1) above, and the maximum pressure-altitude found in (3) or ( 4 ) above,
enter FIGURE 2 or FIGURE 3 or the n o m o g r a m

Chart for computing density altitude: low range.
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FIG. 3.

Chart for computing density altitude: high range.

in the C. A. A. report referred to earlier in
this article. One obtains the required
maximum density-altitude.
As illustrations of the above procedure,
consider the following examples. It is assumed that the performance tests have been
based on the density-altitudes for the instrument shelter; consequently no correction has been made to the recorded temperature maxima.
a. Washington, D. C. (elevation, 15 feet) :
(1) Maximum temperature is 106°F.
( 2 ) Interpolating

on

the

map

(FIGURE

1), the value of dH is 390 feet.
(3) The maximum pressure-altitude for
the summer months is estimated to be 15
plus 390, or 405 feet.
(4) Entering a nomogram with 106°F
and the pressure-altitude 405 feet, the maximum density-altitude is found to be 3450
feet.
J). Cheyenne, Wyoming
(elevation, 6144
feet) :
(1) Maximum temperature is 100°F.

(2) Since this airport is in the hatched
area on the map, the maximum pressurealtitude is obtained from the last formula
above; the maximum pressure-altitude is
found to be 660 + 0.92(6144), or 6312 feet.
(3) Entering a nomogram with 100°F
and the pressure-altitude 6310 feet, the
maximum density-altitude is found to be
10,150 f e e t .

The above procedure differs in two ways
from the procedure cited on page 18 of the
C. A. A. report referred to above:—(1)
The maximum temperature is obtained
from records, or from the judgment of
meteorologists, instead of being taken to be
100°F; (2) The maximum pressure-altitude
is found by increasing the airport elevation by a variable amount determined from
records, instead of by a flat 500 feet.
It is estimated that the maximum density-altitude determined by the procedure
of the present note will be within 150 feet
of the largest value to be expected in any
10-year period.
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