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ATMOSPHERIC DATA FOR PERFORMANCE CALCULATIONS

1. NOTATION AND UNITS

British SI

speed of sound ft/s, kn m/s, kn

geopotential height ft m

pressure height ft m

characteristic length ft m

Mach Number

pressure lbf/ft2 N/m2

* kinetic pressure for M = 1, lbf/ft2 N/m2

* Reynolds number at M = 1, 

temperature K K

* equivalent airspeed for M = 1, ft/s, kn m/s, kn

geometric height ft m

relative pressure, 

relative temperature, 

dynamic viscosity lbf s/ft2 N s/m2

density slug/ft3 kg/m3

relative density, 

Subscript

Standard (sea level) value

a

H

Hp

l

M

p

q ρa
2
/2=( )

Re ρal
µ

--------= 
 

T

Ve a σ=( )

Z

δ p/p0

θ T/T0

µ

ρ

σ ρ/ρ0

0

Issued December 1968
With Amendments A to D, October 1992

 

ES
D

U
 C

op
yr

ig
ht

 m
at

er
ia

l. 
 F

or
 c

ur
re

nt
 s

ta
tu

s 
co

nt
ac

t E
SD

U
. 

Copyright Engineering Sciences Data Unit 
Provided by IHS Markit under license with ESDU Licensee=/, User=, 

Not for Resale, No reproduction or networking permitted without license from IHS

-
-
`
,
,
`
`
`
,
,
,
,
`
`
`
`
-
`
-
`
,
,
`
,
,
`
,
`
,
,
`
-
-
-

Full document details: ESDU 68046 D 1992

http://www.avadocuments.com/doc/esdu-68046-d-1992
http://www.avadocuments.com/doc/esdu-68046-d-1992


2

68046�
2. INTRODUCTION

Properties of the International Standard Atmosphere (Derivation 1) are presented in Tables 8.1, 8.2 and 8.3
of this Data Item and in the Table which is issued as Addendum† Item No. 72018. Properties of off-standard
atmospheres, which differ in a prescribed way from the Standard, are presented in Table 8.4. The Item is
primarily intended for use in aircraft performance calculations and so the parameters tabulated are the ones
that are required most frequently in such work. The contents of the tables are described in detail in Sections4
and 5.

Amendment C makes this Data Item consistent with the International Standard Atmosphere of Derivation1.
To this end the maximum height considered is now 50 km (about 164 000 ft) and, in consequence, for the
heights covered there are no significant differences between the data presented here and in References2,
3, 8 and 10. The opportunity has been taken to include a description of the historical development of the
Standard Atmosphere (see Section 4.1). In addition, all equations and numerical constants used in defining
the Standard and off-standard atmospheres have been incorporated in Data Item No. 77022 in a form suitable
for use in direct calculation of properties of the atmosphere.

Further information on properties of the atmosphere is given in Item No. 77021, in the Aerodynamics
Sub-series, which gives atmospheric data for heights up to 1 000 km (i.e. much greater than herein) and
includes values of thermal conductivity and viscosity.

Wind Engineering Sub-series
A number of Items provide information on winds and turbulence at heights up to 1 000 ft:

† This addendum constitutes Item No. 72018 and presents the same basic information as Table 8.1 of the present Item. However, while
heights are quoted in feet, all other quantities are given in SI units. The reason for issuing such data is that while much engineering work
is now conducted in SI units, the international use of the foot for height measurement (and the knot for airspeed) is likely to be maintained
for the foreseeable future.

Volume 1a
82026 Strong winds in the atmospheric boundary layer. Part 1: mean-hourly wind speeds.
83045 Strong winds in the atmospheric boundary layer. Part 2: discrete gust speeds.
74030 Characteristics of atmospheric turbulence near the ground. Part 1: definitions and general

information.
85020 Characteristics of atmospheric turbulence near the ground. Part II: single point data for

strong winds (neutral atmosphere).
86010 Characteristics of atmospheric turbulence near the ground. Part III: variations in space and

time for strong winds (neutral atmosphere).
87034 World-wide extreme wind speeds. Part 1: origins and methods of analysis.
88037 World-wide extreme wind speeds. Part 2: examples using various methods of analysis.

Volume 1b
84011 Wind speed profiles over terrain with roughness changes for flat or hilly sites.
84030 Longitudinal turbulence intensities over terrain with roughness changes for flat or hilly sites.
85003 Computer program for wind speeds and longitudinal turbulence intensity. Flat or hilly sites

in terrain with roughness changes.
86035 Integral length scales of turbulence over flat terrain with roughness changes.
87006 Computer program for wind speeds, turbulence intensities and length scales of all wind

speed components: flat or hilly sites in terrain with roughness changes.

78002 Evaluation of the attenuation of sound by a uniform atmosphere.
78003 Evaluation of the attenuation of broad-band sound by a non-uniform still atmosphere.

Noise Sub Series–
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3. HEIGHT UNITS AND SCALES

3.1 Height Units

The Standard Atmosphere of Derivation 1 is defined entirely in terms of SI units but in aircraft performance
work there is widespread use of the foot as the unit of measurement for height. This practice is reflected in
the Tables given here and in Item No. 72018 in that only Table 8.3 contains data for heights expressed in
metres.

3.2 Height Scales

In this Section, brief definitions are given of the height scales commonly in use.

Geometric Height, Z

Geometric (or tape line) height is the vertical distance between a point and some datum level. In aircraft
performance work it is normally confined to the context of ground clearance and is used to define the height
of, for example, buildings and mountains. The use of geopotential height (see below) has advantages in the
calculation of aircraft performance, and so information has not been presented directly in terms of geometric
height in this Item.

Geopotential Height, H

This is the (geometric) height, in a uniform gravitational field, which would give the same potential energy
as the point under consideration in the actual (variable) gravity field. Thus, if the standard value of gravity,

, is used in conjunction with geopotential height in calculating energy height (see Item No. 90012), the
variation of gravity with height is automatically taken into account. This results in a considerable
simplification of the performance equations.

The following table presents the relationship between geopotential height, H, and geometric height, Z, for
the height ranges considered in this Item.

H Z H Z H Z

m m ft ft ft ft

0 0 0 0 110 000 110 583

5 000 5 004 5 000 5 001 120 000 120 695

10 000 10 016 10 000 10 005 130 000 130 816

15 000 15 035 20 000 20 019 140 000 140 946

20 000 20 063 30 000 30 043 150 000 151 087

25 000 25 099 40 000 40 077 160 000 161 237

30 000 30 142 50 000 50 120 170 000 171 397

35 000 35 194 60 000 60 173

40 000 40 253 70 000 70 236

45 000 45 321 80 000 80 308

50 000 50 396 90 000 90 390

55 000 55 480 100 000 100 482

g0
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Pressure Height, 

The Standard Atmosphere defines a unique relationship between pressure and geopotential height. The
geopotential height in the Standard Atmosphere can therefore be considered as a scale of pressure and this
is used in the concept of pressure height. The pressure height at a point in any atmosphere (Standard or
off-standard – see Section 5) is the height in the Standard Atmosphere giving the same pressure.

4. THE INTERNATIONAL STANDARD ATMOSPHERE

4.1 Development of the International Standard Atmosphere

The International Standard Atmosphere defined in Derivation 1 is the culmination of many years work and
represents the latest stage in a continuing process of definition. Standard Atmospheres were originally
developed in the 1920’s in the United States by the National Advisory Committee on Aeronautics (NACA)
and in Europe by the International Committee on Aerial Navigation (ICAN). There were slight differences
between these two independently-derived atmospheres. These were reconciled and international uniformity
was achieved through the publication by the International Civil Aviation Organization (ICAO) in 1954 of
a new International Standard Atmosphere for heights up to 20 km. Work on extending this atmosphere was
undertaken by the US Committee on Extension to the Standard Atmosphere (COESA) and one of the results
of this work was the US Standard Atmosphere, 1962 (Reference 2) which included data up to 700 km. In
1964 the data of Reference 2 for heights up to 32 km were adopted by ICAO (Reference 3) to supersede
the 1954 ICAO Atmosphere. Reference 10 is the result of further work by COESA and contains atmospheric
data up to 1000 km. For heights below 51 km the equations and constants used to define the data in
References2 and 10 are identical although differences exist at greater heights. In 1975 the International
Organization for Standardization (ISO) adopted a Standard Atmosphere (Derivation 1) which covers
heights up to 80 km. For heights below 50 km (i.e. the height range covered by this Data Item) the
atmosphere defined in Derivation 1 is termed “International Standard Atmosphere” and is in close
agreement† with the atmospheres defined in References 2, 3 and 10. For heights between 50 and 80 km the
atmosphere defined in Derivation 1 is termed “Interim Standard Atmosphere” and is in close agreement
with that given in Reference 10 for these heights. It is thought unlikely that there will be an early revision
of the “Interim” atmosphere.

4.2 Tables of Properties of the International Standard Atmosphere

The International Standard Atmosphere is a mean with respect to latitude, annual variation and solar activity.
In this Item values of , , , , , , , , , , ,  and Re*/l in the Standard Atmosphere
are tabulated for the following combinations of heights and units.

† See Item No. 77022 for a discussion of the sources of minor discrepancies (i.e. in sixth and occasionally fifth significant figures of
calculated values).

Table Range of geopotential height
Height 
interval

Units for 
atmospheric data

8.1 – 2 000 to 104 987 ft 200 ft British

8.2 104 987 to 164 000 ft 1 000 ft British

8.3 – 500 to 50 000 m 500 m SI

See Addendum 
Item No. 72018

– 2 000 to 104 987 ft 200 ft SI

Hp

T θ θ p δ δ ρ σ σ a V*
e q*
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The data presented in Tables 8.1, 8.2, 8.3 and in Addendum Item No. 72018 are based on the model of the
earth’s atmosphere defined in Derivation 1 (see also Item No. 77022). In this model the atmosphere is
assumed to consist of air which is static with respect to the earth and the air is assumed to be a perfect gas
consisting of neutral particles in chemical equilibrium and to be free from moisture, water vapour and dust.
Atmospheric properties are defined by a temperature-height profile which consists of a series of connected
segments in each of which temperature varies linearly with height. The user should consult Item No. 77022
for the equations, temperature gradients and defining constants used in computing the properties of the
International Standard Atmosphere.

5. OFF-STANDARD ATMOSPHERES

The off-standard atmospheric data presented in Table 8.4 have been obtained by adjusting, in a prescribed
way, the model used in computing properties of the International Standard Atmosphere. The temperature
in these off-standard atmospheres is defined in terms of pressure height since this results in a convenient
form for general use. The temperature profile is constructed by adding a constant increment to the
temperature at each height in the Standard Atmosphere. Thus, on a day when the sea-level temperature is
10 K above standard, the temperature at each pressure height is taken as 10 K above the value given in
Table 8.1.

Table 8.4 gives values of , , , , , , , , , , , ,  and Re*/l , in British Units.
The off-standard conditions included are: ,  and (ISA + 15) K from – 2 000 to 36 000 ft
and (ISA – 15), (ISA + 20), (ISA + 30) K from – 2 000 to 20 000 ft.

Hp T θ θ p δ δ ρ σ σ a V*
e q*

ISA 5±( ) ISA 10±( )
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6. ALTERNATIVE OFF-STANDARD ATMOSPHERES

There are many situations and applications where the above approach to an off-standard atmosphere is not
appropriate. This Section gives guidance on other methods of representing the wide variety of temperature
conditions occurring in nature.

6.1 Mean Monthly Atmospheres

An atmosphere may be defined for a specific latitude and/or period of the year. Good examples are contained
in References 6 in which mean monthly atmospheres (generally January and July) are given for latitudes:
15, 30, 45, 60, and 75 degrees North.

6.2 Probabilistic Atmospheres

Instead of using average temperatures to define an atmosphere, point temperatures that occur at a specified
frequency may be used. In Reference 7, point temperatures are given for four frequencies of occurrence
(10 days per year, 5 days per year, 1 day per year and 1 day per 10 years) for latitudes 0, 20, 30, 50, 70, 80
and 90 degrees North.

References 4 and 5 give comprehensive surveys of temperatures experienced on air routes and at major
airports. Temperatures are given for a number of frequencies of occurrence during monthly, quarterly and
annual periods.

6.3 Design Atmospheres

Design atmospheres are closely related to probabilistic atmospheres. An assessment is made of frequency
with which temperatures outside the design range may be permitted to occur. On the basis of these
considerations, temperature profiles are constructed to represent the extreme conditions for which a product
must be designed. A typical set of design atmospheres is given in References 8.
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7. DERIVATION AND REFERENCES

8. TABLES

Tables 8.1 to 8.3 present data for the International Standard Atmosphere and Table 8.4 provides data for
off-standard atmospheres.

Derivation

1. – Standard Atmosphere (Identical with the ICAO and WMO Standard
Atmospheres from –2 to 32 km). International Organization for
Standardization, ISO 2533, 1975.

References

2. – US Standard Atmosphere, 1962. US Committee on Extension to the
Standard Atmosphere. US Government Printing Office, 1962.

3. – Manual of the ICAO Standard Atmosphere. International Civil Aviation
Organization Document 7488/2, 1964.

4. BARR, N.M.
HANSEN, E.M.

World en-route temperatures; en-route temperatures for subsonic and
supersonic cruise altitudes over world air routes. The Boeing Company,
Rep. D6-15650-2, Vol. 1, 1967.

5. BARR, N.M.
HANSEN, E.M.

World en-route temperatures; en-route temperatures for subsonic and
supersonic cruise altitudes over North American air routes. The Boeing
Company, Rep. D6-15650-2, Vol. 2, 1967.

6. – US Standard Atmosphere Supplements, 1966. US Committee on
Extension to the Standard Atmosphere. US Government Printing
Office, 1967

7. – TSS Standard No. 1-10, general and definitions, including atmospheric
conditions. British Aircraft Corporation/Sud-Aviation. Issue 2, May
1972.

8. – British Civil Airworthiness Requirements. Chapter D1-2, CAA
Airworthiness Division, August 1974.

9. – Conversion factors and tables. British Standards Institution, B.S.350:
Part 1: 1974.

10. – US Standard Atmosphere, 1976. US Committee on Extension to the
Standard Atmosphere. US Government Printing Office, 1976.
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TABLE 8.1  –  INTERNATIONAL STANDARD ATMOSPHERE (–2 000 to 104 987 ft)
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TABLE 8.1 (continued)  –  INTERNATIONAL STANDARD ATMOSPHERE
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TABLE 8.1 (continued)  –  INTERNATIONAL STANDARD ATMOSPHERE
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