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ESDU TECHNICAL MEMORANDA

ESDU Technical Memoranda are prepared from time to time to provide a formal means of presentation for work
that is not issued as a Data Item.  The main reasons for preparing an ESDU Technical Memorandum are as follows. 

• Much of the work done in the preparation of a Data Item, such as data correlations or analytical studies,
can be brought together in a Technical Memorandum which can then be quoted as one of the Derivations
or References in the Data Item.  Such a Memorandum therefore provides a formal record of the data or
methods given in the Data Item itself. 

• When ESDU takes on an external contract a Memorandum is used as the vehicle for formally reporting
that work.

ESDU Technical Memoranda do not, in general, go through the same rigorous Committee validation process as
ESDU Data Items, but they may be considered to be reliable sources of information supplementary to that in the
Data Items.

THE PREPARATION OF THIS TECHNICAL MEMORANDUM

The work on this particular Memorandum was monitored and guided by the Performance Committee. This
Committee first met in 1946 and now has the following membership:

The technical work involved in the assessment of the available information and the construction and subsequent
development of the Memorandum were carried out under contract to ESDU by

The person with overall responsibility for the work in this subject area is C.J. Whittaker, Head of Performance.

Chairman
Mr G.J.R. Skillen — Independent, UK

Vice-Chairman
Mr K.J. Balkwill — Independent, UK

Members
Mr P.V. Aidala*

* Corresponding Member

— Northrop Grumman ESID, Bethpage, New York, USA
Dr J.D. Avery — Independent, UK
Mr M. Baxter — BAE SYSTEMS, Brough, UK
Mr M. Broad — Independent, UK
Mr E. Burdak* — Pilatus Aircraft Ltd, Switzerland
Mr A. Dalton — MOD, Boscombe Down, UK
Mr G. van Es — National Aerospace Laboratory NLR, The Netherlands
Mr P. Giesman* — Federal Aviation Administration, USA
Mr S.J. Hyde — BAE SYSTEMS, Prestwick, UK
Mr L. Kornstaedt — Airbus Industrie, Toulouse, France
Mr D.A. Law — Independent, UK
Mr C. J. Loughton — Independent, UK
Mr P.E.C.S. Magalhaes* — Embraer, Brazil
Mr R.J. Orlowski* — Boeing Commercial Airplane Company, Seattle, Washington, USA
Dr P. Render — Loughborough University, UK
Mr G.E. Smith — Independent, UK
Mr R. Storey — Independent, UK
Mr S. Tsach* — Israel Aircraft Industries, Jerusalem, Israel
Mr C.J. Turner* — Boeing Commercial Airplane Company, Seattle, Washington, USA.
Mr J. Werner* — Cessna Aircraft, Wichita, Kansas, USA.

Mr K.J. Balkwill — Consultant to ESDU
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AIR AND GROUND TEMPERATURE

1. Notation and Definitions

1.1 Notation

Symbol Meaning SI Units

bond albedo –

Beta distribution (see Reference 7) –

specific heat of air at constant pressure Jkg–1 K–1

rate of evaporation from surface kgm–2s–1

energy fraction of total energy balance –

sensible heat flux Wm–2

output from light meter Lumenm–2

atmospheric pressure Pa

probability of event in [ ] –

aerodynamic resistance to heat transport sm–1

gas constant for air Jkg–1 K–1

incoming long-wave radiation W m–2

outgoing long-wave radiation Wm–2

net radiation flux Wm–2

approximate mean value for solar radiation reaching outer atmosphere Wm–2

incoming short-wave radiation Wm–2

air temperature K

(runway) surface temperature K

surface albedo –

difference between ground temperature and air temperature, that 
is,

K

emissivity of air –

emissivity of surface –

luminous efficacy –

A

B

CP

E

EF

H

Lx

p

Pr[ ]

r

R

RL( )
I

RL( )
O

RN

RN( )
MAX

RS( )
I

TA

TG

α

ΔT
TG TA–

εA

εS

η
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Refer to Section 1.2 for the values of constant terms defined in this section.

1.2 Values of constant terms

The values of the constant terms defined in Section 1.1 are listed in Table 1.1.

1.3 Definitions

Albedo is the reflectivity of a surface in the short-wave region of the spectrum.

Bond albedo is the fraction of power in the total electromagnetic incident on an astronomical body that is
scattered back into space.

Emissivity is the measure of an object's ability to emit infrared energy. Emitted energy indicates the
temperature of the object. Emissivity can have a value from 0 (shiny mirror) to 1.0 (blackbody). Most
organic, painted, or oxidized surfaces have emissivity values close to 0.95.

Latent heat is related to changes in phase between solids, liquids, and gases.

Luminous efficacy is a measure of how well a light source produces visible light.

Luminous efficiency is the ratio of luminous efficacy of a source and the maximum possible
luminous efficacy.

latent heat of evaporation of water Jkg–1

Stefan-Boltzmann constant Wm–2 K–4

soil heat-fraction of net radiation –

TABLE 1.1 Values of constant terms

Term Value Unit

0.306†

† For Earth.

–

1005 Jkg−1K−1

287.1 Jkg−1K−1

1370 Wm−2

1 –

0 –

2.45×106 Jkg−1

5.767×10−8 Wm−2K−4

0 –

λ

σ

ξ

A

CP

R

RN( )
MAX

εA

εS

λ

σ

ξ
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