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An abridged version of WMO Technical Note No. 80*

1. GENERAL
1.1

ffitroduction

furnished by aircraft in flight or
by aircrews after flight has long been recognized to be of
value to the meteorologist in supplementing the synoptic
weather data available to him. In areas where the network of surface
and upper-air observations is sparse, the meteorological reports from
transport aircraft are particularly valuable and often provide the only
direct information on meteorological developments over the area.
Even where the network is relatively dense, aircraft meteorological
reports provide valuable additional data for upper-air analysis and,
at times, give the first indication of new developments. Aircraft
meteorological reports are needed by the meteorologist as part of the
basic data for synoptic and forecasting purposes. They are, moreover,
the only source of information on the actual occurrence of turbulence
and icing. The availability of the latest reports from aircraft enables
the meteorologist to develop a more confident analysis of the meteorological situation and provide better forecasting and briefing service to
aircrews and operators. Even a quick inspection of the latest aircraft
meteorological reports or a post-flight pictorial cross-section of conditions encountered along the route will improve the meteorologist's
knowledge of the current meteorological situation and thereby assist
him in providing meteorological services over the area concerned.

M
great

ETEOROLOGICAL INFORMATION

The normal meteorological observations tend to become less
plentiful and less accurate with increasing altitude, so that the relative
value of aircraft reports tends to increase with increased altitude of
the aircraft. Meteorological data from jet aircraft have assumed

* Technical Note No. 80 - Utilization of Aircraft Meteorological Reports,
WMO-No. 196. TP. 101. Price: Swiss francs 6.-.
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particular importance in view of the limited upper-air data for the
levels of operation. When supersonic aircraft become operational,
the need for regular aircraft reports must be stressed even more.
1.1.1. For issuance of SIGMET information and for forecasting
and amendment purposes the receipt of air reports directly from
aircraft in flight without delay is of paramount importance. This
information may be the first indication of new developments adversely
affecting aircraft operations. The rapid receipt and equally rapid
dissemination of the implication of such reports greatly outweigh any
possible advantages of additional non-routine information that might
be available in post-flight reports. For high-speed aircraft, loss of
time that would occur in awaiting post-flight information for such
purposes is less acceptable.
Even in the case of synoptic analysis, in-flight reports have an
advantage over post-flight information, although the latter can still
be utilized if received in sufficient time. It should be emphasized that
post-flight reports are also necessary to fill in the analysis and for
any additional 'information on winds, temperatures, D-values and
weather.
1.2 Origin, distribution and form
of aircraft meteorological reports
Meteorological reports are received either directly. from the
aircraft in flight through air-ground communication channels in the
standard AIREP form or as post-flight reports furnished by aircrews
and those collected by debriefing of aircrews on termination of their
flights. Aircraft meteorological reports received by meteorological
offices are transmitted to other meteorological offices designated as
collecting centres. At these centres the reports are assembled and
disseminated in accordance with the regional air navigation agreement
and the WMO regional arrangements for the dissemination of these
reports for synoptic purposes.
1.3

Observing and reporting procedure

Routine aircraft observations are made and recorded by aircraft
on international routes in accordance with procedures developed and
kept under review by the International Civil Aviation Organization
and the WorId Meteorological Organization. The reporting procedure
and forms recommended for use in recording aircraft meteorological
reports are published in Chapter 12 of the WMO Technical Regulations,
and ICAO Annex 3, PANS/MET, PANS-RAC and SUPPS/MET.
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1,4 Material included in aircraft meteorological reports
For routine reports, all elements listed in section 3 of the AIREP
form are reported at each observation except when:
(a) In the opinion of the pilot-in-command, the observation is not

sufficiently reliable for operational use; or
(b) In accordance with regional agreement, a report of a specific

element is omitted.
Supplementary information is recorded if, in the opinion of the
pilot-in-command, it is of aeronautical interest. D-value, if recorded,
is that observed at the time of the report whereas other phenomena
reported as supplementary information may have been observed
at a different time. In this case, the position of the phenomena is
indicated in the report.
The pictorial cross-section included in the post-flight report is
intended to supplement the recorded ob~ervations when, in the opinion of the pilot-in-command, a graphical representation will serve to
amplify or assist in clarifying the observation. As the pictorial crosssection, when suitably represented, is very useful to meteorological
offices (particularly in those areas where routine reports are sparse)
preparation of such cross-sections should be encouraged.
1.5 Accuracy of aircraft meteorological reports
There has been an improved standard of aircraft instrumentation
in recent years, and the following remarks are intended to give broad
guidance in the present position with regard to the observational
accuracy of the elements.

1.5.1

Temperature

The normal accuracy of indicated- air temperatures is. of the
order of ±2°C. General experience suggests that errors of 2°C may
be expected in aircraft reports due to calibration errors.

1.5.2
\

Wind

Where navigational facilities are such that good fixes can be
obtained only sporadically, mean winds are reported. Spot winds are
more useful than mean winds. Evaluation of spot winds made by the
Swiss Meteorological Service have established that, with some aircraft,
accuracy of the order of ±5° in direction and ±5 knots in speed can
be achieved.

4
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1.5.3 Turbulence
The classification of turbulence intensity in terms of the effect of
turbulence on the motion of the aircraft as sensed by the crew is
subjective, being in terms of the degree to which movement within
the aircraft or the carrying out of duties by the aircrew is hindered
by turbulence. The techniques used by the pilot in flying through
turbulence affect the influence of the phenomena on the aircraft.
It has also been suggested that the thresholds of intensity of turbulence, as reported by crews, become lower on an absolute scale with
length of exposure to turbulence. It has also been suggested that a
pilot may describe turbulence as severe in an area because he considers
it severe compared with the usual level of turbulence there, rather
than severe in an absolute scale.
Experiments are proceeding aimed at developing reliable objective
turbulence measuring methods and leAO has encouraged these studies.
Independently of the accuracy, the turbulence reports are not always
representative of the area concerned. With the use of airborne radar
it is in many cases possible to avoid areas where turbulence is likely
to occur.
1.5.4 Icing
The reporting of icing intensity is subjective and varies from one
geographical region to another as well as between individual crew
members. Nevertheless, information on icing provided by aircrews
regularly operating and reporting in a particular region (regardless of
their background and of the type of aircraft) provide the meteorologist
with an excellent and consistent pattern of icing associated with
synoptic systems.
1.5.5 Weather
Weather phenomena as reported by aircraft are generally quite
accurate except possibly for intensity, which is obviously a subjective
estimate. Although the observation of intensity is subjective in nature,
it represents the best estimate of the phenomena at the time and has. a
large measure of reliability.
1.5.6 Cloud
The accuracy of in-flight reports of cloud amounts, bases and
heights is limited by the conditions in which the observations are made.
Estimates of cloud bases and tops are generally good within about
±2,OOO feet if the flight level is within approximately 10,000 feet of the
level of the cloud and the cloud is vertically over (or under) the aircraft.
Aircraft estimates of cloud amount are generally fairly good.
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1.5.7 i)-value
Taking account of standard and systematic errors of altimeters
fitted on aircraft, for flights up to 30,000 feet, a systematic error of
more than 450 feet can occur in reports of D-va1ues. According to
an unpublished report by the Swiss Meteorological Centre in Zurich
(1960-1965), the accuracy of D-va1ues is as follows:
(a) From all flights 40 % of D-va1ues were found to be more than
±200 feet in error.
(b) From selected flights, 20% of D-va1ues were found to be more
than ±200 feet in error.
(c) From ground-checked flights an accuracy of within ±50 feet was
possible.

2.

USE OF AIRCRAFT METEOROLOGICAL REPORTS IN ANAL VSIS

2.1

Introduction

A IRCRAFT METEOROLOGICAL REPORTS are used in the analysis of
f i the meteorological situation in a number of ways, broadly
related to the functions of the meteorological office using the
reports. Where the office is concerned with the general synoptic
situation requiring full analysis of the weather in three dimensions,
information from aircraft can be used:
(a) As supplementary data in completing the analysis of wind,

pressure and temperature on the upper-level charts;
(b) For analysis of cloud, weather, frontal conditions and conver-

gence zones, as represented on the surface charts;
(c) In selected cross-section analysis (e.g. frontal situations, jet-

stream cases, tropopause analysis) used to assist in completing
an integrated picture of the synoptic situation.
Meteorological offices providing service to aviation derive benefit
from all information received from aircraft, though in the case of offices
providing service only to short-distance flights, it may not be practicable in all cases to make use of all the aircraft weather reports received
on the international channels. Some forecast offices make extensive
use of aircraft observations of wind· and D-value in numerical
analysiS and prediction techniques. Even reports which are perhaps
received some six hours after synoptic time are very useful. In fact,
in certain sparse-data areas such as the tropics, reports which are
. as much as six hours different from the synoptic hour serve as excellent
input in the absence of other information. The importance of aircraft
observations in those areas between 30"N and 30 S will become particularly and increasingly important as numerical models are developed
for the analysis and prediction of the wind structure and temperature
regimes.
0

The extent to which all data including aircraft reports are subjected
to detailed formal analysis is conditioned by the availability of facilities
at the meteorological office and the complexity of the analysis and
forecasting problems in the area. However, even very limited scrutiny
qf the aircraft weather reports will generally be worthwhile.
7
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2.2 Use of aircraft meteorological reports of upper-air analyses
2.2.1

Adjustments necessary due to variability of observation time
and flight level

Apart from differences in observing techniques and equipment
used by airborne and ground-level observers, the meteorological data
obtained from aircraft in flight do not fit directly with those obtained
from radio sounding of the atmosphere, mainly for the following
reasons:
(a) The times of observation do not normally coincide with the

standard times of observation on which upper-level charts
are based;
.
(b) The flight level of the aircraft is rarely at a standard pressure
surface.
The ciiscrepancies in times of observation and flight level may have
serious effects on the comparability of both categories of reports
where the meteorological situation changes rapidly with time and
varies considerably with height. It may then be necessary to limit
the adjusting and plotting of aircraft reports on upper-air charts to
those within a relatively short time interval about the standard observation times (e.g. three hours or even less) and to those within a
small vertical range about the altitude of the standard pressure surface
to which the chart refers- e.g. 600 m (2,000 feet).
2.2.2 D-value
The true altitude in a standard pressure surface close to the flight
level where the D-value is measured may, when the actual temperature
distribution with height is near standard, be obtained by adding
algebraically the D-value to the pressure altitude of the relevant
standard pressure surface.
In cases where the state of the atmosphere deviates appreciably
from standard conditions, e.g. in deep Arctic air, some meteorologists
can usefully apply a correction to the D-value before computing the
true altitude of the standard pressure level.
2.2.3 Temperature
The reported temperature should be corrected according to the
existing lapse rate in the height range between flight level and standard
pressure level. In the troposphere a rate of 6.5°C per 1,000 metres is
applicable; in the stratosphere the variability of lapse rate is such that
a standard correction of temperature is not practicable..Even in the
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troposphere one should be careful in using the above approximated
lapse rate, especially when the lapse rate is known to depart considerably from standard- e.g. inversions, tropopause. Therefore, this simple
method of correction has its limitation, especially in the levels used
by turbine-engine aircraft. An example of a chart using such a correction is shown in Attachment A.
Temperatures received from aircraft supply valuable information
on the horizontal and vertical distribution of temperature and may,
therefore, be used to construct isotherms at constant pressure surfaces.
They quite often will enable the analyst to pick out areas of strong
horizontal temperature gradients which in turn are indicators of
possible jet streams and/or strong vertical wind shear. Furthermore,
details of the height and location of the tropopause can be derived by
close inspection of the temperature field. Warm stratospheric sinks
and cold tropospheric pools may go undetected over oceanic areas
save for aircraft temperature reports. In fact, knowledge of vertical
temperature stratification as reported by aircraft is a useful tool for
computation of thickness fields for use in' developing fields of motion
above and below the levels of the report.
Clear-air turbulence is often associated with areas of strong
horizontal temperature gradient so that here again is another useful
piece of information derived from temperature reports by aircraft.
2.2.4 Wind
Wind speed and direction are to be interpreted with care since
it is not easy to correct for wind shear in the height interval between
flight level and standard pressure level. The consistency of wind data
will therefore be dependent on the selection of reports with respect
to the standard pressure level. The wind position refers to spot winds
or mean winds.
Where the equipment aboard the aircraft is such that spot winds
are provided, post-flight reports may contain more information than
in-flight reports and may provide details of wind structure which may
not be available from routine reports,
2.2.5 Weather, clouds, icing and turbulence
In the analysis of the vertical and horizontal structure of the cloud
system and associated weather, aircraft meteorological observations
are of special interest. A plot of present weather, icing, turbulence
and any amplifying remarks from such observations serves several
purposes. It provides the meteorologist with a briefing aid, a continual
check on weather conditions, a tool for the three-dimensional analysis
of the cloud structure and a check on surface frontal features.

10
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2.3 Use of aircraft reports in tropical analysis
The synoptic meteorological network, particularly upper-air
network, is inadequate in most parts of the tropical regions. The aircraft meteorological reports can give valuable information about the
development and location of line squalls, thunderstorms, developments
associated with the inter-tropical fronts and also with tropical revolving
storms. Aircraft meteorological reports should be scrutinized carefully
for any signs of developments. Reports of abnormal winds, weather
and cloud conditions should be given particular attention for possible
detection of formation of easterly waveS or tropical disturbances,
which may at times be quite localized and violent in character.
AIREPS play a particularly important role in upper-air analysis
in these meteorologically "silent" areas. Experience indicates that
rather dramatic changes in the horizontal wind structures can occur
in these areas over a period of a few days. Without aircraft observations of wind and temperature these variations would go completely
unnoticed. The subtropical and tropical jet stn,ams can only be
charted in many oceanic areas by virtue of such reports. Wind flow
patterns over these vast oceanic areas are not necessarily a reflection
of the surface patterns and can be quite different under seemingly
similar surface configurations. Here, actual AIREP observations are
in many cases the only mea~ure of this wind temperature structure.

3. USE OF AIRCRAFT METEOROLOGICAL REPORTS
IN PROVIDING SERVICE TO AIR NAVIGATION
3.1 Introduction
for the provision of meteorological service to
T
international air navigation are developed and kept under review
by the joint action of the World Meteorological Organization
HE PROCEDURES

and the International Civil Aviation Organization. While these procedures will influence to some extent the uses that can be made of
aircraft meteorological observations in providing the meteorological
service, the manner in which the reports are used is related more
directly to the density and frequency of aircraft meteorological reports
over the area with which a meteorological office is concerned and the
facilities available within that office for processing the information.
So. far as provision of meteorological service to air navigation is
concerned, aircraft meteorological reports are used for (1) pre-flight
planning and documentation, (2) pre-flight briefing, and (3) providing
operationally significant information on weather conditions, either
directly or in the form of amendments to forecasts already supplied,
to aircraft in flight.
3.2 Use of aircraft meteorological reports
in pre-flight planning and pre-flight documentation

Latest aircraft meteorological reports from flights over the area
concerned and through the weather systems involved, when suitably
displayed or made available for reference in the meteorological office,
constitute a valuable aid in providing meteorological information for
pre-flight planning and also for preparing flight forecasts. Discussion
by the meteorologist of en route conditions as verified by recent aircraft
meteorological reports can help the operator's ;representative considerably in the selection of the track and level or levels at which the
flight should be planned.
As aircraft meteorological reports are the only direct source of
information about icing, turbulence and vertical structure of clouds,
they are particularly useful in forecasting these features and for providing supporting evidence of the intensity of convergence and subsidence. Where aircraft at different levels are reporting at approximately
the same time, they may give a good picture of the existence of cloud
layers and provide material for the delineation of cloud on a significant
weather chart or vertical cross-section.
The reception of wind and temperature information from aircraft
provides a continuous source of information to the meteorologist for
11
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the subsequent development of the prognostic fields and for utilization
in pre-flight planning and documentation service.
3.3 Use of aircraft meteorological reports in pre-flight briefing
When aircraft meteorological reports have been taken into account
in the preparation of flight forecasts, they are normally referred to in
pre-flight briefing, and the processing of reports for the preparation of the
forecast should be summarized at briefing. In general, crews feel more
confident in the forecast of the expected conditions on the route if
they are assured that the latest reports received from other crews have
been considered by the meteorologist.
Where an individual aircraft meteorological report is not compatible with the development expected by the meteorologist, he should
discuss the report at briefing if he considers that there is even a slight
possibility of the report being correct. In such discussion, he should
indicate the possible repercussions on his forecast should the report
prove correct. This procedure strengthens confidence and, in addition,
helps the crew to appreciate the importance which attaches to every
aircraft report and the need for the best possible accuracy in aircraft
meteorological reports.
For pre-flight briefing, aircraft meteorological reports, whether
in-flight or post-flight, should be displayed in a form that is readily
accessible to crews. The display may be in the form of charts. Alternatively, post-flight reports may be displayed in the form as received
and in-flight reports arranged according to time intervals or routes.
3.4 Use of aircraft meteorological reports for providing
operationally significant information to aircraft in flight
In providing SIGMET information, actual aircraft meteorological
reports from the area of responsibility of such offices are particularly
helpful. In fact, aircraft reports of icing and turbulence and other
hazardous weather may provide the first indication warranting the
issue of SIGMET information. Even if such conditions are already
anticipated, the information obtained from aircraft meteorological
reports enables the forecaster to issue SIGMET information, flight
forecasts, amendment to forecasts, etc., with a higher degree of confidence.
In addition to supplying SIGMET information, designated meteorological offices are also responsible for the provision of en route
forecast service comprising upper-wind and temperature information,
whenever required. Here again, actual aircraft meteorological reports
contribute to the quality of the services provided.

4. OTHER USES OF AIRCRAFT METEOROLOGICAL REPoRTS
4.1

Introduction

AIRCRAFT METEOROLOGICAL REPORTS are invaluable in providing
.f'\.. material for the statistical analyses of meteorological phenomena
of direct interest to aviation services, for technical investigation
of these phenomena and for the verification of forecasts.
4.2 Statistical analysis for climatological summaries
Aircraft meteorological reports are made use of in statistical
studies of the spatial distribution of icing, turbulence, hail, wind and
other elements. However, because of the manner in which flights are
planned and operated, aircraft meteorological reports may not always
represent random samples of the atmosphere and consequently care
must be taken in interpreting statistics compiled from such reports.
Reports of aircraft wind have been found to be quite useful in
studying climatic means and variations, particularly in certain lowlatitude areas where the usual meteorological data are scarce or missing.
Winds measured by the Doppler technique have been found to be of
considerable value in these analyses.
4.3

4.3.1

Technical investigations

General investigations

In investigating the phenomena associated with meteorological
situations occurring over a particular geographical area, aircraft
reports are useful in establishing the typical vertical structure of systems peculiar to the area in different seasons and in different meteorological situations. Aircraft meteorological reports may be the only
source of information and will at any rate supplement data in areas
where the network of observations is inadequate.
In some tropical areas, pilot-balloon measurements are the only
upper-air observations made from ground stations. In cloudy weather,
which is often quite persistent over these areas, such as during the
monsoon, pilot-balloon observations are restricted only to low levels
below the cloud cover, and in such cases aircraft reports provide the
only information for studies of the structure of upper winds.

4.3.2

Satellite weather data investigations

Air reports of cloud density, tops, amounts, etc. are expected to
play an important role in developing new techniques for obtaining
meteorological information by observations from satellites. A recent

13
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experiment (in the U.S.A.), in which simultaneous cloud observations
were made from satellite, aircraft and spacecraft by a hand-spectograph, serves as an example of the usefulness of air reports in technical
investigations. By comparing cloud top heights measured by aircraft
with those inferred from the spacecraft instrumentation, useful and important information can be gained on corrections required for this
type of measurement. Such correlations will enable future generations
of meteorological spacecraft to yield important information on cloud
tops, density, etc. for areas of sparse data. As a result of such experimentation, it will be possible to make greater use of satellite meteorological data in the future.
4.4 Verification of forecasts

Verification of forecasts may be carried out by the formal technique of plotting air reports for the verifying time on the prognostic
charts. This will not only verify the forecast information but also
alert the meteorologist to possible amendment and/or warning action.
An example of such a plot is shown in Attachment H. (Attachments
B to G are not reproduced in this publication.)
Verifications are quite useful in determining, over a period of time,
what the meteorological ability is and how well it is improving or
deteriorating. This information may then be used to: (1) redesign the
techniques and procedures aimed at improving the meteorological
product and/or (2) keep carriers and users informed as to the possible
errors associated with meteorological aviation forecasts.
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