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PREFACE

1. The R eport of the meeting of the International Meteorological Committee
held in Paris in July 1946 (OMI Puhl. No 55) contains in Appendix D-III a
brief summary of the principal technical matters on which agreement and close
co -operation b etween Meteorological Services of the World are necessary. To
meet these requirements a series of Manuals were to be published to provide
the greatest possible uniformity in each branch of Meteorology, the text of
the Manuals to be in accordance with the operative resolutions of the International Meteorological Organisation.
2. One of these Manuals concerns methods of observation and instruments
and was to contain :
(a) details of meteorological instruments, their construction and use ;
(b ) regulations concerning instrumental equipment of stations, inspection
of instruments and instrumental corrections ;
(c) instructions for observers ;
(d) reduction of certain meteorological elements.
3. At the meeting of the Commission on Instruments and Methods of Observation in Toronto in August, 1947, this subject was very fully discussed, and
it was consider ed that there was an urgent need for preparing such a manual
irrespective of whether the World Meteorological Organization materialized
or not, and that it should be a Guide to Meteorological Instrument and Observing Practice rather than a detailed technical manual. This was submitted as
Resolution VI of the Commission for Instruments and Methods of Observation
to the Confer ence of Directors in Washington, and was adopted by them as
Resolution 128 (CD Washington, 1947).
This Resolution recommends that :
(1) the Guide should contain:
(a ) advice on methods required to keep observing stations up to international standards ;
(b ) recommendations for international observing practices for taking of
observations ;
(c) the adoption of uniform procedures for applying corrections;
(cl ) in general the b est method of obtaining correct observations.
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(2) the Guide should be compiled by the CIMO as soon as possible;
(3) when approved by the CIMO and the President of the IMC, it should be
published in loose-leaf form without delay.
4. The CIMO appointed the following permanent Sub-Commission, No 5, to
prepare the Guide :

President :
Dr. F. J. Scrase

Meteorological Office

London

Great Britain

Washington
Oslo

United States
Norway

Paris

France

New Delhi

India

Cairo

Egypt

Members:
B. C. Haynes
K. Langlo

U.S. Weather Bureau
Meteorological
Institute
A. P erlat
Meteorological
Service
J.M. Sil
Meteorological
Department
M. F. Taha
Meteorological
Department
H. Walker
Meteorological
Service
(1 representative from U.S.S.R.)

Nairobi

Kenya,

E. Africa.

5.

The first ten chapters of the Guide dealing with surface and marine instruments and observing practice are ready for publication, but there has not yet
b een time to complete the remaining chapters on upper air observations dealing
with
Pilot and sounding balloon technique,
Measurement of upper winds,
Aerological m easurements by radiosonde,
Aerological observations from aircraft.
It will be some considerable time before these chapters are ready and it
has been decided to publish the first ten chapters immediately in loose-leaf
form, followed by the remaining chapters on upp er air observations as soon
as they are ready.
The CIMO Sub-Commission No 5 prepared the first nine ch apters on surface
observations, while chapter 10 dealing with marine instruments was prepared
by a joint permanent Sub -Commission of the Commission for Maritime Meteorology and CIMO in co-operation with the President of Sub-Commission No 5.
6. The Guide provides Meteorological Services with the basic information
required in the preparation of their Manual of Instructions to Observers and
should be of very material assistance in securing interna tional uniformity on
instrument and observing practice. As this is the first time such a Guide has
been prepared, it may require some revision after the Meteorological Services
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have had an opportunity to see how far it provides the basic information for
their Manuals of Instruction.
As President of the CIMO, I would be glad to receive any comments, cnticisms and suggestions , for future revision of the Guide.
On behalf of the CIMO I wish to extend our sincere thanks to the Permanent Sub-Commission for the very excellent Guide that they have prepared.

J.

PATTERSON

PRESIDENT OF THE COMMISSION FOR INSTRUME NTS
AND

METHODS OF OBSERVATION

PROVISIONAL GUIDE
TO INTERNATIONAL METEOROLOGICAL INSTRUMENT
AND

OBSERVING PRACTICE

CHAPTER 1 -

1. 1

GENERAL

Historical.

The suggestion for an International Manual of Observing Practice was
made at the meeting of the IMO at Salzburg in .1937 by Mr. Kyriakidis, who
drew attention to the fact that most of the resolutions made at the conferences
of the IMO had in view the uniformity of methods of execution, calculation
and publication of meteorological observations. He pointed out that details
of methods vary from one country to another but that the variations are usually
conventional. He therefore proposed a Manual of Meteorological Observations
and the standardisation of instruments and the elaboration of basic specifications.
After a discussion of Mr. Kyriakiclis' proposals, the International Meteorological Committee noted that several of his suggestions were met or would
be met by certain international publications and drew the attention of the
different Commissions to the need for further standardisation of observational
methods.
The question of a manual on instrument practice was pursued at the meeting of CIMO at Toronto and at the Conference of Directors at Washington in
1947, when it was recommended that a "Guide to International Meteorological
Practices for Instruments and Methods of Observation" should be compiled
by CIMO. A Sub -Commission of CIMO was formed soon after these meetings
for the purpose of preparing the Guide.

1.2

Scope of the Guide.

The main purpose of the Guide is to lay down the basic standards of instrument and observing pratice that are -required by present-day international
meteorology. The Guide is not intended to be a detailed instruction manual
for the use of observers but to form a basis for the preparation of such manuals
by each Meteorological Service to meet its own particular needs. It should
thus lead to the desired degree of standardisation and of uniformity of methods
of observation throughout the world . No attempt is made in it, however, to

14

CHAPTER l

specify the full detailed designs of instruments since to do so might hinder the
development of improvements. It has been thought better to restrict standardisation to the essential requirements of the instruments and to confine recommendations to those features which are generally common to the various patterns
of an instrument.

1. 3

Classification of stations.

Stations of the synoptic network are classified in the three categories :
(a) surface observation stations, including ships ;
(b) upper air observation stations for soundings of temperature, humidity,
wind, etc.;
(c) observation stations for special purposes, e. g. for radio direction finding
of atmospherics or for radar detection of cloud, precipitation, etc.
Upper air stations making radio-sonde observations of temperature and
humidity should, as far as practicable, also make radio wind observations.
For climatological purposes the surface observation stations are classified
according to the scheme of observations to be taken. They may be defined
under the following headings :
(i) Meteorological obserSJatories at which continuous records or hourly r eadings
of pressure, temperature, humidity, wind, sunshine and rain, with eye
observations at fixed hours of the amount, form and motion of clouds and
notes on the weather are taken ;
(ii) Normal climatological stations at which observations of pressure, temperature, humidity, wind, cloud and weather are made at least twice daily, at
two fixed hours, and at which the daily maxima and minima of temperature,
the daily rainfall and, in some cases, the duration of bright sunshine, are
observed;
(iii ) Auxiliary climatological stations at which the observations are of the same
kind as at the normal climatological stations, but (a) are less full, or (b)
are taken once a day only, or (c) are taken at other than the recognised
hours .

1.4

Times of Observations.

1. 4. 1

Time standard.

Observations for synoptic purposes should b e made throughout the world
according to universal time, i. e. the fixed standard hours are GMT and not
local or zone time.

1. 4. 2

Times of surface observations.

Synoptic observations should be taken at 0000, 0600, 1200 and 1800 GMT
with intermediate observations at 0300, 0900, 1500 and 2100 GMT. A tolerance
of 10 minutes is allowed before or after the synoptic hour. The observation
of the element, the variation of which is most rapid, should be taken exactly
at the synoptic hour and the other observations immediately before or after it.
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Times of upper air observations.

Upper air observations should be made at 0300, 0900, 1500 and 2100 GMT .
If only two upper air observations can be made daily they should be at equal
intervals and the times recommended are 0300 and 1500 GMT. If in any region
these two times cannot be used, then 0000 and 1200 GMT are recommended
in preference to other combinations of synoptic hours.

1 .5

General requirements of a meteorological station.

1. 5 .1

Instrumental equipment.

The essential instrumental equipment of a normal climatological station
or a station of the synoptic network includes the following :
thermometers, dry and wet bulb (or hygrometer for very low temperatures);
thermometers, maximum and minimum;
thermometer screen;
ramgauge.
Other instruments essential for a synoptic station and desirable for a
climatological station are :
barometer,
barograph,
anemometer or anemograph,
wind vane.
Desirable additions to this equipment include the following :
nephoscope,
recording raingauge,
thermograph,
grass minimum thermometer,
hygrograph,
earth thermometers,
sunshine recorder,
radiation recorders .

1. 5. 2

Site and exposure of the instruments.

Measurements of some meteorological elements depend on the exposure
of the instruments and in order that observations at different stations may be
comparable the exposures must be similar. A plot of level ground covered
with short grass and about 9 m by 6 m in size is satisfactory for the out-door
instruments provided it is suitably sited. It should b e away from the immediate
influence of trees and buildings and in such a position as to afford a fair representation of surrounding conditions. The station should , as far as practicable,
not be sited upon, or close to, steep slopes, ridges, cliffs or hollows. It is also
important to avoid the immediate vicinity of large buildings.

1. 5. 3 Observers.
The services of competent observers should be provided for the following
duties :
(a) maintaining the instruments in good order;
(b) changing the charts of self-recording instruments ;
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(c)

making the synoptic and climatological observations with the required
accuracy;
(d) coding and despatching the observations ;
(e) making the weekly and/or monthly r eturns of climatological data.
Observers who are not full-time officials of a Meteorological Service but
are designated to t ake meteorological observations at an airfield or station on
an air route should be certified by the Service as having competent knowledge
of observing instructions and as being capable of observing meteorological
elements with the accuracy required for aeronautical purpo ses.

1. 5.4

Inspection of stations.

All synoptic stations should be insp ected not less than once every two
years and all climatological stations at least once every five years. The main
objects of such inspections are to ascertain:
(a) that the siting and exposure of instruments is the best obtainable ;
(b) that the instruments are of approved pattern, in goo d order and verified
against standards when necessary ;
(c) that there is uniformity in the m ethods of observation and in procedure
for r edu ction of observations ;
(d) that the observers ar e competent to carry out their duties.
Further information on the standardisation of instruments is given m
Section 1 . 6. 4.

1 .G
1 . G. 1

General requirements of instruments.
Desirable characteristics .

The most important requirements of meteorological instruments are :
reliability ;
accuracy ;
simplicity of d esign ;
convenience of operation and maintenance;
strength of construction.
With regard to (a) and (b) it is more important that an instrument should
be able to maintain a known accuracy over a long period than have a very
high precision initially without being able to retain it for long under operating
conditions. Simplicity and convenience of operation and maintenance are
important since most meteorological instruments are in continuous use year
in and year out and may be situated far away from good repair facilities . Robust
construction is esp ecially desirable for those instruments which are wholly or
partially exposed to the weather.
(a)
(b)
(c)
(d)
(e)

1. G. 2

Recording instruments.

Most of the recording instrum ents used in meteorology are of the type
in which the motion of the working parts is magnified by levers which move
a pen on a chart on a clock-driven drum. Such recorders should be as free
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as possible from friction, not only in the bearings but also b etween the p en
and the paper. Some means of adjusting the pressure of the p en on the paper
should be provided, but this pressure should b e reduced to the minimum consistent with a continuous legible tra ce. Means should also b e provided in clockdriven recorders for making time marks.
A good recording instrument should afford the m eans of deriving the
absolute value of the element recorded at any instant, but as such instruments
are not easily made absolute or sufficiently reliable to retain their calibration
indefinitely it is essential that their records should b e compared fr equently
with the indications of standard or control instruments of the eye reading type.

1. 6 . 3

Recording drums and clocks.

Of the two possible arrangements in which
(a) the clo ck is fixed inside the drum and revolves with it, and
(b) the clock is fixed to the instrument and the drum only rotates,
t h e latter makes it easier to eliminat e backlash, which is one of the main
causes of t iming errors. It also lessen s the risk of damage to the clo ck since
only the drum n eeds to b e r emoved when charts are changed. The dPsign of
t h e clock should b e such that it will fit all the drums and the r ecording instruments ordinarily in u se in a Service. It h as n ot yet b een found practicable to
lay down international standards for clock rates and sca le values of r ecorder
charts or for the dimensions of drums. Clock rates should be adjusted, by
means of the regulator normally provided, so that the r ate of r evolution of
the drum agrees with the time scale adopted for the ch arts. Time marks sh ould
be made at least once every day, both on daily r ecorders and on weekly and
semi-weekly recorders, the correct t ime being noted to t h e nearest minute .

1 . 6. 4

Standardisation of instruments.

In order to contr ol effectively the standardisation of meteorological instruments it has b een recommended that inst ruments adopted as standards by a
Meteorolo gical Service should be compared with those of other Services by
means of travelling standard instruments . Similarly t h e instruments in operation al u se in a Service sh ould b e comp ared directly or indirectly with the standard instruments of the Service. It is not essential that the instruments u sed
as travelling standards should possess t h e accuracy of primary standards but
they should b e sufficiently robust to withstand transportation without changing their calibration against a primary standard . It has been recommended
that regional and inter-regional comparisons of standards should be made at
least once in every ten years. Comparisons of instruments within a Service
should, as far as possible, b e done at the time the instruments are issu ed to
a station and then during each p eriodical insp ection of the station, as r ecommended in Section 1. 5. 4. P ortable standard instruments used by insp ectors
should b e ch ecked against the standard instrum ents of the Service before and
after a to ur of in sp ection.
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Units and constants.

1. 7
1. 7 .1
(a)
(b)
(c)
(cl)
(e)
(f)
(g)

Units.

The following units should be used for meteorological observations :
atmospheric pressure in millibars ;
temperature in degrees Centigrade or Fahrenheit for surface observations,
but in degrees Centigrade only for upper air observations ;
wind speed, both in surface and upper air observations, in knots;
wind direction in degrees from north or on the scale 0-36 where 36 is the
wind from north and 09 the wind from east ;
relative humidity as per cent;
precipitation in millimetres, or inches ;
geopotential, used in upper air observations, in geopotential metres (gpm)
or in geopotential feet (gpft). As the geopotential metre is defined as
0.98 of the dynamic metre the value of the geopotential is, for practical
purposes, numerically equal to the height expressed in metres.

1. 7. 2

Constants.

The following constants have been adopted for meteorological use :
(a) absolute temperature of the Ice Point T 0 = 273.160 K;
(b) standard gravity at sea level in latitude 45° = 980.62 cm/sec 2 ;
(c) density of mercury at oo C = 13.5951 gm/cm 3 •

CHAPTER

2.1

2 -

CLOUD AND WEATHER OBSERVATIONS

General.

The essential requirement of an international system for cloud and weather
observations is that it should enable observers to record the state of the atmosphere, and the various phenomena that occur in it, in such a way that the
users of the information can, independently of any language, interpret the
meaning of the records in accurate descriptive d etail. The various classifications
and specifications approved by the IMO with this object in view should, therefore, be used for r ecordin g and reporting cloud and weather observations. They
are r eferred to under the appropriate headings in the following paragraphs.

2. 2

Cloud forms.

The specifications of cloud forms, in relation to the state of sky, given
in R esolution 77 of CD Copenhagen 1929 were based largely on the various
stages of weather developm ent in middle latitudes and have since been considered
less satisfactory for very high and low latitudes. They have therefore been
replaced by the revised specifications given in Resolution 152 of CD Washington
194 7. These specifications, in addition to giving the t echnical definitions of
the various types of cloud also include objective descriptions in plain language
for the practical use of observers. Instructions for determining the form of the
cloud are given in the International Cloud Atlas, the preparation of a revised
edition of which has recently been recommended (CD W ashington 1947 : 153) .
For general use at stations at which cloud observations are regularly made the
abridged edition of the Atlas, which was specially prepared for the use of observ ers , is a very convenient guide.
The problem of identifying cloud form s is not always an easy one, for
although the classification of clouds into typical forms is of very great use it
does not overcome the difficulty due to the fact that there is a gradual transition
b etween the various types of cloud. Reliable observations of clouds can, therefore, best be made by keeping as close and continuous a watch as possible on
their development ; it is not sufficient m erely to make a brief examination of
the sky at the observation hour.

2. 3

Cloud amount.

The scale which should be used for recording the amount of cloud is that
laid down in Resolution 11 of IMC Paris 1946 and it is reproduced in the following
table, from which it will b e seen that the unit of measurement is called the
"okta", meaning one eight of the area of the sky.
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Scale number

0
1
2

Amount of cloud

None
1 okta, or
2 oktas, ,,

3

3

4

4

5
6
7
8
9

"

"

1/

8

of sky covered

2/s
3/s " "
" 4/s " "
" 5 Is " "
",, 6/s " "
7/s " "

"

"

"
"
"
6
"
"
7
"
" sky "completely
"
" covered
8 oktas,
or
5

sky obscured (e. g. by fog), or cloud
amount unobtainable owing to darkness.

"Traces" of cloud should be included under scale number 1 which should be
used for amounts up to 1 / 8 (i. e. not up to 3 / 16 ). "Overcast but with openings"
should .be included under scale number 7 which should be used for amounts
down to 7 / 8 (i. e. not down to 13 / 16 ).
The amount of cloud should b e estimated by supposing the clouds present to
be brought together in a continuous sheet. The observation is facilitated if the
observer subdivides the sky into quadrants by means of diameters at right
angles and first forms an estimate for each quadrant separately. In estimating
the amount of cloud of a specified form or type, such as low cloud, the area
occupied by every other form or type visible at the time should b e regarded as
if it were blue sky. On occasions of fog which is so thick as to make it impossible
to tell whether there is cloud above it, the state of sky should be recorded as
completely overcast, but if the sky can be seen through the fog the cloud amount
should be estimated as well as the circumstances permit. If the sun or stars
can be seen through the fog and there is no evidence of cloud above the fog
the state of the sky should be record ed as dear.
Estimates of cloud amount should take no account of cloud density. No
reliable method of determining this latter quantity by ground observations is
yet available and if such information is required recourse must b e had to aircraft reports and to the interpretation of radiosonde data.

2. 4

2. 4. i

Cloud height.
Definitions and methods.

Resolution 148 of CD Washington 1947 defines the base of a cloud as .the
lowest' zone in which the type of obscuration p erceptibly changes from that
corresponding to clear air or haze to that corresponding to water droplets or
ice crystals. In the air below the cloud the particles causing obscuration show
some spectral selectivity ; in the cloud there is virtually no selectivity, the
difference being due to the different droplet sizes involved. The extent of the
zone depends on the method of observation employed . This resolution was
followed by another, No. 149, recommending that an investigation be undertaken with a view to drawing up a definition of cloud base not . 0-epending on
optical properties and which would be both satisfactory to the us ers of the
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information and practicable from the point of view of measurement with ground
equipment.
The present methods of obtaining cloud heights from the ground fall into
the following classes :
(a) small pilot balloons;
(b) light beam projectors ;
(c) range finders and similar methods;
(d) visual estimation.
The main features and requirements of these methods are considered m
the following paragraphs.

2.4 .2

Pilot balloons.

The ascent of any meteorological balloon for aerologicaJ purposes can also
be used for obtaining cloud h eight by noting the time that elapses between the
release of the balloon and its disappearance into the base of the cloud. Balloons
intended for daytime cloud height measurements alone need not b e as large as
t he pilot balloons used for upper winds. Those weighing from about 5 to 10 gm
are quite large enough. They should be spherical and should be inflated to rise
at about 120 to 150 m/sec. A theodolite, bino culars or telescope should be used
, for observing and care should be taken to distinguish between cases when the
balloon is seen to enter a cloud and those when it is obscured by cloud drifting
across the field of view at a lower level. The method can be used at night by
attaching an electric torch or a candle lantern to the balloon, which should then
be of a larger size, e. g. about 30 gm . Unless the wind is very strong, cloud
heights up to about 2,500 feet can be measured by the balloon method.

2 . 4. 3

Light beam projectors.

Almost any type of searchlight or projector, provided it gives a sufficiently
narrow and intense beam, can be used for measuring cloud height at night by
the method of observing from the end of a suitable base-line the angular elevation
of the light spot produced on the cloud base when the beam of a projector, set
up at the other end of the base-line, is directed towards that cloud base at a
known angle . Projectors specially designed for permanent installation for cloud
height observations should be capable of producing a b eam with a spread not
exceeding about 2 degrees and a maximum intensity of about 3 million candles.
Such a performance can be achieved with a compact incandescent lamp of about
500 watts and a good quality parabolic mirror of about 40 cm diameter. It
should enable cloud heights up to about 5,000 metres to be measured. A motorcar headlamp is sufficiently powerful for heights up· to about 1,000 metres and
can be readily adapted for a portable instrument ; by over-running the bulb
above its normal voltage somewhat greater heights are obtainable.
Since the efficiency of a projector depends very largely on accurate focusing, a convenient m eans of adjusting the focus must be provided and frequent
checks on the sharpness of focus should be made in case ageing of the lamp
filam ent has caused it to deteriorate. There is littl e to choose between mounting
the projector so that its b eam is vertical or so that it is inclined to the vertical.
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In either case steps should be taken to ensure that the beam is within 1° of the
required angle. A base-line about 300 m long is generally suitable and the
measurements of the angular elevation of the light spot are best made with
an alidade or a clinometer which should be graduated either in degrees or, if
it is always to be used with a fixed base-line, directly in height units.
The ordinary projector can be used only at night but by modulating the
light source a similar system can be made to operate during daylight. The
invisible modulated light spot on the cloud base must be detected by a photoelectric receiver mounted in a telescope which can traverse in a vertical plane,
thus enabling the elevation to be measured. In an alternative schem e for daytime
use the light spot transmits pulses in a vertical direction and the time interval
between a pulse leaving the transmitter and the reception of the pulse reflected
from the cloud base is measured by means of a photoelectric receiver and a
cathode ray oscilloscope or some other electronic timing device. This system
has the advantage of not requiring a base line. Both systems, however, involve
relatively complicated equipment which is expensive both in initial cost and in
maintenance.

2. 4. 4

Range finder and allied methods.

Simultaneous measurements of the elevation and azimuth of a cloud from
the two ends of a base line afford, in theory, a simple method of obtaining cloud •
height but the practical disadvantages, such as the need for two ob servers and
intercommunication, which it involves make it unsuitable for routine use. The
same basic principle is used in the range finder but this eliminates the chief
disadvantage of the long base line and the need for two observers. The use
of range finders, however, is limited to occasions of good illumination and
distinct cloud outlines. Moreover, the observer's eyesight is also a limiting
factor and it has been estimated that only about 50 per cent of observers can
use these instruments satisfactorily.

2. 4. 5

Estimation of cloud heights.

The ability to estimate cloud heights satisfactorily can be acquired only
by long experience. Observers should take every opportunity of checking their
estimates by comparison with instrumental measurements and with determinations by aircraft or radiosonde. In hilly country prominent landmarks whose
heights are known will be of some assistance to the observer in estimating the
heights of clouds which are lower than the tops of the hills. Since cloud bases
frequently slope, objects at distances exceeding about 5 km should only be
used when conditions are homogeneous over a considerable area, as is generally
the case in a strong wind.

2.4.6

Accuracy of cloud height observations.

The attainment of high accuracy in the m easurement of cloud heights is
limited largely by the fa ct that generally the cloud base is not sharp. Not only
is the boundary somewhat diffuse but frequently it is ragged. Observations of
short duration, such as by the balloon method, may therefore be unrepresentative
of the cloud base as a whole. The balloon method, as generally used, cannot be
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relied upon to give an accuracy better than about 30 m. The projector method
is considered to give results representative of the general cloud base to the
nearest 30 m up to about 1,000 m . Above that height an accuracy of between 5
and 10 per cent. of the actual height is generally obtainable. Visual estimates by
observers who have had no experience with other methods are not likely to
have an accuracy b etter than the nearest 300 m except for very low clouds.

2. 5
2.5.1

Cloud movement.
General.

Observations of the direction of motion and the speed of clouds should
be made as frequently as possible, particularly on high and medium clouds.
Care should be taken in the case of turbulent conditions to avoid the risk of
confusing the actual with the apparent cloud movement due to the turbulence,
since it is not necessarily representative of the general motion of the air in
which the cloud is d eveloping. The direction of motion always refers to the
direction from which the cloud is coming and should be expressed in terms of
the scale 01-36, as for surface and upper winds. It can be observed by sighting
the cloud against a fixed point, such as a flagstaff or a star. For routine observations of both direction and of angular velocity, however, some form of nephoscope should be provided. The two types in common use are the direct vision,
such as the Besson comb and the Norwegian grid pattern, and the r eflecting
type such as the Fineman mirror pattern. The linear velocity cannot be obtained
from nephoscope observations unless the height of the cloud is known. The
angular v elocity should be expressed in radians per hour.

2. 5. 2 Direct vision nephoscopes.
The comb or grid, about a metre long, should be mounted on a vertical
axis, about three metres long, which can be turned by means of two cords .
The axis should have a graduated circle to indicate the direction along which
the comb or grid is aligned. In determining the angular velocity by noting
the time taken for the cloud to pass along a known length of the comb or grid,
it is essential that the observer's head should remain steady and at a constant
level. This is facilitated if some form of eye-steadier, such as the tip of a vertical
rod, is used. Sun-glasses will make the observation easier in bright light.

2. 5. 3

Reflecting nephoscopes.

The same principle is used in these instruments but they have the advantage of portability. They are essentially a disc of black (or mirror) glass, about
15 cm diameter, mounted on a tripod base which can be levelled. The disc
should be engraved with concentric circles at a known distance apart and there
should be a vertical point which can be set at known distances above the disc
and moved round its circumference. A convenient arrangement is to have an
instrument of this type, but without its tripod base, and to have several orientated and levelled base-plates fixed on windowsills facing different directions on
which the instrument can be pla ced. (CD Washington 1947 : 150.)
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Observations of weather phenomena.
Specifications and recording.

The term "weather" in observational practice is regarded as covering the
qualitative observations of the state of the atmosphere, and of phenomena
associated with it, which are not necessarily measured quantitatively, e. g. the
occurrence of any particular form of precipitation, the presence of obscuring
matter giving rise to fog and mist, and the appearance of optical phenomena.
The specifications of weather phenomena given in Resolution 24 of IMC
Paris 1946, as amended by Resolution 176 of CD Washington 1947, should be
used in making weather observations . For recording the observations the
system of symbols approved in Resolution 178 of CD Washington 1947 is recommended (it should, in any case, be used for plotting the observations on synoptic
charts). Some Services, however, may find it more convenient for climatological
records to use the Beaufort notation of letter abbreviations, the basic system
of which is given in the following table :

Beau/ ort Weather Notation
(i) Appearance of sky
b
Blue sky whether with clear or hazy atmospher e
c
Cloudy, i . e. detached opening clouds
o
Overcast
(ii) Wind
Squalls
q
(iii) Precipitation
r
Rain
Passing showers
p
Drizzle
d
Snow
s
h
Hail
(iv) Electrical phenomena
t
Thunder
Distant lightning
1
(v) Atmospheric obscurity
f
Fog
z
Haze
m
Mist
These basic letters are combined in obvious ways to represent phenomena
occurring together. The continuance of a phenomenon is recorded by repeating
the letter, while an occasional or intermittent appearance is indicated by the
prefix "i". Capital letters are used when the element recorded is heavy or
intense and the suffix "o" when it is slight in intensity. The prefix "j" is used ·
to indicate a phenomenon within sight of the station but not actually occurring
at the station.
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Whichever of the two systems is used - International Symbols or Beaufort
Notation - the recorded observations should be as complete as possible even
though all the information cannot be included in a synoptic report. It is essential
that at synoptic stations a more or less continuous watch on the sky should be
kept in order that weather in the period preceding the observatron hour can
be accurately recorded and also in order that any sudden or significant changes
which may occur can be recorded with the least delay.

2. 6. 2

Hydrometeors.

Since weather phenomena for the most part arise from modifications in the
conditions of the water vapour in the atmosphere they have been given the name
"Hydrometeors". Full descriptions of hydrometeors are given in the Appendix
to Resolution 7 of IMC Salzburg 1937 and they should be available to all
observers. The following additional information should also be of use to observers.
A clear distinction should be made between showery and intermittent
precipitation. Showers are generally associated with detached clouds and fair
periods of partial clearance. During intermittent precipitation, on the other
hand, the sky usually remains overcast during the periods when the rain is not
falling. To distinguish between intermittent and continuous precipitation the
former description should be applied to precipitation which has not continued
without a break during the hour preceding the observation.
No international definitions have been laid down for the terms " light",
"moderate" and "heavy" used in describing precipitation but when instrumental
recording of the intensity of precipitation becomes more universal it should
be possible to specify intensity ranges to correspond with these terms. For the
present it is left to each Service, if it considers it desirable, to define the terms
in the light of their local conditions and experience. The essential point to be
borne in mind in using these descriptions is that they refer to the intensity
of the precipitation and not to the total amount.
Observations of rain or drizzle at low temperatures should distinguish
whether the precipitation is freezing or not. Frozen rain or drizzle is that which
causes glazed frost by freezing or coming into contact with solid objects.

2 . 6 . 3 Optical phenomena.
Observers should take careful note of any optical phenomena that occur
and should be provided with suitable instructions for observing them (CD Innsbruck 1905 : 18) . Full descriptions have been published in a number of text
books and concise instructions for observing the more common phenomena
are given in Appendix VIII of IMC Innsbruck 1905. For precise measurements
a theodolite is a very suitable instrument, but when an instrument is not available a graduated stick held at arm's length is useful. The position of such
occurrences as a mock-sun may be determined by noting theis relation to fixed
landmarks. The diameter of a corona may be estimated by taking the angular
diameter of the sun or moon as approximately half a degree.

,
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State of ground.

Observations of the state of the ground should be made in accordance with
the following specifications which were laid down in Resolution 113 of CD Washington 1947 :
0 Surface of ground dry (no appreciable amount of dust or loose sand)
1 Surface of ground moist
2 Surface of ground wet (standing water in small or large pools on surface)
3 Surface of ground bare and frozen
4 Glaze on ground but no ice, slush or snow
5 Ice, slush or snow covering less than one-half of ground
6 Ice, slush, or firm or settled snow covering more than one-half of ground
(but not completely)
7 Ice, slush, or firm or settled snow covering ground completely
8 Loose dry snow covering more than one-half of surface (but not completely)
9 Loose dry snow covering surface completely
The numbers 8 and 9 may be used to indicate dust or loose sand on the
surface of the ground in the proportions indicated. In such cases the words
dust or sand should be added to the observation when the temperature is
below 0° C. The definitions for the numbers 0 to 4 apply to representative bare
ground and 5 to 9 to an open representative area. To facilitate the observations
it is desirable to set aside a bare plot of ground with a surface approximately
level with its surroundings and about two metres square. At least the top 15 cm
of soil should be representative of the soil of the neighbourhood.
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3 .1

MEASUREMENT OF PRESSURE

Basis of graduation of barometer scales.

For meteorological purposes pressures are expressed in terms of the millibar 1 ), which is an absolute unit equal to 1,000 dyne/cm2 • The scales of meteorological barometers should be graduated in millibars . Barometers which measure
the height of the mercury column in millimetres or in inches are still in use,
however, and since it is necessary to define the conditions for such measurements
and to relate them with millibars, the following standard values and relationships
are adopted :
1 metre = 39.3701 U.K. inches
1 metre = 39.3700 U.S. inches
Temperature in o K = 273.160
temperature in ° C
,,
,, ° F = 32° + 9/5 X temperature in ° C
Coefficient of thermal expansion
of mercury, a= 0.0001818 per 1° C
(0.0001010 per 1o F)
Linear coefficient of thermal
expansion of brass, ~ = 0.0000184 per 1° C
(0.0000102 per 1° F)
3)
Density of mercury at oo C = 13.5951 gm/cm3
Gravity at mean sea level
3)
in latitude 450
= 980.62 cm/sec2

+

2)

The " millimetre of m ercury" is the pressure exerted by a column of mercury
of standard density at oo C, one mm in height, and under standard gravity
(i. e. 980.62 cm/sec 2 ).
The "inch of mercury" is the pressure exerted by a column of mercury of
standard density at 32° F, one inch in height, and under standard gravity
(i. e. 980.62 cm/sec 2 ).
Using these definitions and the standard values given above, the following
numerical relationships are derived :
1 mm mercury = 1.333163 mb
1 U.K. inch mercury = 33.8623 mb
1 U.S. inch mercury = 33.8624 mb
1

)

2
)
3)

CD Copenhagen 1929, and CD Warsaw 1935.
CD Washington 1947.
IMC Berlin 1939.
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Mercury barometers.

3. 2
3. 2 .1

Basic requirements.

There are several types of mercury barometers in use at the meteorologicaI
stations, the fixed cistern and the Fortin types probably being the most common.
The main requirements of a good station barometer are the following :
(a) its accuracy should not vary over long periods of time;
(b) it should be easy and quick to read ;
(c) it should be transportable without loss of accuracy;
(d) the bore of the tube should not be less than 8 mm and should preferably
be 9mm 1 );
(e) the tube should be prepared and filled under vacuum 1 ) ;
(f) The actual temperature for which the scale is assumed to give true readings
(at standard conditions of gravity) should be engraved on the barometer 1 ) .
(g) the meniscus should not be flat ;
(h) in calibration against a standard barometer whose index errors are known
and allowed for, the following tolerances are recommended for a station
barometer:
maximum permissible error at about 1,000 mb
. . ±0.3 mb
maximum permissible error at any other pressure for a
barometer whose range
(i) does not extend below 800 mb . . . . . .
±0.5 mb
(ii) extends below 800 mb . . . . . . . . . .
±0.8 mb
Difference between errors over an interval of 100 mb or
less should not exceed . . . . . . . . . . . . . . .
0.3 mb
(j) For a marine barometer the error at a point should not exceed ± 0.5 mb.
The lag of mercury barometers for land stations is usually very small
compared with that of marine barometers (see 10. 3. 2 . ) and with that of instruments for measuring of temperature, humidity and wind.

3. 2. 2

Exposure and management.

It is important that the lo cation of the barometer at a station be selected
with great care. The main requirements of the place of exposure are uniform
temperature, good light, a solid and vertical mounting and protection against
rough handling. The instrument should not be subjected to sudden changes
in temperature ; it should therefore he shielded from direct sunshine at all times
and should not be placed near any heating apparatus nor where there is a
draught.
In order to obtain uniform conditions for reading the barometer, it is
advisable to use the artificial lighting for all observations. For this purpose
some sort of illuminator, which can provide a white and slightly luminous

1)

CD Washington 1947.
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background for the mercury meniscus and, if necessary, for the fiducial point,
may with advantage he provided. If no illuminator is used, care should he
taken that the meniscus and the fiducial point are provided with a light background, by means of pieces of milch glass, white celluloid or a sheet of white
paper. Artificial light should also be provided for reading the barometer scale
and the attached thermometer.
The barometer should be mounted in a place where it is not subjected to
vibration, preferably on a solid wall. The instrument must be exactly vertical.
Errors due to departure from verticality are more important in the case of
unsymetrical barometers. Such a barometer should be mounted with its axis
of rotation vertical. This condition can he ensured by so mounting the instrument that a true setting of the m ercury surface to the fiducial point remains
correct after rotation of the barometer through any angle.
To protect the barometer from rough handling, dust and air currents, it
is recommended that the instrument be placed in a box furnished with a hinged
door.
Great care should be taken when transporting a mercury barometer. The
safest method is to carry the barometer upside down in a leather or wooden
case furnished with a sling *). If the barometer cannot b e accompanied by a
responsible person, it ought to be transported in a suitably sprung crate with
the cistern uppermost. The barometer should not b e subjected to violent
movements, and it must always he turned over very slowly. Special precautions
have to be taken for some individual types of barometer before the instrument
is turned.

3. 2 . 3

Methods of observation. Limits of accuracy of readings.

The following procedure should be used when reading a mercury barometer.
The attached thermometer is first read. This reading should b e taken as quickly
as possible, and before the temperature of the thermometer rises owing to the
presence of the observer. The barometer should then be tapped a few times
with a finger, so as to stabilize the mercury surfaces. If the barometer is not
a fixed cistern type the necessary adjustment should then be made to bring
the mercury in the cistern just into contact with the fiducial pointer. Finally
the vernier is set on the meniscus and the reading taken. The vernier is correctly
adjusted when its horizontal lower edge appears to be touching the highest
part of the m enis cus ; with a magnifying glass it ought to be possible to see an
exceedingly narrow strip of light between the vernier and the top of the mercury
surface. Under no circumstances should the vernier "cut off" the top of the
meniscus. The eye should be h eld so that both front and back lower edges of
the vernier are in the line of vision. The reading should be taken to the nearest
0 .1 mb (0 .1 mm or 0.002 inch) but normally it is possible to read the vernier
with a somewhat greater accuracy if necessary.

*) The case d escribed in "Meteorological Instruments", b y VV.E .K. Middleton,
has proved satisfactory for transportation or carrying.
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3. 2. 4

Correction of barometer readings to standard conditions.

In order that baromet er readings made at different times
places should b e comparable, t he following corrections should
(a) the correction for index error ;
(b) the correction for t he variation of gravity ;
(c) the correction for temperature.
For any pa rticular baromet er u sed in a fixed posit ion t h ese
conveniently b e combined in a single table with the values
t emp erature as arguments.

3 . 2.4 . 1

a nd at differ ent
b e m ade :

corrections may
of pressure and

Correction for index error (C;).

The r esidual errors in the graduation of the scale of a barometer should b e
det ermined by comparison with a standard instrum ent. They m ay include
errors due to inaccurate po sitioning or subdividing of the scale, to capillarity
and to imperfect vacuum . Certificates of comparison with the standa rd should
state the corrections to b e applied for index error at not less than four points
of the scale, e. g. at ev ery 50 mb. In a goo d b arometer these corrections should
not exceed a few tenths of a millibar.

3. 2. 4. 2

Correction for grcwity (C 9 ).

This is necessary since the barometer r eading, at a given pressure and temperature, v aries inversely with the value of gravity and this varies wit h latitude
and with h eight . Corrections are based on the formula adopted in the International Meteorological T ables :
g,_, h
where g45 , 0

=
=

g45 ,0 (1-0.00259 cos2A.) (1-0.000000196h) 1 )
standard gravity, i. e. 980.62 cm/sec 2 , at sea level in
latitude 4 50

and

=

gravity at h eight h (in metres) above sea level in latitude A..

g,_, h

Attention is drawn to the fact that the Conferen ce of Directors at \Vashington
in 1947 recognised that this formula r equires r evision in the li ght of recent
progress in geodesy and the views of the International Geodet ic Association on
the best values of the constants are b eing obtained. It is also likely that the
recommended procedure for findin g gravity corrections will be revised in the
n ear futur e.
When t h e height is small enough to m ak e the effect on gravity n egligibl e
the correction Cg to a b a romet er r eading b is most conveniently calculated
from :
Cg = - 0.00259b cos2A.
At h eights above about 500 m etres, however, the complet e formula should b e
used.

1)

IMC, Rome 1879

"
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3. 2. 4. 3

Corrections for temperature ( Ci) .

Barometric readings require to b e corrected to a value which would have
been obtained if the mercury and the scale had been at their standard temperatures (see 3 .1. ). Millibar barometers are usually graduated to read correctly
(after application of the instrumental corrections) at a standard temperature
of 0° C or 285° A. The formulae for temperature corrections differ for millibar,
inch and millimetre barometers and also with the type of instrument.

(a) Millibar barometers of the Fortin, siphon and movable scale types.
If the standard temperature for the instrument is T° C the correction for
temperature is :
b(a-~ ) (t-T)
1 +a (t-T)

Ct= -

where b is the pressure reading in mb at the temperature t° C ; a is the
cubical expansion coefficient of mercury and ~ is the linear expansion
coefficient of the scale. Putting a= 0.0001818 and ~ (for brass scales) =
0.0000184 per 10 C, the formula may be written without measurable error:
Ct = -

0.000163 b (t -

T)

(b) Millibar barometers of the fixed cistern type.
With these are included barometers which have adjustable cisterns but
act as fixed cistern instruments when in use. The temperature correction is :
Ct=_b(a - ~ ) (t-T )

1 +a (t-T)

-1.33

V

A (a-311)

(t-T)

where : V = the total volume of mercury in the barometer in mm 3
A = the effective area of the cistern in mm 2
11 = a linear expansion coefficient representing chiefly the expansion of the iron cistern and the glass tube.
The value of 11 may be taken to be 0.000010 per 1° C and we may write
with sufficient accuracy for room temperatures :
Ct = -

The factor 1.24

0.000163 [ b + 1.24

~]

~ is dependent on the design

(t -

T).

of each individual instrument

but for barometers of any particular pattern an average value can be used.
For the Fuess station barometer this factor is assumed to have the average
value of 31 mb ; for modern Kew pattern station barometers it is taken to
be 47 mb.
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Millimetre and inch barometers.
The following temperature correction formulae apply :

b

Fortin mm

Ct= -

Fixed cistern mm

Ct

= -

(a-~)

t

1 +at
b (a-~) t
1+at

V

-A

the unit of length for V and A being the mm, and t, a,
to the Centigrade scale.
Fortin inch

(a-311)t
~

and

l']

being referred

Ct=- b (a-~) (t-32) + 30~
1 +a (t-32)

Fixed Cistern inch Ct = _ b (a-~) (t-32) + 30~
V
1 +a (t - 32)
-A
(a-311) (t-62)
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Chief sources of error.
The effect of wind.

The wind can often cause dynamical changes of pressure in the room where
the instrument is placed. These fluctuations are superimposed on the static
pressure, and in strong and gusty wind may amount to two or three millibars.
It is usually impracticable to correct for such fluctuations, because the "pumping" effect on the mercury surface is dependent both on the direction and the
force of the wind, and on the local circumstances in which the barometer is
situated. In comparing two barometers in different buildings, therefore, the
possibility of difference in readings due to this effect of wind should be borne
in mind.

3. 2. 5. 2

Uncertainties in the temperature of the instrument.

The temperature of the attached thermometer will not usually be identical
with the mean temperature of the mercury, the scale and the cistern. The
error due to this can be diminished by a favourable exposure (see 3. 2 . 2.) and
by using a suitable observation procedure (see 3 . 2. 3. ). Attention is drawn
to the frequent existence of a large and stable vertical temperature gradient
in a room, which may cause a considerable difference between the temperatures
of the upper and lower parts of the barometer. An electric fan can prevent
such a temperature distribution but may cause local pressure variations ; it
should therefore be switched off before an observation is made. Under normal
conditions the error in the temperature reduction will not exceed 0.1 mb.
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Defective vacuum space.

It is usually assumed that there is a perfect vacuum, or only a negligible
amount of gas above the mercury column when the instrument is calibrated.
Any change in this respect will cause an error in the pressure readings . A rough
test for the presence of gas in the barometer tube can be made by tilting the
tube and listening for the click when the mercury reaches the top or by examining the closed end for the presence of a bubble. This should not exceed 1.5 mm
in diameter when the barometer is horizontal. The existence of water vapour
cannot be detected in this way, as it is condensed when the volume of space
decreases. According to Boyle's law, the error due to air and unsaturated
water vapour in the space will be inversely proportional to the volume above
the mercury. The only satisfactory way to overcome this error is by a re-calibration over the entire scale and if the error is large the barometer tube should
be refilled or replaced.

3. 2. 5. 4

The capillary depression of the mercury surfaces.
The height of the meniscus, and with it the capillary depression, for a
certain tube may change with time and with the position of the mercury in the
tube. As far as is practicable, the mean height of the meniscus should be observed
during the original calibration and noted on the certificate of the barometer *).
No corrections should be made for departures from the original meniscus height,
however, and the information should only be used as an indication of the need,
or otherwise, for overhaul or re-calibration of the barometer. A 1 mm change
in the height of the meniscus (from 1.8 to 0.8 mm) for an 8 mm tube, may cause
an error of about 0.5 mb in the pressure readings.
Attention is also drawn to the fact that a great variation in the angle of
contact between the mercury and the wall of the cistern in a fixed cistern
barometer may cause small but appreciable errors in the observed pressure.

3. 2 . 5. 5 Lack of verticality.
If the bottom of a symmetrical barometer of normal length (about 90 cm)
hanging freely is displaced about 6 mm from the vertical position, the indicated
pressure will be about 0.02 mb too high. Such barometers generally hang more
nearly vertical than this. In the case of an unsymmetrical barometer, however,
this source of error is more important. If, for example, the fiducial pointer
in the cistern is about 12 mm from the axis, the cistern need only be displaced
about 1 mm from the vertical to cause an error of 0.02 mb.
3. 2. 5. 6

General accuracy of the corrected pressure readings.
The probable error of a single, corrected barometer reading at an ordinary
meteorological station, ought to be within ± 0.2 mb. This error will mainly be
a result of the unavoidable uncertainty in the instrumental correction, the
uncertainty concerning the temperature of the instrument and the error due
to the pumping effect on the mercury surface.
*) CD Washington 1947.
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3. 2. 5. 7 Comparison with standard instruments.
The station barometers should be checked (and if necessary recalibrated)
at least once every two years, in order to retain the desirable a ccuracy. If a
portable standard barometer is used for this purpose it should itself be checked
against the p ermanent standard barometer of the Service shortly before and
after the comparison.

3. 3
3. 3 . 1

Aneroid barometers.
General requirements.

Though less reliable, the aneroid barometer has the great advantage over
the mercury barometer of compactness and portability, which make it particularly convenient for use at sea or in the field. The two essential parts of an
aneroid barometer are a clos ed m etal chamber, completely or partly evacuated,
and a strong spring system which prevents the chamber from collapsing due to
the external atmospheric pressure. At any given pressure there will be an
equilibrium between the force due to the spring and that of the external pressure.
The aneroid chamber may be made of materials (steel or beryllium copper)
which have such elastic properties that the chamber can itself act as a spring.
The chief requirements of a good aneroid barometer are as follows :
(a) it should be compensated for t emperature so that the reading does not
change more than 0.5 mb for a change of t emperature of 30° C ;
(b) the scale errors at any point should not exceed 0.5 mb and should r emain
within this tolerance over periods of at least a year, when in normal use ;
(c) the hysteresis should be sufficiently small that a difference in r eading
before and after a change of pressure of 50 mb does not exceed 0.5 mb ;
(d) it should be capable of withstanding ordinary transit risks without introducing inaccuracies outside the limits specified above.

3. 3. 2

Exposure, etc., and method of observation.

The requirements for the exposure of a mercury barometer (3. 2. 2.) apply
also to an aneroid barometer, but in addition the instrument should always
be read in the same position (vertical or horizontal) as it had when being
calibrated. It should be tapped lightly before it is r ead. As far as possible it
should be read to the nearest 0.1 mb.

3.3.3

Corrections.

In general the aneroid barometer should b e set to rea d the pressure at the
level of the instrument. On board ship or at low-lying land stations, however,
the instrument may be set to indicate the pressure at mean sea level, provided
t h e difference b etween the station pressure and the sea-level pressure can be
regarded as constant. The readings should be corrected for instrumental errors
(see 3. 3 . 4.) but the instrument is u sually assumed to b e sufficiently compensated
for temperature, and it needs no correction for gravity.
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Sources of error (see a lso 3. 2. 5).

3. 3. 4

3. 3. 4 .1

Incomplete compensation for tempemture.

In an aneroid barometer the weakening of the spring by increasing temperature will result in too high a pressure being indicated by the instrum ent. This
effect is generally compensated for in one of the following ways :
(a) by means of a bi-metallic link in the lever system, and
(b) by leaving a certain amount of gas inside the aneroid chamber.
In most ordinary aneroid barometers the compensation obtained by these
methods is complete only at some particular compensation pressure. It is
desirable that all aneroid barometers (and barographs) used at meteorological
stations should b e properly comp ensated for temperature over the full range of
pressure (see 3 . 3 .1. ).

3. 3. 4. 2

Elasticity errors.

If an aneroid barom eter is subjected to a large and rapid change of pressure,
after which the pressure is brought back to the original value, the instrument
will, owing to hysteresis, indicate a slightly different reading from the true
pressure, and a considerable time may elapse before this difference becomes
n egligible. Since surface aneroids and barographs are not usually subject to
large pressure changes their hysteresis errors are not large.
There is also, however, a secular error due to slow changes in the m etal
of the aneroid box. This effect can only be allowed for by comparison at intervals with a standard barometer. A good aneroid barometer should retain an
accuracy of ± 0.2 mb over a period of a month or more but in order to detect
departures from this accuracy it should be checked against the mercury barometer
preferably at least once a week.

3. 4

Reduction of pressure to standard levels.

This matter is at present being considered by a p ermanent joint sub -commission of CIMO and CAe, but pending the issue of revised recommendations
the existing r esolutions are summarised in the following paragraphs.

3. 4 . 1

The levels to which pressure should be reduced and the vertical
distance through which the reduction is allowed.

In the following rules which were adopted in Resolution 20 (IMC Salzburg
1937) the unit geodynamic metre is replaced by the geo potential metre (CD Washington 1947 : 78).
(a) For stations b elow 500 geopotential metres pressure should be reduced to
sea level.
(b) For stations above 500 geo potential metres in an extensive plateau region,
the level to which t h e pressure should be reduced should b e fixed by regional
agreement, preference b eing given t o levels of 1,000 gpm, 1,500 gpm,
2,000 gp m, etc.
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(c)

For stations within 100 geopotential metres of the 500 geopotential metre
level :
(i) at stations between 400 and 500 geopotential metres on the border
of a plateau region it is permissible to reduce the pressure to the level
of the plateau, by regional agreement;
(ii) at stations between 500 and 600 geopotential metres on the border
of a sea-level region, it is permissible to reduce the pressure to sealevel, by regional agreement.
(d) For isolated stations above 500 geopotential m etres pressure should be
given for station level.

3. 4. 2

Methods of reduction.

According to CD Resolution Innsbruck 1905 the reduction of pressure to
mean sea level should be done in such a way that the result, regardless of the
method employed, should not differ more than 0.4 mb from the result obtained
by using the complete hypsometric formula of the International Tables, under
the assumptions (a) that the temperature and humidity at the time of observing
be entered in the formula and (b) that the vertical temperature gradient be
taken as 0.5° per 100 metres.
At Vienna in 1926 the IMC considered, in Resolution 77, that "the method
of pressure reduction to sea level laid down by the Conference at Innsbruck
1905 is not satisfactory in certain cases and under certain meteorological conditions. Directors of Services are encouraged to make the necessary investigations
to find better methods of reduction and employ them when found."
It should be emphasized that the CD Resolution at Innsbruck 1905 concerns
the reduction of pressure to sea level, i. e. the reduction of pressure for stations
with altitudes lower than 500 geopotential metres. The corresponding resolution regarding the reduction methods for mountain stations to standard levels
- Resolution 41 (CD Copenhagen 1929) - was rescinded at the Conference
at Washington 1947 owing to the errors involved in the use of the "Innsbruck
method" in cases where a large diurnal variation in air (screen) temperature
occurs.

3. 4. 3

Publication of reduction methods.

In Resolution 144 (CD Washington 1947) it is recommended that Meteorological Services should publish a description of the method of reduction in us e,
and that the method of reduction be indicated on all "published" maps and /or
tables containing pressures reduced to a fixed level or values of the geopotential
(height) of a standard isobaric surface above the station.

3. 5
3. 5 .1

Barographs.
General requirements .

Of the various types of barographs only the aneroid barograph will be
dealt with here. Some general requirements of barographs for synoptic purposes
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are contained in CD Resolution 143, adopted at Washington 1947. It is recommended that charts for barographs for synoptic purposes should be :
(a) graduated in mb ;
(b ) readable to 0.1 mb;
(c) have a scale factor of 10 mb to 1.5 cm on the chart.
In addition, the following requirements are desirable for the barograph:
(cl) it should employ a first-class aneroid (see 3. 3) ;
(e) it should be compensated for temperature, so that the reading does not
change more than 1 mb for a change of temperature of 20° C;
(f) scale errors should not exceed 1.5 mb at any point ;
(g) hysteresis should be sufficiently small that a difference in reading before
and after a change of pressure of 50 mb does not exceed 1 mb ;
(h) there should be a time marking arrangement which allows the marks to
be made without lifting the cover ;
(j) the pen arm should be pivoted in a "gate", the axis of which is inclined
in such a way that the pen rests OB the chart by gravity. Adjustment should be
provided for setting the position of the pen.
Marine barographs have certain special requirements ; these are considered
in section 10 of the Guide.
3. 5. 2

Installation and method of observation (see also 3. 2. 2 and 3. 3. 2).

The barograph should be installed where it is protected from sudden
changes of temperature, from vibration and from dirt. It should not be exposed
to direct sunshine. Mounting on a sponge-rubber cushion is a convenient means
of reducing the effect of vibration . The exposure ought to be such as to give
uniform conditions for reading the barograph, artificial lighting being provided
if necessary.
If a barograph has to be sent to a high altitude the pen arm should be
disconnected and precautions should be taken to ensure that the mechanism
is able to withstand the overload caused by exceeding the normal range of
the instrument.
The barograph should be read without touching the instrument. The
timemark and any inspection of the instrument involving lifting of the cover
etc. should always be made after the reading is completed. The chart should
be read to the nearest 0.1 mb.
3. 5. 3

Corrections (see also 3. 3. 4).

The temperature compensation of each individual instrument should be
tested before the instrument is used and the scale factor should be adjusted
by testing in a vacuum chamber. If the barograph is used only to find the
barometric change, no corrections are usually applied to the readings. In this
case accurate setting of the position of the pen is not important. When absolute
pressure values are required from the barograph, the record should be compared
with the corrected readings of a mercury barometer at least once every 24 hours
and the desired values found by interpolation.
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Source of Errors.

General Accurary.

In addition to the errors mentioned for the aneroid (3 . 3 . 4. ) , the friction
between the pen and paper is important. The control of the pen depends
largely on the effective cross-section of the aneroid. In a well made barograph
the friction of the pen is appreciably greater than the total friction at all the
pivots and bearings of the instrument, and special attention should therefore
be given to reducing errors due to this cause, e.g. by having the aneroid box
sufficiently large.
A first-class barograph should be capable of an accuracy of about ± 0.2 mb,
and of retaining it for a period of a month or two. The barometric change
read from such a barograph should usually be obtainable within the same
limits.

3. 6

Barometric change.

Two methods are available to stations that make observations at least
every three hours ; (i) the change can be read from the barograph; (ii) the change
can be obtained from the appropriate readings of the barometer corrected to
station level. If the choice is between an ordinary mercury barometer and a
first-class open scale barograph, the latter should be chosen for the following
reasons. The error of a single barometric reading is mainly unsystematic,
provided the instrument is in perfect order. Therefore, the errors may in some
cases be additive when two readings are subtracted to find the amount of change.
The errors of the barograph, however, are partly of a systematic nature, and
within the relatively short period of three hours the errors are likely to have
the same sign and would therefore be diminished by subtraction. A further
reason for using the barograph is that it is more convenient since it avoids the
necessity for correcting the barometric readings to station level. In any case
the barograph must be used to ascertain the characteristic of the barometric
change.

,
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MEASUREMENT OF TEMPERATURE

General requirements.

T emperature measurements for m et eorological purposes fall into t hree main
categories; viz, air, sea and earth temperatures . The m easurement of sea
t emperature is d ealt with in Section 10. T emp eratures should be measured on
eit h er the Centigrade or the F ahrenheit scale and in general the instruments
used should b e capable of b eing r ead to the n earest tenth of a degree .
Surface air temp erature refers to the fr ee air at a h eight of b etween 1.25
and 2 m above ground level. For earth temperatures standard depths of 10,
20, 50 and 100 cm (4, 8, 20 and 40 inches) below the surface should b e used,
t h ou gh wh ere a large amount of data at oth er dept h s h ave been obtained the
use of these depths may be continued. At agricultmal-meteorological stations
continuous recording of earth temperatures and of air temperatures at one or
more levels in a ddition to the standard level is desirable (C D Washington 1947:
136, 137 and 7) .

4. 2
4. 2 .1

Thermometer exposure.
General requirements.

To give a r epresentative r eading of the air temperature, thermometers
sh ould b e protected from radiation from t h e sun, sky, earth and a ny surroundin g
object s but at the same time b e adequately ventilated. The two methods of
protection no w in general u se are (a) the louvred thermometer screen, and
(b ) p olish ed metal sh ields as used in the Assmann psychrometer typ e of housing.
In either case the equipment sh ould b e installed in su ch a p osition as to ensure
that the measurements are representative of t h e fr ee air circulating in t h e
locality and n ot influenced by artificial conditions su ch as large buildings and
expan ses of concrete or tarmac. As far as possible the soil cover b eneath the
instrum ents should be sh ort grass or, at places where grass does not grow, the
natural earth surface of the district.

4. 2. 2

Thermometer screens.

There are nu mer ous varieties of the wooden louvred screen , the majority
of which r ely on n atural ventilation. A screen should, as far as p ossible, b e
designed to provide an enclosure with a uniform temp er ature the same as that
of the outside air. It should complet ely surround the thermomet ers and should
exclude radiant h eat . The walls of the screen sh ould b e double louvred for
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preference and the floor should be made of staggered boards, but other types
of construction may be found to meet the above requirements. The roof should
be double layered, with provision for ventilation of the space between the two
layers. In general only one door is needed, the screen being placed so that the
sun does not shine on the thermometers when the door is open at the times of
observation. In the tropics two doors are necessary for use during different
periods of the year. The size and construction of the screen should be such as
to keep the heat capacity as low as practicable and to allow ample space between
the instruments and the walls. This latter point is particularly important in the
tropics where intense insolation may heat the sides so much as to cause an
appreciable temperature gradient in the screen. The screen, which should be
painted inside and out with white, non-hygroscopic paint, should be mounted
on an open support at such a height that the thermometer bulbs are between
1.25 and 2 m above ground level. In polar and sub-polar areas provision may
have to be made for raising the screen in order to keep it sufficiently high above
snow level.

4. 2. 3

Artificial ventilation of thermometers.

A screen without forced ventilation is not completely effective in eliminating
the effects of radiation, which during hot sunny days with light winds may give
temperatures 1° or 2° C too high inside the screen and during clear nights up
to about 1° C too low. Cooling due to evaporation from a screen after rain may
also cause errors . For these reasons, and more especially for accurate psychrometry (see Section 5), it has been recommended, in CD Washington 1947 : 136
and 145 that forced ventilation together with an additional radiation shield of
polished metal protecting the thermometer bulbs should be used at synoptic
stations. The ventilation should be such as to provide an air flow of between 4
and 10 m/s past the thermometer bulb and where the ventilation is produced by
an electrically driven fan, care should be taken to prevent any heat from the
motor from reaching the thermometer. When forced ventilation has to be
provided it may be more convenient to dispense with the louvred screen and
to use aspirated thermometers with double radiation shields of polished metal
similar to those used in Assmann psychrometers (see Section 5). The shields are
usually concentric and should be fitted to the aspiration duct in such a way
that the air flows through the space between the shields as well as through
the space round the thermometer bulb.

4. 3 · Speed of response of thermometers.
For routine meteorological observations there is no advantage in using
thermometers which have a very rapid response. The temperature of the air
is continually fluctuating up to a degree or two with periods of a few seconds.
To obtain a representative reading with a quick acting instrument it would be
necessary to take the mean of a number of readings, whereas a more sluggish
thermometer smoothes out the rapid fluctuations. Too slow a response, however,
may result in errors due to lag when long period changes of temperature occur.
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It is considered that the lag coefficient, defined as the time required by the
thermometer to respond to 63 per cent of a sudden change of temperature
should be between 30 and 60 seconds in a wind speed of 5 m/sec . The lag co·
efficient is roughly inversely proportional to the square root of the wind speed.

4. 4
4. 4 .1

Liquid-in-glass thermometers.
Constructional requirements.

For routine observations of air temperature, including maximum, minimum
and wet bulb temperatures, liquid-in-glass thermometers are almost invariably
used. Other methods of measuring temperature are frequently used for investigational work and when continuous records are required ; these methods are
dealt with in Section 4. 6. Mercury can only be used as the thermometer liquid
down to -39° C, at which temperature it freezes. For lower temperatures
absolute ethyl alcohol is generally suitable. Mercury-thallium alloy is now
being used as a thermometric liquid down to -60° C.
There are three main types of construction for meteorological thermometers,
these are:
(a) the sheathed type with the scale engraved on the thermometer stem ;
(b) the sheathed type with the scale engraved on an opal glass strip attached
to the thermometer tube inside the sheath ;
(c) the unsheathed type with the scale on the stem and mounted on a metal,
porcelain or wooden back carrying the scale numbers.
The sheathed types have the advantage that the scale markings are completely
protected from wear. Type (b) also has the advantage of being less liable to
cause parallax errors (see 4.5.). Whichever type is adopted the sheath or
mounting should have a low heat capacity and, therefore, not be unduly bulky.
At the same time it should be sufficiently robust to withstand the normal risks
of handling and transit. Other constructional requirements are that the bulb
should be made of thermometric glass and the thermometer should be suitably
annealed before it is graduated. In the case of mercury-in-glass thermometers,
especially maximum thermometers, it is important that the vacuum above the
mercury column should be as nearly p erfect as possible. All thermometers
should be graduated for total immersion. Special requirements of thermometers
for various purposes are dealt with below under the appropriate headings.

4. 4. 2

Accuracy requirements.

The IMO has recommended that the following manufacturing tolerance
requirements for thermometers should not be exceeded (CD Washington 1947:

135) :
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Maximum errors in degrees
Fahrenheit

Centigrade

Maximum
}
thermometers

above
below

0° F
0° F

± 0.3
± 0.5

above
below

-1soc
- 18°C

± 0.2
± 0.4

Minimum
thermometers

above
0° F
0° F to -30° F
below -30°F

± 0.4
± 1.0
± 1.5

- 1soc
above
-18° C to -35° C
below
-35°C

± 0.3
± 0.6
± 0.8

Ordinary
thermometers

l
l
f

above
below

Change of error in . ....
above
below

-0.3
above
+ 0.1
below
32°F - 0.5
+ 0.3
30° F . . . ..... . ... .... . . . . .
320 F
0.3
above
below
0 .6
32° F
32° F

0° c
0° c
17° c
0° c
0° c

- 0.2
+ 0.1
-0.3
+ 0.2
0.2
0.3

The tolerances for ordinary thermometers are arranged to permit of greater
negative errors than positive errors in view of the tendency of the zero of mercuryin-glass thermometers to ris e slowly with time. Thermometers which are used
for psychrometry should be provided with a correction certificate giving corrections, with an accuracy of ± 0 .1°, for at least six points about equally spaced
over the range. All thermometers should be checked against the "ice point"
at least once every five years and at synoptic stations the thermometers should
be checked against a standard instrument every two years.
4.4.3

Maximum thermometer.

The type recommended is a mercury-in-glass thermometer ·w ith a constriction in the bore below the lowest graduation. The constriction should be such
as to permit the mercury to be shaken through it, for resetting, without undue
effort; it should, however, prevent the mercury column from receding with
falling temperature. No safety chamber is required at the end of the stem.
A defect which is sometimes experienced in maximum thermometers is that
the mercury column may draw away from the constriction when it is subjected
to vibration. A maximum thermometer is less likely to suffer from this fault
and from the fault of receding with falling temperature if it is supported nearly
horizontally with the bulb slightly lower than the other end.

4.4.4

Minimum thermometer.

The most common type of instrument is a spirit thermometer with a dark
glass index, about 2 cm long, immersed in the spirit. Since some air is left in the
tube of a spirit thermometer a safety chamber should be provided at the upper
end and it should be of sufficient size to allow the instrument to withstand a
temperature of 65° C (150° F) without damage . Minimum thermometers should
be supported in a horizontal position.
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The faults of minimum thermometers are those common to all spirit thermo·
meters, the most usual being breaking of the column and adhesion of the spirit
to the glass. Drops of spirit often form in the upper part of the stem by distillation and breaking of the column of spirit frequently occurs during transit.
The latter defect may be cured by swinging the thermometer briskly at arm's
length in a quadrant of a circle or by tapping the thermometer, with its bulb
downwards, against the hand. Careful warming of the upper part of the stem
may suffice to remove condensed spirit from the walls of the tube but the oper·
ation may have to be repeated a number of times. The alternative method of
cooling the bulb in freezing mixture may also be used.

4. 4. 5

Grass minimum thermometer.

This is sometimes known as the terrestrial radiation thermometer and is
used mainly to obtain information about "ground frosts" at night. It is usually
an ordinary minimum thermometer and it should be exposed horizontally over
short grass with its bulb just touching the tips of the blades of grass. When the
ground is snow-covered the thermometer should be supported immediately
above the snow without actually touching it. In order to avoid condensation of
spirit as much as possible it is advisable not to leave the grass minimum thermo·
meter exposed out of doors during the daytime. Condensation can also be
prevented or minimized by fitting the upper part of the stem with a black metal
sheath, about 5 cm, which by absorbing radiation keeps that part of the stem
slightly warmer than the bulb.

4. 4. 6

Earth thermometers.

For measuring earth temperature the mercury-in-glass thermometer is in
general use. For depths of 10 and 20 cm (4 and 8 inches) thermometers with
their stems bent at right-angles are the most convenient since with their scales
facing upwards they can be read without being disturbed. Small but appreciable
errors may occur if the exposed part of the stem is in bright sunshine. For the
greater depths, 50 and 100 cm (20 and 40 inches), thermometers suspended in
thin iron tubes sunk into the earth to the required depth are recommended.
The thermometers should be enclosed in glass tubes and their bulbs embedded in
wax. This heavy lagging allows the instruments to be removed from the tubes
and read before the temperature has time to change appreciably.

4. 5

Reading thermometers.

Thermometers should be read as rapidly as is consistent with accuracy
in order to avoid changes of temperature due to the presence of the observer.
As the liquid meniscus or index and the scale of a thermometer are not in the
same plane care must be taken to avoid errors of parallax. These will occur
unless the observer ensures that the straight line from his eye to the meniscus
or index is at right-angles to the thermometer stem. Since thermometer scales
are not normally subdivided to less than one h alf or one fifth of whole degrees,
readings to the nearest tenth of a degree, which are essential in psychrometry,
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must be made by estimation. Corrections for the scale errors, if any, should
be applied to the readings. Maximum and minimum thermometer readings are
generally only r equired to the nearest whole d egrees, though h ere again the
corrections, if large enough to be appreciable, should be applied before the
readings are rounded off. Maximum and minimum thermometers should be
read and set at least twice daily. Their readings should be compared frequently
with those of the ordinary thermometer in order to ensure that no serious errors
develop in them.

4. 6
4. 6. 1

Thermographs.
General requirements.

Any of the following types of thermograph can be used for meteorological
purposes provided they can b e adapted to cover the required ranges :
(a) bimetal
(b) bourdon tube
(c) mercury-in-steel
(d) electrical resistance
(e) thermocouple
The first two types are the most used for routine recording, b eing inexpensive, reliable and portable. Unlike the other types, however, they are not readily
adaptable for remote recording. The mercury-in-steel instrument can be u sed
for remote recording up to about 50 metres and is often to be preferred ; it is
simpler to operate than the electrical types.
All thermographs incorporate some form of rotating chart mechanism
common to all recording instruments, the requirements of which are dealt with
in Section 1. 6. In general, thermographs should be capable of operating over
a range of about 60° C or 110° F, but in order to obtain a suitable scale value,
e.g. of about 0.5° C or 1° F p er millimetre, on a chart of r easonable size, provision
should be made for altering the zero setting of the instrument according to the
season. The maximum error at any point of the range of a thermograph should
not exceed 1° C or 2° F (CD Washington 1947: 135).

4. 6. 2

Bimetallic thermograph.

In this instrument the movement of the recording p en is controlled by the
change in curvature of a bimetallic strip or helix, one end of which is rigidly fixed
to an arm attached to the frame. A means of fine adjustment of this arm should
be provided so that the zero of the instrument can be altered when necessary.
If, in addition, the instrument is provided with a means of altering the scale
value by adjusting the length of bimetal which is used to operate the pen, this
adjustment is b est left to the instrument maker. The bimetallic element should
be adequately protected from corrosion ; this is best done by heavy copper
plating. The instrument has a small lag coefficient of about 30 seconds in a
wind of 5 m/sec.
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Bourdon tube thermograph.

This is very similar in general arrangement to the bimetallic type but has
its temperature sensitive element in the form of a curved metal tube of flat
elliptical section, filled with a liquid such as alcohol. The Bourdon tube is less
sensitive than the bimetallic element and usually requires some form of multiplying lever mechanism to give sufficient scale value. Its lag coefficient is about
60 seconds in a wind of 5 m/sec.

4. 6. 4

Mercury-in-steel thermograph.

This also uses a Bourdon tube to operate the recording pen but the thermometer itself is a steel bulb filled with mercury at high pressure and connected
by steel capillary tubing with the Bourdon tube. The instrument is a very
useful one for remote recording up to distances of about 50 metres. When the
capillary tubing exceeds 10 metres compensating links should be inserted in
order to counteract the effect of any difference in the temperature of the mercury
in the tubing from that of the bulb. The compensation may be regarded as
.adequate if the error caused by a known difference of these two temperatures
is less than two per cent of the difference. Fine adjustment should be provided
for setting the pen. The mercury-in-steel thermograph is probably the most
reliable, durable and accurate for meteorological purposes. It is very suitable
for recording earth temperatures, for which purpose an instrument with a
narrow bulb should be chosen. It has a minor drawback in that its lag coefficient
is rather large (about 4 minutes in a wind speed of 5 m/sec), but this does not
matter very much in the case of earth temperature records.

4. 6. 5

Electrical thermographs.

Resistance and thermocouple thermometers are not in very common use for
routine synoptic or climatological purposes but are more suitable for special
investigations such as the measurement of temperature gradient. Thermocouple
instruments are especially useful for differential measurements and can be made
to have very small lag coefficients (one or two seconds). It is not proposed to
go into details of these instruments here since they can be obtained from the
text books. It should suffice merely to mention that for precision measurements
some form of potentiometer circuit should be used and that for less accurate
work an out-of-balance bridge circuit in the case of the resistance thermometer
and a direct deflection circuit in the case of the thermocouple can be used.

4. 6. 6

Checking of thermographs.

The readings of a thermograph should be checked regularly by comparison
with control thermometers. A convenient method is to use standard maximum
and minimum thermometers for this purpose. In making such comparisons,
however, it should be remembered that some types of thermograph, e. g. the
mercury-in-steel, have very different lag coefficients from those of the thermometers. In such cases the comparisons should be restricted to occasions when
the air temperature is not changing rapidly.

,
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5. 1

MEASUREMENT OF HUMIDITY

Definitions, units and methods.

5 .1.1 Definitions of terms.
The appropriate definitions and specifications of the parameters of water
vapour in the atmosphere were adopted in Resolution 166 by the Conference
of Directors at Washington 1947. An extract of this resolution with some
supplementary remarks, is given below :
(a) The mixing ratio (r) of moist air is the ratio of the mass (my) of water vapour
to the mass (ma) of dry air with which the water vapour is associated :
illy

r=ma

(b ) The speci fic humidity, mass concentration or moisture content (q) of moist
air is the ratio of the mass (my) of water vapour to the mass (my+ ma)
of moist air in which the mass of water vapour my is contained :
q=

(c)

illy

my+ ma

Va pour concentration (density of water 11apour in a mixture) or absolute
humidity. For a mixture of water vapour and dry air the vapour concen tration dy is defined as the ratio of the mass of vapour my to the volume
V occupied by the mixture :
illy

dy=V
(d) The 11apour pressure (e') of water vapour in moist air at total pressure p and
with mixing ratio r is defined by
'

r

e = 0.62197

+r p

This quantity is indirectly measured by m eans of a humidity instrument.
When the vapour pressure (e') is known, the mixing ratio may b e found from
this relation.
(e) Saturation: Moist air at t emp erat ure T and at a total pressure p is said
to be saturated if its compo sition is such that it can co-exist in neutral
equilibrium with a plane surface of pure condensed phase (water or ice) at
the same temperature and pressure.
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Saturation mixing ratio : The symbol rw denotes saturation mixing ratio
of moist air with r espect to a plane surface of pure water. The symbol r;
denotes saturation mixing ratio of moist air wit h respect to a plane surface
of pure ice.
(g) Saturation vapour pressure in the pure phase : The saturation vapour pressure
ew of pure aqueous vapour with respect to water is the pressure of the
vapour in the state of n eutral equilibrium with a plane surface of pure
water at the same temperat ure and pressure : similarly for e; with respect
to ice. ew and e; are temperature-dependent functions only : i. e.
(f)

ew = ew (T) and e; = e; (T)

(h) Saturation vapour pressure of moist nir : The saturation vapour pressure
with r esp ect to water e'w of moist air at pressure p and temp erature T is
defined by
1
_
rw
p
e w - 0.62197
rw

+

The saturation vapour pressure with r espect to ice e'; is similarly
defined, rw being replaced by r; in the above expression.
In t h e meteorological range of pressure and temperature the following
relations hold with an error of 0.5 per cent or less :
e'w=ew and e';=e;
The r ecommended values of the saturation vapour pressure over
water and over ice for temperatures in degrees Centigrade and the
corresponding values for t emperatures in degrees Fahrenheit are found
in CD Resolution 164, Washington 1947 and are given in Tabl es 1, 2, 3
and 4 at the end of this Chapter, pages 58-63'.
(i) The thermodynamic dew-point temperature Td of moist air at temperature T,
pressure p and mixing ratio r is the t emperature to which the air must b e
co oled in order that it shall be saturated with r espect to water at the initial
pressure p and mixing ratio r.
(j) The thermodynamic frost-point temperature Tf of moist air at temperature T,
pressure p and mixing r atio r is the temperature to which the air must
b e cooled in order that it sh all be saturated with r esp ect to ice at the initial
pressure p and mixing r atio r .
These definitions of the thermodynamic clew point and frost point
t emperat ures are identi cal with the definitions of the co mmonly u sed terms
" dew point" and "frost p oint" (temperatures). It should be p ointed out,
however, that in practice, if the dew point or frost point is measured by
means of a dew (frost) p oint hygrometer , there may b e small differences
b etween the observed and t h e defined value owing to the limitations of the
instrument and the m ethod of observation.
(k) The r elative humidity U (in p er cent) of moist air is d efined by

u=

100 _:_
rw
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where r is the mixing ratio of moist air at pressure p and temperature T
and rw the saturation mixing ratio at the same pressure and temperature.
If the vapour pressure is known, the relative humidity may be found
from the equation
'(
' )
U= 100 e p-ew
e'w (p - e' )

(I)

In practice the quantity p - e' ~ will be very nearly equal to unity. The
p-e
relative humidity at temperatures less than 0° C is to be evaluated with
r espect to water. The advantages of this procedure are as follows :
(i) most hygrometers which are essentially responsive to the relative
humidity indicate relative humidity with respect to water at all
temperatures ;
(ii) the majority of clouds at temperatures below 0° C consist of water,
or mainly of water ;
(iii) relative humidities greater than 100% would in general not be observed.
This is of particular importance in synoptic weather messages, since
the atmosphere is often supersaturated with respect to ice at temperatures below 0° C ;
(iv) the majority of existing records of relative humidity at temperatures
below 0° C are expressed on a basis of saturation with respect to water.
The thermodynamic wet-bulb temperature Tw of moist air at pressure p,
temperature T and mixing ratio r, is the temperature which this air assumes
when water is introduced gradually by infinitesimal amounts at the current
temperatures *) and evaporated into the air by an adiabatic process at
constant pressure until saturation is reached. The relationship between
Tw as defined and the, wet-bulb temperature as indicated by a particular
psychrometer, is a matter to be determined by carefully controlled experiments taking account of the various parameters concerned : e.g. ventilation,
size of thermometer bulb, radiation etc.

5 .1 . 2

Units of measurement.

The following units should normally be used for expressing the var10us
quantities associated with water vapour in the atmosphere :
Vapour pressure
Vapour density
Moisture content
Mixing ratio
Relative humidity

5 .1. 3

in
in
in
in
in

millibars
gm/cm3 or gm/m3
mgm/gm or gm/kg
gm/kg
per cent

Classification of methods.

The methods in general use for meteorological work fall into four mam
classes as follows :
*) It has been proposed that this wording ought to be changed to :
" .. ... at the current wet bulb temperatur es."
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psychrometric measurements ;
hair hygrometry and similar methods ;
electrical r esistance film measurements ;
dew or frost point measurements.

The latter two methods are largely used for upper air measurements and
are described in other sections of the Guide.
Psychrometers may be subdivided into the stationary screen type and the
portable Assmann or whirling type. For routine observations, particularly
where observers may be inexperienced, the screen type is more suitable but
at synoptic stations artificial ventilation of the psychrometer is recommended.

5. 2

Psychrometers.

5.2.1

General requirements.

Equipment used for psychrometric observations should, as far as practic
able, conform with the following recommendations (CD Washington 1947: 145) :
(a) the wet and dry bulbs should be ventilated and protected from radiation
by a minimum of two concentric polished unpainted metal shields which
are separated from the r est of the apparatus by insulating materials ; or
alternatively by a screen of wooden louvres plus one polished metal shield ;
(b) air should be drawn past the bulbs at a rate not less than 4 metres per
second and not greater than 10 metres per second, if the thermometers
are of the types ordinarily used at meteorological stations ;
(c) separate ducts should be provided for the two thermometers;
(d) if the second of the alternatives (a) above is used, the entrance of the ducts
should be located so as to give the true ambient temperature, and the air
should be delivered above the screen in such a position as to prevent recirculation ;
(e) the greatest care should be taken to prevent significant amounts of heat
from a motor b eing communicated to the thermometers ;
(f) the water reservoir and wick should be so arranged that the water will
arrive at the wet bulb with sensibly the wet bulb temperature.
To obtain high accuracy with psychrometers it is desirable to arrange for
the wet and dry bulbs to have approximately the same lag coefficient. With
thermometers having the same size of bulb the wet bulb has an appreciably
smaller lag than the dry bulb. The fabric covering of the wet bulb should be a
good fit round the bulb.

5. 2. 2
5. 2. 2 .1

Exposure of psychrometers.
Simple psychrometer without artificial ventilation.

This type is still in general use, especially at climatological stations. The
dry and wet bulb thermometers are usually supported vertically in a thermometer screen. If a wick and water-container are used to keep the wet-bulb
4
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covering moist, the container should preferably be placed to the side of the
thermometer and with the mouth at the same level as or slightly lower than the
top of the thermometer bulb. The wick should be kept as straight as possible
and its length should be such that water reaches the bulb with sensibly the
wet bulb temperature and in sufficient quantity. If no wick is used the wet
bulb should be protected from dirt by enclosing the bulb in a small glass tube
between the readings.

5. 2. 2. 2

Artificially ventilated psychrometers.

Of the psychrometers in this category we may distinguish b etween the
Assmann type, the aspirated screen type and the sling or whirling type. The
first should be exposed with the bulbs between 1.25 and 2.0 metres above
ground. The observation should be made in an open situation with the instrument either suspended from a clamp or bracket attached to a thin post or
held by one hand at arm's length with the inlets slightly inclined into the wind .
In strong winds the wind shield provided for the ventilating fan should be used.
Between the readings the instrument should be kept in an unheated room or
·otherwise protected against precipitation and strong radiation.
The exposure of the aspirated screen psychrom eter should be such that
the requirements in 5. 2 .1. are fulfilled as far as possible.
. In order to obtain the required ventilation of the thermometers in the sling
or whirling psychrom eter the bulbs are often insufficiently shielded against
radiation. This type of psychrometer should therefore preferably be used in
a place sheltered from direct solar r adiation.
5 . 2. 3

5 . 2. 3 .1

Observational procedure (see also 4. 5) .
Simple psychrometer.

The thermometers should b e read to the nearest tenth of a degree. If the
muslin and wick (and also the water) have to b e changed, this should b e done
imm ediately after or a considerable time before the reading is taken. Providing the water supply h as about the same temperature as the air, the correct
wet bulb temperature will be attained in about 15 minutes ; if the water temperature differs greatly from the air temperature it may be necessary to wait for
30 minutes. When making an observation the readings of the two thermometers
should, as far as possible, be made simultaneously. It should be ascertained
that t.h e wet bulb is receiving sufficient water supply.

5. 2. 3. 2

Artificicdly ventilated psychrometers.

The following procedure of observations should preferably be used for
psychrom eters of the Assmann type :
(a) moisten the wet bulb ;
(h) wind the clockwork motor (or start the electric motor);
(c) wait 2 or 3 minutes or until the wet-bulb reading has become steady;
(cl) read the dry bulb ;
(e) r ead the wet bulb ;
(f) check the reading of the dry bulb.

,,
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Great care should be taken to avoid any influence on the readings by the
presence of the observer .. A similar procedure should be adopted with screen
type psychrometers which are provided with ventilation by means of a clockwork motor or an electric motor .
In the case of the sling psychrom eter the wet bulb should be moisten ed
imm ediately b efore the observation is started. To obtain the desirable air
speed of four m etres per second past the thermometer bulbs, a one foot long
sling psychrometer should b e given about four r evolutions p er second. Attention
is drawn to the fact that speed of the bulb through the air is not necessarily
identical with t h e effective ventilation speed of the thermometer bulb . The
whirlin g of the instrument sh ould b e stopped smoothly and the readings be
taken very rapidly.

5.2.4 Management of psychrometers.
5.2.4.1 General.
The following r ecommendations were included in R esolut ion 145 (CD W ashington 1947) :
(a) the fabric u sed to cover the wet bulb should be thin but closely woven•
Before installation it should b e washed thoroughly in pure soap and water
and rinsed several times in distilled water. If a wick is used it sh ould be
similarl y treated ;
(b ) any visible contamination should b e considered an absolute indication of
the n ecessity of replacement. Great car e should b e used in handling the
fabric and wick, to prevent contamination from the hand ;
(c) distilled water should b e used for t h e wet bulb.
The observers should b e encouraged to ch ange the muslin and wick regularly.
The repla cement should b e m ade at least once a week for all psychrom eters
which are exposed continuously. At places n ear the sea and in dusty district.s
it may b e necessary to change the muslin and wick more frequently. The
water suppl y sh ould frequently be ch eck ed and replaced .

5. 2. 4. 2

Operation of wet bulb below fr eezing.

If a wick is use d it sh ould be removed when the wet bulb t emperature is
b elow 0° C (32° F). In order to obtain a thin coating of ice on the wet bulb
the moistening of the muslin sh ould b e made very car efully. The water used
should, as far as possible, have a temperature near the freezing p oint . If t h ere
is a button of t hick ice at the lowest part of the bulb, it should b e immersed
in water long enou gh to melt the ice .
The time required for the wet bulb to r each a steady r eading after the
muslin is wetted depends on the v entilation and on the actual wet bulb temperature . An unventilated thermometer usually requires fr om a quarter to three
quarters of an hour, while an aspirated thermomet er will need a much sh orte.r
t ime. It is essential that t h e formation of a new ice film on the bulb b e made
at an appropriate time. If hourly observations are b eing taken with a simple
·p sychrom eter, it will usually b e prefera ble. to form a new coating of ice just
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after each observation. If the observations are at longer intervals the observer
should visit the screen sufficiently early before each observation and form a
new ice film on the bulb. The wet bulb of the aspirated and sling psychrometers
should be moistened immediately before use.
The evaporation of the ice film may be prevented or slowed down by
enclosing the wet bulb in a small glass tube or by stopping the ventilation inlet
between the observations.
The effect of supercooled water on the wet bulb can be dealt with in two
ways:
{a) by using different tables when the wet bulb is coated with ice and with
supercooled water, respectively. To find out which table should be used,
the wet bulb must be touched with a snow crystal, a pencil or other object,
just after each observation is completed. If the temperature rises to
0° C (32° F), and then commences to fall again, it can be assumed that
the water on the wet bulb was supercooled at the time of observation ;
(b) by using a table which assumes ice cover on the wet bulb and inducing
the supercooled water to freeze in the same way as in method (a). In order
to save time and to ensure that the wet bulb is ice-covered, the observer
should make a point of initiating the freezing of the water at each observation as early as possible after the moistening of the bulb. From the behaviour of the wetted thermometer at the freezing point it may usually
be determined whether the bulb is covered with ice or supercooled water.
The recommended procedure, however, is to initiate the freezing of the
water at each observation when the wet bulb temperature is assumed to
be below 0° C, regardless of whether the observer has watched the behaviour
of the thermometer after the moistening or not.
The first method is usually the quicker one but it involves the use of two
tables which may cause some confusion.

5. 2. 5

Sources of errors in psychrometry.

5. 2. 5 .1 Index error of the thermometers (see also 4. 4. 2.).
It is very important in psychrometer measurements that the index errors
of the thermometers be known over the actual temperature range and that the
corrections for these errors be applied to the readings before the humidity
tables are used. An error of one or two tenths of a degree will cause large errors
in humidity at low temperatures.

5. 2. 5. 2

Errors connected with the pentilation.

Errors due to insufficient ventilation become much more serious if inappropriate humidity tables are used. The accuracy of a simple, unventilated
psychrometer is much less than that of a psychrometer subjected to a constant
artificial ventilation. The tables used for determining the humidity from a
simple psychrometer are usually calculated on the assumption that the average
wind speed past the thermometer bulbs is about 1 to 1. 5 m/sec. The air speeds
past the bulbs will in practice often be appreciably different from that. The
magnitude of the resulting errors will depend upon the humidity and temper-
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ature of the air. In dry air the error may easily amount to 10 % relative
humidity, but ordinarily the error will be of the order of a few per-cent relative
humidity at temperate latitudes.
With the Assmann and motor psych1ometers the ventilation should be
regularly checked at least once a month. Special precautions should be taken
to secure that the thermometers in the sling psychrometers are subjected to a
ventilation which is in accordance with the tables used.

5. 2. 5 . 3

Errors due to thick covering of ice on the wet bulb, to contamination on the muslin or to impure water.

A thick coating of ice on the bulb will increase the lag of the thermometer
and the ice should be immediately removed by dipping the bulb into distilled
water. Special precautions must be taken at coastal stations to avoid errors
due to salt accumulated on the muslin and wick and in the water supply.

5 . 2. 5. 4

General accuracy.

If we suppose that the dry bulb reading is giving the true air temperature,
the following table shows the approximate error in relative humidity caused
by an error of 0.5° C in the wet bulb reading for various air temperatures :
Air temperature
Error in R.H.

-25
44

-15

-5

+5

20

11

7

+15
2

°C
per cent.

As will be seen from the table, an error of a few tenths of a degree will
make the observation absurd at low temperatures, while at moderate temperatures the error will be relatively small.

5. 2. 6

Special requirements for polar and tropical regions.

As will be understood from the discussion in 5. 2. 5. the psychrometer is
an unsatisfactory instrument for measuring humidity in polar regions. This is
mainly due to the difficulties in determining the correct wet bulb temperature
with sufficient accuracy at very low temperatures. It is an absolute necessity
that the thermometers are ventilated: if they are not ventilated, the management of the wet bulb will be extremely difficult.
The most serious problem in tropical and dry countries is to keep the
muslin wet at low relative humidities. Since it is proposed to undertake special
investigations to solve this problem, no recommendation will be made at the
present time. (CD Washington 1947 : 145.)

5. 2. 7

Psychrometric formulae and tables.

Since standard psychrometric tables are to be provided in the near future
by the Joint Committee on Psychrometric Data, only a short summary of the
present practice will b e given here.1)
1
) The new table will presumably be basPd on a theory put forward in a paper
by J. H . Arnold: The theory of the psychrom et er, Physics, Vol. 4, July 1933.
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The usual procedure is to derive the vapour pressure (e') under the conditions
of. observation from the semi-empirical formula :
e'

=

f-

Ap (T _: Tw)

where f is the saturation vapour pressure at the temperature (T w) of the wet
bulb (with respect to water wh en the wet bulb is covered wi:th water and with
resp ect t o ice when the wet bulb is covered with ice) , p is the pressure of the
air, T the t emperature of the dry .bulb, Tw t h e t emperature of the wet bulb
and A the "psychrometric constant". The factor A may be found empirically
for any p articular type of psychrometer. The numerical value of A dep ends
on the design and properties ·of t h e thermometers and on the sp eed of the air
past the bulbs.
It has been proved by experiments that for ordinary t h ermometer s the
accuracy of the mean value of A is much less in calm air than in a strong wind .
The magnitude of A changes considerably in the interval 0-2.5 m/sec 1 ) but
for wind sp eeds between 4 and 10 m/sec, A may be regarded as constant.
The IMO h as therefore r ecomm ended the use of artificial ventilation at that
rate (CD Washington 1947 : 145) . Theoretical considerations suggest that the
factor A should b e smaller when the wet bulb is coated with ice th;m when it
is covered with water. In pra ctice this seems hardly to be true for ventilated
psychrom eters.2 )
The various psychrometric tables used by the Meteorological Services are
based on different assumptions with r egard to t he values o"f the "psychrornetric
constant" in the simple formula e, and some Services are also using tables based
on more elaborate theoretical formulae . In the "Assmann psychrometer" for
instance, it is assumed that the air is drawn pa st the bulbs with the rate of
2.4 m/sec and the same value of A is used for wet bulb temperature above and .
below zero .3 ) Other widely used tables for ventilated psychrometer s are t hose
compiled by the Smithsonian Institution 4 ) originally calculated for use with a
sling p sychrometer.
In the case of the simple psychrometer, exposed in a thermometer scr een,
it is most commonly assumed that the true mean velocity of the air past the
bulbs will, on the wh ole, b e of the order 1 to 1.5 m/sec and a corresponding value
of A is ad opted. 5 ) This pro cedur:e is no t considered satisfactory for all meteorological purp oses b ecause the true wind velocities past t h e bulbs in the scr een
will often differ greatly .from the a dopted value and the factor A shows an _
appreciable variation over the range of wind speeds that frequently occur
inside the screen (the resulting errors ar e discussed in 5. 2. 5. 2 . ). ·
The psychrometric formulae involve the atmospheric pressure p . Providing the h eight of t h e station is less than 1,000 metres ab ove sea-level, ho wever,
1)
2)

H. Bongards : F euchtigk eitsmess ung, Miinchen und B erlin 1926, p age 141.
B. J. Birkeland : Ein F ehl er in der Psychrometertheorie. Met. Zeit. H eft. 8,

1942.
3 ) Aspirations-psychrometer
Tafeln, Preu ssischen Meteorologischen Institut,
Braunschweig 1930.
4 ) Smithsonian Met eorological T a bles.
·
6 ) See for instan ce : H ygrom etri c T ables, Met eo r olo gical Office, London.
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accuracy within the limits of observation may be obtained by adopting a fixed
value of p. A change of pressure of 30 mb makes about one per cent difference
in relative humidity when this has a value of about 50 per cent.
When the wet bulb is below the freezing point, alternative tables may be
used respectively, when the wet bulb is covered with ice and when it is coated
with supercooled water. If it is always ensured that the wet bulb is covered
with ice, one table is sufficient for the condition wet bulb below the freezing
point.
It is not proposed to give the detailed psychrometric formulae used by
the different authorities , since it is hoped that international standardisation in
this field will not be long delayed.
·
Special precautions should be taken to ensure that the appropriate psychrometric table be used with whatever type of psychrometer is employed and that
the instrument should conform with any special conditions for which the table
is calculated. Further, attention is drawn to the fact that the wet bulb temperature used in the present psychrometric tables is not identical with the thermodynamic wet bulb temperature defined in 5 .1.

5. 3
5. 3 .1

Hair hygrographs.
General requirements.

The hair hygrograph or hygrometer is considered to be a satisfactory
instrument for use in situations or during periods where extreme temperatures
and very low humidities are seldom or never found. The mechanism of the
instrument should be as simple as possible, even if this makes it necessary to
have a non-linear scale ; this is especially important in industrial regions
(CD Washington 1947: 146).
The rate of response of the hair hygrograph is very dependent on the air
temperature. At -10° C the lag of the instrument is approximately 3 times
greater than the lag at 10° C above zero. For air temperatures between 0°
and 30° C and relative humidities between 20% and 80%, a good hygrograph, when subjected to a sudden change in relative humidity, should
indicate 90 per cent of the change within about three minutes.

5. 3 . 2

Exposure and management.

The hygrograph or hygrometer should be exposed in a thermometer screen.
Since ammonia is very destructive to the hair, exposures in the immediate
vicinity of stables and industrial plants using ammonia should be avoided ..
The hair should be washed down at frequent intervals with distilled water on
a soft brush to r.e move accumulated dust. When the instrument is being cleaned,
the hairs should on no account be touched with the fingers (CD Washington
1947: 146).
The humidity of the air may change very rapidly and therefore accurate
setting of time marks is very important. In making the time marks the pen
arm should only be moved in the direction of decreasing relative humidity on
the chart.
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Methods of ·observation.

The hair hygrometer should always be tapped lightly, with a finger before
reading. The hygrograph, however, should so far as possible not be touched
between the changes of the charts, except for the making of time marks.
Attention is drawn to the fact that the hair hygrometer indicates relative
humidity with respect to saturation over water even at temperatures below 0° C.
The hygrograph and hygrometer ought to be readable to the nearest 1 per cent
relative humidity.

5. 3. 4
5. 3. 4 .1

Sources of errors, accuracy, etc.
Changes in zero.

For various known and unknown reasons the hygrograph is liable to change
its zero. The most common cause is perhaps that an excess force in some way
is applied to the hairs. For instance, the hairs may be stretched if time marks
are made in the direction of increasing relative humidity at the chart or by the
sticking of the hygrograph mechanism at decreasing relative humidity. The
zero may also change if the hygrograph is kept for a long time in very dry air.
Such an error may often be remedied by keeping the instrument in saturated
air for some time.

5. 3. 4. 2

Errors due to dust etc. on the hairs.

Most kinds of dust will cause appreciable errors in the observations (sometimes as much as 15 per cent relative humidity). In most cases the error may
be eliminated or reduced by cleaning and washing the hairs, but the dust may
also be destructive to the hairs (see 5.3.2.). The observers should be encouraged to clean the hairs regularly and at frequent intervals.

5. 3. 4. 3

Comparison with standard instruments.

The readings of a hygrograph ought to be checked frequently by comparison
with a series of a readings of a standard psychrometer. Satisfactory comparisons
are usually difficult to make out of doors (in the screen) and the checking of a
hygrograph should preferably be made in a humidity chamber or in an ordinary
room with approximately constant temperature. If the hair has to be replaced,
some adjustment of the instrument followed by a complete recalibration will
be necessary.
A good hygrograph in perfect condition ought to be capable of recording
relative humidity at moderate temperatures to an accuracy within ± 3 per cent.
At low temperatures the accuracy will be less.

5. 3. 4. 4

Special requirements for polar and tropical countries .
In spite of the fact that the hair hygrograph is an unsatisfactory instrument
for use at low temperatures, it may be desirable to use the readings of the
hygrograph as a supplement to the very doubtful humidity values found from
the readings of the psychrometer at these temperatures. When used in polar
regions the hygrograph should preferably be exposed in special thermometer
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screens which give the instrument sufficient protection against precipitation
and drifting snow. Special precaution should be taken to avoid ice forming
on the hairs and hygrograph mechanism.
In tropical countries the use of hygrographs often gives unsatisfactory
results. If the climate is very dry, the accuracy of the instrument would be
improved if the hairs were exposed for some hours to a saturated atmosphere
at regular intervals, for instance once a month.

5. 4

Recording psychrometers.

Almost any type of thermograph is capable of being adapted for recording
wet and dry bulb temperatures, but in practice it is the mercury-in-steel and
the electrical types which are mostly used for this purpose. The notes on these
thermographs given in 4. 6. 4. and 4. 6. 5. apply equally well when the instruments are used as psychrographs, for which purpose they should, of course, be
provided with two thermometer elements and a water feed for the wet bulb.
For investigational purposes it is sometimes an advantage to be able to record
the depression of the wet bulb directly and for this the thermocouple system
is particularly well suited.
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TABLES OF SATURATION VAPOUR PRESSURE

l

[Annex to 5.1.1 (h)]

I

TABLE I
Saturation Vapour Pressure over Pure Liquid Water
t(OC)

ew(mb)

t(OC)

ew(mb)

t(OC)

ew(mb)

-50
-49.5
--:49
-48.5
---,--48
-47.5
--47 .
-46.5
-46
-45.5
-45
- 44.5
-44
-43.5
-43
-42.5
-42
-41.5
-41
-40.5
-40
-39.5
-39
-38.5
-38
- 37.5
-37
-36.5
-36
-35.5
-35
-34.5
-34
-33.5
-33

0.06356
0.06730
0.07124
0.07538
0.07975
0.08435
0.08918
0.09426
0.09961
0.1052
0.1111
0.1174
0.1239
0.1307
0.1379
0.1455
0.1534
0.1617
0.1704
0.1796
0.1891
0.1992
0.2097
0.2207
0.2323
0.2444
0.2571
0.2703
0.2842
0.2987
0.3139
0.3297
0.3463
0.3637
0.3818

-32.5
-32
-31.5
-31
-30.5
-30
-29.5
- 29
-28.5
-28
-27.5
-27
-26.5
-26
-25.5
-25
- 24.5
-24
- 23.5
-23
- 22.5
-22
-21.5
-21
-20.5
- 20
-19.5
-19
-18.5
- 18
-17.5
- 17
- 16.5
-16
- 15.5

0.4007
0.4205
0.4412
0.4628
0.4853
0.5088
0.5333
0.5589
0.5856
0.6134
0.6425
0.6727
0.7042
0.7371
0.7713
0.8070
0.8441
0.8827
0.9230
0.9649
1.0084
1.0538
1.1009
1.1500
1.2010
1.2540
1.3091
1.3664
1.4259
1.4877
1.5519
1.6186
1.6879
1.7597
1.8343

-15
-14.5 .
-14
-13.5
-13
-12.5
-12
-11.5
-11
-10.5
-10
-9.5
-9
- 8.5
-8
- 7.5
-7
-6.5
-6
-5.5
-5
-4.5
-4
-3.5
-3
-2.5
-2
- 1.5
-1
-0.5
0

1.9118
1.9921
2.0755
2.1619
2.2515
2.3445
2.4409
2.5408
2.6443
2.7516
2.8627
2.9778
3.0971
3.2205
3.3484
3.4807
3.6177
3.7594
3.9061
4.0579
4.2148
4.3772
4.5451
4.7187
4.8981
5.0836
5.2753
5.4734
5.6780
5.8894
6.1078

59

CHAPTER . 5

TABLE . I

(continued)

Saturation Vapour Pressure over Pure Liquid Water
t(OC)

0
0.5
1
1.5
·2
2.5 ..
3
3.5
4
4.5 .
5
5.5
6.
6.5 .
· 7
7.5
8
·. 8:5 •
9
9.5
10 .
10.5
11
11.5 .
12
12.5
13
13.5
14
14.5
15
15.5
16
16.5
17
17.5
18
18.5
19
19.5

ew(mb)

t(°C)

ew(mb)

6.1078
6.3333
6.5662
6.8066
7.0547
7.3109
7.5753
7.8480
8.1294
8.4198
8.7192
9.0280
9.3465
9.6748
10.013
10.362
10.722
11.092
11.474
11.867
12.272
12.690
13.119
13.562
14.017
14.486
14.969
15.466
15.977
16.503
17.044
17.600
18.173
18.762
19.367
19.990
20.630
21 .288
21.964
22.659

20
20.5
21
21.5
22
22.5
23
23.5
24
24.5
25
25.5
26
26.5
27
27.5
28
28.5
29
29.5
30
30.5
31
31 .5
32
32.5
33
33.5
34
34.5
35
35.5
36
36.5
37
37.5
38
38.5
39
39.5

23.373
24.107
24.861
25.635
26.430
27.247
28.086
28.947
29.831
30.739
31.671
32.627
33.608
34.615
35.649
36.709
37.796
38.911
40.055
41 .228
42.430
43.663
44.927
46.223
47.551
48.912
50.307
51.736
53.200
54.700
56.236
57 .810
59.422
61.072
62.762
64.493
66.264
68.078
69.934
71.833

t(oC)

40
40.5
.41
41.5
42
42.5
43
43.5
44
44.5
45
45.5
46
46.5
47
47.5
48
48.5
49
49.5
50
50.5 .
51
51.5
52
52.5
53
53.5
54
54.5
55
55.5
56
56.5
57
57.5
58
58.5
59
59.5
60

ew(mb)

73.777
75.767.
77.802
79.885
82.015
84.194
86.423
88.703
91.034
93.418
95.855
98.347
100.89
103.50
106~16

108.88
111.66
114.50
117.40
120.37
123.40
126.49
129.65
132.88
136.17
139.54
142.98
146:49
150.07
153.73
157 .46
161.27
165.16
169.13
173.18
177.31
181.53
185.83
190.22
194.69
199.26
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TABLE 2
[Annex t o 5.1.1 (h))

Saturation Vapour Pressure over Pure Liquid Water

t(OF)

ew(mb)

t(OF)

ew(mb)

t(OF)

ew(mb)

- 60
-59
-58
-57
-56
-55
-54
-53
-52
-51
-50
-49
-48
-47
-46
-45
- 44
-43
-42
-41
-40
-39
--38
-37
-36
-35
-34
-33
-32
-31

0.05592
0.05963
0.06356
0.06773
0.07214
0.07681
0.08176
0.08700
0.09254
0.09840
0.1046
0.1111
0.1181
0.1254
0.1331
0.1412
0.1498
0.1589
0.1684
0.1785
0.1891
0.2003
0 .2121
0.2245
0.2376
0.2514
0.2658
0.2810
0.2970
0.3139

- 30
-29
-28
-27
-26
-25
-24
-23
-22
-21
-20
-19
-18
-17
-16
-15
--14
-13
- 12
-11
-10
-9
-8
-7
-6
-5
-4
-3
-2
-1

0.3315
0.3501
0.3696
0.3901
0.4116
0.4342
0.4579
0.4827
0.5088
0.5361
0.5647
0.5948
0.6262
0.6591
0.6936
0.7297
0.7674
0.8070
0.8483
0.8915
0.9368
0.9840
1.0334
1.0850
1.1389
1.1952
1.2540
1.3154
1.3794
1.4462

0
1
2
3
4
5
6
7
8
9
10

1.5160
1.5887
1.6645
1.7435
1.8259
1.9118
2.0012
2.0944
2.1914
2.2924
2.3976
2.5071
2.6210
2.7394
2.8627
2.9909
3.1241
3.2626
3.4066
3.5562
3.7116
3.8731
4.0408
4.2148
4.3956
4.5832
4.7778
4.9798
5.1893
5.4066

11

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
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TABLE 2 (continued)
Saturation Vapour Pressure over Pure Liquid Water
t(OF)

30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69

ew(mb)

t(OF)

ew(mb)

t(OF)

ew(mb)

5.6320
5.8656
6.1078
6.3588
6.6189
6.8884
7.1676
7.4567
7.7562
8.0662
8.3871
8.7192
9.0629
9.4186
9.7864
10.167
10.560
10.967
11.388
11.823
12.272
12.737
13.216
13. 712
14.224
14.752
15.298
15.862
16.444
17.044
17.663
18.302
18.962
19.642
20.343
21.066
21.812
22.581
23.373
24.189

70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109

25.031
25.898
26.791
27.710
28.658
29.633
30.637
31.671
32.735
33.830
34.957
36.116
37.309
38.536
39.798
41.096
42.430
43.802
45.213
46.662
48.152
49.683
51.256
52.872
54.532
56.236
57.987
59.785
61.631
63.526
65.472
67.468
69.518
71.620
73.777
75.991
78.261
80.589
82.977
85.426

110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140

87.937
90.511
93.150
95.855
98.627
101.47
104.38
107.36
110.42
113.55
116.75
120.03
123.40
126.84
130.36
133.97
137.66
141.44
145.31
149.27
153.32
157.46
161.70
166.04
170.47
175.01
179.64
184.39
189.24
194.19
199.26
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TABLE 3
[Annex to 5.1.1 (h)]

Saturation Vapour Pressure over Pure lee
t (OC)
-100
-99 .5
- 99
-98 .5
-98
-97.5
-97
-96 .5
-96
-95.5
-95
-94.5
-9l.

-93 .5
- 93
-92.5
-92
-91.5
-91
-90.5
-90
-89.5
-89
-88.5
-88
-87 .5
-87
-86.5
-86
-85.5
-85
-8lr.5
-84
-83.5
-83
-82.5
-82
-81 .5
-81
-80.5

e;(mb)

t (OC)

0.00001403 - 80
0.00001553 - 79.5
0.00001719 -79
0.00001901 -78.5
0.00002101 -78
0.00002320 -77 .5
0.00002561 -77
0.00002826 - 76 .5
0.00003117 -76
0.00003435 - 75.5
0.00003784 -75
0.00004166 -74.5
0.00004584 . -74
0.00005041 - 73.5
0.00005542 -73
0.00006088 -72.5
0.00006685 -72
0.00007338 -71.5
0.00008049 -71
0.00008825 -70.5
0.00009672 -70
-69.5
0.0001059
- 69
0.0001160
-68.5
0.0001269
-68
0.0001388
- 67.5
0.0001518
-67
0.0001658
-66.5
0.0001811
-66
0.0001977
-65 .5
0.0002158
-65
0.0002353
0.0002566
-64.5
- 64
0.0002796
-63.5
0.0003045
-63
0.0003316
-62.5
0.0003608
-62
0.0003925
-61.5
0.0004268
-61
0.0004638
-60.5
0.0005039

e;(mb)
0.0005472
0.0005939
0.0006444
0.0006989
0.0007577
0.0008211
0.0008894
0.0009631
0.001042
0.001128
0.001220
0.001319
0.001425
0.001539
0.001662
0.001794
0.001936
0.002088
0.002252
0.002427
0.002615
0.002816
0.003032
0.003263
0.003511
0.003776
0.004060
0.004363
0.004688
0.005035
0.005406
0.005802
0.006225
0.006677
0.007159
0.007674
0.008223
0.008808
0.009432
0.01010

t (OC)
-60
- 59 .5
-59
-58.5
- 58
-57.5
-57
- 56.5
-56
-55 .5
-55
-54.5
-54
-53.5
-53
-52.5
- 52
-51.5
-51
-50.5
-50
- 49.5
-49
-48 .5
- 48
-47 .5
-47
-46.5
-46
-45 .5
-45
--44.5
-44
-43.5
-43
-42.5
-42
-41.5
-41
-40.5

e;(mb)
0.01080
0.01156
0.01236
0.01322
0.01413
0.01509
0.01612
0.01722
0.01838
0.01961
0.02092
0.02232
0.02380
0.02537
0.02703
0.02880
0.03067
0.03265
0.03476
0.03699
0.03935
0.04185
0.04!.49
0.04730
0.05026
0.05340
0.05671
0.06022
0.06393
0.06784
0.07198
0.07635
0.08097
0.08584
0.09098
0.09641
0.1021
0.1082
0.1145
0.1212

t(OC)

e;(mb)

t(OC)

--40
-39.5
-39
-38.5
- 38
- 37.5
-37
- 36.5
- 36
-35.5
-35
-34.5
-34.
- 33.5
-33
-32 .5
-32
-31.5
-31
-30.5
-30
-29 .5
- 29
-2 8.5
-28
-27.5
-27
-26.5
-26
-25.5
-25
-24.5
-24
-23.5
-23
- 22.5
-22
-21.5
-21
-20.5

0.1283
0.1358
0.1436
0.1519
0.1606
0.1698
0.1794
0.1896
0.2002
0.2115
0.2233
0.2357
0.2488
0.2625
0.2769
0.2920
0.3079
0.3246
0.3421
0.3605
0.3798
0.4000
0.4213
0.4435
0.4669
0.4913
0.5170
0.5438
0.5720
0.6015
0.6323
0.6646
0.6985
0.7339
0.7709
0.8097
0.8502
0.8926
0.9370
Q.9833

- 20
-19.5
-19
- 18.5 ..
-18 .
-17.5
- 17
- 16.5
-16
- 15.5
- 15
-14.5
- 14
-13.5
-13
- 12 .5
-12
- 11.5
- 11
-10.5
-10
-9 .5
- 9
-8.5
-8
-7 .5
-7
-6.5
-6
-5.5
-5
-4.5
--4
-3.5
-3
-2.5
-2
-1 .5
-1
-0.5
0

e;(mb)
1.032
1 .082
1.135
1.190
1.248
1 .308
1.371
1.437
1.506
1.577
1.652
1.730
1.811
1.8 95
1.984
2.076
2.172
2.271
2.376
2.484
2.597
2.715
2.837
2.965
3.097
3.236
3.379
3.529
3.685
3.846
4.015
4.190
4.372
4.561
4.757
4.961
5.173
5.394
5.623
5.860
6.107
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TABLE 4
[Annex to 5.1.1 (h)]

Saturation Vapour Pressure over Pure Ice
t(OF)

e1(mb)

-150
-149
-148
-147
-146
-145
-144
-143
-142
-141
-140
-139
-138
-137
-136
-135
-134
-133
-132
-131
-130
-129
-128
-127
-126
-125
-124
-123
-122
-121
-120
-119
-118
-117
-116
-115
-114
-113
-112
-111

0.00001117
0.00001252
0.00001403
0.00001571
0.00001758
0.00001965
0.00002196
0.00002452
0.00002735
0.00003050
0 .00003398
0.00003784
0.00004210
0.00004682
0.00005203
0.00005778
0.00006414
0.00007114
0.00007885
0.00008736
0.00009672
0.0001070
0.0001183
0.0001308
0.0001444
0.0001594
0.0001759
0.0001939
0.0002137
0.0002353
0.0002590
0.0002850
0.0003133
0.0003443
0.00037 81
0.0004150
0.0004553
0.0004993
0.0005472
0.0005994

t(OF)
-110
109
-108
-107
-106
-105
-104
-103
-102
-101
-100
-99
:___93
-97
-96
-95
-94
-93
-92
-91
-90
-89
-88
-87
-86
-85
-84
-83
-82
-81
-80
-79
-78

-77
-76
-75
-74
-73
-72
-71

ei(mb)

t(oF)

0.0006562 -70
0.0007180 -69
0.0007853 -68
0.0008585 -67
0.0009379 - 66
0.001024
-65
_:_64
0.001118
0.001220
-63
0.001330
-62
0.001450
-61
0.001579
-60
0.001720
-59
0.001872
-58
0.002036
-57
0.002214
-56
0.002407
-55
0.002615
-54
0.002840
-53
0.003082
-52
0.003344
-51
0.003627
-50
0.003931
-49
0.004260
-48
0.004614
-47
0.004995
-46
0.005406
-45
-44
0.005848
0.006323
-43
0.006834
-42
0.00738!,
--41
0.00797!,
-40
0.008609
-39
0.009290
-38
0.01002
-37
0.01080
-36
0.01165
-35
0.01255
-34
0.01351
-33
. - 32
0.01455
0.01566
- 31

ei(mb)
0.01684
0.01811
0.01947
0.02092
0.02248
. 0.02414
0.02591
0.02780
0.02982
0.03198
0.03428
0.03673
0.03935
0.04213
0.04510
0.04827
0.05163
0.05522
0.05903
0.06309
0.06740
0.07198
0.07685
0.08202
0.08752
0.09335
0.09955
0.1061
0.1131
0.1205
0.12 83
0.1366
0.1454
0.15t,g
0.1646
0.1 751
0.1861
0.1978
0.2102
0.2233

t(OF)

e;(mb)

-30
- 29
-28
-27
- 26
-25
-24
-23
-22
-21
- 20
-19
-18
- 17
-16
-15

0.23 71
0.2518
0.2672
0.2835
0.3008
0.3189
0.3382
0.3584
0.3798
0.4023
0.4261
0.4512
0.47!76
0.50 54
0.5347
0.565 6
0.5981
0.6323
0.6683
0.7062
0.7460
0.7879
0.8320
0.8783
0.9269
0.9781
1.032
1.088
1.147
1.209
1.275
1.3t,3
1.415
1.490
1.569
1.652
1.738
1.829
1.924
2.024

-1!,

-13
-12
-11
-10
-9
-8
-7
-6
-5
--4
-3
-2
-1
0
1
2
3
4
5
6
7
8
9

t(°F)

ei(mb)

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

2.1 28
2.238
2.352
2.472
2.597
2.728
2.865
3.008
3.158
3.315
3.478
3.649
3.828
4.015
4.209
4.413
4.625
4.847
5.078
5.319
5.571
5.833
6.107

CHAPTER 6

6. 1

MEASUREMENT OF WIND

General.

Wind velocity is a vector quantity which is specified by two numbers
representing direction and speed (or force). The extent to which wind is characterized by rapid fluctuations in velocity is referred to as gustiness. A gust of
importance to aviation is defined as a positive deviation (departure) of the wind
from the mean velocity (over a ten-minute period) equal to or in excess of
10 knots during at least one second but not more than 20 seconds (CD Washington, 1947: 131). Wind direction, speed and gustiness are best obtained
instrumentally, but when instrument determination is not practicable they can
be obtained by estimation. The absence of appreciable motion of the air is
termed "calm" and no attempt should be made to determine the wind direction
from instruments when the speed is less than two knots.

6. 2

6. 2 .1

Wind direction measurement.
Definition and units.

Wind direction is regarded as the direction from which the wind is blowing.
It is expressed in degrees, measured clockwise from geographical north or in
terms of the points of the compass.
For coded reports however, the wind direction should be expressed on the
scale 00-36, instead of the scale 00-32 which has hitherto been the practice
(CD Washington, 1947: 154). Table I on the next page gives code figures and
the exact equivalents in degrees corresponding to the 32 points of the compass.

6. 2. 2

Wind vanes.

Whatever form of wind vane is used for indicating or recording wind direction
it should possess the following features :
(a) it should turn on its pivot with as little friction as possible : the use of ball
bearings is recommended ;
(b) the vane should be properly balanced about its axis, otherwise it will show
a bias towards a particular direction, if its support is not truly vertical ;
(c) the vane should be designed to produce the maximum torque, for a given
change in direction, in relation to its moment of inertia ;
d) resonance of the vane to natural fluctuations of the wind is to be avoided
and as far as possible there should be sufficient damping to make the instrument approximately dead-beat, but without unduly diminishing its
speed of response (see 6. 2. 3.) ;
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(e)

when a
its axis
respect
Section

wind vane is installed, special care should be taken to ensure that
is exactly vertical and that the vane is correctly orientated with
to true north. The requirements for exposure are dealt with in
6. 4.
TABLE

I

Wind direction : compass point equifJalents in degrees and code figures
Comp(lJIS

direction

Calm
N by E
NNE
NE by N
NE
NE by E
ENE
Eby N
E
Eby S
ESE
SE by E
SE
SE by S
SSE
S by E

s

Exact
equivalent

in degrees

11.25
22.5
33.75
45
56.25
67.5
78.75
90
101.25
112.5
123.75
135
146.25
157.5
168.75
180

Code

fig ure

00
01
02
03
05
06
07
08
09
10
11
12
14
15
16
17
18

Compass

*

direction

s

by w
SSW
SW by S
SW
SW by W

wsw
w bys
w

W by N
WNW
NW by W
NW
NW by N
NNW
N by W
N
Variable

Exact
equivalent
in degrees

191.25
202.5
213.75
225
236.25
247.5
258.75
270
281.25
292.5
303.75
315
326.25
337.5
348.75
360

Code
figure

*

19
20
21
23
24
25
26
27
28
29
30
32
33
34
35
36
99

* Code 23, IMO. Puhl. No. 9, Fascicule I.

6. 2. 3 Direction recorders and indicators.
For synoptic observations, in which the mean wind direction over a
10-minute period is required, a recording type of wind vane is suitable. For
aviation purposes remote recording is desirable and the instrument should be
capable of responding to rapid fluctuations in direction. The lag coefficient,
defined by the time taken to record 63 per cent of a sudden change in direction
in a 5-knot wind, should not exceed one second. The natural period of a vane,
and with it the lag coefficient, becomes smaller in higher winds.
Suitable methods of indicating or recording direction include the purely
mechanical types, such as the twin pen pattern frequently fitted to pressure
tube anemometers, and electrical transmitting types. The latter, which are
more suitable for remote indication, generally make use of self-synchronous
A.C. or D.C. repeaters . With such systems it is possible to obtain an accuracy
within ± 2° in direction.
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Estimation of direction.

In the absence of instruments or when the equipment is unserviceable, the
direction should be estimated by observing the wind drogue or tee at an airport,
the drift of smoke from an elevated chimney or the movement of leaves etc. in
an open situation. A streamer or pennant fixed to a tall flagstaff affords a
good direction indicator. Whichever of these aids are used, errors due to perspective are liable to be made unless the observer stands vertically below the
indicator. Care should be taken to guard against mistaking local eddies due
to buildings, etc., for the general drift of the wind . In an open situation wind
direction can be estimated quite accurately by facing into the wind.

6 .3
6 . 3 .1

Wind speed measurement.
General.

Since the speed of the wind in synoptic reports should be given in knots
(IMC Paris, 1946: 8), it is desirable that anemometers should be graduated
in these units . For synoptic reports the mean speed of the surface wind over
a period of 10 minutes or during the passage of five nautical miles of wind is
required and should be determined to the nearest knot. Calm should be reported
when the wind speed is less than one knot.

6 . 3. 2

Instrumental methods.

An anemometer suitable for synoptic purposes should have remote indication
or recording so as to facilitate the determination of mean speed over 10 minutes
or during the passage of 5 nautical miles of wind. For aviation purposes remote
recording is required and the instrument should be capable of responding to
gusts of the type defined in 6 .1. For this purpose the anemometer should have
a lag coefficient, defined as the time taken to record 63 per cent of a sudden
change of wind speed, not exceeding one second (CD Washington, 1947 : 131
and 132) . It should be mentioned, however, that with some types of anemometer
the lag coefficient decreases with increase of wind speed.
Where only a contact indicating anemometer is available the wind speed
should be obtain.e d by counting the number of contacts during an exact selected
interval. In the case of a direct reading wind speed indicator the mean speed
should be obtained by observing the dial over a selected period and taking the
mean of extreme values of successive fluctuations .
If necessary, corrections to indicated or recorded readings should be provided
and applied in order to achieve an accuracy of one knot. Such corrections can
be determined either by means of wind tunnel tests or by comparison with a
standard instrument of known accuracy.
Instruments for the routine measurement of wind speed are generally of
two main types, viz. the rotating cup or fan anemometer and the pressure
tube pattern.
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Cup and fan anemometers.

The desirable features of a cup anemometer are that it should have a threecup rotor, the cups should be semi-conical in shape in preference to hemispherical,
and they should have beaded edges. The three-cup system provides the greatest
starting torque ; by using semi-conical cups the tendency for overestimation
in fluctuating winds is reduced; beaded edges improve the constancy of the
relation between wind speed and cup speed. The bearings of the rotor spindle
should be of good design and should be adequately protected from the weather
but at the same time should be easy to lubricate. Various methods are available
for recording wind speed by means of cup or fan anemometers but probably
the most convenient is by making the rotor drive a small electric generator.
The current from this is then measured or recorded by a meter, the scale of
which is calibrated in terms of wind speed. This method is more suitable for
registering instantaneous values and fluctuations than systems of the chronometric type which are used with the type of anemometer that produces an electric
contact for a given number of revolutions of the cups or fan. The chronometric
types are more suitable for giving the mean wind speed over a desired interval
of time. With cup and fan anemometers the effect of variations of air density
on the indications is so small that it can be neglected. It is quite practicable
to achieve an accuracy within ± 1 knot with these manometers, except at
very low speeds. They are, however, subject to positive errors in a fluctuating
wind. The error increases with the moment of inertia of the rotor unit and in
some cases may amount to several per cent of the speed in natural winds. It
is much reduced by using beaded, conical cups.

6. 3. 4

Pressure-tube anemometers.

In instruments of this type the combination of a pressure and suction head
should be used so as to ensure that both sides of the manometer system used
for measuring the pressure difference are affected equally by pressure changes
in the atmosphere. The pressure orifice must be mounted on a vane so that
it is kept facing into the wind. If, as is usually the case, the suction head forms
part of the vertical tube above which the vane is supported, care must be taken
not to have any unsymmetrical projections near this part of the tube since
these disturb the air flow fpast the suction holes and cause variations in the
suction effect. The outlets to connecting pipes from the pressure and suction heads should, therefore, be covered by a symmetrical shield. In order
to reduce the error due to lag in transmitting pressure through long narrow
tubes the connecting tubes leading from the head to the manometer system
should not be less than 2.5 cm in diameter. Two methods of indication or
recording are available for pressure tube anemometers . One uses the Dines
float type of manometer, the float being specially shaped so as to give a linear
scale of wind speed. The other is the aneroid type of manometer, which is more
suitable for use in ships, where the float type is, of course, useless. The aneroid
type is not usually arranged to give a linear scale of speed. For recording at
land stations the float type is probably preferred.
Pressure tube anemometers are capable of giving an accuracy within
± 1 knot except at speeds below about 3 knots.
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Exposure of wind equipment.

The standard exposure of wind instruments over level, open terrain is 10 m
above the ground (CD Washington, 1947 : 133). Open terrain is defined as an
area where the distance between the anemometer and any obstruction is at
least 10 times the height of the obstruction. The adoption of the standard
exposure is especially important at airports. Where a standard exposure is
unobtainable the anemometer should be installed at such a height that its
indications are reasonably unaffected by local obstructions and represent as
far as possible what the wind at 10 m would be if there were no obstructions
in the vicinity. This will usually necessitate placing the anemometer at a height
exceeding 10 m by an amount depending on the extent, height and distance
of the obstructions, but it is impracticable to give any general rule for determining this since local conditions differ so widely.
Special precautions must be taken to keep the wind equipment free from
sleet and ice accumulations. In some localities it may be desirable to provide
some form of artificial heating for the exposed parts. Sleet and ice shields have
been designed for particular types of wind equipment.

6. 5

Estimation of wind speed.

In the absence of equipment for measuring wind speed the observation
must be made by estimation. Estimates are based on the effect of the wind on
movable objects. Almost anything which is supported so that it is free to
move under the influence of the wind can be used, but the descriptive specifications given in the Beaufort scale of wind force will be found especially useful.
These are reproduced in Table II on the next page.

TABLE

Beaufort
Number

II -

Wind speed equivalents

Equivalent speed at an effecti ve height of 10 metres
above open terrain
Kilometres
](nots
Miles per hour
]J{ etres per second
per hour

Description

0 - 0.2
0.3- 1.5

Less than 1

4- 7

1.6- 3. 3

6- 11

Light breeze

7- 10

8- 12

3.4- 5.4

12- 19

Gentle breeze

4

11- 16

13- 18

5.5- 7. 9

20 -28

Moderate breeze

5

17- 21

19- 24

8 . 0- 10 . 7

29- 38

Fresh breeze

6

22- 27

25- 31

10.8-13 . 8

39- 49

Strong breeze

0
1

Less than 1

1-

3

2

4-

6

3

Less than 1
1- 3

1-

5

Calm
Light air

7

28- 33

32- 38

13 . 9- 17 .1

50- 61

Moderate gale

8

34- 40

39- 46

17.2-20.7

62- 74

Fresh gale

9

41- 47

47- 54

20.8-24.4

75- 88

Strong gale

10

48- 55

55- 63

24.5-28 .4

89- 102

Whole gale

11

56- 63

64- 72

28.5-32.6

103- 117

Storm

12
13
14
15
16
17

64- 71
72- 80

73- 82
83- 92
93- 103
104-114
115- 125
126- 136

32 .7-36.9
37. 0--41. 4
41. 5--46 .1
46.2-50 . 9
51. 0-56. 0
56.1-61.2

118-133
134-149
150-166
167-183
18l·-201
202- 220

Hurricane
Hurricane
Hurricane
Hurricane
HurricanP
Hurricane

81- 89
90- 99
100- 108
109-118

Specificat ions for estimating speed

Smoke rises vertically.
Direction of wind shown by smoke-drift but
not by wind vanes .
Wind felt on face ; leaves rustle; ordinary
vane moved by wind.
Leaves and small twigs in constant motion ;
wind extends light flag.
Raises dust and loose paper ; small branches
are moved.
Small t r ees in leaf begin to sway, crested
wavelets form on inland waters.
Large branches in motion ; whistling heard in
telegraph wires; umbrellas used with
difficulty.
Whole trees in motion ; inconvenience felt in
walking against t h e wind.
Breaks twigs off trees ; generally impedes progress .
Slight structural damage occurs (chimneys
and slates r emoved) .
Seldom experienced inland; trees uprooted ;
considerable structural ·damage occurs .
Very rarely experienced; accompanied by
widespread damage.
*)
*)

C"l

:::G

>
'i:I

>-3

i:':I
~

°'

*)

*)
*)
*)

*) The equivalents for speeds over 63 knots are provided for use when instrumental determination of speed is possible .
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7

MEASUREMENT OF PRECIPITATION AND EVAPORATION

7 .1

General requirements.

The total amount of precipitation which reaches the ground in a stated
period is expressed as the depth to which it would cover a horizontal surface
if there were no loss by evaporation or run-off and if any p art of the precipitation
falling as snow or ice were melted. Snowfall is also measured by the depth of
snow covering an ev en surface . The chief aim of any method of measurement
of precipitation should be to obtain a sample that is truly representative of the
fall over the area to which the measurement refers. The choice of site, the form
and exposure of the measuring gauge and the prevention of loss by evaporation
and of the effects of splashing are, therefore, important points to b e observed.

7 .1.1

Units of measurement.

The amount of precipitation should preferably be m easured in millimetres,
the readings b eing made to the nearest 0.1 mm. If the measurement is made
in inches the r eadings should be taken to the nearest 0.01 inch . The d epth of
snow should preferably b e m easured in centimetres. As a rough approximation,
one centimetre of snowfall is equivalent to one millimetre of rainfall, but the
ratio depends very much on the depth and texture of the snow. If the d epth
is measured in inches the same ratio would apply.

7.2
7. 2 .1

Rainfall measurement.
Rain-gauges.

The ordinary daily rain-gauge usually takes the form of a collector above
a funnel leading into a r eceiver. The size of the opening of the- collector is not
important ; a diameter b etween 10 and 20 cm will probably b e found to be
the most convenient. Whatever size is chosen, the graduation of the measuring
apparatus must, of course, be consistent with it. The most important requirements of a daily gauge are as follows :
(a) the rim of the collector should be reinforced with a ring of brass or other
suitable material which should have a sharp edge and should fall away
vertically inside and be steeply bevelled outside ;
(b) the rim should be accurately turned so that its diameter is correct to within
± 0.5 per cent ;
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(c)

the wall of the collector should be sufficiently deep to prevent rain from
being blown out by wind and from splashing in and out. A depth about
equal to the diameter of the collector is suitable ;
·
(d) the receiver should have a narrow neck and should be sufficiently protected
from radiation to prevent loss of water by evaporation.
Weekly and monthly rain-gauges for use at places where daily readings
are impraticable should be similar in design to the daily type but with a
receiver of larger capacity and stronger construction.

7. 2 . 2

Rain-measures.

Of the two methods commonly used for measuring the rain caught in the
gauge, viz. by a graduated measuring cylinder and by a graduated dip rod,
the former is more suitable for daily gauges and the latter for weekly or monthly
gauges. A measuring cylinder should be made of clear glass with a low coefficient
of expansion and should be clearly marked with the size of gauge with which
it is to be used. Its diameter should not be more than about one third of that
of the rim of the gauge and can with advantage be made less than this.
The graduations should be in units of rainfall and be finely engraved ;
in general every 0.1 mm (0.01 inch) should be marked and the whole mm
(0.1 inch) lines clearly figured. It is also desirable that the line corresponding
to 0.05 mm (0.005 inch) should be marked. Where it is not necessary to measure
rainfall to this degree of accuracy then every 0.1 mm (0.01 inch) up to 0.5 mm
(0.05 inch) at least, and every mm (0.1 inch) above that, should be marked and
every 10 mm or every inch line clearly figured. For accurate measures the
maximum error of the graduations should not exceed ± 0.05 mm (0.003 inch)
at or above the 2 mm (0 .1 inch) graduation mark and ± 0.02 mm (0.001 inch)
below this mark.
To achieve this accuracy with small amounts of rainfall it is advisable
that the inside of the rain measure be tapered off at its base. In all measurements,
the bottom of the water meniscus should be taken as the defining line and it is
important to keep the measure vertical and to avoid parallax errors . It is
helpful in this respect if the main graduation lines are repeated on the back
of the measure.
Dip rods should be made of cedar wood, or other suitable material which
does not absorb water to any appreciable extent and with which the capillarity
effect is small. They should be provided with a brass foot to avoid wear and be
graduated according to the relative areas of cross section of the gauge orifice
and the receiving can, making allowance for the displacement due to the rod
itself ; marks for at least every 10 mm (0.5 inch) should b.e shown. The maximum error in the dip-rod graduation should not exceed ± 0.5 mm (0 .02 inch)
at any point.
Although the measurement may be made with a dip rod it is advisable
to check this by using a rain measure as well, wherever possible. The rain
measures used can have a much larger capacity than those for use with daily
gauges (say 100 or 200 mm as against 10 or 20 mm, 5 inches or 10 inches as
against 0.5 inch or 1 inch).
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There are several advantages in measuring the catch in the receiving can
itself, by obtaining the total weight and subtracting the weight of the can.
There is no danger of spilling any and none is left adhering to the can. The
common methods are, however, much simpler and cheaper.

7 . 2. 3

Exposure.

In a perfect exposure the catch of the rain-gauge would accurately represent
the precipitation falling on the surrounding area. This is, however, difficult to
attain in practice because of the effect of the wind and much care has to be given
to the choice of the site. The effect of the wind, due to deviation of the airflow
around the gauge from the horizontal, is generally to reduce the catch and the
stronger the wind the greater is the discrepancy. This effect is reduced, if not
entirely overcome, (a) by choosing the site so that the wind speed at the level
of the gauge mouth is as small as possible but so that there is not, at the same
time, any actual cutting off of rain by surrounding objects, and/or (b) by
modifying the surroundings of the gauge so that the airflow across the
mouth is made accurately horizontal. It is desirable that all the gauges in
any area or country should have comparable exposures and the same criteria
should be applied to all.
Wherever possible the gauge should be exposed with its mouth horizontal
over level ground and surrounding objects should not be closer to the gauge than
a distance equal to four times their height, but subject to this limitation a site
that is sheltered from the full force of the wind should be chosen. Sites on a
slope, or with the ground sloping sharply away in one direction (especially if
this direction is the same as the prevailing wind), should be avoided. The
surrounding ground can be covered with short grass, or be of gravel or shingle,
but a hard flat surface such as concrete gives rise to excessive splashing. The
height of the mouth of the gauge above the ground should be standardised
wherever possible at a height which is as low as possible (because the wind
velocity increases with height) but which is high enough to prevent insplashing
from the ground. In areas which have little snow 30 cm is suitable, but higher
exposures will be necessary where the snowfall is excessive. Exposures on the
roofs of buildings are seldom satisfactory especially if the building is much
higher than its surroundings.
In very exposed places where natural shelter is not available it has been
found that accurate results can be obtained if the gauge is exposed in the middle
of a circular turf wall about 3 metres across. The inner surface of the wall should
be vertical and the outer surface sloping at an angle of about 15° to the horizontal,
with the top level with the mouth of the gauge. Provision should be made for
drainage. The main disadvantage of this arrangement is that the space
enclosed by the wall is liable to get full of snow in the winter.
An alternative way of modifying the surroundings of the gauge is to fit
suitably shaped windshields of the Nipher type around the instrument. When
properly designed these enable much more representative results to be obtained
than with unshielded gauges fully exposed to the wind. The height of the gauge
mouth above the ground then becomes relatively unimportant.
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When observations have to be made on an extensive sloping surface (such
as the side of a mountain) with no suitable level ground on which to mount the
instrument, a gauge fitted with a wind shield should be used and the mouth
of the gauge placed parallel to the general slope of the land. Such a gauge will
measure the depth which falls on the actual ground surface and to obtain the
amount which falls on the equivalent horizontal area the results must be multiplied by the secant of the mean angle of slope.
The gauge must always be mounted firmly so that it cannot be disturbed
even in the strongest winds likely to be encountered. The practice of burying
the base of the gauge in the ground ensures this.

7. 2. 4

Errors and accuracy of reading.

The errors involved in measuring the catch once it has been collected in the
gauge are small compared with the uncertainty due to the effect of the exposure
of the instrument, provided reasonable care is taken in the readings. Daily
gauges should be read to the nearest 0.1 mm (or 0.01 in) and weekly or monthly
gauges to the nearest 1 mm (or 0.1 in). The main sources of error likely to
arise are the use of inaccurate measures or dip rods, the spilling of some of the
water when transferring it to the measure and the inability to transfer all the
water from the receiver to the measure.
In addition to these errors, losses by evaporation can occur. These are
only likely to be serious in hot dry climates and with gauges which are only
visited at infrequent intervals. They can be reduced by placing a drop or two
of oil in the receiver (this forms a film over the surface of the water) or by designing the gauge so that (a) only a small water surface is exposed, (b) the ventilation
is small and (c) the internal temperature of the gauge is not allowed to become
excessive. It is also necessary to ensure that the receiving surface of the gauge
is smooth, so that the rain drops do not adhere to it. It should never be painted.
In winter where rains are often followed immediately by freezing weather,
damage to the receiver, and consequent loss by leakage, can be prevented by
the addition of salt or calcium chloride solution. This again mainly applies to
gauges visited infrequently. Allowance for the solution added must of course
be made when measuring the results. All gauges should be tested regularly
for leaks and any found should be repaired immediately.

7. 3
7.3.1

Rainfall recorders.
General.

Rainfall recorders can be divided into two main types :
(a) those that record the total amount of rain which has fallen since the time
the record was started ;
(b) those that record the intensity of the rainfall at any instant.
They are used to determine the times of onset and cessation of the rain,
its intensity at any time and (in the case of the first type of instrument) to
determine the amounts which have fallen in each part of the period covered
(e. g. the amount in each hour of a daily record or each 6- or 12-hourly period of
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a weekly record). The intensity of the rain can be found approximately from
instruments of type (a) by measuring the slope of the trace.
Because of the large variation in intensity of rainfall which can occur, it
is very difficult to measure the whole range adequately with one instrument
of type (b) and a compromise has usually to be made, depending on the relative
frequencies of high and low rate of rainfall. A rainfall recorder should not be
depended on as the sole instrument for measuring the total amount of rainfall
at a station unless it is of the type that retains all the rain that has fallen for
future measurement in the ordinary way. Similar care should be taken with the
exposure of a recording rain-gauge as with an ordinary gauge.

7.3.2

Float type.

In this type of instrument the rain is led into a float chamb er contammg
a light, hollow float ; the vertical movement of the float as the level of the water
rises is · then transmitted, by a suitable mechanism, into the movement of the
pen on the chart. By suitably adjusting the dimensions of the receiving funnel,
float and float chamber any desired scale value on the chart can be obtained.
To provide a record .over a useful period (at least 24 hours is normally
required) the float chamber has either to be very large (in which case a compressed scale on the chart is obtained) , or some automatic means has to be
provided for emptying the float chamber quickly whenever it becomes full,
the pen then returning to the bottom of the chart. This is usually done with
some sort of siphoning arrangement ; the siphoning process should start fully
at a definite time with no tendency for the water to "dribble" over, either at
the beginning or the end of the siphoning. It should not take longer than
10-15 seconds.
Some sort of heating device should be installed inside the gauge if there
is a possibility of frosts during the winter. This will prevent damage to the
float and float chamber due to the water freezing, and will enable rain to be
recorded during that p eriod. A small heating element or a small power electric
lamp is suitable. The amount of heat supplied should be kept to the minimum
necessary to prevent freezing, so as to prevent excessive losses by evaporation.
The rain falling during the siphoning process will not be recorded by such
an instrument. The error will be proportional to the rate of rainfall and to
the time of siphoning.

7. 3. 3

Tilting bucket type.

The principle of this type of recording gauge is very simple. A light metal
container is divided into two compartments and is balanced in unstable equilibrium about a horizontal axis ; in its normal position it thus rests against
one of two stops, which prevent it tipping completely over. The rain is led
from a conventional collecting funnel into the uppermost compartment and
after a certain small amount of rain has fallen, the bucket becomes unstable
in its present position and it tips over to its other position of rest. The compartments of the container are so shaped that the water can now flow out of the
lower one and leave it empty; meanwhile the rain falls into the upper compart-
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ment again. The movement of the bucket as it tips over can be used to operate
a relay contact of some kind and produce a record which thus consists of discontinuous steps, the distance between each step representing the time taken
for a certain small amount of rain to fall. This amount of rain should not be
greater than 0.1 mm (or 0.01 in) if detailed records are required.
The main advantage of this type of instrument is that it can be arranged
for recording at a distance. Its disadvantages are :
(a) the bucket takes a small but finite time to tip over and during the first
half of its motion the rain is being led into the compartment already containing the calculated amount of rainfall. This error is only appreciable
in heavy rainfall ;
(b) with the usual design of bucket the water surface exposed in it is relatively
large and so evaporation losses can occur, especially in hot regions. This
will be most appreciable in light rains ;
(c) owing to the discontinuous nature of the record the instrument is not
satisfactory for use in light drizzle or very light rain . The time of beginning and ending cannot be accurately determined.

7. 3. 4

Weighing type.

In these instruments the weight of a receiving can plus the rain which has
fallen since the record began is recorded continuously, either by means of a
spring mechanism or with a system of balance weights. All precipitation is
thus recorded as it falls. This type of gauge normally has no provision for
emptying itself so that, although by a system of levers it is possible to make
the pen traverse the chart as many as four times before reaching the limit of
the record, the scale value is limited by this fact (or else some records of very
heavy rain are lost). These gauges have to be designed to prevent excessive
evaporation losses and difficulties are experienced owing to oscillation of the
balance in strong winds. An oil damping mechanism can be fitted to reduce
this last effect. The main usefulness of this type of instrument is in recording
snow, hail and mixtures of snow and rain (see 7. 4. 2. ). It does not require
the solid precipitation to be melted before it can b e recorded.

7. 3. 5

Rainfall intensity recorders.

There are two main principles which can be employed. One type records,
in effect, the amount of rain which has fallen in a short period of time but the
other approaches more closely to the ideal of recording the instantaneous rate,
usually by making use of the fact that the rate at which water flows through
a restricted orifice depends on the pressure or head of water producing the
flow . The rain is allowed to escape through a hole and the head of water produced
is measured. In order to produce a linear scale of rainfall intensity on the chart
the Jardi instrument has a device for producing a variable sized leak, which
increases as the rate of rainfall increases. The first type is usually considered
satisfactory provided the rate of rainfall is not averaged over a period exceeding five minutes ; a float type of mechanism or a mechanism which counts the
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number of drops formed by an orifice at the base of the collecting funnel can
be used.
The first type is generally used for moderate or small rates of rainfall
while the second type can be made to deal with moderate or heavy rain up
to the maximum likely to be encountered. These instruments ca,n only be
used to mea,sure the amount of ra.in falling in a,ny given time interva.l by eva.lua,ting the area underneath the curve. This is a, complicated procedure and not
very accura.te.

7. 4

7 .4.1

Snowfall measurement.
Methods of observation.

There a.re two main wa.ys of measuring the depth of snowfall :
(a) by direct observation of the snow depth on the ground with a graduated
ruler or scale ;
(b) by measuring the depth of snow caught in a gauge after it has been levelled
without compressing.
The first method is more suitable in the absence of strong winds . A mean of
several vertical mea,surements should he made in places where there is considered
to be an absence of drifting. If the depth of snow which has fallen in a certain
period (in the last 24 hours, say) is required, special precautions should be
taken so as not to measure any old snow. This can be done by sweeping a
suitable patch clear beforehand or laying covers of suitable material on top of
the snow surface and measuring the depth down to these. On a sloping surface
measurements should still be made with the measuring rod vertical.
Where strong winds have occurred a larger number of measurements
should be made to obtain a representative depth, but under such conditions
the snow depth may be more accurately obtained by measuring the depth of
accumulation in a shielded snow ga,uge (method (b) above). The gauge should
be at such a height as to be well above the average snow level. The receiver
should be at least 20 cm in diameter a,nd should either be sufficiently deep to
protect the catch from being blown out or else be fitted with a, snow cross
(i . e. two vertical partitions at right angles; subdividing it into qua.drants).
The general principles outlined for the choice of a site for a rain-ga,uge should
be followed as far as possible.
Ordinary unshielded gauges are quite unreliable under such conditions,
because of the wind eddies around the mouth of the gauge. Their catch is
usually much less than that of a shielded gauge. Errors can arise when a gauge
is used, due to drifting snow being caught ; this error can be reduced by mounting the gauge 3-6 metres above the surface. Where observations have to be
taken on hill slopes and the normal horizontal exposure cannot be found, the
gauge should be mounted with its opening parallel to the general slope and
the results converted to the equivalent horizontal depth.
The water content of the snowfall may be assessed by melting the sample
caught in the snow gauge and using a normal rain measure, or by taking
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cylindrical samples of the snow with a suitable snow sampler. It can also be
obtained by weighing the sample. Several representative samples should be
taken. A convenient method of melting the snow in a gauge is to add a
measured quantity of hot water, due allowance being made for the added
water when measuring the total amount in the gauge.

7. 4. 2

Recording snow gauges.

The only satisfactory type of recording snow gauge is an instrument of the
weighing type. During the winter months when rain is not expected, a funnel
can . be dispensed with and the precipitation allowed to fall directly into the
receiver.
It is generally found to be unsatisfactory to use a float gauge provided
with a sufficient amount of heating to melt the snow as it falls, because evaporation losses then become excessive.

Measurement of dew.

7.5

7. 5. i

General.

Resolution 7 of CD Washington 1947, dealing with agricultural-meteorological stations, recommends the provision of continuous registration of a number
of special elements including, if possible, dew. The amount of dew deposited
on a given surface in a stated period is usually expressed in kilograms per square
metre or in millimetres depth of dew. Whenever possible the amount should
be given to the nearest tenth of a millimetre. The amount depends, however,
very much on the properties (including size) of the surface, as opposed to the
meteorological conditions and the results obtained instrumentally are not
necessarily representative of the deposit of dew on natural objects.
Empirical relationships between instrumental measurements and the
deposition of dew on a natural surface should, therefore, be established for
each particular set of conditions of surface and exposure.

7. 5. 2

Methods of measurement.

The most direct method is by exposing at sunset a dried, weighed plate
of hygroscopic material, such as gypsum, plant tissue or blotting paper and
reweighing after sunrise, the increase in weight being assumed to be caused
by dew. This method is inconvenient for routine observations because of the
need to bring the plate in or otherwise protect it at sunrise to prevent evaporation and also because very accurate weighing is necessary. Moreover, the
effect of rain or other precipitation has to be allowed for.
A more convenient method, developed by S. Duvdevani in Palestine *)
is to expose a standardised block of material having a flat, non-hygroscopic
surface of poor heat conductivity and observe the appearance of the dew on
the surface after exposure. It is found that the appearance of the dew is related
*) Quart. J. Roy, Met. Soc. 73, 1947, 282.
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to the amount collected. The observation is made by identifying the appearance
with one of a series of standard photographs of dew on the same material, each
of which has been directly related with measurements obtained by weighing.
The method appears to be able to discriminate between dew and light rain
and the estimates are not appreciably affected by evaporation which might
occur by delaying the observation for an hour or two after sunrise. Further
study of this method has been recommended by CIMO.
A method of recording the occurrence of dew was described by B. Kyriazopoulos in IMO Publication No. 36, 1938, p. 97. In this instrument a strip of
paper coated with soot is drawn slowly, by a clockwork drum, past an opening
which allows short lengths of the paper to be exposed to the sky for equal intervals
of time. When dew is deposited on the paper and subsequently evaporates it
leaves marks which, it is claimed, can be distinguished from those left by hoarfrost and by rain. It was considered by CIMO (Toronto 1947) that further
experience with this instrument is desirable.

7. 6.
7 . 6. 1 .

Measurement of evaporation.
General.

It was recommended in Resolution 7 of CD Washington 1947 that agricultural-meteorological stations should, as far as possible, obtain continuous records
of evaporation in such a way as to be representative of evaporation from soil
surfaces and transpiration from plants. The measurement of evaporation from
soil surfaces and also from water surfaces is of importance to water engineers.
Unfortunately it is difficult to obtain measurements which are truly r epresentative of natural conditions and the instruments at present available cannot be
regarded as very satisfactory for the purpose .

7. 6 . 2.

Methods of measurement.

There are broadly three direct methods by which evaporation is measured :
(a) by measuring the change in weight of a sample of soil ;
(b) by observing the loss of water from a wetted porous surface;
(c) by observing the change in level of a fr ee water surface in a large tank.
The first method is the only one that, with suitable precautions, can provide
information which is fairly representative of the natural process of evaporation
from the ground. A cylindrical sample of soil, of a size convenient for accurate
weighing, should b e separated from the surrounding earth by b eing placed,
with as little disturbance as possible, in a container which fits closely into the
hole from which · the sample is taken. The container sh ould have low heat
conductivity. Unfortunately this method is not very convenient for routine
observations since it involves careful handling of the sample and removal
indoors every time it is weighed . A simplifi cation of the method in which a
shallow sample is kept in the pan of a direct-reading balance and the whole
instrument installed in a screen so that it is sheltered from sun and rain but
at the same time exposed to some natural v entilation, clearly does not give a satisfa ctory representation of evaporation from the sample under natural conditions.
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Method (b) is frequently considered to give a relative m easure of the evaporation from plant surfaces but its indications do not, in fact, bear any close
relation with evaporation from natural surfaces. The apparatus generally
consists of a small vessel of porous porcelain (e. g. in the Livingsto ne atometer)
or a disc of filt er paper (Piche evaporimet er ) atta ch ed to a graduated m easuring
cylinder closed at one end a nd containing water to k eep the porous surface wet.
Instrum ents of this type have the attraction of b eing handy and simple but
in addition to the above limitation their indications are seriously affected by
the deposition of dust or sand on the porous surface.
The evaporation tank method also suffers from the disadvantage that it
b ears only a small r elation to evaporation from a surface r epresentative of
nat ural conditions. It is in fairly wide use, howev er, and in order that the
r esults obtained at different places should b e compa rable the method should
conform to certain requirements. These are given in 7 . 6 . 3.
It must be emphasized that comparable r esults are not obtained when
differ ent methods are u sed. They can only b e obtained by using identical
instrum ents and similar exposures and then can only be regarded as purely
relative except, perhaps, in the case of m ethod (a ).

7. 6. 3

Evaporation tanks.

Some r ecommendations on the standardization of evaporation tanks were
issued by the R esear ch Committee of the Institution of Water Engineers,
London *) and, in the absence of any interna tional standa rds, these r ecommendations might well be followed in order to achieve some uniformity in r esults.
The evaporation tank should b e made of wrought 'iron plates rivetted or
welded togeth er and the size should be 2 metres square and 0.6 m etres deep.
It should be sunk into the ground to within about 5 cm of the rim and, as far
as possible , the level of the water in the tank should b e k ept to within 5 and
10 cm from the top . Th e tank should be exposed in a r elatively sheltered position
otherwise high winds will cause out-splashing. Allowance for rainfall must,
of course , b e made a nd since the accuracy of the m easurements dep ends on the
d epth of water caught as rain in the tank being id entical with that m easured
by raingauge it is essential that the latter should b e exposed quite n ear to the
tank, e. g. about 1 to 3 m from it.
The water lev el in the t a nk can be measured accurately by m eans of a hookgauge consisting of a movable scale and v ernier fitted with a hook the point
of which indicates when the gauge is correctly set to touch the water surface.
An alternative arrangement is to u se a float to operate a n indicator on a scale
(or a r ecorder ). In both cases it is essential for the measuring d evice to be
enclosed in a still-water chamb er in the tank; this chamber , which should b e
about 10 cm across the top and about 30 cm d eep with a small hole in the bottom,
break s any ripples that may b e present in the main part of the tank.
In using the measurements it must b e rem embered that an evaporation
tank can give no more than the loss from a free water surface in a relatively
sheltered site.
*) J . Inst. Water Eng., London, 2,

19~8,

257-266.
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8. 1

-

MEASUREMENT OF VISIBILITY

General.

Visibility is defined as the greatest distance at which an object of specified
characteristics can be seen and identified in any particular circumstances, or,
in the case of night observations, could be seen and identified if the general
illumination were raised to the normal daylight l evel. It should be emphasized that the criterion of identifying an object should be used and not
merely the seeing of the object without recognising what it is. The lower
visibilities are expressed in metres or yards (or fractions of a mile) and the
higher visibilities in kilometres or miles. The term may express the visibility in
a single direction or the prevailing visibility based on all directions. Observations of visibility should be made without the aid of binoculars, telescopes or
theodolites.

8. 2
8. 2 .1

Visibility objects.
Plan of visibility objects.

Each station should prepare a plan of objects used for the observations
and showing their distances and bearings from the observation point. The
plan should include objects suitable for determining the visibility by night as
well as by day (CD Washington 1947: 147).

8. 2. 2 Daytime visibility objects.
Provided they m eet the following requirements, objects at as many distances
as possible should be selected for observations in the daytime. The choice of
objects should be confined to those that are black or nearly black and which
appear against the horizon sky. Those which are light coloured or stand close
to a terrestrial background should be avoided as far as possible. This point
is particularly important when the sun is shining on the object. Provided the
albedo of the object does not exceed about 0.25 no error larger than 3 per cent,
will be caused if the sky is overcast, but it may be much larger if the sun is
shining. Thus, a white house would he very unsuitable but a group of dark
trees would be satisfactory except when brightly illuminated by sunlight. If
an object with a terrestrial background has to be used it should stand well in
front of the background, e. g. at a distance at least half that of the object from
the observation point. A tree at the edge of a wood, for example, would not
be suitable for visibility observations. Objects seen against the rising or setting
sun give visibilities which may be much too big ; other objects should therefore
be used at sunrise and sunset.
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In order that visibility measurements should be representative they should
refer to objects not less than a specified minimum size, for an object that subtends
an angle of less than 0. 5 degree at the observer's eye becomes invisible at a
shorter distance than larger objects under the same conditions. Objects whose
angular size is less than 0.5 degree, therefore, should not be selected as visibility marks. It may be useful to note that a hole 7.5 mm (0.3 inch) in diameter
punched in a card that is held at arm's length subtends approximately this
angle at the observer's eye. A visibility object viewed through such an aperture
should, therefore, completely fill it. At the same time, however, an object
should not be so large in the horizontal direction that it subtends an angle of
more than 5 degrees (CD Washington 1947 : 147).

8. 2. 3

Night visibility objects.

The most suitable objects for determining visibility at night are unfocussed
lights of moderate intensity at known distances and the silhouettes of hills
and mountains against the sky. The brilliance of stars near the horizon may
also be a us eful indication. Because of their intensity, airway beacons should
not be used as visibility marker lights, but their degree of brilliance may be
used as a rough indication whether the visibility is greater or less than the
distance of the beacon. "Course lights" (red or green) of beacons may be used
as definite visibility markers. These and all other lights should be used with
caution after storms since their intensity may be reduced by snow or freezing
precipitation. In order that the observer's eye should become as well accommodated as possible, visibility should be the last of the outdoor observations
to be made.

8.3
8. 3 .1

Relation between day and night visibility.
Theoretical basis.

The change from daylight to darkness, or vice versa, does not itself affect
the attenuation coefficient of the atmosphere, on which visibility depends.
Such changes in visibility as may sometimes occur at dawn or dusk are associated with changes in atmospheric conditions, e. g. a change in air mass or
an increase in turbulence. The attenuation coefficient er, which represents the
proportion of light flux removed from a beam of light in unit distance, is
defined by
E1 = Eoe-cr"
where E 1 is the flux density, at distance x, of a parallel beam whose flux density
at x = 0 is E 0 , and the fact that in a given state of the atmosphere er will be
the same by day and by night makes it possible to relate measurements made
with lights at night to those made with daytime objects. Koschmieder's
theory, which is now generally accepted, shows that er is related to the distance
of visibility V of an object in daylight by

1

1

er= - log V E
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where E is the limiting or threshold value of the contrast (H - B)/B between
apparent brightness of object B and brightness of background H at which
the object is only just visible. It can also be shown that

cr =

1

I0

Slog ES2

where S is the distance at which a light of candle power I 0 is only just visible
and where E is the limiting or threshold flux density of parallel light to be
just visible. In connecting I 0 and S with V by equating these two expressions
for O' the determining factors are the values assumed for E and E. Both these
factors vary from observer to observer and with the general intensity of illumination but whereas E, for practical purposes, can be assumed to be constant
and to have a numerical value 0.02, the threshold of flux density is a much
more variable quantity and ranges from about 1 X 10-1 0 lumen. cm-2 in twilight to about 0.01 X 10-10 lumen. cm- 2 in complete darkness . It is important,
therefore, that due allowance should be madP for this when visual observations
on lights are made and converted to daylight visibilities.

8. 3. 2.

Conversion of night visibility observations to daylight scales.

For practical purposes the relationship between the brightness of a distant
light and the daylight visibility is most conveniently expressed as :
(a) the candle power of a light that is just visible at a specified distance, and
(b) the greatest distance at which a light of specified candle power can be seen.
The following tables *) give values under these two headings appropriate
to conditions corresponding with various daylight visibility distances. It has
been issued for the guidance of Meteorological Services in selecting or installing
lights for night visibility observations and in preparing instructions for their
observers for the conversion of these observations to the daylight scale.
Daylight visibility
distance

Candle-power of lamps just discippearing cit distances
given in column V

v

A

m.

c. p.

100
200
500
1,000
2,000
5,000
10,000
20,000
50,000

.5
2.0
12.5
50
200
1,250
5,000
20,000
125,000

B
c. P·
.05
.20
1.25
5
20
125
500
2,000
12,500

c
c. p.

.005
.020
.125
.5
2
12.5
50
200
1,250

*) Recommended by CD Washington 1947: 114, pending the results of further
investigations by the CIMO.
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Daylight f' isibility
distance

v
m.

100
200
500
1,000
2,000
5,000
10,000
20,000
50,000

Distance at which lamp of 100 c. p . must be placed
A
m.

200
340
680
1,120
1,750
3,100
4,300
5,700
7,500

c

B
m.

m.

250
440
910
1,540
2,600
4,800
7,500
10,900
16,500

300
540
1,140
2,000
3,400
6,800
11,400
17,500
30,000

Co 1 um n A applies to observations at twilight or when t h ere is appreciable
light from artificial sources . It assum es that, under these conditions, the
minimum light p er ceptible in a perfectly clear atmosphere is 1 c. p. at 1,000
m etres.
C o l u m n B applies to observations when there is moonlight or when it
is not yet quite dark. It ass umes that, under t h ese conditions, the minimum
light p erceptible in a p erfectly cl ear atmosphere is 0.1 c. p. at 1,000 m etres.
C o l u m n C applies to observati0ns when it is quite dark or there is no light
other than starlight. It assumes that, under these condit ions, the minimum
light p erceptible in a p erfectly clear atmosphere is 0.01 c. p. at 1,000 m etres .
As stated in 8 . 3 .1 ., the limiting value of the contrast between object
and background at which the object is only just visible is assumed to be 0.02.
In view of the substantial differ ences caused by r elatively small variations
in the threshold v alues and the known differ ences of the values in differ ent
conditions of general illumination, it is clear that the purpose of the ab ove
table is not t o provide an a b solute criterion of visibility but to en sure so far
as p ossible that the night ob servations in different Services are comparable.
It is easily seen h ow mislea ding values can b e if they ar e based simply on the
dist ance at which ordinary lights are visible, without du e allowan ce for the
intensity of the light. In a moderate fo g a light of 100 c. p. will b e visible at
night at three times t h e distance at which an obj ect would b e visibl e by clay
in fog of the sam e intensity. This emphasizes the im portance of careful and
explicit instruction to observer s and training in making visibility observations.
The table sh ould enable :Meteorolo gical Services to prep are for their stations
the n ecessary instructions to ensure that observations on the lights available
or provided, or observations made by photo- electric or other methods are coded
in a standard way. It will, in general, be necessary to u se lights of definite
candl e-power at fixed distances but it will not b e practicabl e to provide lights
of varying candle-power at the different distances. Ob servations at night
coded by the r elat ions set out in the table (or by interpolation wher e interm ediate values are concerned ) will (a) b e comparable so far as practical

84

CHAPTER 8

requirements are concerned with the observations in daylight, (b) be directly
applicable for the determination of the distance at which lights of known
candlepower will be visible.

8.4

Estimations of visibility.

In some situations a restricted horizon or the absence of suitable objects
may prevent observations from being made except over comparatively short
distances. In such cases, unless instrumental methods are available, visibilities
greater than the distances for which objects are available must be estimated
from the general transparency of the atmosphere. This can be done by noting
the clearness with which the farthest available object stands out. Sharp outlines and relief, with little or no blurring of colour, indicate that the visibility
is much greater than the distance of the reference object. On the other hand,
blurred or indistinct objects indicate the presence of haze, or other phenomena,
that has reduced the visibility to not less than the distance of the objects.
These considerations should also be used in interpolating between objects at
different distances.

8. 5

;visibility meters.

8. 5 . 1

General.

Most visibility meters involve the measurement of atmospheric opacity
or transmission and the adoption of certain assumptions in converting the
measurement to visibility. There is no advantage, therefore, in using an instrument for daytime measurements if a suitable series of objects is available
for direct observation. On the other hand a visibility meter is useful for night
observations or when no objects are available as, for example, on board ship.
Visibility meters fall into two main classes, (a) those that measure the attenuation or transmission coefficient of a long column of air and (b) those that measure
the scattering of light from a small volume of air. Both classes include instruments in which the measurements are made by eye and instruments in
which a photoelectric cell is used. The chief disadvantage of the visual types
is that considerable errors may be introduced if the observer fails to allow
sufficient time to accommodate his eye to darkness. The chief features of the
main classes of visibility meter are as follows.

8. 5. 2

Telephotometer instruments.

A number of telephotometers have been designed for daytime measurement
of the attenuation coefficient by comparing the apparent brightness of a distant
object with that of the sky background but they are not normally used for
routine measurements since, as stated above, it is preferable to use direct visual
observations. These instruments may, however, be found useful for extrapolatin!! beyond the most distant object.
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Visual extinction meter.

A very simple instrument for use with a distant light at night takes the
form of a graduated neutral filter, which reduces the light in a known proportion
and is varied until it is only just visible. The meter reading gives a measure
of the transparency of the air between the lamp and the observer, from which
the attenuation coefficient can be calculated and also the equivalent daylight
visibility. The overall accuracy depends mainly on variations in the sensitivity
of the eye and on fluctuations in the brightness of the lamp, the probable error
being about 10 per cent when the visibility is the same as the distance of the
lamp and increasing in proportion to the visibility. The advantage of the
instrument is that it enables a range of visibilities from 100 m to 5 km to be
covered with reasonable accuracy using only three well-spaced lights whereas
without it a more elaborate series of lights is essential if the same accuracy
is to be achieved.

8. 5 . 4

Photo-electric transmission meter.
In this type of instrument the decrease in brightness of the beam from a
small projector at a distance of a few hundred meters is measured by means of a
photo-cell near the focus of a condensing lens. Changes in the intensity of the
light source should be allowed for by means of a small auxiliary photo-cell
placed at a negligible distance from the source. Such an instrument should be
standardised in terms of daylight visibility by the use of Koschmieder's theory
(see 8. 3 .1. ). Periodic checks made soon after sunset on occasions when the daylight visibility is known to exceed about 15 km enable the relative sensitivity
of the two photo-cells to be measured. Provided the main photo-cell is well
screened from extraneous light the apparatus can be used in weak daylight as
well as at night. A more elaborate instrument of this type, but using a
modulated light source, can be made to work in full daylight.

8. 5. 5

Scatter coefficient meters.

Although the attenuation of light is due both to scattering and to the
effect of absorption by dust or smoke particles, in general the absorption effect
is negligible and the attenuation coefficient may then be taken to be the same
as the scatter coefficient. An instrument for measuring the latter can therefore be used for obtaining the visibility. The measurement is most conveniently
done by concentrating a beam of light on a small volume of air and determining, by photometric means, the proportion of light scattered. Provided it is
completely screened such an instrument can be used by day as well as by night.
Since it does not involve a long light path it should be useful where no visibility
objects or lights are available, but it suffers from the disadvantage that only
a very small sample of the air is used and may be very unrepresentative of the
outside air. This disadvantage can be overcome to some extent in a moving
ship or aircraft by averaging a reasonably large number of readings.
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MEASUREMENT OF RADIATION AND SUNSHINE

General requirements for radiation measurements.

One of the earliest IMO recommendations for radiation measurements
(IMC Rome 1913) stated that the total radiation from the sun should b e measured
regularly at least once a day, at a fixed hour, on clear days and more often
if p ossible. Much more recently (CD Washington 1947: 14) it was recommended
that each country should establish a n etwork of stations for radiation measurements, for use in climatology and in various other applications. At the same
Conference it was also recommended, in R esolution 7 dealing with the establishment of agricultural-meteorological networks, that the stations of these networks
should, as far as possible, record continuously global radiation, particularly
within the photosynthetic bands of the solar spectrum. These bands were
specified as the red-orange between 0.60 and 0. 70 µ, the blue-viol et between
0.40 and 0.50 µ and the biological ultra-violet between 0.29 and 0.32 µ. The
measurement of the duration of sunshine should also be included in any scheme
of radiation observations.
The recently appointed CIMO Sub-Commission on Actinometry is expected
to make recommendations, in due course, on the most suitable methods and
equipment for carrying out these measurements and to arrange for the establishment of international standard scales, by reference to which the standard
instruments of different Services can b e comp ar ed. For the present, ther efore,
it is not proposed to go into any great det ail on these questions here but merely
to indicate briefly the chief features of the better known types of radiation
instruments.

9. 2

9. 2. 1

Radiation instruments.
Types of measurement.

Those more commonly in use may be classified as follows :
(a) the measurement of the intensity of direct solar radiation of normal incidence;
(b) the measurement of t he inten sity of radiation r eceived by a horizontal
surface from the sun and the sky or of the diffuse radiation from the sky
alone;
(c) the measurement of the duration of sunshine ;
(d) thermometric observations.
Pyrheliometers are used for (a), or pyrheliograph s when recording is r equired .
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For (b) solarimeters or solarigraphs are used. The measurements with these
instruments are frequently confined to those of total radiation but by the use
of suitable filters they can equally well be used for radiation from selected parts
of the spectrum.

9. 2. 2.

Pyrheliometers.

An essential feature of these instruments is that they must be provided
with a means of keeping them pointing to the sun, either by hand or, if recording
is required, automatically.

9 . 2. 2 .1

Angstriim compensated pyrheliometer.

This instrument has hitherto been accepted as the standard (IMC Vienna
1926 : 73) but it is expected that a permanent standard pyrheliometer on the
same principle, but of improved design, will ultimately be adopted for international comparisons. The Angstrom instrument is an absolute one in which
the rate of absorption of heat by a blackened metal strip, exposed to the sun's
rays, is determined by measuring the electric current necessary to heat a similar
shielded strip to the same temperature. The rate of generation of heat in the
circuit is then equal to the rate of absorption of heat by the exposed strip.
Thermocouples attached to the backs of the strips enable their temperatures
to be compared. The instrument is a very reliable one and maintains its
accuracy over very long periods .

9 . 2 . 2 . 2 SilPer disc pyrheliometer.
In this instrument the rise in temperature in a silvered disc on being exposed
to the sun's rays is measured directly by a mercury thermometer and the intensity
of the radiation is obtained by reference to calibration data for the instrument
which has to be standardized against an absolute one. In this type of instrument,
which is simple and reliable, the standard scale can be reproduced with an
accuracy of 0.5 per cent.

9.2.2.3

Michelson pyrheliometer.

This is an instrument which, on account of its small size, is more suitable
for field work and expeditions. It consists of a very small bimetallic strip
whose movement, on exposure to the sun's rays, is measured by means of a
low-powered miscroscope. The small size of the element makes the instrument
very rapid in response but it requires more frequent calibration than the types
already described.

9. 2. 2 . 4

Thermopile pyrheliometer.

This is particularly useful for the continuous recording of direct solar
radiation. For such a purpose the thermopile is fixed on a clock-driven equatorial
mounting to ensure its being kept normal to the sun's radiation. The output
of the thermopile is fed into an indicating or, more frequently, a recording
micro-ammeter. The instrument has to be standardised against an absolute
one and checked at frequent intervals.
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Solarimeters.

The more accurate type of solarimeter is similar in principle to the thermopile pyrheliometer but the thermopile is exposed horizontally under a glass
hemisphere. If diffuse radiation only is to be measured a metal shadow ring
is fitted above the thermopile so that, with slight movements of the ring each
day along the polar axis, it can prevent direct radiation from the sun from
reaching the thermopile. A correction should be applied to take account of such
fraction of the sky as is cut off by the ring and by any obstructions to a clear
horizon.
Another type of solarigraph records the relative movement of black and
white bimetallic strips due to their temperature difference when exposed horizontally to solar radiation. The recording mechanism is very similar to that
used in a bimetallic thermograph. This instrument is useful for routine recording
where high accuracy is not essential. Unlike the electrical types it is not suitable
for remote recording but it has the advantage of being self-contained and very
portable.

9. 2. 4

Solar and terrestrial radiation thermometers.

The solar radiation thermometer , consisting of a mercury maximum thermometer, with a blackened bulb, enclosed in an evacuated glass sheath has
been used for measuring the maximum t emperature reached by the bulb when
exposed to the sun and the difference between this temperature and the maximum
screen temperature has been taken as a measure of the maximum solar radiation
for the day. On account of the difficulty of obtaining comparable results with
different instruments and of interpreting the indications of an individual
instrument, black bulb thermometers are not now recommended as a means
of measuring solar radiation.
The terrestrial radiation or grass minimum thermometer gives an indication,
by low readings, of the effectiveness of terrestrial radiation but ther e is no
rule by which a numerical estimate of the intensity of the radiation can be
obtained from the readings. The thermometer should be exposed just above
the grass so that its temperature is not affected by conduction from the ground.

9. 2. 5

Reduction of radiation measurements.

The intensity of radiation should normally be expressed in gram calories
per square centimetre per unit time. Resolution 18 of CD Washington 1947
recommends that in the publication of observations of direct and diffuse solar
radiation (either total or for selected parts of the spectrum) the true solar h eight
should be given and also the air thickness expressed in multiples of a unit air
thickness "l" defin ed as the vertical thickness of the atmosphere at a pressure
of 1,000 mb. It is preferable that the observations be referred to true lo cal
solar time. For correlating the data with other meteorological elements, the
conversion of true solar time to Greenwich time ought also to be given. Air
thickness should be given to two decimal places and time to the n earest minute.
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Methods of recording duration of sunshine.

9.3.1

General.

The chief purpose of sunshine recorders is to enable the hourly totals of
the duration of sunshine to be measured accurately to the nearest tenth of an
hour. Three main types of instrument are available, viz. (a) the CampbellStokes pattern which uses the focussed heat radiation from the sun to burn a
trace in a chart, (b) the Marvin pattern in which the heat radiation actuates
a thermometric switch controlling a chronograph pen, and (c) the Jordan in
which the actinic radiation from the sun is made to record a trace on photographic paper. Detailed descriptions of these instruments are to be found in
the text-books; only the more essential features are dealt with here. Types (a)
and ( c) act as sundials and require no clock.

9. 3. 2
9. 3. 2 .1

Campbell-Stokes sunshine recorder.
Chief requirements.

This recorder consists essentially of a glass sphere about 10 cm diameter
mounted concentrically in a section of a spherical bowl, the diameter of which
is such that the sun's rays are focussed sharply on a card held in grooves in the
bowl. The method of supporting the sphere differs according to whether the
instrument is required for operation in polar, temperate or tropical latitudes .
Three overlapping pairs of grooves are provided in the bowl to take cards suitable
for different seasons of the year. If comparable results are to be obtained it
is necessary that both the bowl and the sphere should be made with great
precision and that the mounting be so designed that the sphere can be easily
and accurately centred in the bowl.
The chief requirements of the sphere are that it should be of uniform and
well annealed colourless or very pale glass. For a standard pattern instrument
in which the radius of the bowl is 72.8 ± 0.2 mm the principal focal length of
the sphere for Sodium D light should be 74.9 ± 0.2 mm. Special equipment
for testing sunshine spheres is described by E. G. Bilham in the Journal of
Scientific Instruments, London, 6, 1929, 1 and it is recommended that similar
equipment be installed at the headquarters of Services that use the CampbellStokes recorder.
The bowl should be constructed of a durable material such as gun-metal
and should have a central line engraved transversely across its inner surface
(to facilitate adjustment). There should be provision for adjusting the bowl
to suit the latitude of a station. To facilitate making adjustments for level
and azimuth after the base has been fixed to a rigid support, it is very desirable
that the bowl and the sphere support should be mounted on a sub-base with
screw and slot adjustment. A ready means of ascertaining whether the bowl is
correctly made is to measure the diameter defined by the line joining the points
of intersection of the 0600 h and 1800 h time lines with the central line of a
record card in the grooves . For a standard bowl this length should be 14.55 cm
for the equinoctial cards and 14.07 cm for the summer and winter cards.

90

9. 3. 2. 2

CHAPTER 9

Record cards.

These should be made of good quality paste-board and should be cut in
such a way that no expansion occurs in the direction of the length on wetting.
A thickness of 0.4 mm is recommended. They should be printed in a colour,
such as a medium sh ade of blue, that absorbs heat radiation ; pending the
adoption of a standard fixed by reference to a colorimetric scale a specimen
card should be kept by Meteorological Services as a standard for colour. The
dimensions of the cards should be accurate to within± 0.3 mm otherwise trouble
will be experienced in fitting or retaining them in the grooves of the bowl
especially in wet weather. Three sizes are used according to the season of year,
as follows:
(a) long curved cards in summer, from 13 April to 31 August;
(b) short curved cards in winter, from 15 October to end of February;
(c) straight cards at equinoxes, from 1 March to 12 April and 1 September
to 14 October.

9. 3. 2. 3

Adjustments.

In instaJling the recorder the following adjustments are necessary :
(a) the base should be levelled ;
(b) the bowl should be adjusted so that the centre line of the equinoctial card
lies in the celestial equator (the scale of latitude marked on the bowl
support facilitates this) ;
(c) the vertical plane through the centre of the sphere and the noon mark
on the bowl must be in the plane of the meridian.
A recorder is best t ested for (c) by observing the sun's image at the lo cal
apparent noon ; if the instrument is correctly adjusted the image should fall
on the noon mark of the bowl or card. Local apparent time is obtained by
subtracting the equation of time from local mean time.

9. 3. 2. 4

Errors of adjustment.

If all the adjustments have been made satisfactorily the burns should be
parallel to the central lines of the cards . Faulty adjustment may cause serious
lo ss of r ecord, at certain times of the year, through the trace running off the
edge of the card. A symmetrical trace which is not parallel to the central line
indicates faulty adjustment for latitude. An unsymmetrical trace is caused
by incorrect meridian adjustment and by incorrect levelling. A trace which
is in the correct position at the equinoxes but not parallel to the central line
at other seasons indicates a displacement of the centre of the sphere in the plane
through the celestial equator. Poor adjustment for concentricity will cause
the trace to be broad and ill-defined at the edges .

9. 3. 2. 5

Measurement of the records.

Owing to the finite size of the sun's image on the card there is always some
lateral spreading of the burn at the ends of an interval of bright sunshine . The
effect of this on the total recorded sunshine becomes appreciable in intermittent
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sunshine unless due allowance is made. This should be done by carrying the
measurement of a burn to points half-way b etween the centr es and the extreme
edges of the semi-cir cular ends of the burn. Another pro cedure should be
adopted when the burn is faint, as is usually the case near sunrise and sunset
or when the sun is shining through slight haze. In these cases t he m easurement
should be carried to the extreme ends of the brown trace. The adoption of these
conventions should lea d to confmmity of practi ce and in order to ensure that
they are understood and followed by observers it. is recomm ended that cards
m easured at the stations should be checked frequ ently at the h ead quarters of
a Service.

9.3.3

Jordan sunshine recorder.

This consists of two semi-cylindrical cameras each having, in its fla t side,
an aperture through which the sun' s rays are admitted . The cameras are mounted
side by side, one with its aperture towards the east and the other towards the
west, on a levelling base plate which can be adjusted for latitude by means
of a graduated arc. The r ecord is obtained on photographic paper, such as the
ferro-prussic type, placed round the cylindrical wall of each camera. The
instrument requires adjustment for level and m eridian as well as for latitude.
It has b een found that measurements of t h e records are open to considerably
more uncertainty than are the measurements of Campbell-Stokes records. One
of the diffi culties associated with the instrument is that of ensurin g constant
sensitivity of the photographic paper.

9. 3. 4

Marvin sunshine recorder.

This is essentially a differential air thermometer with one clear bulb and
one black bulb in an evacuated glass jack et . The bulbs are separated by a
column of mercury and alcohol that clos es an electric circuit when sufficient
radiation falls on the instrument. The circuit can be made to operate a chrono graph and thus the instrument has the advantage over the Campbell-Stokes
and Jordan types of being r emot e r ecording.
The Marvin instrument should be set in the meridian plane at such an
angle that the mercury column just closes the electric circuit during the time
when the sun's disc can b e just faintly seen through the clouds. This adjustment
should b e made in spring or winter, but it does not provide an exact standard
for the comparison of different instruments of the same type. Like the CampbellStokes instrum ent the Marvin is subject to errors due to faulty installation
and adjustment and does not record weak sunlight when the sun is within 5°
of the horizon. It is affected by diffuse radiation as well as by direct solar
radiation.

9 . 3. 5

Exposure of sunshine recorders.

Two essentials for correct exposure are (a) that the site should provide an
uninterrupted view of the sun at all times of the year, throughout the whole
period when it is above the horizon, and (b) that the recorder should b e firmly
fixed to a rigid support. With r egard to (a), since sunshine is rarely bright
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enough to be recorded when the sun's altitude is less than 3°, obstructions
subtending less than this angle vertically can be disregarded. Where a satisfactory exposure cannot be obtained at ground level it may be desirable to instal
the recorder on the roof of a building. To determine what effect will be produced
by obstructions a survey should be made of their bearings, elevations and
angular widths. The proportion of possible sunshine they would cut off can
then be calculated by the methods of spherical astronomy.

CHAPTER
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MARINE OBSERVATIONS

10. 1

General requirements.

10 .1.1

Elements to be observed.

for
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)
(i)

Ships which undertake meteorological observations should be equipped
observing or measuring the following elements :
wind speed and direction;
atmospheric pressure, tendency and characteristic ;
weather - present and past;
cloud amount, type and height;
visibility ;
air temperatures (wet and dry bulb);
sea temperature ;
ocean waves, height, period and direction ;
ice conditions.

10 .1. 2 Equipment required.
The equipment of observing ships should include the following instruments
(CD Washington 1947 : 52) :
(a) marine mercury barometer (with or without a Gold slide) ; as an alternative,
a precision aneroid is acceptable provided it is frequently checked against
a mercury barometer ;
(b) sling or aspirated psychrometer ;
(c) barograph, open scale preferably;
(d) sea temperature thermometer for use with (e);
(e) suitable receptacle for obtaining sample of sea water ;
(f) condenser intake thermometer, as an alternative to (d) and (e), e. g. in
large fast liners.
Apart from the modifications described in the following sections of this
Chapter the instruments u sed in ships should conform to the requirements
laid down or recommended in the appropriate sections of the Guide. Instruments
supplied to ships should be tested or inspected by the Meteorological Services
concerned (CD Washington 1947: 52).

10 .1. 3

Times of observations.

These should be in accordance with the requirements of section 1. 4. 2. but
where operational difficulties on board ship make it impracticable to observe
these times, the synoptic observations should be taken as near as possible to
the recommended synoptic hours, the actual hour being recorded (CD Washington 1947 : 112).
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Wind

(see also Chapter 5).

Methods of observation.

The observation of wind speed and direction should be made either by
visual estimates or by means of anemometers or anemographs.
Visual estimates should be based on the appearance of the sea surface.
The wind speed is obtained by r efer en ce to the Beaufort Scale in conjunction
with Captain P etersen's Sea Criterion Tables; and the wind direction by observing the motion of sea waves (i. e. wind driven waves and not swell waves raised
by the wind in a distant area). This method of wind estimation becorn.es unreliable
in shallow water, or when close inshore due to the tidal effect and the shelter
provided by the land (CD Washington 1947 : 62 and 134).
In ships fitted with anemometers or anemographs, observations should be
the mean r eading over a 10-minute p eriod. When observations are taken from
a moving ship, it is necessary to distinguish b etween the relative wind and the
true wind ; for all meteorological purposes the true wind should be reported.
It is advisable to draw a simple vector diagram or to use a special tabl e for
computing the true wind from observations of the relative wind and ship's
speed and course.

10. 2. 2

Units of measurements.

Wind direction (i. e. direction from which the wind is blowing), should be
reported in angular distance from true North expressed on the scale 00-36
(tens of degrees).
Wind speed should be reported in knots. vVhen observations are made
visually, the Beaufort Force should be converted into knots by use of a table
of equivalents (see 6. 5. ).

10. 2. 3

Basic requirements of wind instruments.

In struments for measuring wind are very rarely found in merchant ships
but if such instrum ents are fitted, the following basic requirem ents should be
borne in mind :
(a) the instrument should give both wind speed and direction and be capable
of minimising roll effects. Any residual roll effect should be capable of
· reasonable assessment ;
(b) no limits of precision in anemometry have yet been laid down; but it is
suggested that the limits of accuracy should be about ± 4° for direction
and ± 1 knot for speed, except at low sp eeds ;
(cJ the lag coefficient, as defined in Resolution 131 (CD Washington 1947),
of the wind speed indicator or r ecorder should not be greater than 1 second.
As regards the wind direction, experience has shown that a greater lag
coefficient is desirabl e, and an approximate value of 2-3 seconds has been
found sati8factory.

10. 2. 4 Exposure and management of instruments.
It is difficult in most cases to obtain a r eally good exposure for ship-borne
wind instruments. The lo cal effects produced by the superstructure, masst
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and spars should be minimised as much as possible by siting the instrument
as far forward and as high as practicable. It is preferable that the speed and
direction h eads should form separate units, a~ a more even distribution of the
weight on the yard can be obtained, and it becomes possible to fit the in strument
further outboard on this account. If fitted to a mast instead of on a yard,
each unit should be mounted on a bracket in a p osition at least 4, and preferably 10, diameters of the mast away from it.

10. 2. 5

Portable wind instruments.

Various types of portable anemometers, both cu p and pressure tube, are
on occasions used at sea . The main disadvantage to the use of these instruments
is that it is difficult to give them a r epresentative exposure.

10. 3

Atmospheric pressure, tendency and characteristic.

10. 3 .1

Methods of observation.

Pressure should be m easured either by a mercury barometer, or by a
precision aneroid. In the case of the former, the "pumping" effect (i. e. rapid
and regular changes in the h eight of the mercury) should be allowed for when
a r eading is made. This is done by taking the mean of 2 or 3 sets of readings,
each set consisting of the highest and lowest points reached during the oscillation
of the mercury in the tube.
The characteristic and amount of the pressure change in the past three
hours are obtained from a barograph, preferably an open scale instrument
graduated in divisions of one millibar. Alternatively the amount of change may
be obtained from successive readings of the mercury barometer with a threehour interval.
Pressure and tendency should be reported in millibars and tenths of a
millibar.

10. 3. 2 Basic requirements of barometers and barographs.
10 . 3 . 2 .1

Mercury barometers.

The mercury barom eters used on board ships are mostly of the fixed cistern
pattern. In addition to possessing the requirements of a good station barometer
(see 3. 2 .1. and CD ·w ashington 1947 : 142), a marine barometer should have
an appropriate lag in order to reduce pumping of the mercury column. This
can be conveniently arranged by constricting the bore of the tube for the lower
and greater part of its length by means of capillary tubing.
The lag coefficient of a marine barometer can be measured by tilting the
instrument so that it is readin g 50 mb above the actual pressure and noting
the time taken for this difference to fall to 18 mb. This falling time should be
between 4 and 9 minutes.

10 . 3. 2. 2 Aneroid barometers and bcirographs.
All aneroids should conform to the general requirements given in 3. 3 .1.
and should be supplied with a certificate giving the correctio11s (if any) whi ch
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must be applied to the readings of a particular instrument. Aneroids should
be capable of being read to 0.1 mb. The limit of accuracy should be ± 0.5 mb
and the scale errors should remain within this tolerance fbr at least a year.
The general requirements of barographs are given in 3. 5 .1 . To avoid frictional
errors, the control extended by the actuating element should be relatively
powerful. A built-in damping device (e. g. an oil bath containing the aneroid
box or a dash pot connected to the lever mechanism) should be provided to
avoid the wide trace produced by rapid pressure variations caused by gusty
winds and excessive movement of the ship.

10. 3. 3 Exposure and management.
10 . 3. 3 .1

Mercury barometers.

It is usually very difficult to give a marine barometer an exposure which
satisfies the requirements specified in 3. 2 . 2. The barometer should be mounted
in gimbals in a position as near as possible to the centre of flotation, where it
can swing freely, is not liable to interference from passing traffic, and where
the temperature is as nearly uniform as possible. If the barometer is put into
a box for protection between the hours of observation, care must be taken that
the instrument is put down in a free position at least half an hour before the
observation is made.

10. 3. 3. 2 Barographs.
A barograph should be mounted athwartships (to minimise risk of the
pen arm swinging off the chart) on shock absorbing material in a position where
it is least likely to be affected by concussion, vibration or movement of the
ship. The best results are generally obtained from a position as close to the
centre of flotation as possible.
10.3.4

Corrections (see also 3.2.4).

In the case of mercury barometers, provision should be made for the application of the following corrections :
(a) index error;
(b) temperature of the instrument ;
(c) latitude (gravity correction);
(d) reduction to sea level.
These corrections may be combined in a single table with the temperature
of the attached thermometer and the latitude as arguments, or a "Gold Slide"
may be used. This special slide rule is attached to the barometer and incorporates the attached thermometer. It gives the total barometer correction and
reduction to sea level in one operation.

10. 3. 5

Sources of error.

In addition to the errors discussed in 3. 2. 5. appreciable errors may be
caused by the effect of the wind on the pressure in the compartment in which
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the barom eter is pla ced . These may be reduced by enclosing the instrum ent
in a chamber connected wit h a static pressure vent.
Another source of error is the regular oscillation of the barometer when
hanging fr eely. The amount of the error depends on the position of the point
of suspension, the period of swing of the barometer and the amplitude of the
oscillation from the true v ertical (which may b e much smaller than the oscillation
about an axis fixed r elative to the ship). A barometer which is mounted in
gimbals and is oscillating regularly for a considerable time (15 minutes or more)
with a swing of about 10° may read as much as 4 mb too high. If, however, the
amplitude of the swing were only 2° the error would b e reduced to about 0.2 mb.
On account of the lag of the barometer , the flu ctuations due to the pressure
variations caused by the lifting and sinking of the barometer (rolling and pitching) are of less importance. The pumping of the mercury m eniscus will largely
b e due to the varying acceleration to which the barometer is subjected by the
movements of the ship .
The probable error of a single corrected barom eter reading on board ship
may vary from± 0.2 mb to a few millibars according to circumstances.
10. 3. 6 Checking with standard instruments.
The m er cury barometer should be frequently ch ecked against standard
instrum ents on shore (at least once every t hree months), and a permanent
record of all such checks should be kept on a suitable card or in a special log.
Aneroid barom eters and barographs should be ch ecked as frequently as
possible against a mercury barometer, and against standard instruments on
shore at least once every three months. A permanent record of all such checks
should, if p ossible, be attached to the instrum ent, and should include such
information as the da te of the check, temperature and pressure at which the
check was made. It is particularly important that aneroid barometers and
barographs should be ch ecked as frequently as possible, because of the zero
drift to which these instruments are liable esp ecially when they are new
(CD Washington 1947: 47 and 48).
10. 4

Cloud and weather observations.

Visual observations on cloud and weather should follow the same rules as
for a land station (see Chapter 2). Detailed instructions and hints as to how
to make these observations should be given, b earing in mind that most observers
at sea are voluntary observers and not professional meteorologists.
In the absence of any instrum ental aids the h eight of cloud base must be
made by estimation, but in order to improve their ability to do this observers
should be encouraged to take every opportunity of checking their estimates
against known h eights, e. g. when a cloud base is seen to intercept a mountainous
coast.
The ordinary method of observing the cloud h eight with a searchlight is
of limited value because of the shortness of the baseline available in a ship.
A method which does not r equire a baseline is much preferable ; e. g. a pulsed
light cloud searchlight where the time for reflection from the cloud ba se of a
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pulse emitted vertically from the ship is measured electronically (see 2. 4. 3.).
If a cloud searchlight is fitted, the instrum ent should be so sited and fitted
that it can be operated and read by the officer on watch on the navigation
bridge (CD Washington 1947: 55) .

Visibility.

10 . 5
10. 5 .1

Methods of observation.

Visibility at sea may be ob served either by means of visual estimates or a
visibility meter. Although the absence of suitable objects at sea makes it
impossible to observe visibility as accurately as at land stations, the same scale
of distances should he used in recording the observations.

10. 5. 2 Estimation of visibility.
In a large ship it is p ossible to make use of objects for estimating very low
visibilities. For the higher ranges, the appearance of the land when coasting
is a useful guide, and, if fixes can he obtained, the distance of landmarks, just
as they are appearing or disapp earing, may be measured from the chart. Similarly, in the open sea, when other ships are sighted and their distances known
(e. g. by radar) the visibility can be obtained. In the absence of other objects,
the appearance of the horizon, as observed from different levels, is made the
basis of the estimation. Although abnormal refraction may introduce errors
into this method of estimation, it is the only method available in some circumstances. At night, the appearance of navigation lights can give a useful indication of the visibility.

10.5.3

Visibility meters.

Some information about these is given in Chapter 8. Only those typ es
which can b e used with a base-line or light-path short eno ugh to be practicable
in a ship are at all suitable. Unfortunately, however, the shortness of the
baseline may sometimes lead to the measurement b eing a very unrepresentative
sample of natural conditions, especially if ship's smoke is blowing near the
apparatus . This disadvantage can be offset to some extent by taking the average
of a series of readings over a few minutes while the ship is moving.

10 . 6
10. 6 .1

Air temperature and humidity.
Methods of observation.

Temperature and humidity observations should b e made by m eans of a
sling psychrometer or a ventilated psychrometer such as the "Assmann".
Louvred screens should be used only if great care is exer cised in so locating
them that their exposures are truly indicative of the fr ee air conditions. They
should be portable so that they can b e readily moved when an alteration of
wind direction or course necessitates this. They should b e replaced by aspirated
psychrometers at the first opportunity.

CHAPTER 10

99

The basic requirements of thermometers for air temperature and psychrometry are laid down in Chapters 4 and 5.
Observations of air temperature should be made to an accuracy of 0.2° F
or 0.1° C (CD Washington 1947: 53), but for p sychrometric observations it is
desirable to read the thermometers to the nearest 0 .1° F (0.05° C).

10. 6. 2

Exposure and management.

Observations of wet and dry bulb temperatures should be made in an
exposed po sition ensuring that the air flowin g over the thermometer bulbs
has not been in contact with the ship or the observer and is free from spray.
The bulbs of a sling psychrometer should be in the shade at the moment of
reading, if this can be contrived without prolonging the interval between whirling
and reading.
For the general management of psychrom eters the recommendations of
Section 5. 2. 4. should be followed . Distilled water should be used for the wet
bulb thermometer, if possible. If this is not readily available, water from the
condenser will probably be more suitable than ordinary fresh water.

10 . 7
lO. 7 .1

Sea temperature.
Methods of observation.

The temperature of the sea surface may be measured by :
obtaining a sample of the sea surface water in a suitable receptacle (the
"bucket" method);
(b) reading the temperature of the condenser intake water (the condenser
intake method).
:rviethod (b) is normally confined to ships in which the bucket method is not
practicable (e. g. large fast liners). No recomm endation can yet be given as to
the relative merits of the bucket and intake methods.
Sea temperature should be measured to an accuracy of 0.1° C or 0.20 F
(CD Washington 1947 : 53).
(a)

10. 7. 2

Basic requirements.

A simple canvas bucket is not satisfactory for obtaining sea surface samples.
If the "bucket" method is used, the design of the r eceptacle should be such as
to ensure that h eat exchanges are reduced to a minimum ; that its capacity
be at least 4-6 quarts (or litres) so that an adequate sample (3 quarts or litres),
may be obtained ; and that the receptacle should be as light as is consistent
with robustness and b e capable of rapid drying (CD Washington 1947 : 52).
It is probably .an advantage if the receptacle is double walled to permit a circulation of water to be set up when it is towed along.
The tolerances for the errors of sea temperature thermometers are the same
as for ordinary thermometers (see 4.4.2). Sea temperature thermometers used
with the "bucket" method should have small heat cap acity, quick response
and be robust and easy to read. If they are provided with a cistern for holding a water sample this should have large h eat capacity.
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Thermometers used in condense r intakes should be tested instruments and
should preferably b e graduated in intervals of 1° F or 0.5° C.

10. 7. 3

Exposure and management.

\Vhen the "bucket" m ethod is u sed, the sample should h e secured from a
position well forward of all outlets. Unless the buck et is d esigned to ch a n ge
its contents while b eing towed, the first sample should b e thrown away and
the observation made from a second sample secured a s soon as p ossible thereafter. The temperature should b e read as soon as possibl e consistent with the
thermomet er taking up the temperature of the sample. ·when not in u se, the
buck et should b e hung to drain in a shady pla ce .
Observers using the condenser intake m ethod should b e sp ecially warned
as to the liability of parallax error when reading the thermometer, clue to the
r elative inaccessibility of instruments in engine rooms.
A note in the log is desirabl e giving the actual lo cation of the intake thermometer in the engine room, and the m ethod of obtaining the t emperature of the
water (i. e. whether the thermometer is a ctually mounted p ermanently in the
intake pip e or if it is inserted for each obs ervation).

10 .8

Ocean waves.

Comprehensive guidance on all matters affecting t h e m ethods of observing wave characteri stics is contained in the Appendix to the Report of SubCommission IV CMM Toronto , 1947 (see also CD Washington 1947: 62, 63, 64).
The observations should include m easurem ent or estimation of the fol!owmg characteristics of the wave motion of the sea surface :
(a) height in m etres and half m etres ;
(b) period in seconds ;
(c) direction (from which the waves com e) on the scale 00- 36 as for wind
direction (code fi gures 99 are used to indicate confused seas).

10.9

Ice.

Ice observations for synoptic reports should b e made in accordance with
the code sp ecified in the r evised International Code. (CD W ashington 1947 :
67, 68, 69, 94). More detailed instructions on the ob servation of ice must await
the recommendations of the Sub-Commission of CMM which is at present
considering this subj ect .

10 .10

Recruiting and instruction of voluntary observers in
merchant ships, and the issue and inspection of instruments (R esolutions 46 and 58, CD Washington, 1947).

Meteorological Liaison Officers at ports should bear in mind the following
facts :
(a) the world is almost entirely dep endent upon the goodwill of voluntary
observers in merchant ships for information as to weather conditions in
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(c)

(d)

(e)
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the oceans. The officers of the m erchant ships are the observers in question,
and they have m any official duties to p erfo r m aboard their ships . Making
weather observations, recording, co din g and t ransmitting them by radio,
if undertaken by these officers, is a voluntary addition to their oth er
duties . Befor e recruiting officers for this work the p ermission of the
owners and the master of the ship must first be obtained ;
the Liaison Officers should not coerce the officers into doin g this work
but should endeavour to awaken their inter est in m eteorology in general,
and stress the value to themselves and to their fellow seamen of accurate
weather information, which can only be acquired by the active co -op eration
of seam en ;
it is part of a seaman's duty to kn ow the rudim ents of m et eorology and
the basic instruction in this subject should b e included in the training
curriculum at Navigation Schools. D etailed instructions as to making and
coding observations for a Meteorological Service and the care of in struments
should be included in the pamphlets and other literature, which should be
given to the ship when she is recruited. The Liaison Officer should, when
recruiting the ship, explain any difficult points to the officers concern ed ,
on the spot;
questions on which detailed instruction is desirable are as follows :
(i)
care of instruments in general ;
(ii) exposure and reading of the hygrometer or psychrometer ;
(iii) obtaining sea wate r samples and r eading the temp erature thereof ;
(iv) cloud observations with particular r efer en ce to h eight of cloud ;
(v) the use of the ww code;
(vi) co ding and transmis sion of observations by radio ;
(vii) the uses to which the mariner may put the weather information
which he receives by radio fr om various countries durin g his voyages ;
once the Liaison Officer has r ecruited a ship, h e should end eavour to visit
her at l east every three months to ch eck the accuracy of instrum ents and
renew the supply of forms, docum ents , etc. H e should take this opportunity
of discussing with the officers any problems they have encountered, and of
stressing any changes in procedure which may have taken place, and of
giving them the latest information which they may d esire.

APPENDIX I

BIBLIOGRAPHY OF LITERATURE ON METEOROLOGICAL
INSTRUMENT AND OBSERVING PRACTICE

General reference hooks.
Meteorological Instrum ents , W. E. K. Middleton, University of Toronto Press,
1943.
Visibility in Meteorology, 2n<l edition, W. E. K. Middleton, University of
Toronto Press 1941.
.
Handbuch der Meteorologischen Instrum ente, E. Kleinschmidt, Berlin (J . Springer), 1935.
Dict ionary of Applied Physics, Ed. R. T. Glazebrook, London (Macmillan),
1923. Vol. III (articles on barom etry, meteorological instruments, radiation
instruments, etc.).
Meteorologisches Tasch enbuch , Ed. F. Linke, Leipzig (Akad. Verlag. m.b.H.),
1939. Vol. V.
Techniques of Observing the Weather, B. C. Haynes, New York (John Wiley
and Son), 1947.
Handbook of Meteorolo gy, Ed. F. A. Berry, E. Bollay and N. R. Beers, New
York (McGraw Hill ), 1945 (Section VII on meteorological instruments).

Manuals issued by Meteorological Services
Argentina (Direcci6n de Meteorologia, Buenos Aires)
Instrucciones meteorologicas, 1944.
Instrucciones aerologicas, 1941.
In strucciones hidrologi cas , 1945.

Canada (Meteorological Service, Toronto)
Manual of standard procedures and practices for weather observing and
r eporting, Circ. 1425, 1948.
Instrument manual :
No. 1 - · Instructions for wind equipm ent , MSC Pattern , 1946.
No . 2 - Pressure tub e anemograph, 1942.
No. 3 - Atmospheric pressure measurement, 1943.
No. 4 - Instructions for pilot balloon observers, 1946.
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France (Offi ce National Meteorologique, Paris)
Instrum ents et pro cedes d' observations meteorologiques , 1942.

Great Britain (Meteorological Office, London)
Meteorological observers' h andbook, 1942.
Meteorological air observers' handb ook, 1944.
Marine observers' handbook, 1949.
Measurement of upp er winds b y pilot ballo ons, 1944.
(Naval Meteorological Service)
Admiralty weather manual, 1938.

Italy (Ministero d ell' Aeronautica, Rom e)
Norme p er l'uso e per la manutenzione degli strumenti meteorologica, 1940.
Istruzioni e tabelli per il lanceo dei palloni piloti , 1940.

Norway (Norwegian Meteorological Institute, Oslo )
Handbok i meteorologiske observasjoner, 1949.

U.S.A. (U.S. W eather Bureau, Washington)
Instructions for airway meteorological service, Circ. N, 1941.
Instructions to marine m et eorological observers , Circ. M, 1941.
Instructions for co -operative observers, Circ. B & C, 1941.
Barometer s and measurem ent of atmospheric pressure, Circ. F, 1939.
Measurement of precipitation, Circ. E, 1936.
Instructions for making pilot balloon observations, Circ. 0, 1942.
Instructions for care and managem ent of electrical sunshine r ecorder.
Circ. G, 1941.

U.S.S.R. (C entral Hydro-Meteorological Service, Moscow)
Instructions to m eteorological stations, 1936 (in Russian).
Instructions for taking hydrom et eorological observations at sea, 1941 (in
Russian).
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preparation.
N• 78 - Provis io nal Guide to International Meteo rological Instrument and Observi ng Practice.
(Chapters 1 to 10).
Texte anglais - Pri x : frs. s. 8,Texte franc;:ais - En preparation.
N• 79 - Value of some Physical Functions and Constants used in Mete orology. Definitions and Specifications of Water Vapo ur in the Atmosphere . Paru en 1950: Texte bilingue- Pri x: frs . s.1,-
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PROCES-VERBAUX

N• 1 - Rapport de la septieme reunion de la Commis sio n internationale des Renseign ements synop tlques du Temps a Londres, mai-juin 1928. (79 p.)
Paru en 1929. Prix: frs . s . 2,40
N• 3 - Proces-verbaux des sea nc es de la Conference intern ationale des Directeurs, du Comite
1
Meteorologique Intern ation al et de divers es Commission s ) a Copenhague, septembre 1929 .
(401 p.)
Paru en 1930. Prix : frs. s . 9,60
1
) Commi ss ion de Magnetisme terrestre et d'Electricite atmos pheriqu e, Commi ssion du Resea u
mondial et da Meteorologie polaire, Commission de Rad iation solaire, Comm iss ion de Meteorologie
maritim e, Commission des Renseignements synoptiques du Temps, Commission pour l'Etude des
Nuages.

N• 6 - I" Rapport de la Commission lnternatlonale de l'Annee Polalre 1932-1933. Compte rendu
des travaux de la Commission pendant sa premlere annee de travail. Proces-verbaux des
seances de la reunion a Leningrad, aoat 1930. (152 p.)
Paru en 1930. Prix: !rs . s. 4,80
N• 8 - Proces-verbaux des seances de la reunion de la Commission lnternatlonale pour l'Exploration de la haute Atmosphere, tenue
Madrid, mars 1931. (158 p.)
Paru en 1931. Prix: !rs. s. 6,N• 10 - Proces-verbaux des seances du Comlte Meteorologlque International Locarno, octobre 1931,
et Rapports de 3 Commissions ') et d 'une Sous-Commission ') a Innsbruck et Locarno,
septembre et octobre 1931. (385 p.)
Paru en 1932. Prix: !rs. s. 9,60
N• 12 - 11 • Rapport de la Commission lnternatlonale de l'Annee Polalre 1932-1933. Compte rendu
des travau x de la Commission pendant sa deuxleme annee de travail. Proces-verbaux des
Innsbruck, septembre 1931. (188 p.)
seances de la reunion
Paru en 1932. Prix: !rs. s. 4,80
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N• 13 - lnternatlonale Kommlsslon fOr maritime Meteorologle. Protokoile der Sitzungen In Hamburg,
5.-9. April 1932. (97 p.)
Paru en 1932. Prix: !rs. s. 3,60
N• 14 - Commission de Meteorologle agrlcole. Proces-verbaux des seances de Munich, 19-21 septembre 1932. (162 p.)
Paru en 1933. Prix : frs . s. 4,80
N" 15 - lnternatlonale Strahlungskommlsslon. Protokoile der Sitzungen In Frankfurt a/M., 15.-17. September 1932. (80 p.)
Paru en 1933. Prix: !rs . s. 3,60
N• 16 - 111• Rapport de la Commission lnternationale de I' An nee Polalre 1932-1933. Compte rendu
des travaux de la Commission, octobre 1931-mal 1933. Proces-verbaux des sea nces de la
reunion de Copenhague, mal 1933. (128 p.)
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Iii• 11 - Comlte Meteorologlque International. Proces-verbaux des seances de De Bllt, 4-7octobre1933.
(133 p .)
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N• 19 - Commission for Synoptic Weather Information. Report of the Ninth Meeting, De Bill, May
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N• 20 - Kilmatologlsche Kommisslon. Protokoile der Sitzungen in Wiesbaden, 23.-26. Mai 1934. (107 p.)
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N° 24 - Kommisslon fQr landwlrtschaftilche Meteorologle. Protokoile der Tagung In Danzig,
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N• 27 - Aerologlsche Kommlsslon. Protokolle der Sitzungen In Warschau am 4. und 12. Septemb er 1935.
(54 p.)
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N• 29 - Tome I. Conference des Dlrecteurs
Varsovie, 6-13 septembre 1935. Proces-verbaux des
seances de la Conference. Proces-verbal de la seance du Comite Meteorologique International. (143 p.)
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Tome II. Conference des Dlrecteurs a Varsovie, 6-13 septembre 1935. Appendices aux Procesverbaux. (215 p.)
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N• 30 - Commission de Magnetisms terrestre et d'Electricite atmospherlque. Proc es-verba ux de la
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