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PREFACE

URING the twenty-seven years which have
D elapsed since the publication of Dr. H. N.

Dickson’s volume on ‘‘ Meteorology ” in the
University Extension Series, the organised exploration
of the atmosphere by means of kites and balloons,
which began just about the time when the book was
published, has placed at the disposal of meteorologists
much observational material of an entirely new kind.
The progress made on the theoretical side has been
correspondingly rapid. In the following pages it
has been my endeavour to present in simple form the
main results which have been. derived from the new
method of observation and to fit them into their proper
place in the scheme of dynamical meteorology. The
observational side of the subject has been omitted.
For descriptions of meteorological instruments and
methods of using them, the reader should consult books
of instruction in observing, such as the ‘ Observer’s
Handbook,” prepared by the Meteorological Office. The
climatological aspect has also been omitted.

The reader may consider that some apology is due
for the confusion of units used. In the present state
of the subject any attempt to use only one system
throughout would appear forced. I have therefore,
as a rule, given the examples in the units in which I
happened to find the data. Thus it comes about that
temperatures are expressed sometimes on the Fahren-
heit scale and sometimes in absolute or Centigrade
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vi METEOROLOGY

degrees, while wind velocities are given in miles per
hour or metres per second. Pressures have generally
been given in millibars, but in examples taken from
maps which date from before the official adoption of
the millibar, the specification in inches of mercury has
been allowed to stand. A table of equivalents in milli-
bars of mercury inchesisadded at the end of the volume.

I have to express my thanks to the Director of the
Meteorological Office for permission to use published
and unpublished material available at the Office, per-
mission of which I have availed myself freely. I have
also to thank the Controller of His Majesty’s Stationery
Office for permission to reproduce the following illus-
trations from official publications of the Meteorological
Office: From the Weather Map, M.O. 225 i, Figs. 3, 4,
5, 6; Glossary, M.O. 225 ii, Figs. 39, 41, 42, 48; Cloud-
Forms, M.O. 233, Figs. 13, 14, 15, 16, 17, 18, 19, 20;
the Estimation of Height from Readings of an Alti-
meter, M.O. 228, Fig. 11.

I am indebted to the Council of the Royal Meteoro-
logical Society for permission to reproduce Figs. 31 to
38 from the Society’s Quarterly Journal, and for the
loan of the blocks, and hereby express my thanks for
the courtesy. In conclusion, I desire to thank my
colleague, Mr. J. S. Dines, M.A., for looking through the
proof-sheets and for several valuable suggestions and
criticisms; and Messrs. A. T. Bench and A. G. W,
Howard, of the Meteorological Office, for assistance in
preparing the illustrations.

R. G. K. L.

July, 1920.
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METEOROLOGY

CHAPTER I
WEATHER MAPS

URING the Great War the military authorities,
realising the importance of withholding from
the enemy all knowledge of the weather con-

ditions in the area over which the Allies had control,
insisted on the suppression of all weather reportsin the
newspapers, but almost immediately upon the termina-
tion of hostilities the Morning Post started the regular
publication of a weather map and shortly after The
Times resumed publication on an enlarged scale of the
maps which had appeared in its columns for many years.
The Daily Telegraph followed. This action on the part
of our leading daily newspapers testified to the interest
which they expected their readers to take in the ordered
study of the weather. They argued rightly that such
interest had been much quickened by the obvious
influence of weather conditions on aviation and all
that that had meant to the general public during
the years of struggle, but aviation is by no means the
only part of military operations in which the weather
may have a deciding influence. Military history from
the earliest times abounds with instances of weather
conditions profoundly modifying a campaign, generally
as much by their effect on transport as by their
direct action on the troops.

In the late campaign the use of poison gas opened up
a new field for the application of meteorology, since its
use was only practicable under very special conditions
of wind. Moreover the atmospheric conditions pre-
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vailing up to great heights affect materially the flight
of modern long range projectiles and the meteorologist,
who nowadays does not confine himself to observing
and studying the conditions near the surface was able
to supply much valuable information to the gunners.
Weather study has thus come to occupy a much more
prominent position as a result of the War.

The Weather Map is the foundation on which much
of the science of meteorology rests. Modern forecasting
is entirely dependent on maps, but it is not merely
from the point of view of forecasting that the
map makes its appeal. To him who has learned to
read it it gives a succinct summary of the weather
conditions over a large area and as such is of practical
value to everyone whose business may be affected
by weather conditions on a wide scale.

Let us examine these maps more closely and see
how they are put together. They are based on ob-
servations made at a number of stations and collected
together at a central office. Each station reports
among other things, the height of the barometer,
the direction and strength of the wind, the temperature
of the air and the state of the weather, whether it be
bright, cloudy, rainy, foggy and so forth. Itis essential
that the information should be collected as rapidly as
telegraph, telephone or wireless can bring it together.
In north-western Europe 7 a.m. of Greenwich mean
time has been adopted as the hour of morning observa-
tions. Punctually at that hour reports are prepared
and dispatched to the Meteorological Office from over
40 stations in the British Isles. By 8 a.m. the British
information is generally complete and under favourable
circumstances it may be supplemented by wireless
reports from ships on the Atlantic. Immediately
upon receipt of the home reports a so-called collective
message giving a selection of the British reports is
prepared for transmission to foreign meteorological
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services in exchange for similar reports from abroad.
Shortly after, the foreign reports begin to arrive but
several hours necessarily elapse before the information
from these sources is complete.

The whole set of reports rcceived is set out ¢n extenso
in the Daily Weather Report of the Meteorological
Office which isissued later in the day. The preparation
of a weather map thus involves close co-operation
between many hundreds of persons, observers, tele-
graphists, telephone clerks and wireless operators as
well as the staff at the central Office and it isthe
constant endeavour of those responsible for the organi-
sation to speed up the interchange of information and
extend its scope.

Immediately upon the receipt of each telegram the
information which it contains is plotted on a large
scale outline map of Europe on which the positions
of the stations have been marked in advance. Against
each station is written the appropriate barometer
reading, and temperature, the wind is represented by
an arrow, its strength being indicated according to the
Beaufort Scale of wind force (see p. 37) by the number
of fléches on the end of the arrow, or if we prefer it
by specifying its velocity in miles per hour. The
weather is indicated by letters or by conventional
symbols. The weather notation most frequently
adopted is that suggested by Admiral Beaufort in
1805, to which a few additions have been made more
recently.

b =blue sky P = passing showers
be =blue sky with some eloud q =squalls
¢ =sky cloudy r=rain
0 =sky overcast 8 =8Snow
d =drizzle t =thunder
e=web air u =ugly appearance of sky
f=fog v =unusually good visibility
g =gloomy appearance w=dew
h =hail x =hoar frost
I=lightning y =dry air
. m=mist z=haze
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A system of symbols, adopted internationally by
agreement between the meteorological services of
different countries may be used alternatively or in
conjunction with the Beaufort letters:—

@ =rain / =gale
* =snow <3 =lightning
A =hail T =thunder
A = soft hail T2.= thunderstorm
A : = =fog

The completed map, or synoptic chart as it is some-
times called thus gives a bird’s eye view of the weather
conditions over a wide area from which conclusions
may be drawn as to past or future conditions. Such
maps are now drawn at the Meteorological Office
four times a day, at 1 a.m., 7a.m., 1 p.m., and 6 p.m.

Despite the fact that maps have now been drawn
day by day for over half a century we may safely say
that no two maps have been identical. Nevertheless
on any individual map the observations show a certain
orderliness, they do not arrange themselves hap-
hazard. If we fix our attention on the observations
of weather we can generally find considerable areas
of fine weather or of overcast sky or again well-marked
areas over which rain is falling. The winds also
generally show wide sweeping currents affecting large
areas, but it is in the barometer readings that the
greatest orderliness is found. So great is this orderli-
ness that individual barometer readings are not as a
rule entered on the maps published in the newspapers.
Instead the barometric situation is represented by a
series of lines like the contour lines which show heights
on the maps of the Ordnance Survey. The lines are
so drawn that the barometer would show the same
reading at any point along a given line and are called
isobars. The configuration of the isobars shows at a
glance the regions where the barometer is high and
those where it is low and in fact the configuration of the
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isobars forms the basis of the classification of weather
maps which is the foundation of forecasting, and has
provided the groundwork of a great part of modern
meteorology.

No close scrutiny of weather maps is needed to
disclose the fact that there is an intimate relation
between the picture presented by the isobars and the
distribution of wind and weather. As regards the
former almost any map will reveal a connexion between
the strength of the wind and the spacing of the isobars.
Where the isobars are close together there the wind
tends to be strong and wvice versa. As regards wind
direction we need not look far for examples of the
generalisation known as Buys Ballot’s law ‘‘ Stand with
your back to the wind, the region of lowest barometer
will then be on your left but slightly in front of you.”
In the Southern hemisphere the relation is reversed,
the lowest barometer is on the observer’s right, while
near the equator the law does not apply. We proceed
to examine some of the more typical configurations
of isobars. Fig. 1 shows the map for the morning
of September 9th, 1915, and may be taken as a typical
example of the distribution to which the name anti-
cyclone is applied. The isobars form closed curves
with the highest barometer readings at the centre of the
system. The central isobar, which encloses Denmark,
Southern Norway and a part of Sweden has the value
1030 millibars, the equivalent of 30°42 inches; the
highest barometer reading reported was 1031°1 milli-
bars at Christiania. As is usual in anticyclones the
isobars are rather widely spaced, the line of 1025
millibars, the next highest value shown on the map,
embraces all the central part of the map. Theory
indicates that the centre of an anticyclone should
be a region of no air motion and the actual ob-
servations show calms, indicated symbolically by
circles, at most stations in Denmark and Southern
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Norway. In other parts of the map we have no
difficulty in tracing a circulation round the centre
in a clockwise sense as we should expect from Buys
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Ballot’s law to which reference has just been made.
Over the Baltic area the wind is from North, over
Germany and France it becomes easterly, turns into
south-east and south over Scotland and Ireland and
gets round to south-west or even west in the North
of Norway and Sweden. In force the winds are
generally light, a normal feature of anticyclones, as
the isobars are generally widely spaced. The majority
of the wind arrows have only one or two or at most
three fléches. Only near the edge of the map where the
isobars aremore closely spaced dowe find stronger winds,
four or five fléches at Malin Head and in the Hebrides,
six at Bodo on the coast of Norway near the boundary
of the map and five at Warsaw on its eastern margin.
Of the weather in an anticyclone we may say that rain
is generally absent. Fine weather with very little
cloud is characteristic of many anticyclones but a type
of anticyclone in which the sky is covered with low
structureless cloud must also be recognised. Some-
times this cloud is very heavy and gives rise to a gloomi-
ness which suggests the imminence of rain. Our
example is of the cloud free type. Most stations re-
ported the weather as b or be, blue sky or blue sky
with some detached cloud. The only observations
of rain are from the extreme margins of the map, on
the west coast of Ireland and at Warsaw, regions
which may be regarded as outside the anticyclonic
area. We note, however, a number of observations
of fog, a phenomenon which often occurs in anticyelonic
weather. The symbol for fog appears on our map in
Orkney and Shetland and also at Flushing, Chris-
tiania, Corunna and at some German stations.

The temperature under anticyclonic conditions
depends to a great extent on the cloudiness. In the
cloudless type in summer very high temperature
may be experienced as a result of the unchecked
absorption of the sun’s heat during the long summer
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day, while in winter, when night predominates absence
of cloud allows of loss of heat by radiation and intense
cold may result. A heavy cloud layer checks both
the inward and outward flow of heat, and under such
conditions temperature is generally not extreme in
either direction. Cold weather may, however, be
experienced under cloudy anticyclonic conditions in
winter when an anticyclone is centred over the North
Sea and the consequent east wind brings very cold
air to our shores from the storehouse of winter cold of
the Eurasian Continent. Anticyclones belong to our
most stable types of weather. They often persist
for days or sometimes even weeks without any great
change taking place in the general conditions. Some-
times anticyclones exhibit the phenomenon of travel
which we shall have occasion to discuss more fully
in connexion with other weather types. The whole
system moves slowly across the map carrying with it
its characteristic distribution of winds and weather.

The anticyclone of September 1915 showed per-
manence combined with slow travel. The anticy-
clonic type persisted from September 5th until the 14th.
At the beginning of that period, the region of highest
barometer was over France. As successive maps
were worked out it was found to be gradually moving
north-eastward, until on the 9th, the day of our map,
it was over the Skagerak; subsequently the centre
moved slowly eastward and by the 12th of the month
passed away into Russia and the system gradually
disintegrated.

Fig. 2 shows an example of a totally different type to
which the name cyclone, depression, or even, for
brevity ‘‘low’’ has been given. The map is one of
special interest for it represents the meteorological
distribution on the morning of February 17th, 1915,
on the evening of which day two German airships were
lost through stress of weather on the coast of Denmark.
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The occasion exemplifies, if that be needed, the impor-
tance of guarding the secrecy of weather information
in warfare for it may be taken for granted that if the
enemy had been cognisant of only a fraction of the
information shown on our map the airships would
have been recalled before disaster overtook them.

As in the anticyclone, the isobars form closed curves,
but we notice that in the cyclone the lowest barometer
readings are at the centre of the system. The isobar
for 985 mb. encloses a region off the north-west of
Ireland.. In shape the isobars are rather irregular
and in contrast with the anticyclone they are closely
spaced. The winds circle round the centre in a counter-
clockwise sense and offer an excellent illustration of
Buys Ballot’s law. They are from north-east in
Iceland, from east in Faroe, from south-east over
Scotland and south-south-east or south over France,
England and the Netherlands. In the South-west of
England and in Ireland they draw into south-west
and over the Atlantic, 200 miles from the Irish coast,
we find an observation of a wind from due west. We
also find general confirmation of the suggestion that
where the isobars are close together the winds are
strong and vice versa. They are light on the eastern
margin of the map where the isobars are relatively
far apart. Over the British Isles they are strong,
reaching gale force at several stations. The distribu-
tion of weather is interesting and typical of that in
many cyclones. In Southern Norway and Denmark,
which may be regarded as on the margin of the cyclone
the weather is fine and the sky almost free from cloud.
Further westward, there is increasing cloud. The sky
is overcast over Shetland and at the Dutch and most
French stations. Proceeding still further westward we
find an area of steady rain; rain was falling at
almost all stations in England and Scotland. Still
further west—in Ireland, we find very ‘‘mixed”
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weather, the sky is mostly overcast, but at Valencia
in the extreme south-west it has cleared partially.
Showers are reported from various places. Out in
the Atlantic, a ship reports hail showers, a neighbouring
one fair weather.

The distribution of wind and weather shown on the
map of Fig. 2 may be regarded as typical of most
cyclones, though the details will vary on different
occasions, for example the area of steady rain may
be of greater or less extent and may vary somewhat in
position with regard to the point of lowest barometer,
as will be evident from other cases which we shall
consider. Examples are given in Figs. 3, 4, 5 and 6
of generalised maps which show the distribution of
cloud and rain with regard to the isobars for various
typical cases. The dark shading represents the area
within which continuous rain was falling, the lighter
shading the region in which the sky was covered by
cloud. The Beaufort letter p shows the positions of
isolated showers. The weather shading, indicating
cloud and rain, must be distinguished from the contour
shading over the land, for heights of 200 and 3,000
metres. Though the details differ considerably we recog-
nise on all the maps an area of cloud and rain extending
further from the centre of the system of isobars on
the eastern than on the western side, and a region of
clearing sky and showers on the western side of the
centre.

Let us now return to the map for February 17th,
1915 (Fig. 2) and examine its subsequent developments.
If the reader will imagine the whole system displaced
bodily towards the north-east, so that the centre of the
innermost isobar, instead of being just off the north-
west of Ireland is somewhere near the Hebrides he
will get an idea of the state of affairs at 6 p.m., 11 hours
after the time for which our map is drawn. If he
imagine also that the barometer near the-centre of



12 METEOROLOGY

the system has become somewhat lower, 980 millibars
instead of 985, and that the whole system has grown
somewhat larger, he will get a still better idea of what
actually happened. The most obvious result of such
a change would be that strong south or south-south-
east winds and gales would have spread to Denmark
and the eastern part of the North Sea. The weather
there would change from fine to rainy or, as actually
happened in this case, to snow. At the same time the
““ mixed *’ showery weather which our map shows over
Ireland would be carried forward to England accom-
panied by a shift of wind towards south-west. That
is precisely what happened, and we see here general
principles on which forecasts may be based. Given
one map, the forecaster has to estimate the displacement
of the various systems shown thereon and the probable
changes in their structure, and the rest follows. Un-
fortunately both may falsify anticipations. Let us
put ourselves for a moment in the position of the
German forecasters, for their position was very similar
to that in which a British forecaster often finds himself
unless he happens to have adequate wireless reports
from the Atlantic. Over Germany the conditions
were anticyclonic, high barometer, light winds and
fine weather. On the western margin the Dutch
stations, the most westerly from which reports were
accessible, showed overcast skies, southerly wind and
a falling barometer, precisely the same sort of reports
which we so often get from our stations on the west
coast of Ireland. Clearly a depression was indicated
to the westward, but no information was available
for estimating its character. Was it likely to prove
deep, i.e. were the isobars closely packed and the winds
correspondingly strong ? Was it likely to be asso-
ciated with much rain or snow ! Would it move
rapidly or slowly ? To all these questions the German
forecast officials could only give intelligent guesses,
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based on past experience, by way of answer. Ac-
cording to newspaper reports the German airships
were observed by the Danish Lightkeepers at Blaa-
vands Huk, a station on the coast of Jutland just north
of the frontier between Slesvig and Denmark, at about
8 a.m. on February 17th, one hour after the time to
which our map applies. We may imagine the German
official forecast for their course to have read somewhat
as follows: ¢ Freshening southerly wind, fair early,
some rain later,”” which may or may not have decided
the military authorities to recall the airships by wireless.
Very possibly they considered it safe to await develop-
ments as shown by the next map, and hoped that in
the meantime the ships might accomplish their object,
whatever that may have been. Had British reports
been available a much more definite forecast such as
‘¢ southerly gales, heavy rain or snow '’ would no doubt
have been issued, and would have led to the instant
recall of the ships; it might indeed have been issued
twelve hours earlier, before the ships left their sheds.
We have considered the depression of February 17th,
1915, at some length because of its topical interest.
In some respects the example is rather a complex one,
as is indicated by the irregular shape of the isobars.
A rather more simple case is illustrated in Fig. 27,
which will be considered in greater detail later. In
the cyclone of March 24th, 1902, there illustrated, the
isobars are very approximately circles and the path
of the centre of the system passed across the British
Isles from west to east from Galway to the Wash,
thus bringing all parts of the system within a part of
the map for which full reports are available. The
counter-clockwise circulation of the winds is complete.
- We may pause here to define some of the terms used
in connexion with circular depressions. The track
followed by the centre is generally referred to as the
path of the depression. A line through the centre at
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right angles to the path is referred to as the frough.
If the reader will think out the barometric changes
which must take place at an individual station as the
depression passes he will realise that the barometer
will fall until the trough passes and will then commence
to rise. To an observer at an isolated station the pas-
sage of the trough becomes evident by the cessation
of the fall—at any rate if the depression is one of simple
structure. Again if the depression is of simple struc-
ture the change from steady rain to the condition of
““ mixed *’ showery, but gradually improving weather
often synchronises with the passage of the trough.
The trough is also regarded as separating the ‘¢ front "’
from the ‘‘ rear’’ of the depresssion. It will also be
obvious that the changes of wind experienced as a
depression passes will be different according as the
place of observation is on the right or left of the path.
On the right hand (south) side of the path, the wind
shifts from south-east, through south, and south-
west to west or north-west as the depression passes.
On the left hand (north) side of the path, the change is
in the opposite direction from south-east through
east, north-east, and north to north-west. The former
change which in the Northern hemisphere is in the same
direction as the motion of the sun is spoken of as
veering, the latter as backing. The most frequent
wind direction in this country is west or south-west,
thus one of the earliest indications of the approach
of a depression is often a backing of the wind from
west or south-west towards south-east. Often this
is observed before the barometer begins to fall.

The distribution of temperature in cyclones is
rather irregular, being governed to a large extent by
the special circumstances. The southerly and south-
westerly winds are almost alwaysythough not invariably
warmer than the westerly and north-westerly winds
in the rear of the system. In Fig. 2, the south-westerly
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winds over the Bay of Biscay in which temperature
is between 50° and 55° are the warmest on the map,
but the south winds on the eastern margin of the map,
which draw their air supply from the cold land area
of Central Europe are cold.

A depression may remain almost stationary for a
considerable time, especially when it shows little in-
tensity, that is to say when the isobars are not closely
packed, but that is the exception rather than the rule.
Normally they exhibit the phenomenon of travel. The
path of the centre in the example shown in Fig. 26
is indicated by a series of crosses which mark
the position at intervals of two hours. The rate
of progression of the centre works out at 26 miles
per hour. One of the main principles of forecast-
ing is at once apparent from this idea of travel.
If we may assume that the distribution within the
cyclone remains constant a place situated to the south
of the path, London for example, would experience
in succession the conditions shown on a line drawn
through it, parallel to the path. The barometer
would fall, until the ‘¢ trough *’ passed and would then
commence to rise again. The record which a self-
recording barograph would show, could in fact be
reconstructed from the isobars of the map. The
weather sequence would be increasing cloud, followed
by steady rain, and after the passage of the trough,
clearing weather with showers. The winds would
first back towards south-east and subsequently wveer
to west and eventually to north-west. A place on
the northern side of the path, would experience a some-
what similar sequence of weather but the winds would
back from south-east through east, north-east and
north to north-west. Unfortunately for the forecaster
cases of such great siiplicity are rare. Even if the
path and rate of progress of the centre are correctly
estimated, the internal configuration may alter. The
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depression may grow more deep or less deep, that is
to say the barometric value at the centre may become
lower or less low and the spacing of isobars may alter
and the wind force vary in consequence. A depression
which appeared likely to cause only fresh winds may
develop and cause severe gales or wice versa, or again
the area of rainfall or cloud may extend or contract.
The amount of rainfall which a depression will bring
is exceedingly difficult to estimate in advance. Some-
times the depression may split into two or develop a
small subsidiary depression or secondary near its
margin. The clear cut cases which lend themselves
easily to generalisation are unfortunately rare.

The tracks or paths followed by depressions have
formed the subject of much study. For many years
past they have been worked out month by month
and published in the Monthly Weather Report of the
Meteorological Office. They form a most bewildering
variety. The majority maintain their direction more
or less throughout their course but cases of a sudden
change are by no means uncommon and most baffling
to the forecaster. The vast majority in the region of
the British Isles show motion from west towards
some easterly point, and the same is true in temperate
latitudes the world over, but motion from east to west
is by no means unknown. Almost any path seems to
be a possible one; Fig. 7, reproduced from a
Meteorological Office publication ‘‘The Weather of
the British Coasts ’’ gives some of the favourite tracks
followed by depressions passing near the British Isles.

In Fig. 8 we have an example of another type,
the so-called V-shaped depression. Asits name implies,
the isobars have the shape of the letter V. The central
lin