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TWENTY-ONE years ago, I received a letter from Sir Roderick I.
Murchison, inviting me to read a paper to the Geographical Section of
the British Association at Liverpool, of which section Sir Roderick was
President that year, on the mean pressure and prevailing winds of the
atmosphere, giving to the meeting a résumé of the results of the discussion
of these questions which had just then been published. This was done,
and immediately thereafter, the Royal Geographical Society adopted, in
carrying out ome of the important branches of the Society’s work, one
of the results of this discussion, viz. a more exact method of determining
heights from barometric and thermometric observations. Previously to
this time, these heights had been determined, as regards newly explored
and little-known regions, by assuming a pressure of 30 inches for all
localities and seasons, instead of the approximate sea-level pressure
of the locality whose height was to be caleulated, and for the season of
the year for which observations for the purpose were available,

Other large questions, both practical and scientific, affecting the
general movements of the atmosphere and of oceanic circulation, and
questions dependent on these movements, began to be discussed with
greater frequency and fnlness, particularly in their relations to physical
geography.

But & serious desideratum soon came to be folt by all workers in
this department of science. It was thrust obtrusively on the attention,
that discussions on the more fundamental problems of meteorology,
relative to the diurnal and seasonal changes in atmospheric temperature,
pressure, humidity, and wind, were really restricted to observations
made on land. It was plain that data supplied exclusively by obser-
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138 THE METEOROLOGICAL RESULTS OF

vations on land, which occupies but little more than a fourth part
of the carth’s surface, were altogether inadequate to a right conception
and explanation of atmospherical phenomena. Accordingly, when the
Challenger expedition was fitted out in 1872, arrangements were made
for taking, during the cruise, hourly or two-hourly observations both
of the atmosphere and of the surface temperature of the sea.

As you are well aware, in addition to these frequent daily obser-
vations, elaborate observations were made of sea temperatures at all
depths, which gave results at once recognised to be of the first importance
in terrestrial physics, inasmuch as they opened up for discussion the
iroad question of oceanic circulation on a sound basis of well-ascertained
facts. But a right understanding of this subject demands, as an
imperative preliminary, a full discussion of atmospheric phenomena.
For example, one of the first requisites is an approximately correct repre-
sentation of the circulation of the atmosphere on the surface of the globe
in all seasons of the year. Now this can really only be attained from
the geographical distribution of the mass of the earth’s atmosphere, as
shown by the mean monthly isobars; and these, in their turn, ultimately
depend on the geographical distribution of the temperature and humidity
of the atmosphere.

It is thus abundantly plain that any such discussion requires, if itis
to be handled aright, maps showing for the various months of the year
the mean temperature, mean pressure, and prevailing winds of the globe,
with carefully prepared and extensive tables of the observational data
required for the graphic representation of the results. Now the only
works then available were Dove’s isothermals, 1852 ; Buchan's isobars
and prevailing winds, 1869; and Coffin and Wojekof’s winds of the
globe, 1875—all of which were based necessarily, when written, on defec-
tive data. A re-discussion, therefore, of all the available information
regarding the different atmospheric phenomena, with a more special
reference to the Challenger observations, was most desirable. This
discussion 1 was asked to undertake, and after seven years’ unremitting
labonr, and with such assistance as I could command, the report was
published a year ago.

This report gives, in addition to the results proper of the Challenger
observations, the mean diurnal variation of atmospheric pressure at

147 stations in all parts of the globe; the mean monthly and annual
pressure at 1366 stations, and a similar table of mean temperatures at
1620 stations; and the mean monthly and annual direction of the wind
at 746 stations. As regards the winds, other data have been utilised,
which have been published with, or from, actual observations by the
meteorological departments of the United States, England, France,
Holland, Germany, Norway, Denmark, Italy, Mauritius, and India. In
no case, as regards the all-important factor of the wind, has any wind
been indicated on any one of the twenty-four maps showing the

’
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prevailing winds, which does not rest on the authority of observed
facts.

Fifty-two large folding maps accompany the report, of which twenty-
six show by isothermals the mean monthly and annual temperature on
hypsobathymetric maps, or maps showing by shadings the height of
the land and depth of the sea, first on Gall's projection, and second on
north circumpolar maps on equal surface projection; and another set of
twenty-six maps showing by isobars for each month and the year the
mean pressure of the atmosphere, the gravity correction to lat. 45°
being applied, and by arrows the prevailing winds of the globe. These
data, thus elaborately and, it may be said, exhaustively represented, may
be regarded as comprising all information at present existing which is
required for the discussion of the broad questions dealt with in the
report.

To the revolution of the earth on its axis we owe day and night ;
to the inclination of the earth’s axis to the plane of its orbit we owe the
alternation of seasons; and to its diversified surface of land and water
we owe the infinite variations of climate which characterise its different
regions. It is with the last of these we have here to deal. As the
atmosphere everywhere overlies the land and water surfaces of the
globe, and is influenced in an all-powerful manner by its simple super-
position over these very different surfaces, it follows that the science of
meteorology rests on the basis of physical geography. The relations of
the two sciences are in truth of a greatly more intimate nature than is
generally supposed.

When it is considered that three-fourths of the earth’s surface is
water, that the temperature of the air resting on its surface is in closest
relation to the temperature of that surface, and that the latter has,

- through the winds, direct and all-important bearings on the tempera-

ture of the land surfaces of the globe, it is plain that it is impossible to
overstate the importance of the temperature of the sea as a fundamental
datum in meteorology. Steps were therefore taken to make, during the
cruise, observations of sea temperatures in a manner and with a fulness
not previously attempted.

Observations- on the temperature of the surface were made every
two hours of the day as part of the scientific work of the expedition.
From 1512 observations made in the North Atlantic, the mean latitude
being 30° and longitude 42° it js conclusively shown that the daily
change of the temperature of the surface of this ocean is only 0°-8,
Similarly in the South Atlantic, lat. 33° and long. 20° W., it was 0°*8 ;
in the North Pacific, lat. 37° and long. 170° W, it was 1°+0 ; and in thé
South Pacific, lat. 36° and long. 87° W., it was 0°:9. In the equatorial
portions of the Atlantic and Pacific the daily variation was 0°-7; and
in the higher latitudes of the Southern Ocean it was only 0°-2, Hence, in
the great oceans away from land, and between lat. 40° N. and 40° S, ;he

L 2



140 THE METEOROLOGICAL RESULTS OF

surface temperature nowhere shows a daily variation exceeding a degree
Fahrenheit. Near the equator the daily range falls to three-fourths of
a degree, and still further to one-fifth of a degree in high latitudes.
The small daily variation of the temperature of the surface of the sea,
shown by the Challenger observations, is unquestionably a most important
contribution to physical science, forming, in truth, one of the prime
factors in meteorology and physical geography.

Observations of the temperature of the air were made with the same
frequency, with the general result that the daily range of the temperature
of the air over the open sea is from three to four times greater than
that of the surface of the sea over which it lies. The point is one of no
little interest in atmospheric pbysics, from its important bearings on
the relations of the air and its aqueous vapour, in its gaseous, liquid,
and solid states, and of the particles of dust everywhere present, to
solar and terrestrial radiation. During the seventy-six days the Chal-
lenger was not on the open sea, but near land, the hour of occurrence of
the maximum temperature was as early in the day as noon, owing
probably to the diurnal period of the sea breezes; and the amount of
the daily range of temperature was considerably in excess of what is
seen to occur over the open sea. Eighteen days’ observations in the
Southern Ocean about lat. 63° showed a mean daily range of the tem-
perature of the air of 0°*8, being also about four times greater than that
of the sea in the same region.

Over the open sea the humidity curve closely follows that of the
temperature, being at the minimum at four in the morning, and at the
maximum at two in the afternoon. But near land very different con-
ditions prevail ; here a second minimum takes place from about 10 a.m.
to 2 p.m.—a feature altogether absent over the open sea. With refer-

ence to this midday minimum of the humidity curve, it is to be noted
that it is at this time of the day when, the surface of the land being most '

highly heated, the ascending current of heated air arising from it is
strongest, and the resulting breeze from the sea towards the land there-
fore also strongest. Now this lowering of the elastic force of the vapour
of the breeze blowing over the sea towards the land points unmistakably
to an intermixture, with the air forming the sea breeze, of descending
air filaments or currents, to take the place of the masses of air removed
by the currents which rise from the heated surface of the land. Thus,
while at this time of the day ascending air currents arise over the land,
descending air currents, with their characteristic greater dryness, set in
over the adjoining ocean at some little distance to windward.*

Over the open sea the diurnal oscillations of the baremeter are shown
in their simplest and exactest form, the disturbing influence of land
being wholly wanting.  The remarkable result is this, though the

* This furnishes the explanation of the apparently erratic movements of the balloon
referred to by Captain Toynbee at the meeting, p. 157.
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atmosphere there overlying the ocean, and, therefore, resting on a floor
whose diurnal variation of temperature does not exceed a degree Fahren-
heit, yet the diurnal oscillations of the barometer are as marked, and as
decided as they are over the land where the diurnal variation of tem-
perature is great. In accounting, thercfore, for these oscillations, it is
virtually unnecessary to take the temperature of the surface into
consideration, What is insisted on here is that while the temperature
of the surface leaves its impress on the diurnal barometric curve by
important modifications thereby produced, yet the barometric oscilla-
tions themselves are independent of the temperature of the earth’s
surface. Hence the cause must be sought in the daily changes which
take place in the temperature and humidity of the air through all its
height, due to solar and terrestrial radiation.

Another important result, the Challenger observations have revealed,
is that over the ocean, latitude for latitude, the amplitude of the
barometric oscillations is larger in an atmosphere highly charged with
aqueous vapour, and less in a dry atmosphere. Thus in the four
anticyclonic regions of the Pacific and Atlantic, lying about lat. 36° N,
and 8., immediately to westward of the adjoining continents, the amount
of the diurnal barometric oscillation from the morning maximum to the
afternoon minimum is only about 0:025 inch, falling in summer in
the anticyclonic region of the North Atlantic to 0:014 inch. Now these
anticyclonic regions of the great oceans are characterised by calms, light
and variable winds, and further they are little traversed by seamen,
as shown by Baillie's Meteorological Charts of the ocean. These
regions are shown on the accompanying isobaric charts, Plates III.
and IV., where it will be seen that the surface winds cutflow in every
direction from the high pressure areas of the anticyclones. Since, not-
withstanding the outflow from the surface, pressure remains high, it
necessarily follows that the high pressure is kept up by an inflow of
upper currents. As the slow descending air of the central spaces of the
anticyclones connects the inflowing upper currents with the outflowing
winds of the surface, it follows that the air filling the central areas of
the anticyclones is relatively very dry, because every stage of the
descent, increasing the pressure, thereby increases at {the same time
the temperature and the drynmess.  Hence, over anticyclonic areas,
the atmosphere is less cooled by nocturnal radiation and less heated
by solar radiation, and the change of the aqueous vapour from the
gaseous to the liquid state, and vice versd, is also greatly less than else-
where. v

The all-important bearing of these anticylonic arcas on physical
geography will be shown farther on, when it will be seen that to them
exclusively belongs the relegation of large portions of the earth’s surface
to climates which result in practically rainless deserts on the one hand,
and on the other to rains generous but genial in amount, and in certain
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regions so torrential in violence and persistency as to lay an arrest on
many important industrial pursuits.

In certain situations the diurnal barometric curve exhibits a unique
phase of character, which is attended with results of considerable interest
to the physical geographer. Such is the barometric curve peculiar to
deep valleys, of which the curves of Gries and Klagenfurt in the Alps
may be cited as illustrations. In such situations, the whole surface of
the region during night is cooled by radiation below the air above it,
and the air in immediate contact with the ground becoming also cool, a
system of descending air-currents sets in over the whole face of the
country bounding the deep valley. The direction and velocity of these
currents are modified by the irregularities of the ground, and, like
currents of water, lthey converge in the bottom of the valleys, which
they fill to a considerable height with the cold air they bring down the
sides of the mountains. This cold and relatively dense air rises above the
barometers which happen to be down in the valley, with the result that
a high mean pressure is maintained during the night. In sammer pressure
is maintained at the coldest time of the night, 0-040 inch at Gries higher
than in open situations in that country. On the other hand, during
day these deep valleys become highly heated by the sun, and thus a
strong ascending current is early formed, under which the barometer
falls unusually low. At Gries it falls in the afternoon 0030 ineh lower
than in open situations in that part of Europe. One of the many results
of this abnormal distribution of the daily pressure of the atmosphere is
this, that if it were attempted to use the barometric observations of Gries
in determining the heights of the surrounding mountains, the height
calculated from observation at 4 p.m. would be 70 feet lower than from
the 4 a.m. observations. Similarly, even in two such situations in the
valley of the Thames as Greenwich and Kew, the height of Greenwich
above Kew would, if determined barometrically, vary six feet accordingly
as calculated from observations early in the afternoon, or in the early
morning in summer, in which season, owing to the larger diurnal range
of temperature, the caleulated differences are greatest.

It will be shown further on that there is not only an abnormal
distribution of pressure as shown by the diurnal barometric curves
according as the effects of solar and terrestrial radiation are practically

confined to and accumulate in these valleys; but even as regards the -

mean annual distribution of pressure through the months of the year,
substantially the same accumulations and removals of large portions of
the mass of the earth’s atmosphere go on, according as either solar or
terrestrial radiation is in excess at that senson of the year. Hence
in preparing the climatological maps for the Challenger Report, no
observations made in such situations were used.

During the cruise, observations were made on the force of the wind on
1202 days, at least twelve times daily, 650 of the days being on the open
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sea, and 552 near land. The velocity of the wind is shown to be greater
over the open sea than nearland, the mean difference being from four to
five miles an hour. Of the five great oceans, the wind’s velocity is greatest
over the Southern Ocean and least over the North Pacific, the rates per
hour being respectively 23 and 15 miles, the difference being thus
8 miles, caused probably by the winds of the “ roaring forties ” which were
crossed and recrossed by the Challenger.

With respect to the open sea, the curves for each ocean show a very
small diurnal variation, but a comparison of the five curves shows there
is no uniform agreement, the slight variations being different in each
case, Indeed it is highly probable that, as the teaching of this large
mass of observations, the true diurnal variation in the velocity of the
wind is practically a uniform straight line, with the single exception
of the slightest rise about midday, not quite amounting to a mile an hour.

On the other hand, as regards the winds observed near land, the
velocity at the different hours of-the day gives a curve, for the five
oceans, a8 clearly and decidedly marked as the diurnal curve of tempe-
rature. The minimum occurs from 2 to 4 a.m., and the maximum from
noon to 4 p.m.,, the absolutely highest being at 2 p.m. The differences
between the hours of least and greatest velocity are, for the Southern
Ocean, 6% miles; South Pacific, 41 miles; South Atlantic, 3} miles; and
the North Atlantic and North Pacific, 3 miles per hour. The higher
velocities of the southern hemisphere were doubtless occasioned largely
by the persistently low pressure at all seasons in Antarctic regions, and
the time of the cruise during which the Challenger was within the
sphere of that influence.

Over each ocean the velocity of the wind over the open sea is consider-
ably in excess of that near land, and it is particularly to be noted that in
no case does the maximum diurnal velocity mnear land reach the velocity
over the open sea. The nearest approach, at any hour of the day, of the
maximum velocity near land to the velocity over the open seais 25 miles
for the North Atlantic; 3-8 miles for the South Atlantic; 46 miles for the
North and South Pacific; and 5-1 miles for the Southern Ocean. The
difference is greatest at 4 a.m., when it is about six miles an hour, but
diminishes as temperature rises, till at 2 p.m. it is a little less than three
miles an hour. These facts bring before us, in an impressive manner, the
extraordinary effect of the land in reducing, by friction, the velocity
of the winds blowing over it; and further, that the heating of the surface
of the land by the sun is in some way counteraetive of friction.

The observations show that as regards the occurrence of rain over
the open sea, there is one maximum of 130 instances at 2 a.m., and one
minimum of 95 at 4 p.m.; and that while, for the twelve hours ending
8 a.m., the number of cases was 706, for the twelve hours ending 8 p.ni.
the number was 635, thus indicating that the occurrence of rain over the
open sea is inversely as the temperature. Putting it otherwise, rain
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falls more frequently over the sea when the effects of terrestrial radia-
tion are at the daily maximum than when solar radiation is in excess;
thus corresponding, as will immediately appear, with the hours of the day
when the occurrence of thunderstorms is at the maximum on the ocean.

Of the forty-five thunderstorms recorded during the cruise, twenty-
six occurred over the open sea, and nineteen near land. Of those over
the open sea, twenty-two occurred during the ten hours from 10 p.m. to
8 a.m., whereas during the other fourteen hours of the day only four
occurred. Hence the important conclusion that over the open sea
thunderstorms are essentially phenomena of the night, and occur mainly
during the time of the morning minimum of pressure. On the other
hand, as regards the thunderstorms which were recorded near land, they
are pretty evenly distributed during the twenty-four hours, being thus
intermediate as regards the hours of their occurrence between the
thunderstorms of the ocean and those of the land, whose climates are
more or less continental in character. In these climates the time of
maximum occurrence is in the early afternoon, or when the barometer
is at the afternoon minimum, and the minimum occurrence in the early
morning, or when the barometer is at the other minimum of the day—
the diurnal phases over the land being thus exactly the reverse of what
takes place over the open sea.

Over the open sea the diurnal curve for the occurrence of lightning
is on the other hand closely congruent with the evening maximum of
pressure ; and thus the relations of the maximum of lightning to that of
thunderstorms over the open sea are essentially different from what
obtains over land. Thus while on land surfaces the maximum of lightning
occurs from five to six hours later than that of thunderstorms, it ocours
four hours earlier than over the ocean. The order of occurrence of these
phenomena in the summer months is thus :—thunderstorms over land
2 to 6 p.m.; lightning over land 8 p.m. to midnight; lightning over
the open sea 8 p.m. to 4 am.; and thunderstorms over the open sea
10 p.m. to 8 a.m.

If it be assumed—and all observation seems to warrant the assump-
tion—that thunderstorms occur during those abnormal distributions in
the atmosphere when temperature falls with height much more rapidly
than the normal rate, it follows that on land this abnormal distribution
of temperature is brought about by the superheating of the lowermost
strata of the air by strong insolation; but over the open sea the
abnormal arrangement is brought about by the relatively great cooling
of the upper strata by the direct effect of terrestrial radiation. On the
other hand, lightning without thunder, or silent lightning, reaches its
daily maximum at those hours when the upper atmosphere contains the
greatest amount of agueous vapour in its different forms, thus favouring
the occurrence of silent electric discharges, and at the same time furnigh-
ing the means of making these discharges better seen.

\
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Of the annually recurring phenomena of the atmosphere, the distri-
bution of atmospheric pressure, temperature, and tle prevailing winds
of the globe are the most important. In truth, charts showing by
isobaric lines the mean pressure of the atmosphere throngh the months -
of the year, may be considered as furnishing the key to the more funda-
mental problems of meteorology, since it is only by the information
thereby obtained that questions relating to the prevailing winds, the
varying temperature, cloud, and the rainfall of different regions can be
satisfactorily handled. Accordingly, fifty-two maps have been con-
structed from all the data available for the purpose, of which twenty-
six show, by isothermals, the mean monthly and annual temperature on
bypsobathymetric maps, or maps showing by shading the height of the
land and the depth of the sea, first on Gall's projection, and second on
north circumpolar maps on equal surface projection; and twenty-six
show, by isobars, for each month and the year, the mean pressure of
the atmosphere, the gravity correction to latitude 45° being applied,
and by arrows the prevailing winds of the globe. The isothermals have
been drawn from mean temperatures calculated for 1620 stations, and
the isobars from mean pressures from 1366 stations. We reproduce
here the maps showing the distribution of temperature for January and
July, Plates I. and IL; and the distribution of pressure and the prevail-
ing winds, Plates III. and IV.; and refer to the report itself for
faller details and for a description of the methods adopted in discussing
and charting this large mass of material, nearly the whole of which has
been prepared expressly for this report. One or two points, however,
may be noted.

The correction for the rate of the diminution of temperature with
height, or technically the reduction of the temperature observations to
gea-level, has been the uniform rate of one degree Fahrenheit for each
270 feet of ascent, as deduced from the cbservations at the two Ben
Nevis observatories, the one at the top and the other at the foot of the
mountain. From the horizontal proximity of these two stations and the
success with which the local disturbance from the effects of solar and
terrestrial radiation have been minimised, the above may be regarded as
by far the best data yet available for the determination of this important
factor in the physics of the atmosphere. Co

From the same double set of observations, a vitally important modifi-
cation has been made, in reducing barometric observations to sea-level,
of Laplace’s formula, which has necessitated a,serious change in the
figures for reduction especially in climates such as Africa and Central
Asia, where the mean temperature of the months differs greatly from 45°,

But the greatest change has been occasioned by the rigid exclusion
from the maps of all observations of temperature and pressure at
places situated in valleys, more or less steep and confined, as previously
referred to. The result is a considerable change in the representation of
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the geographical distribution of temperature, and pressure over particular
regions, as hitherto generally given by meteorologists and climato-
logists. Plates V. and VL., showing the pressure for a large portion of
Burope, illustrate this point. On Plate V. the actual mean pressures
at sea-level, and corrected to the gravity of lat. 45° are engraved,
the mean pressures at Riros and Ténset in Norway, and at Klagenfurt
and Gries in the Alps, being printed in red ink. It is very plain that
these red figures stand out as clear exceptions from every surrounding
average of atmospheric pressure. The most striking contrast is pre-
sented by the means for Ténset and Dovrs, which are respectively
29-95 and 29-87 inches, the two places being nearly the same height,
but separated by a broad mountaincus range. It will be observed from
Plate V. that if the red figures be omitted, mean pressure rises from the
west coast of Norway uninterruptedly in every direction on advancing
inland into the continent. The higher pressure at Tonset and Roros is
simply confined to the lower parts of the deep valleys where these places
are situated, and as suggested by the mean pressure at Dovré adjoining,
to no very great heights in these valleys. Probably the extent to which
the high pressure obtains in these valleys, would be diagrammatically
represented on a map of isobars by no more than a rather broadish
stroke of the pen in these valleys.

Plate VI. shows the distribution of the January pressure over this
part of Europe as given in Berghaus's recently issued Physical Atlas,
where the mean pressures at Tonset and Riros are practically made
to overrule the other pressures over the region to east and north-east-
ward. Similarly, the mean pressures at Klagenfurt and Gries stand
cqually out as exceptions from neighbouring stations and are worse than
useless in drawing the isobars, particularly in the summer and winter
months, when the lucal effects of solar and terrestrial radiation result in
marked diminutions and excess of pressure in deep valleys. To these
places may be added many others, such as several of the stations in the
Caucasus, at Irkutsk and other Siberian stations, and in South America.
A similar remark is also applicable in drawing the isothermals.

It also follows that such stations are eminently unsuitable to be
used in the barometric determination of heights, it being evident that
the heights of the hills betw een Dovré and Tonset, if determined from
the mean pressures of January, would be 70 feet lower if calculated
from the Dovré observations than they would be if calculated from the
observations at Tonset.

In this connection the winds at Réros are remarkably instructive.
For the ten years 1879 to 1888, the following are the averages for the
month of January.

Days on which the various winds were observed :—

N. N.E. E. SE. 8, SV, w. N.W. Calm.
2 0 1 3 4 1 2 6 12
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Hence neither in direction nor force are the winds at Ténset con-
trolled by the lie and proximity to each other of the isobars in this
part of Europe; but, with the abnormal pressure, they stand alone. On
twelve of the thirty-one days calms prevail, and during the other nineteen
days the movement of the air is simply down and up the valley., A
considerable outflow from these valleys takes place, resulting from the
higher pressure there; and as this higher pressure is maintained from
the effects of terrestrial radiation, a character is impressed on the general
wind system of this region, which is readily misunderstood and mis-
interpreted,

Isothermal, isobarie, and wind maps accompany this paper for
January and July as the representative months of the seasonal extremes.
Ag January is the time of the year when the sun’s heat is least felt,
and the effects of terrestrial radiation attain the maximum, the greatest
cold occurs over the largest land surfaces in high latitudes. Hence the
lowest mean temperature that occurs anywhere or at any season on the
globe, —61°+2, occurs in January at Werkojansk, lat. 67> 34' N., and
long. 183° 51' E., in North-eastern Siberia, at a height of 460 feet above
the sea. At this place temperature fell in January 1886 to — 88°-8,
being absolutely the lowest temperature of the air yet known to have
occurred. The lowest mean temperature in America is nearly — 407,
over the region situated a little to the north of the magnetic pole. TFor
obvious reasons no such low temperatures occur in the southern hemi-
sphere at any season.

In the northern hemisphere the ocean maintains a higher tempera-
ture than the land in regions open: directly or indirectly to its influence,
as is seen not only ‘in the higher latitudes to which the isothermals
push their way as they cross the Atlantic and Pacifie, but in their
irregular courses over and near the Mediterranean, Black, Caspian, and
Baltic Seas, Hudson’s Bay, the American Lakes, and all other large
sheets of salt and fresh water. The influence of the ocean and ocean
currents in keeping up the temperature during the winter months is
most strikingly seen in the North Atlantic, where the isothermal of 35°
reaches a much higher latitude in midwinter than anywhere else on the

' globe.

In the southern hemisphere the highest isothermals are 90° in
Australia and South Africa, and 85° in South America. It is to be
noted that in January, the summer of this hemisphere, the lowest
isothermal is 25° in the Antarctic Ocean to the east of South Victoria;
whereas in July, the corresponding summer month of the northern
hemisphere, the lowest isothermal is only 357, or 10° higher than in
the Antarctic Ocean. The difference is due to the icebergs and icefields
of Antarctic regions. In Antarctic and sub-Antarctic regions the
change of temperature through the months of the year is comparatively
small, the annual range being only about 107
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In January the mean pressure of Central Asia rises to about 3050
inches, which is absolutely the highest mean pressure for any month
anywhere over the globe. Now, since the prevailing winds in this
great anticyclone, which virtually overspreads nearly the whole of Asia
and Europe, flow outwards in all directions, bringing south and south-
west winds over Russia and Western Siberia, it follows that the
temperature of these inland regions is considerably higher than would
otherwise be the case. On the other hand, since the prevailing winds
are north-west, north, and north-east on the east and south of Asia, the
temperature of these regions is thus abnormally depressed. Indeed, so
strong is this influence of wind direction and ocean combined, that the
isothermals run, roughly speaking, north and south in the west of the
Europeo-Asiatic continent, and do not assume an east and west direction
till about 70° or 80° long. E.

Since in Siberia light airs and calms prevail, and the general drift
of the atmosphere is N.N.E. towards the higher latitudes of the Aretic
regions, the temperature continues rapidly to fall insthat direction, with
the result that the lowest mean temperature is not coincident with the
centre of greatest pressure to the south of Lake Baikal, but occurs at
Werkojansk, about thirty degrees of latitude to the N.N.E.

The other anticyclonic regions are North America, in the centre of
which pressure rises to 3020 inches; two in the Pacific to the west of
California and of Chile respectively; in the south Atlantic to the west
of Cape Colony; and in the Indian Ocean to the west of Australia.
Such regions, and they are well marked, are found in all months and
in all oceans about lat. 30° to 40° N.and S., immediately to the westward
of the continental masses in these latitudes. The only apparent exception
to this is in the North Atlantic in January, and the isobars of this
part of the ocean for the months immediately following suggest that
this is a true exception. Lieut. Baillie’s isobaric and current charts
of the ocean show in an instructive manner that the central spaces of
these anticyclonic regions are nearly always avoided by seamen, and
therefore practically long known to them. It is scarcely necessary to
add that the prevailing winds blow out of them in all directions; and
since these winds have the temperature of the upper regions whence
they have come increased only by the increasing pressure to which
they are subjected as they descend, their temperature often differs con-
siderably from that of the surface of the sea over which they blow,
but the precise temperature relations have yet to be worked out.

The lowest isobar, 28-90 inches, is in the Antarctic regions to the
cast of New Victoria. The observations of all months for which we
have observation show that there is a permanently low pressure over
these regions, lower than is to be found anywhere else on the globe.
On all the maps pressure is drawn to the isobar of 2930 inches, since
observations appear to warrant this; but during the summer months
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of the southern hemisphere lower isobars have been drawn for' the portions
of Antarctic regions for which observations 'have been furnished by the
various expeditions which have been made mt.o these. southerP seas.

The most widespread low-pressure area is in tl:oplcal regions, where
pressure, except in the eastern half of the Pacific, falls below 29-85
inches. In this extensive region, which covers about two-fifths of the
whole surface of the globe, there are three areas 'Where pressure fz'xlls
otill lower. These are the north-wost of Australia, Southern Africa,
and South America. A line drawn round the globe along the path o,f,
least pressure of this zome separates the north and st?uth “ trades,
indicating the belt or still marrower zone towards which these g1:eat
aerial currents blow. In the Atlantic and eastern ha.'lf of the Pacific,
where the barometric gradient is well marked, these winds are mapped
ont with equal distinctness; but in the western part f)f t}?e Pacifie,
where the gradient is low and indistinctly marked, ?he. direction of the
prevailing winds is irregular and obscure, .and it 1is .probable that
increased observation will the more strongly illustrate th.ls remark.

Tt will be observed that the path of least prossure lies ‘north of th.e
equator in the Atlantic and Pacific Oceans. B'ut in the Indian Ocean it
is, at this season, south of it, lying in a line fmfn Seychelles t(? the
north of Australia. In this restricted region the winds are espt‘acxally
interesting as illustrating Buys Ballot’s law of the wind in the

misphere.
sou?ﬁ? szt Elost important low-pressure .s_ys.tem overspreads the
northern part of the Atlantic and regions adjoining, the lowest mea;
pressure being 2950 inches from TIceland 130 the south of Gl‘eenlan. .
1t is this region of low pressure which gives to .We-stern Europe its
prevailing south-westerly winds and to North America its north—westerl?r
winds in winter. By these the temperature ?f Western Europe is
abnormally raised by its prevailing winds coming from th.e ocean and
from lower latitudes, and the temperature.of North Ame‘rlca is abnor-
mally lowered by its prevailing winds coming frf)m AI‘Ctl‘C regions and
from land in the season when the effects of ter.restrlal r'adlatlon are at the
maximum. The opposite action of these winds, which are component
parts of the same atmospheric disturbance' about Icelanil, is .shOV‘vn by
the temperature on the coast of Labrador belglg'only — 13., whilst in the
game latitude, in mid-Atlantic, it is 45° or 58° higher. This low- pressure
region extends eastwards beyond Nova 'Zembla, and fro'm the r.esultmg
winds which follow that extension the rigours of the winter climate of
the north of Russia and Siberia, as fal' east at least as Cape Severo, are
i eracted.

mat';lgznl?’e;‘:il:]l:ng cyclonic centre is in the North Pacific, the ¥owest
igobar being 29-55 inches south of Alaska. The effects of this low
pressure on the prevailing winds, and through these on the tempellratm:e
and rainfall of the north-east of Asia and the north-west of America, is
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exactly similar to the effects of the low pressure of the Atlantic on the
climates of Europe and the United States.

The influence on the pressure of the Spanish and Italian peninsulas
on the one hand, and on the other the influence of the Mediterranean,
Black, and Caspian Seas is strongly marked; and equally so do the
Arabian Sea, India, and the Bay of Bengal leave their mark on the
isothermals, isobars, and the winds.

July.—This is the typical month of the summer of the northern and
of the winter of the southern hemisphere. The three regions in Asia,
Africa, and North America, enclosed in June with the isothermal of 95°,
and marking off the hottest regions of the globe in that month, cover
now a wider extent, and include maximum temperatures a few degrees
higher, indicating absolutely the highest mean temperatures that occur
anywhere or at any season,

Among the most interesting features of the climates of restricted
regions shown by the isothermals may be enumerated the relatively
low temperature of Nova Scotia, the coast of Morgeco, Burmah, and
Victoria in Australia; and the relatively high temperature of the
eastern division of India sheltered from the summer monsoon, and the
inland regions of Scandinavia, Spain, Italy, and Greece. In these
months the influence of the Red Sea, the meteorology of which has
recently been contributed to science by the Meteorological Council, is
oonspicuously seen in maintaining a low temperature, and thereby
breaking the continuity between Asia and Africa of the isothermals of
00° and 95°. The erowding together of the lines in California, and
from the Bay of Biscay to the south of Algiers is very remarkable.

The more important changes of the distribution of the pressure are
an increase over the southern hemisphere generally, with very slight
exceptions in South Africa, New Zealand, and the south of South
America ; India, except the north-west; Japan; a patch of Europe,
extending from the north of Spain to Hungary ; the south-western half
of the North Atlantic, and the continental portions of North America
from the Gulf of Mexico north-westward tolat. 55°. Elsewhere pressure
has diminished, but particularly over Asia and Europe, except the
regions mentioned above, the northern half of the North Atlantic, and
nearly the whole of British America.

In this month the pressure of the northern hemisphere, taken as a
whole, falls to the annual minimum, If 29-95inches be accepted as the
mean pressure of the atmosphere over the globe, which is very mnear the
truth, then the whole of this hemisphere, excepting the anticyclonic
regions of the Atlantie and Pacific, has a mean pressure below the
average. This great seasonal depression has its centre marked off by
the isobar of 29-40 inches, extending from Mooltan to Muscat, and is
absolutely the lowest continental pressure occurring anywhere or at any
soason. This great depression, which may be roughly regarded as
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terminous with the land of the northern hemispl.lere, may be _]ulst:)y
z?)nsidered as ruling the climate and weather of this half of the globe
ing the summer months. e .
dunSnugbordina\te centres of low pressure are to be seen Im i\mdth. Agl:r:éf;,
' d Hudson Bay, south of Iceland, in ¢ -
between South Greenland an sland, in Sond”
ia, 1 i i lley of the Po, the last four g
.navia, in Spain, and in the va f ; T oo,
i i America the lowest isobar is
ever, comparatively slight. In : sobar 78 inches
\frica the i to result in a widening ap
Africa the increased heat seems : _
::)bars from the Red Sea to Sierra Leone, rather than in the formation
distinet cyclonic centre. ' ' .
o a;lz addition to the four anticyclones in th.e 'Atlantlc azcz -]:"aclf;:cd,
anticyclones appear also to the west of Austral}a, in South Africa, n
in Agstralia, in the last case reaching the maximum fo.r the yea,r.lm1
the sonthern hemisphere, about lat. 30°, pressure rises ) ow:;f o ,f,
stretches to or above 3020 inches; and nowhere, except oui;v goes "
aratively short distance from long. 170° E. to l.ong. 140 .‘;hat it
¥11 below 30-00 inches. It is to this belt of high pressure y
a;a,l't of the air which has been removed from the continents of the
florthern hemisphere has no doubt been tra:nsinr.ed: e more than
i e in Asia 15 a
In January the highest mean pressur N more than
50 i i lley of the Amur and the region !
30-50 inches in the upper va > egion fo e
it ; i ly the lowest pressure, ,
th-west of it; whereas in July ' '
zzua considerable distance from the above, being 1o<?ated in tt}‘le vallfr;;
of the Indus and south-westwards to Muscat. The dlif.erence 0 p;eﬁs
between these two extreme months is thus 1:10 inch, or fu fytha
thirtieth part of the entire barometric pressure, nearly t{]r th(‘)l:h : tws
i i i by the difference of temperature o
difference being occasioned by 4 ; he b
{ i i hat it may be regarded as pra y
ths, the rainfall being so small t _ ' :
;mi(l)r;t these times of the year. In North America and in Australia the
difference of pressure of January and July e only 0°45 mcl;]. s of
In the remarks on January it was pointed out ‘that the cen <
aximum pressure and minimum temperature, which are respec’mve} y
:;lilese maximum and minimum data for the globe fox: any season, are far
from occupying the same geographical area. But in J l}ly thle regions
f minimum pressure and maximum temperature are virtual y 1comm-
:; t. In this region the climate is remarkably dry .ar{d rain! ess,.olr1
:zriy g0, and substantially the same climatic characteristics dlstlglgm;
n ’ - - _
i i the United States, Scand1
estricted regions of low pressure in : tat
t};iir: ogi)sin and North Ttaly. The point is of considerable 1mp}(zrtinc'e
o ’ 3 . 3
' i i that when the sun’s heat 1s
in atmospheric physics, as showing . ‘ .
utlro: nels‘c Ic)zvclonic areas of low pressure are generat_ed in dry chmates(i
gvhergas in winter, in the bigher latitudes, cyclonic areas are forme
i id and rainy climates. ) o
N hC‘)lrIfc: o: the mogt remarkable illustrations of the respective 11.1ﬂuences
of land and water on the courses of the isobars is seen at this season
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in the higher pressure maintained from the Straits of Gibraltar, east-
wards to the Sea of Aral by the extensive sheets of water for which this
region is so remarkable. The crowding, widening, and deformation of
the isobars in the different parts of the region are curious and highly
instructive. On the other hand, the diminution of the pressure shown
by the isobar of 29-80 inches immediately to the north in eastern
Russia, where there are no water surfaces, is equally striking.

As Anustralia is an island sufficiently large to show the climatic
features of a continent, it is interesting to note in connection with the
anticyclone overspreading it at this time, that on all coasts the winds
blow out from the land seawards. This, therefore, is the dry season of
Australia.

One striking feature of the oceanic anticyclones deserves attention.
The isobars crowd more together on their eastern sides, where they
press closely upon the continents adjoining, than on their western sides,
where they are prolonged westwards through their respe'ctive oceans.
The prevailing winds of continental coasts adjoining the central and
southern portions of anticyclonic regions are “usually dry for two
reasons; they advance from higher to lower, and therefore warmer lati-
tudes, and they have traversed the evaporating surface of the ocean but
a comparatively short way since their descent from the higher
regions of the anticyclones. The arid climates of California, Peru
Morocco, and south-west of Africa at this time may be referred to as,
illustrations.

The July isobars of India are of more than ordinary interest,
implying, as they do, the utmost practical advantages to the empire.
From Cutch southward pressure is everywhere higher in the west
than in the east of the same latitudes, represented by the scuth-
easterly slant of the lines as they cross India. The difference is
about half a tenth of an inch, and the same difference also holds
good in Ceylon. The consequence of this peculiarity in the distribu-
tion of the pressure is that the summer monsoon blows more directly
from the ocean than would have been the case if the isobars had
lain due wesl and east. A much more important consequence, however,
follows from the location of the region of least pressure in the valley of the
Indus, so that in the valley of the Ganges, and in the north of India
generally, pressure diminishes steadily from east to west—from Assam,
up the Ganges, and westward to Jacobabad on the Indus. The inevit-
able result of this inversion in the manmer of the distribution of the
pressure is that the winds are no longer south-westerly, but they become
southerly over the Bay of Bengal, and thereafter deflected into E.S.E.
winds blowing up and filling the whole valley of the Ganges, and dis-
tributing in their course a generous rainfall over this magnificent
region. If winds there had been south-westerly, the rainfall would
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have been meagre and inadequate, owing to the intervention of the
Western Ghauts between the sea and the Ganges.

It will be observed: that the low-pressure system of Asia and the
anticyclonic system of high pressure of the Atlantic are connected by
what is virtually an unbroken broad belt of westerly winds over Europe
and western Asia, bearing with them much vapour from the Atlantic
to which is due the summer rainfall of these parts of the old continent.

It has been explained that the centres of anticyclones are occupied
with a vast column of descending air, which as it descends becomes
continually warmer and drier; and also that the limiting isobarics of
the anticyclones press close together on the west coasts of the adjoining
continents out of which the air currents spread over these continents.
Now an examination of the surface winds of the anticyclones in their
middle and southern portions in the northern hemisphere, and in their
middle and northern portions in the southern hemisphere, show clearly
that they traverse but a small part of the ocean before reaching the
adjoining continent, and further as they thereafter pass in lower latitudes
they become still drier as they advance. The inevitable result is that the
parts of North and South America, and of the north and sounth of Africa
where these anticyclonic winds prevail, are virtually rainless barren
deserts ; and they will remain so as long as the present geographical dis-
tribution of land and water remains substantially as it is. On the other
hand, as the winds which blow in upon the continents on the side farthest
from the equator, must arrive at the land after traversing a considerable
portion of the ocean, and thereafter advance into higher latitudes and
therefore colder climates, the rainfall over such regions is generous in
amount, and in many cases, in even undue excess. In illustration may
be cited, the arid climate of Lower California as contrasted with the
west coast of British Columbia, the annual rainfall of San Diego being
only 10 inches, whereas that of Fort Simpson ig 100 inches.

Or stating more generally the relation of the isobaric lines to the
rainfall, which, from the hygrometric conditions it involves, impresses
on climates their more characteristic and beneficial features, the greater
the distance the winds have traversed the ocean before they strike the
coast, the more copious is the rainfall; and the less the space so traversed,
in the same proportion do the climates of the land surfaces approach
a rainless aridity, even though the winds arrive direct from the ocean.
Thus the isobaric lines and winds for July show that among the
regions of the globe where the rainfall is large are India, the winds
there having really traversed the ocean from near latitude 30°S.; the
United States, the prevailing winds arriving there after having traversed
nearly the whole breadth of the Atlantic, and the Gulf of Mexico; and
Japan, to which the prevailing winds arrive after traversing more than
balf the breadth of the Pacific to the south-eastward. Again,in January,
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the winds of the British Islands and Norway have previously passed
over a large portion of the Atlantic; and as regards the Fast India
Islands, the prevailing north-easterly winds of winter bring 2 heavy
rainfall gathered during the long course they have pursued over the
Pacific. Where the continental masses of land are of comparatively
small extent, as in Australia and South Africa, and the isobaric systems
therefore less likely to be fully developed year by year, there the most
serious droughts occur from time to time.

The desert of Gobi is caused by quite a different set of meteorological
conditions. During winter, the wind system of this region is part of the
general atmospheric movement of Asia, which proceeds from the
centre of the continent in all directions towards the surrounding
ocean.  Ience the region at this season is practically rainless; and
during summer the winds in this part of the continent become
northerly as they follow the general atmospheric movement in upon
the low pressure system in north-western India, and hence in this
season also the climate is rainless. The point to be insisted on here
is that these regions are made deserts by the meteorological conditions
of pressure and the resultant prevailing winds, which in their turn
are the inevitable result of the present distribution of land and water
over the face of the globe.

The isobaric maps show in the clearest and most conclusive manner,
that the distribution of the pressure of the earth’s atmosphere is deter-
mined by the geographical distribution of land and water, in their
relations to the varying heat of the sun through the months of the year;
and since the relative pressure determines the direction and force of the
prevailing winds, and these, in their turn, the temperature, moisture, and
rainfall, and in a very great degree the surface currents of the ocean,
it is evident there is here a principle applicable, not merely to the
present state of the earth, but also to different distributions of land and
water in past times. In truth it is only by the aid of this principle
wat any rational attempt, based on causes having a purely terrestrial
origin, can be made in explanation of those glacial and warm geological
epochs through which the climates of Great Britain and other countries
haw7e passed. Hence the geologist must familiarise himself with the
nature of those climatic changes, which necessarily result from different

distributions of land and water, especially those changes which influence
mest powerfully the life of the globe.

Mr. R. H. Scort (Meteorological Office) : I think the Society may congratulate
Mr. Buchan on being able to lay before it the results of investigations upon
which, to my knowledge, he has been engaged for the last quarter of a century,
Mr. Buchan commenced to make his charts of the distribution of barometric pressure
and wind, which were published about twenty-two years ago, somewhere about the
year 1865 ; and now in the year of grace 1891 he comes to lay before you the con-
clusions to which his ripened judgment has led him. Of course, owing to the number
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of questions which Mr, Buchan has dealt with, it is imposs-ible to discuss any one}of
thélm- he has merely lightly touched on the subjects leading to the conclusicns he
)

‘pas arrived at. However, this is not the place ot the time to enter into a discussion,

because there may be some slight diﬁ”erlences Sf optiuio?)l; b:xot Ipﬁu;];v:i ::: e;c;flt
i i him for having taken the trouble se. resd
lt?)tgvle{he(:}.)hgl?b:?nging forward the:e remarks he .has talked ab9ut tbeTixstnt‘):t;ir;
ofoltmd aud water which has produced the (.:hmat.e that ex1st.s. o erg_ext one
question I should bave liked to have heard him take up; thfxt is, the sul (]luce b
cussed by some foreign physical geographer::s as to wh'at is required 11):0 repr(:} . rcmam 5
glacial epoch in England. They say what is .wanted is merely tosu (Ilnerge o feety.
and Russia, which could be done by lowerm.g the level.of the lgn ‘sgmt].e o hmd,
80, really, it does not require any very great disturbance in the 'dlstnf Izhlonwork »
and water to produce this phenomenon, %\s regards the question Log[ ' Beu wor ha;
the Challenger, it is exceedingly interesting to me t.o hear.tha.t 1; 'tch o bas
found that we never on land get anything like the \.vmd W.lnch}s met wi c;. the
open sea. Of course I know myself, from expe.rience in t'he‘ interior of the cox; mmt
of Europe, that the wind there is nothing like what .1t is on our zwln V{r_esasgavsv e
We have heard from ships of tremendously strong winds in the 2 td an 1: wnd
certainly in our office never believed the reports, as the observers ha tm} v;glem;
ments on board to prove that the v;ind :;tuagy ren:-}(x)e:i (:?e Ma}x_n(gll:]d:n violence
i logs; but it appears from the observati 2 han that,
:eei(;xi‘:)egdt]}?eﬂ::ast,oa’very oonsiggrable diminutiox} in the f_orce of th.enwn:Ind ]133 f?;:g:
However, with reference to the whole of the .subject,.I thm?x that ti L Mr. uc'nio ;
paper is in print and condensed, it is hardly time to discuss it, or to gwe;r‘xyholp;l on
upon it until one has bad time to consider carefully. the conclusions at whic bef e
arrived. I congratulate him most sincerely on being able to bring the paper befor
thlsl?fc;tyéALTON: The only point to which I would draw attention is the extra-
'ordinal:y .advance that Europe has made during this centu}‘y in }nﬁteorology, 5:;
advance parallel to that made in the science of geog:raphy, with whgc W;e tilﬁa rn1 ore
especially concerned here. Not many years bfxck it wouln‘i have ee_nd? ‘ti y(7 e
possible to have constructed a map with these isobars and 1sothermls ;n ica lef ihe
distribution of meteorological phenomena over the face of the globe, as a

- necessary information for doing this has been collected in comparatively recent years.

Again, although people may justly say that our prefiictions of thz Weailther lssﬁi
by Mr. Scott are by no means as perfect as they might be, and ; oug ;vlcla camer
even roughly anticipate more than thirty-six or even twen.ty-fom"r hour;, s 1W aozgh};
great advance has been made from what was f('>rmer1y possible, ex: ore i t'b
not to be diecouraged by the length of timfe it may take to approach to pe:h(?c ion,
considering how very much has been done in this one century. The gx'e:\tt m§WE
now want to know is the state of the air above us, for we are at the bo om ohan
aérial ocean and all we know is what takes place at the bct'tom. Irnagu}et ?1“7
little 2 marine animal that lived at the bottom of the sea, .havmg tllxe same m'\;'e x:
gence as ourselves, would know of the currents gbove. Ihat is precise yo;{r pc;;l 1lc])n,
we understand only one horizontal section of this superincumbent mass% 2 r.I 1;43 ag
has done a great deal in endeavouring to gdd, as {ar as the geography o ngf a}? an
Scotland will permit, to our knowledge in this respect, ‘by his advocaf:y of t te con-
struction of an observatory on Ben Nevis, am.i I should like to 'take this opFor un;]ty
of saying how much it would add to the interest of the daxl)f 1:etums I'Ofn that
observatory now published in the Times, if returns from Fort William weref given at
the same time, 8o that we should be easily able to compare the results obtained {rom
these high and low-level stations. -
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Admiral Sir Erasmus OMMANNEY : I should like to ask one question, Sir,as to
the great contrast of readings of the barometer in the Arctic as compared with the
Antarctic zones, which differ we know from observations made. The barometer
stands about an inch lower in the Antarctic than in the Arctic regions. I do not
know whether you have considered the matter, but if you have, it will be of great
icterest. )

Mr. Doucras Fresurierp: Mr, Galton has spoken of the importance of
knowing what is above us in the atmosphere. It is a common observation of
weather-prophets in the mountains, that great changes of weather are preceded by
changes in the upper sky, which do not precede minor local disturbances. It would
be of interest if Mr. Buchan could tell ns what is the force of the wind as observed
at the different high stations in Europe, not only at Ben Nevis, but at those of

double the height, on Etna, in the Pyrenees, on the Pic du Midi, and in the Alps, -

at the St. Bernard, on the Sintis, the Sonnblick, and elsewhere ; whether the winds at
these stations are of the same force as they are on the great oceans, I would point
out that there is now an opportunity for meteorologists, which I hope they will avail
themselves of, in the new cabin at the height of 14,000 feet on Mont Blanc,
where undoubtedly an observer could live for six months, and an enthusiast might
conceivably stay the whole year. The general opinion is that the wind is very
much stronger at such heights, but 1 do not think this is necessarily true, as a
little extra cold in a gale makes it appear much stronger, and of course at these
elevations the winds are often icy. At the beginning of the greatest of the
storms which characterised last summer, a party of men, perfectly capable of
taking care of themselves, were swept off one of the ridges of the mountain by the
force of the wind, M. Janssen’s observations of the force of this gale at this
cabin proved that it was mot equal in violence to the great tornado he experienced
in Hong Kong. The relatively high temperatures noted by mountaineers on Alpine
summits during winter ascents, seemed to demand more explanation than they had
yet received.

Mr., BucmaN: As regards the force of the wind at Ben Nevis we have little
idea here, save perhaps in great storms, which I do not believe at all equal what
is often felt there. They bave drawn up a scale-0-12 in Mr. Scott’s style that is
used throughout the whole of the world ; what is registered as eight at Ben Nevis
would be registered here as twelve. Twelve would equal about 120 miles an hour,
and such is the great strength’of the wind, that in making observations all three
men have to go out roped together, and creep along on hands and feet. There are
many important things which there is not time to go into; for instance, it not
infrequently bappens, looking at the isobars issued by the Meteorological Office of
the surface winds, that the winds at the top are opposite to the isobars. It
repeatedly occurs that when the wind all round the British Isles is light,
exceedingly strong winds are experienced on Ben Nevis, winds that lasted on one
occasion & fortnight, with force of from ten to eleven, equal to about 112 miles an
hour. At the level of the top of Ben Nevis we have a totally different distribution
of the earth’s atmosphere from that below, aud we should be delighted if the infor-
mation Mr. Galton desires appeared in the newspapers—it is a matter of expense, as
it would mean a great deal more for the daily telegraph, We are very desirous of
bringing it about, and perhaps by and by may be able to do so.

Captain H. TovyxsEr: Having spent thirty-three years at sea, chiefly on
voyages to India, I have passed many times through the areas of high and low
barometric pressure which are depicted on Mr. Buchan’s charts. After that time
I was twenty-three years in the Meteorological Office examining the logs of ships,
so that T am able to say that these areas and their corresponding winds are con-
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firmed by experience. It would have been & great advantage to me had I posses.scl
such charts during my voyages. With regard to Mr. Galton's remark on the in-
portance of observing the upper currents of air, I think that any further advance in
meteorology depends on such observations. For instance, our pres?,nt weather is
related to the fact that an area of high barometric pressure has exxsfed for some
time over our islands, and has warded off the cyclonic systems w}nch 'gem.arally
pass over us on their way to the north-eastward or eastward, especially in ‘.vmter.
This year most of those systems have passed to the northward of us on their way
to Norway. We should like to know the peculiar circums‘tances which catsed the
upper air to settle down over our islands, instead of passing further eas.t tov‘\'ards'
central Kurope, where an area of very high pressure 1s generally constant in winter.
On these grounds I have ever pressed upon the captains and officers of ships, V\fho
have undertaken to observe for the Meteorological office, the importance of noting
the direction from which cirrus-cloud is moving. It seems possible that ch.ea‘p
balloons might be used to advantage where upper cloufls are not seen. Thisis
proved by the following anecdote told me by my old friend, the late Mr. W. H.
Bayley, who was then secretary to the Revenue Board of Madras. An aeronaut
came to Madras and advertised an ascent, fizing an hour when the sea breeze had
set in, with the object of his being driven over the land. There were no upper
clouds to show the motion of the upper current of air, but Mr. Bayley thought t‘he
man might have made a mistake, so he took his binoculars to the top of his oflice
and watched the balloon. At first it drifted quickly to the westyard over the land,
but it soon gave a peculiar twist and then moved seaward so quickly that, al.though
the man pulled the string of the valve so hard that it jamr_ned open, allowing the
gas to escape very freely, he fell into the sea two or three lees from the land, ar:d
the boats of ships in the harbour raced out and saved him. Ihave ;flways I}e;d
Mr. Buchan’s opinion that currents of the sea are produced by tl.le ac.uon of wind,
which is well shown by Mr. Clayden’s model about to be exhibited in the Royal
Naval Exhibition. Mr. Buchan’s paper has interested me much, and I hope he
may enjoy another twenty-five years of work with equally good resnlts.

Dr. RAE: Might I beallowed to say a few words in regard to the centre of cold
in North America. In 1850-1 I wintered in latitude 67. We had cold 73° below
zero.”. My thermometer was tested by the Meteorological Office, and the mercury
was frozen six to seven days continuously, and I think this is colder than has been
recorded in any other part that I know. Thiswas at the noyth-east end of Great Bear
lake ; the lake, of course, might affect the temperature, bl}t it was completfaly covere.zd
by ice. I think this temperature is the same as that registered by Captalp Nares in
Smith’s Sound. I believe that Captain Ross’s party, when as near as possible to the
magnetic pole, never registered so great a degree of cold. . o

Mr, Bucrax : Of course in my paper I have been dealing not W.lth §1ng1e tem-
peratures, but with averages. Might I ask if you took this observation in a valley

ith high ground round you?
Wlﬂll):l. iAi The groundy was rather low ; my instruments would be 10.to 12 feet
above the lake, and the lake is about 300 to 400 feet above sea-level.

The PRESIDENT ; There is a thought which I am convinced passed through the
minds of a great many people when Mr. Scott was speaking, and it was this, that
although there was nothing in the evening papers about the §ubmergence of Germany
or Russia, there was some reason to think that the glacial period had returned
already. However that may be, we are all very much obliged to Mr. 'Bucha.n for
having come here to-night in such dreadful weather, and from a 1<_>ng distance, and
for having given us the result of his observations and reﬂectio.ns hived up through
so many years. I trust that he will not be a sufferer for having done so. I know
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{Lat Mr. Buchan is in somewhat infirm health, and that his throat is a weak point.
1 was pleased, however, to observe that his voice showed no faltering as he pro-
cceded, and I trust and hope that to-morrow he will not have to regret the great
amount of pleasure and instruction he has given to a large company of this Society.

Notes on a Botanical Trip in Madagascar.
By G. F. Scorr Ertior.

I vaxDpED at Madagascar in December, and, after a few days at Tamatave,
proceeded to Antananarivo. After a fortnight'’s stay in the capital, I
then started on my journey south-eastwards, and after six weeks' almost
continnous travelling, I arrived at Fort Dauphin, the extreme south

eastern corner of the island. Most of this route is over very well-known
ground, and Messrs. Baron, Grandidier, Hildebrandt and others have very
thoroughly described the character of the country. The first part of my
journey was to Lake Itasy, which is about two days’ journey west of the
capital. This district deserves notice, as the geological structure is
peculiar. I passed over two rather extensive basalt flows, which appear
to be of rather recent date, though the absence of any overlying rock
renders it impossible definitely to fix their age. On this basalt there is
a distinct change in the vegetation. Lysimachia parviflora and a few
other species are more common, and Clematis anethifolia, Kniphofia pallidi-
flora, and others appear almost confined to it. The whole district near
Lake Itasy is volcanic ; the country is studded with small cones of scorie,
rising (in the neighbourhood of the lake) out of a level, marshy plain,
and one is tempted to assume that the lake lies in a hollow due to the
subsidence of the land through voleanic action. From Lake Itasy I
went to Mr. MacMahon’s station at Ramainandro, and near here I saw

the celebrated subterranean river. It is a very sirple formation. The

strike of the strata is east and west nearly, and the river, running in
the same direction, has burrowed its way underneath a Larder layer of
rock, which latter has subsequently broken off in large boulders and
covered the stream.

I next passed through the Ankaratra Mountains, which rise to about
10,000 feet, and appear to be of rathera different rock to the ordinary
monotonous gneiss and granite of Imerina and the Betsileo. These
mountains are very misty, and never suffer, so far as I could see, from
the drought prevalent over most of the country.

Corresponding to this climatic change, there is a distinct change in
tho vegetation. The higher mountain plateaux and hillsides are covered
with luxuriant grass, amongst which there is a profusion of flowers.
Orchids—especially such forms as Eulophia, Habenaria, Satyrium—are
especially abundant. Gentians of various species are also common, and
many kinds of Stackys and Salvia also grow in this part.
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The ravines of these mountains are often filled with patches of forest,
and it is interesting to see how these woods are strictly conﬁned. to the
more sheltered places. The trees along the outside edge of a ravine, and
which are therefore exposed to the wind and sun, show a stunt'ed and
branched condition. This exposure to wind and drought ex.plams the
absence of trees over the parched, steppe-like plai?xs of Imerina, where
all the vegetation consists of very small shrubs with a prostr‘ate, much-
branched, wiry habit, more like heather than any other English plant.

The rest of my journey to Fianarantsoa, and south of that town to the
border of the forestat Angalampena, lay over these low, broken, gneissose
hills, intersected by numexrous rivers and with green rice-flelds 1ymg. in
every valley. The plants become sometimes taller and more luxuriant
by the riversides, and in the rice-grounds one finds many common weeds
of cultivation, but the rest of the country is almost wholly cow.ared by tpe
indigeneous forms, such as Hypericums, Indigoferas, Desmodiums, Otio-
phoras, Phaylopsis, Commelyna, and many others.

There is an interesting mountain lying to the east of the road near
Tianarantsoa. According to Malagash tradition, its misty sumr_mt is
inhabited by the ghosts of the dead. When the cannon are fired in the
capital at the feast of the new year answering salvos of ghostly artillery
are said to be heard from the mountain top. Mr. Shaw told me he had
once managed almost to reach the summit, and he found the vallejyshad
a peculiar bend and shape which might form an echo, so that this may
really be a fact. .

The most interesting part of my journey began- at An'ga.lampena,
about 50 miles south of Fianarantsoa. This is the inner hnnt. of the
forest, and, as nearly as 1 could calculate, the moun.tams are a13 this place
about 4000 feet high. There are two parallel fldges, running nezn:ly
north and south, and separated by a river of considerable breadth. The
river seems a branch of the Mangoky, and apparenjcly turns to flow
westwards a few miles inland. After crossing the river, and a rather
dangerous morass which covers about two mile.s of the road, one has the
gecond mountain ridge to traverse. This is the watershed of t'he
island, the rivers on its seaward side draining into the east coast, while
those on the inland side eventually fall into the sea on tl}e western coa.st.
The whole of these mountain ridges and their valleys is covered v?qth
a well-grown and dense forest. 1t is difficult, in fact, to get a good. idea
of the country until one emerges on the eastern flanks of the second ridge.

' The view from this side is very beautiful. Below one’s feet lies a long,

very deep valley, with a broad river running faastwards. Lijctla villag:s
are placed on flanking spurs of the hills, while the mountain rangesto
the westward, rising one behind another, .ar.e covered with forest.
Every here and there an abrupt granite precipice appears amongstithe
trees. The level of the valley T 1000 feet below that of the river
flowing west. The forest is here very narrow.



