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PREFACE

THE book has been enlarged and entirely reset for this edition.
Many scctions have been rewritten to bring the trcatment
up to date. Nearly all the climatic means have been revised,
and data for many new stations added, useful material
having become available in recent years as a result of the de-
mands of air-navigation in peace and war. Scveral new tables
are included of wind-directions, diurnal tempcratures, sun-
shine, fog, and other elements, to provide a broader founda-
tion for the detail which the practical worker on any area
requires.

Primary sources should naturally be the basis of this work ;
data have been obtained both from official publications, now
numerous, most of which originated in, or as a result of, the
rccent war, and by inquiry and search at meteorological
offices, in particular the British, to the staif of which I am
greatly indebted for ungrudging help. Secondary sources have
been intentionally left aside as much as possible with a few
exceptions, notably the indispensable Handbuch der Klimato-
logie of J. Hann among the older authoritics, and of moderns
the work with the same title edited by W. Képpen and R.
Geiger. Personal experience in the course of a certain amount
of travel on land and oceans, during residence in four conti-
nents, and work in five meteorological services in very diverse
regions of the globe, have provided some of the background
that is essential for any study of distribution.

An attempt, always hazardous, has been made to choose for
more dctailed description regions of significance in the world’s
present turmoil or likely to be prominent in the future.

It is again a pleasure to make the fullest acknowledgement
of the use made of existing sources of information, primary
and secondary. The great increase in their number is an indi-
cation of the growth of climatological studies; for the first
edition of this book the difficulty was to find any precise in-
formation about many parts of the earth, but now the problem
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is rather to select judiciously and compress into the available
space.

My sincere gratitude is expressed to friends and other
authorities, including many in the metcorological offices, for

their ready and valuable help.
W.G. K.
Ozxford, 1950
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PART I
INTRODUCTORY

CHAPTER 1
CLIMATIC DATA

THE most important of the elements which combine to form
climate arc temperature and rainfall. These have been more
carefully and frequently obscrved than others such as sun-
shine, cloudiness, and humidity, which are subsidiary though
by no means negligible, and it seems well to make some general
remarks here about them as they will be so often mentioned
in the following pages.

TEMPERATURE

The air temperature at any place is constantly changing,
and it is impossible to give a complete statement of such a
varying element. In climatic descriptions it is usual to state
the mean temperature, and desirable to indicate in some way
how far the temperature may be expected to vary from day
to day. ‘Mean temperature’ is an abstraction, and if it is to
be of significance the extremes of the individual figures from
which it is derived must not be very far apart. For most of
the world the mean for the year is the least satisfactory state-
ment of temperature ; Peking (Peiping) and the Scilly Islands
have almost the same annual mean, but the monthly means
range from 80° to 25° at Peking, from 61° to 48° in the Scilly
Islands. In low latitudes, it is true, the annual mean is more
useful since the temperature varies less from month to month,
but it should be supplemented by the monthly means.
Means for a shorter period than a month would be still more
valuable, but they entail burdensome statistics.

The mean temperature for a day is usually taken to be the
mean of the maximum and minimum recorded in the shade
under certain recognized conditions to ensure uniformity ; but
some of the means quoted arc the means of the 24 hourly
readings, others are obtained by a combination of the readings
at various hours, according to the observations available; all



(14)

(10X MmoN pue uopuor ‘Auedwo) Surysyqng
MH-M8ID01Y “fifojorpwyy) 1 unsny pue zjmineyy wosy uoisstuzad £g) sunjersdwal yo a8ues [enuue uesy ‘1 *OIg

moo_ o8 asva o o8 (2] 3 of

||||| N T~ ||IV/|k.\J.||-. = —I MW\«: 2 o3 ieim os oer |
lﬁr
oo a — B iy i \\
} VB,M(.Vw ] \0\\ \ \.ﬁ.@ - 4l
N AT A ey e
R T T T ,
ARAER AT~ oy it o R o oo SHON N R
. ] 09 P — - 1 i S — \
z NNEBCRSA) | m&ﬂ/
e 4 Y: M / B
.F.\\. o P aid nﬂ/h N./M{f\ﬁ/& y:
2= . 0 S
—
S

N

pare
HiGANS




L1 CLIMATIC DATA 15

the combinations do not give exactly comparable results. The
mean for any month is the mecan of the daily means, and the
mean for a year the mean of the twelve monthly means. True
means arc obtained arithmetically from the data for the day,
month, or year, for a long period, if possible 35 yecars. The
difference between the means of the warmest and coldest
months is the ‘annual range’, a most important clement
(Fig. 1).

At Peking the mean annual range is seen from the figures
given above to be 55° in the Scilly Islands 18°; in the ncigh-
bourhood of the Panama Canal it is only 1°. The ‘mean diur-
nal range’ is the mean differencc between the highest and
lowest temperatures for each day in the period, usually a
month, for a series of years, and it also is a useful figure. For
example, London has a mean diurnal range of 20° in July, the
mecan daily maximum for that month being 74°, the mean
daily minimum 54°; the Scilly Islands enjoy a more equable
climate, having a mean diurnal range in July of only 9°. The
limits within which the mean diurnal range varies over the
earth are not so wide as those for the annual range. Both
the diurnal and the annual range depend largely on the position
of the station, on or near the sca or inland, and on the cloudi-
ness and humidity of the atmosphere, the highest range being
in the middle of a desert far from sea-influence. The annual
range is controlled very much by latitude also, on which the
scasonal change of insolation depends.

It is to be noted that the diurnal range is considecrably
larger than the annual in many regions, especially near the
equator. Thus at Bolobo (Belgian Congo) the mean diurnal
range is 16°, the mean annual range only 2°. It may at first
seem surprising that the range from day to night should
exceed that for the ycar, which includes 865 days and nights,
but no inconsistency is involved, since the annual range is
computed from the mean monthly temperatures, in which
the daily extremes are combined and neutralize cach other.

All the world over the mean annual temperature decreases
with incrcase of altitude at approximately the same rate,
about 1° for 830 feet of elevation; Ben Nevis, altitude 4,406
feet, is 15° cooler than Fort William near sea-level at its foot.
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Hence for some purposes of comparison it is convenient to
‘correct’ the actual temperature to its sea-level value by
adding 1° for every 3830 feet of elevation. In drawing isotherms
these corrected temperatures are used, and where isotherms
are referred to in this book they are the usual sea-level iso-
therms. But with this exception temperatures mentioned are
observed temperatures not corrected to sea-level, unless the
contrary is stated.

A glance at a map of isotherms shows that temperature
varies greatly along any parallel of latitude. The mean for the
parallel may be obtained by taking the mean of a large number
of points spaced evenly along it. The difference between this
mean and the temperature at any place on the parallel is the
‘anomaly of temperature’ for that place, a positive anomaly
if it is above the mean, a negative anomaly if below. ‘Isanoma-
lous lines’ for any month or for the year are lines drawn
through places with the same anomaly. The largest anomaly
on the earth is over the north-east of the Atlantic Ocean in
January, where a large area has a positive anomaly of more
than 20°; the British Isles belong to this favoured region
(Fig. 96, p. 308). Anomalies are calculated from temperatures
reduced to sca-level. They assist us in analysing the complex
influences to which the temperature of any place is due by
eliminating the effect of latitude; altitude has already been
allowed for, and thus they give a simpler picture, showing
chiefly the influence of land and sea, ocean currents, and
prevailing winds.

In tables of temperatures it is useful to indicate the highest
and lowest that normally occur in each month, or, to use the
technical terms, the mean maximum and mean minimum for
each month; and also the mean daily maximum and the mean
daily minimum for each month, these being the means of the
30 daily maxima and the 30 daily minima recorded in the
month for a series of years. They can only occasionally be
given in this book owing to limitation of space. The extremes
that have ever been recorded, the ‘absolute maximum’ and
‘absolute minimum’, are also interesting and useful, provided
that the records are of sufficient duration. Short records are
even less valuable in this connexion than for establishing
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means. The longer the period of observation the higher the
absolute maximum and the lower the absolute minimum may
be expected to prove. Records of less than 85 years, especially
for periods of less than a year, are not of great value in any
except very uniform climates, but in 35 years samples of the
greatest heat and cold to which a place is liable will probably
have been experienced. Unfortunately, in lieu of better, some
data are given in the following pages which depend on much
shorter records; the length of the record is not stated, but
they are believed to be the best available.

PRECIPITATION

A statement of the precipitation for the whole year is
inadequate. It must be supplemented at least by some indica-
tion of the seasonal distribution, and the mean rainfall for
each month ought to be given. The significance of the seasonal
distribution is well known to the botanist and the zoologist,
for it is a matter of fundamental importance to the plant
world whether the rain falls in the warm or the cold season.
Hence frequent reference will be made to this, since it is not
only of intercst to the meteorologist but an important factor
in the life of plants and therefore of animals and men.

The seasonal distribution or ‘régime’ is independent of the
total amount. Two stations may have twice as much rain in
summer as in winter, or in other words they may have the
same régime, but the annual total at one may be many times
than at the other. Or again, they may have the same annual
mean, but the régimes may be different, one station having
most of its rain in summer, the other, perhaps, having similar
amounts in all seasons. In order to compare more conveniently
the distribution over the year at stations with different totals,
we may express the rainfall for each month or for each season
as a percentage of the total for the year with allowance for
the different lengths of the months. The main régimes are:

(i) Equatorial; two seasons of heaviest rain in the course
of the year, at or about the time of the overhead sun; inter-
vening months much less rainy but no quite dry scason. It
occurs only within a few degrees of latitude on each side of
the equator, e.g. at Yaundé, Cameroons, but not everywhere in
that belt.

5338 B
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(ii) Tropical, betwecen (i) and the neighbourhood of the
tropics of Cancer and Capricorn ; most rain in the hottest months
when the sun is highest; winter a pronounced dry season. We
may subdivide into:

(a) Inner tropical with two maxima of monthly rainfall,
found in some regions between the equatorial zone and
the neighbourhood of lat. 10° N. and S. ; it approximates
to the equatorial régime, but the two maxima following
the overhead sun are closer, and winter is a long dry
scason, e.g. Juba, Sudan.

(b) Outer tropical with a single maximum, poleward of (a);
the two maxima of (a) coalesce, and the dry secason is
longer, e.g. Khartoum.

(iii) Monsoonal, with a marked maximum in summer and a
long dry scason, much like ii (b) ; occurs both inside and outside
the tropics, especially in the east of continents, e.g. Peking.

(iv) Mediterranean ; most rain in the winter half-year, with
either a single maximum in midwinter or two maxima, in
autumn and spring ; summer is almost, or quite, rainless, c.g.
Athens.

(v) Continental interior, in temperate latitudes, with most
rain in summer (late spring and early summer in the steppes);
winters much less rainy but not rainless ; the periodicity is not
so marked as in the monsoonal and Mediterranean types.

(vi) West coastal, in continents in temperate latitudes with
abundant rain in all seasons, most in autumn or winter.
Mountains modify the régimes as well as increase the amount.

The type of the precipitation is an important element. Rain
may be of the thunderstorm type, in heavy showers during
the hot part of the day; or cyclonic (frontal), falling irre-
spective of time of day, and less heavy but often lasting longer
than thunderstorm rain; most of the rain of the British Isles
is cyclonic. Or again the precipitation may be drizzle, or even
dew. Snow is included in precipitation unless specially ex-
cepted, 10 inches of snow being on the average equivalent to
about an inch of rain. It is useful to know the average number
of rain-days, that is days with appreciable precipitation, at
least 0-01 inch or 0-1 mm. or other amounts according to the
practice of the meteorological service.
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WIND

Some tables of frequencies of wind-directions are included.
Such tables indicate only approximately the general winds of
the district, one reason being that they refer to land stations,
where local influences may introduce serious modifications,
especially near the sea or large lakes with their land-breezes
by night, sca-breezes by day; in some tables means for both
early morning and afternoon are given, and the local effect is
obvious. The winds at one or two thousand feet above the
surface are more representative, but they hardly belong to
the surface in the climatological sense.

The amount of cloud is estimated by eye in tenths of the
sky covered (according to the scale in use till the end of 1948).
The direction and the velocity of the wind also are estimated
by eye at most stations, but instrumental records are becom-
ing more common.

In this account most of the records given are means. But
the abnormal weather conditions arc very important, for the
possibility of a long or severe frost, or of a prolonged drought
in a region which is usually adequatcly watered, is the final
consideration which may override for the practical affairs of
life the mean conditions.

Innumerable local differences of climate depend on such
topographical features as slope and exposure, mountain-
shadow or shelter, basin or summit, the nature of the soil and
its plant cover if any; though these are of minor importance
in many regions they may be dominant, for example, for plant-
life. This work aims at indicating the main features of the
climates described, but in only a few places attempts to refer
to the local modifications.

MEeAN VALUES

The assumption made above that climatic means computed
for series of about 85 years are correct is justifiable for our
purpose. But climate is not constant, and the running averages
for even 85 years (at stations with the necessary long series
of reliable observations) differ, in many cases appreciably;
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means for shorter periods are still more variable. Hence no
mean, however long the period on which it is based, has
absolute validity except for that actual period.

Unfortunately few stations provide long series of strictly
comparable observations owing to changes in the instruments
used and their position, and in the hours of observing. Many
stations have been shifted to new sites at different altitudes,
still retaining their old names; this has happenecd in recent
decades with the establishment of aerodromes which take
their own observations, the older stations, perhaps some miles
distant, being abandoned as redundant. It has been considered
advisable to choose series of records that are recent enough to
represent the climate of today, but are yet reasonably long;
in some few cases the series is necessarily derived from stations
at different altitudes in the same neighbourhood which func-
tioned successively, so that no precise accuracy is possible,
but nevertheless the means are useful.

Units used in this book. Most temperatures quoted are
expressed to the ncarest degrec Fahrenheit, precipitation to
0-1 inch, and atmospheric pressure to 0-1 millibar; greater
refinement would suggest an accuracy which is not attained
owing to the differences in the types of instruments used at
meteorological stations and their exposure, and in the skill
and care of observers. The hours of the observations are not
always stated in official records, an unfortunate omission. The
24-hour reckoning of time is used in view of its convenience,
e.g. 6.0 a.m. is expressed 0600, 5.15 p.m. 1715. Hours arc local
standard time unless stated otherwise.

CHAPTER II
PRESSURE AND WIND SYSTEMS

It is not intended to give an introductory account of the dis-
tribution of the climatic elements over the globe as a whole as
that may be found elscwhere, and our main object is rather
to describe the climates of individual countries. But it is useful
to sketch the main features of the distribution of atmospheric
pressure and the prevailing winds. Generally speaking, pressure
is not in itself an element of climate, for its fluctuations, even
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where they are greatest, are not perceptible except with the
help of delicate instruments. It is only where the pressure is
reduced to two-thirds or less of the normal at sea-level that it
becomes an element of climate, as for instance on high moun-
tains where a direct physiological effect is produced, the rare-
faction of the air causing mountain-sickness. But indirectly
pressure, as controlling the wind-systems, may be said to be
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F1c. 2. Planetary circulation of the atmosphere.

a fundamental clement everywhere, for climate probably
depends more on the prevailing winds and their air-masses
than on any other single factor.

The distribution of atmospheric pressure on the globe
results primarily from the decrease in temperature from the
equator to the poles, and the effect of the rotation of the earth
in deflecting the consequent air movements; but the gencral
scheme is greatly modified by the arrangement of continents
and oceans, the different thermal behaviour of which imposes
large irregularities on the ‘planetary’ distribution of pressure.
These are least in spring and autumn, when the temperature
differences over land and water in middle and high latitudes
are least; Fig. 2 shows in diagrammatic form the mean
pressure-systems and winds in those seasons, but it must
be noted that the ‘belts’ of high and low pressure, and the
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wind-systems shown are not permanent or uniform entities, but
represent only mean conditions, of varying regularity. The
equatorial belt varies least, but small changes of pressure,
which may have large cffects on winds and weather, are
always going on. The sub-tropics have a pronounced ten-
dency to high pressures, but the zone concerned, roughly
between 20° and 40° from the equator, never has a regular
belt of high pressure, but is rather the scene of large detached
anticyclones, most of them moving eastward ; over the east
of the oceans, between the sub-tropics and the equatorial low
pressures, however, the pressure-gradient is remarkably con-
stant, and gives rise to the trade-winds, the most constant
winds on the globe. In the temperate low-pressure belts the
oscillations are still larger; the mean pressure decreases from
the sub-tropics to about 60° N. and S., but the daily charts
show a procession of pressure-systems, most of them low-
pressure, but some high, of varying shape, size, and intensity,
travelling generally eastward at varying speeds and giving
the notably changeable winds and weather.

The pressure-belts swing through several degrees of latitude,
north in the northern summer, south in the southern summer,
but a larger modification is caused by the different tempera-
tures of land and sea in the higher latitudes, especially in the
north hemisphere; a result is that in many regions the winds
change seasonally.

Fig. 8, based on Hettner (Die Klimate der Erde), shows, again
in diagrammatic form, the distribution actually found. The
continents are represented by a triangle with its base in the
north and its apex in the south hemisphere to suggest
the main land-masses of the earth. In the first diagram it is
summer in the north hemisphere and the pressure-belts have
swung north. The land in the summer hemisphere has heated
rapidly and low pressures spread and deepen over it. The
low-pressure system so formed is an extension of the equatorial
low pressures, and breaks the continuity of the sub-tropical
high pressures. The air thrown off from the heated continents
finds a place partly in the winter hemisphere and partly over
the relatively cool oceans of the summer hemisphere. The sub-
tropical high pressures of the summer hemisphere are repre-
sented by detached anticyclones over the oceans, where
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pressure is higher in summer than in winter, and the low
pressures of temperate latitudes coalesce with the continental
low pressures. In the south hemisphere the land is cool, but
its area is small and it makes no great disturbance of the
planetary belts.

The planetary winds are modified, in places almost beyond
recognition, by these modifications in the pressure. The SE.
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trades are drawn across the equator into the north hemisphere,
and coming under the influence of rotational deflexion to the
right appear as SW. winds, generally light in force, which will
be referred to in later chapters as ‘deflected trades’; on the
east of the continent they penetrate far into the north hemi-
sphere as the summer monsoon. Thus in the summer hemi-
sphere the trades persist only in the east and middle of the
oceans in their appropriate latitudes on the east and south of
the sub-tropical anticyclones, blowing from the north on the
cast of the centre of high pressure, from the north-east on the
south-east, and from the east on the south. Over the ocean
north of the sub-tropical anticyclones the wind is westerly in
summer as in winter, but lighter in force. It is attracted
towards the continent and becomes in places NW. On the
north coast the wind is north-easterly.
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In January (second diagram of Fig. 8) the land in the north
hemisphere is much colder than the sea, and the sub-tropical
high pressures are intensified over it. But the outstanding feature
is the vast ‘cold’ anticyclone, an extension from the high pres-
surcs of the Arctic. The oceans have relatively low pressures,
but the sub-tropical high-pressure belts can be clearly scen,
though in a much weaker form than in July. The low pressurcs
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F1c. 4. Frontal belts, winter. (By permission from Petterssen, S., Introduction
to Meteorology. McGraw-Hill Publishing Company, London and New York.)

of temperate latitudes are deepened on the oceans to form
the semi-permanent depressions (the Icelandic and Aleutian
systems). From the continental anticyclone cold, dry, polar
air streams out on the east to, and beyond, the equator, blow-
ing first from NW., then N., NE., and in the south hemisphere
NW.; origin and character distinguish it from the true
trade-wind, but with this reservation the trade girdles the
globe in the winter hemisphere. The stormy westerlics sweep
the northern oceans; their direction is variable from day to
day, under the control of the depressions which travel gene-
rally from west to east; the prevailing air-movement is from
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west and south-west on the equatorial side of the most fre-
quented cyclone tracks. The north of the continent has westerly
winds, making the westerlies continuous round the globe, but
thrust poleward by the continental anticyclone, so that tem-
perate latitudes have SW. winds on the west of the continent,
W. on the north, and NW. on the cast, the interior being a
rcgion of comparatively calm air.

F1¢. 5. Frontal belts, summer. (By permission from Petterssen, S., Introduc-
tion to Meteorology. McGraw-11ill Publishing Company, London and New York.)

The land in the south hemisphere is warmer than the sea in
January and the equatorial low pressures spread south, not
so much, however, as into the north hemisphere in July, since
the land is smaller. The NE. trade is drawn south over the
equator and becomes a NW. wind. The SE. trade is deflected
towards the hecated land to arrive as an E. wind, in places
NE., so that the trade-winds are interrupted as in the north
hemisphere in July, though to a less extent.

Air-masses and Fronts. Air-movements have been de-
scribed above in terms of the winds. But ‘wind’ indicates
only the direction and speed of movement of the air; for
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many purposes it is more useful to consider the air itself
which is in movement, as an entity with its own properties
of temperature, humidity, and lapse-rate.

The lower atmosphere is a mosaic of bodies of air, 10,000
feet or more in depth and ranging in area up to millions of
square miles. Some are stationary, others in movement. They
all possess properties acquired cither by ‘conditioning’ from
the surface on which they originally rested for days or weeks,
or by subsidence from the upper air. At their sources their
propertics are those normal to the region; but sooner or later,
under a changing pressure-gradient, thecy move away, retain-
ing those properties modified by the surfaces travelled over
but still very perceptible after thousands of miles.

Some regions arc normally under the same air-mass through-
out a scason with little variation, and have fairly uniform
weather of the type appropriate to it; the climate of China
in winter is fundamentally that of the cold, dry, and dusty
‘continental polar’ air-mass from the interior of Asia, which
sweeps over it with little intermission. In lower latitudes
‘maritime tropical’ air-masses, originating by subsidence in
the sub-tropical high pressures on the oceans, cover vast
arcas; thcy are carried along in the trade-winds, and the
constancy of the wecather in the trades is the result of
the uniformity of the air-masses. Other regions, notably in
the westerlies, have very variable weathers under a sequence of
air-masses of different origin and character; in winter north-
west Europe may be under ‘maritime polar’ air, conditioned
in Greenland or the Arctic and modified by its ocean passage,
or mild ‘maritime tropical’ air from the Azores anticyclone,
or warm ‘continental tropical’ air from the Sahara, or, at the
other extreme, ‘continental polar’ air from Russia, very cold
and dry, and responsible for the most severe winters when it
is persistent.

The nature of the air-masses is evidently more significant
than the mere wind-directions; a useful indication of it may be
obtained from a study of the track and fetch of the winds, their
source-regions, and the surfaces over which they have travclled.

Air-masses are separated by remarkably sharp discontinui-
ties, often forming active ‘fronts’ in which vertical movements
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and pressure-irregularities are produced by the interaction of
the different densities; the fronts, much modificd within the
pressure-systems, are the immediate cause of most of the bad
weather in the regions they reach. In the several scasons air-
masses (or groups of air-masses) cover more or less dcfinite
areas determined by the general circulation of the atmosphere,
and the fronts between them are in localized belts, but both
the air-masses and the fronts are subject to wide oscillations
like everything atmospheric. Figs. 4 and 5 show important
frontal belts, the sources of most of the major disturbances
responsible for the bad weather of large regions of the north
hemisphere; but in view of their oscillations, and also of the
inadequacy of the observations on the oceans where the main
fronts lie, the positions shown can only be in some degree
arbitrary ; and the fronts are often absent.

The great frontal divides are the ‘intertropical’, the ‘polar’,
and the ‘arctic’. The first is the divide between the tropical
air-masses of the two hemispheres, or the zone of convergence
of the NE. and SE. trades; in view of the structural differences
between it and the fronts of higher latitudes it is now often
called the intertropical convergence (ITC) or convergence
zone (ITCZ) rather than intertropical front (ITF). The polar
and arctic fronts arc the divides in each hemisphere between
the tropical, polar, and arctic air-masses.

The terms winter, spring, summer, and autumn denote
particularly the seasons of temperate latitudes, but it is con-
venient to use them also for low latitudes in an astronomical
sense, referring to the position of the sun in relation to the
hemisphere concerned.
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PART II
AFRICA

CHAPTER III
GENERAL FEATURES

AFRICA, alone of the continents, extends to almost equal dis-
tances north and south of the equator. In the south it projects
far into the ocean remote from other lands, but in the north-
east it joins Asia, and its climate is controlled largely from
Asia. Yet in spite of this external control similar series of
climates can be traced northward from the equatorial belt of
heat and moisture to the Mcditerranean Sea, and southward
to the Capc of Good Hope. The Sudan has its counterpart in
Rhodesia, the Sahara in the arid tracts of the Kalahari and
South-west Africa, the Mediterranean coast in the south-west
of the Cape Province.

The continent lacks those extensive mountain-ranges that
are cffective elsewhere as climatic barriers. Gradual transitions
take the place of the abrupt changes of climate to which the
Andes, for example, give rise. Africa, however, has vast areas
of platcau, especially in the south and east, at an altitude of
more than 8,000 fect, with a dry and invigorating climate,
well suited for European settlement even in latitudes which
are usually unhealthy near sea-level.

OceaNic CONDITIONS

The west coast of North Africa is washed by the Canaries
Current, a cool current, owing partly to the direction of its
flow from north to south to feed the North Equatorial Cur-
rent, partly to the upwelling of cool water along the coast
under the influence of prevailing offshore winds ; the tempera-
ture of the surface of the sea at Mogador has been observed
to be 60° while 20 miles from shore it was 70°. The effect of
the Canaries Current can be recognized from the Strait of
Gibraltar to lat. 12° N. in February and 17° N. in August in
the low temperatures, frequent fogs, and scanty rainfall of the
coast. The conditions of coast and interior are very different,
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especially in summer, for in August the temperature of the sea
does not exceed 70°, while the arid sands inland may reach
160° under the blazing overhead sun.

The Benguela Current south of the equator corresponds to
the Canaries Current in the north, and it is still more promi-
nent in its climatic effects, which are in evidence from the
Cape of Good Hope almost to the equator. The coolest water
is off the south of South-west Africa, where the sea-surface
temperature is bclow 55° in August, 57° in February. A cool
foggy seaboard, much of it an almost rainless desert, is, in
part at least, the result of these oceanic conditions.

Between the Canaries and the Benguela Currents the warm
waters of the east-going Guinea Current, with temperature
over 80°, bring excessive heat and humidity to the coast be-
tween the Gambia River and Cape Lopez in summer, Sierra
Leone and Cape Lopez in winter.

The currents on the east of Africa are in striking contrast,
having surface temperatures much higher than those on the
west coast. In the South Indian Ocean a wide Equatorial Cur-
rent flows from east to west, centred on lat. 15° S. to meet the
African coast about Cape Delgado, and thence spreads north
and south, north to the equator in winter and much farther
in summer, south all the year as far as Cape Agulhas; part of
it washes cast Madagascar. This equatorial water is warm, its
temperature ranging in July from about 78° at the equator to
64° off the south of Africa, in January from about 82° to 70°.
Thus the sea is about 10° warmer on the east than on the west
of south Africa.

North of the equator the currents are largely controlled
by the monsoons of south Asia. In summer the Equatorial
Current which swings north from Cape Delgado is driven for-
ward by the SW. monsoon as the very strong and well-marked
East African coast Current, which continues past Arabia to the
head of the Arabian Sea, its speed frequently attaining 4 knots
near the equator, 7 knots off Somalia. The water is very warm,
the surface temperature being 82° or higher in most of the
ocean north of the equator, and up to 85° over large areas in
April and May. Exceptionally, two areas are cooler—off
Arabia where the surface is 5° cooler than on the other side of
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the Arabian Sca (in August that sea as a whole is about 5°
cooler than the Bay of Bengal), and off Somalia where it is
about 5° cooler than in the open ocean. The cause in both
places is the upwelling of cool water under the coasts; the
SW. winds blow almost along-shore and the surface water,
moving, as is usual, about 45° to the right of the wind, edges
away from the coast and is replaced by water from the cooler
layers below, a movement which is strongest round lat. 10° N.
This cool water is an important factor in the aridity of Somalia
and south Arabia and the frequent fogs off the coasts. Part of
the coastal current diverges east and south-east from Somalia
with a speed up to 7 knots to form the SW. Monsoon Current,
which crosses the occan between Ceylon and the equator to
Sumatra.

By November the winter monsoon is established and the
ocean current is reversed, the surface water being driven
south-west by the NE. winds; off East Africa it gocs as far
as the equator; the coastal water is about 8° cooler than the
ocean.

In Fcbruary, although the NE. monsoon is still strong, the
current begins to set north-east along the African coast, and
a clockwise circulation is established in the Arabian Sca, to
be strengthened later under the SW. monsoon. During the
months February to April the water is only slightly cooler off
Somalia than in the open ocean.

The Red Sca is very hot in all seasons, with surface tempera-
ture in January 72° in the north and 78° in the south, and in
July 80° and 89°, but the effect on the coasts is greatest in
winter; on summer days the water, hot though it is, even
exerts a cooling influence on the still hotter sun-baked desert
coasts. But the Red Sca is too narrow to have more than local
influence. The Mediterranean, on the other hand, is a major
control on the metcorology and climate of all the north of
Africa. In winter the warm, moist air over the sea engenders
low atmospheric pressure, and the weather of the surrounding
coasts is mild and rainy. In summer the sea docs not heat up
so much as the land and the high pressures normal in the
sub-tropics spread over it; the great extent of the Sahara is
largely due to this fact. The annual range of temperature of
the sea-surface is considerable both in the Mediterranean,
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25°, and in the Red Sea, 15°. In autumn the Mediterranean
retains much of its summer heat, but by spring it has cooled
considerably ; autumn is notably warmer than spring in the
Mediterranean lands.

Pressure AND WinDs (Figs. 7a, b, c)

In the northern winter (Fig. 7b, January) the cooling of
the middle and north of Asia and North America draws the
sub-tropical high pressures
far north, cold continental
anticyclones of great size and
intensity building up to form
the most prominent features

3 ) in the isobars of the hemi-
------------- sphere. A ‘bridge’ of moder-
2 ately high pressure connects

ek I ¥ them over the North Atlantic;

e Lhyiiriies but between it and the anti-
/ North -easterly all \ cyclone over Asia is the Medi-
terranean Sea with relatively
Fic. 7a. General winds over Europe  warm, moist, air and a result-

and north Africa. ing tendency to low pressures;
the high-pressure bridge there-
fore takes a position not over, but to north and south of the
Mediterrancan, over Europe and over the north of Africa
where the pressure is highest on the snow-covered Atlas
Mountains and the plateau of Algeria. Between the two
branches is the Mediterranean ‘lake’ of low pressures, the
path of many depressions, which give variable westerly winds
on the north African coast. Like the Mediterranean, the Red
Sea interrupts the high pressures, and a shallow trough ex-
tends north over it to the cast Mediterranean; this, together
with the presence of a small anticyclone in south Arabia,
results in the Red Sea having NNW. winds in the north, SSE.
in the south, the divide being about lat. 20° N.; severe,
though short, storms of wind, rain, and thunder occur at the
discontinuity.

The equatorial trough is south of the equator, with its inter-
tropical convergence on the tropic on the east coast, whence
it runs north-east over Madagascar into the Indian Ocean,
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and on the other side north-west through the Belgian Congo
to the Gulf of Guinca where it is anomalous in remaining
north of the equator, a result of the Guinea lands being warmer
than the cool South Atlantic even in winter. South of the
intertropical convergence the mean pressure rises to the high
pressures of the sub-tropics, centred on the Atlantic about
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80° S., in the Indian Ocean 85° S., and connected by a belt
just south of the Cape.

Three main air-masses stream southward from the sub-
tropical high pressures, the NE. trade on the Atlantic, the
harmattan with a similar direction in the interior as far east
as Abyssinia and the Rift valleys, and the NE. monsoon
east of the Rift valleys and in the Indian Ocean (Fig. 8, Jan.).
The first of these, the NE. trade, consists of maritime tropical
air; it sweeps south, dry and cool, and notably constant as
far as Liberia. The harmattan also consists of tropical air, but
it is of a strongly continental type, dry, hazy, and often dusty
as far as the equator, beyond which, having acquired heat
and moisture from the forested tropics with their innumerable
rivers and swamps, it is damp and rainy when it interacts
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frontally with the still damper air on the east. The NE. mon-
soon originates over Asia and the Pacific. Its northern section,
coming direct from the south of Asia, has only a short sea-
passage, and advances, dry and rainless, over the arid steppes
of Somaliland, but south of the equator the air is hot and
moist after its long passage over the equatorial Indian Ocean,
and provides the south-east of Africa with most of its rain.
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South of the intertropical front two main air-masses, both
maritime tropical, are dominant. On the west, the SE. trade
blows all the way from the Cape to the equator, but it is
deflected into a SW. wind on the coasts north of the Orange
River; its maritime tropical air is damp and often foggy over
the cool Benguela Current, but rainless. On the east of the
continent the damper, but still not very moist, SE. trade gives
summer rains to Natal and the south-east of the Cape Province.

In the northern summer (Fig. 7¢, July) Africa north of the
equator is dominated by the North Atlantic anticyclone on
the west and the monsoonal low pressures of south Asia on
the east. The former is centred west of Gibraltar and spreads
east over central Europe and the Mediterranean Sea, the
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latter over Baluchistan with a vast but shallow trough extend-
ing west to cover almost the whole of north Africa except the
north-west littoral; in July the intertropical front trends

OCTOBER _
15 67C. i5-6°.

Fic. 10. Mean isotherms.

south-west from Arabia to the north of the Sudan and thence
west to Cape Verde. A barometric gradient for moderately
strong N. winds covers the region from the Red Sea to the
Nile, west of which pressure is more uniform for NE. winds
(but local cffects give strong winds by day). North of the inter-
tropical front the dominant air-mass (Fig. 9) consists of
tropical air of a very pronounced dry, continental, character,
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with fresh N. winds in Egypt and NE. between Egypt and the
Atlantic. On the Atlantic and its coasts from Portugal to Cape
Verde the NE. trade carries maritime tropical air.

R

10 0 10 20 30 40 El

Fic. 11. Mean annual precipitation (compiled from official sources).

South of the intertropical front the source of the air supply
is far distant in the high pressures of the sub-tropics about
30° S., with their prominent centres on the South Atlantic and
Indian Occans and a less prominent one on the south-east of
the continent; the two main air-masses, both of maritime
tropical air, are carried equatorward by the SE. trades of the
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two oceans. On the Atlantic the trade blows as in January,
and is deflected to come from SW. on all the thousands of
miles of coast between the Orange River and Cape Verde; as
far as the equator it retains its tropical characteristic of low

\LI/[*.__.‘_, OCTOBER

F1c. 12. Mcan monthly precipitation.

vapour-content and gives very little rain, but beyond the
equator, having acquired abundant moisture from the warm
ocean currents, it reaches the land hot, damp, and rainy. The
air-stream which crosses the coast between the Congo and
Nigeria advances over the continent, probably to the N. Indian
Ocean and even into south Asia, distributing the summer
rains of the Sudan and the more copious downpours of Abyssi-
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nia which feed the Nile flood; the aridity of Eritrea and
Somaliland east of Abyssinia and the plateau on the south
may be largely a rain-shadow cffect. In and west of Cameroons
the south-westerlies are sultry, hot and moist, and give the
Guinea lands their heavy rains, which decrease in amount
and duration towards the north.

The SE. trade of the Indian Ocean blows almost along the
African coast, changing direction with it and becoming, north
of the equator, the hot, moist SW. monsoon of the North
Indian Ocean and south Asia. The interior of Africa has
southerlies from the sub-tropics, dry and rainless to the equa-
tor, beyond which they merge with the rainy SW. winds in the
Sudan.

The extreme south of the Cape Province is under the stormy
westerlies, the rain-givers of the small but valuable agricul-
tural lands round the Cape Peninsula.

TEMPERATURE

Africa is the hottest of the continents in respect of the mean
annual, the summer, and the winter temperatures (Fig. 10).
Especially is this so in the northern summer when vast ex-
panses of the Sahara have the highest temperature on the earth
for such great areas. Africa is the only continent in which the
50° isotherm (sea-level) never appears. The greater part of the
continent has more than 9 months with means above 70°.

A distinction which will be frequently referred to, particu-
larly in East and South Africa, is that between the coastal
plain and the interior plateau. In general, the coasts within
the tropics are enervating and unhealthy owing to the
monotonous moist heat (but the west coast of South Africa
is exceptional in being so arid as to be mostly desert).
The plateau is less rainy and much more healthy since,
although the days are hot, the air is dry, and moreover the
cool fresh nights afford welcome relief for European resi-
dents; the seasonal range of temperature also is much larger
on the plateau.

RAINFALL

The mean rainfalls for the year, and for January, April,
July, and October are shown in Figs. 11 and 12.
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CHAPTER IV
MEDITERRANEAN AFRICA

THis region comprises Africa north of the Sahara, the meteoro-
logical divide being the axis of the sub-tropical high pressures
in winter about lat. 80° N. Of its two main sections the
western, which extends east to Tunisia, will be described first.
It includes lands of very varied relief: the coastal strip on the
Mediterrancan with a true Mediterranean climate ; the plateau
of the Shotts, 8,000 to 4,000 feet above the sca, with a steppe
climate; the ranges of the Atlas on the north and the south
of the plateau, in general exceeding 5,000 fect, and in Morocco
12,000 feet, snow-covered most of the year on the higher
seaward slopes; a small area with almost Saharan conditions
south of the Atlas (and in parts of the plateau of the Shotts);
the plains and platcau on the Atlantic side of Morocco. The
climates of the whole region arc of the Mediterrancan type
described in Chap. XXX, but with large local modifications.

The Atlantic coast of Morocco is washed by the cool Cana-
ries Current, important in keeping the summers notably cool
for the latitude (Fig. 13, Mogador); the temperature of the
sca-surface decreases southward from Cape Spartel, and is
lowest off Cape Ghir; the mean air temperature in July is
below 70° on much of the coast. In summer, May to September,
the NE. trade blows strongly and with little intermission save
for the alternating land- and sea-breezes; this is the hot dry
season with clear air, high evaporation, bright sunshine, very
little cloud or rain. But near the coast the Canaries Current
is responsible for much cooler days with small diurnal range
of temperature, high humidity, heavy dews, and fairly fre-
quent fog and low cloud, uscful in alleviating the drought
which afflicts the rest of the lowlands, the south of Morocco
having hardly a drop of rain from April to September. The
mountains have some rain in summer.

In winter the westerlies are dominant, with their usual vari-
able winds and weather and considerable precipitation, often
heavy at the cold fronts of depressions (many of which origi-
nate in a scmi-permanent front off the coast and travel north-
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east). Mcan temperature is about 18° lower in January than
in July on the coast, 30° lower inland, and frost and snow
occasionally occur except in the south; snow is often deep on
the Atlas Mountains (sce table, p. 43, for temperatures).

The scirocco of continental tropical air, hot, very dry, and
dusty from the Sahara, is an unpleasant intrusion, especially in
spring, herc as in other Mediterrancan lands.
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Fi1c. 13. Mcan temperatures.

East of the Strait of Gibraltar the summers are warmer,
the sky being almost cloudless (mean cloud at Algiers 3 tenths)
and the sunshine powerful. On the Algerian coast the mean
temperature of August, the hottest month, is about 75° (Fig.
13), but the fresh NE. winds from the sca prevent excessive
heat. In winter the weather is controlled by depressions passing
along the Mediterranean, which give SW. winds, with cloud
(mean at Algicers 5 tenths), moist air, and rain; 80 per cent.
of the rain falls in the winter half-ycar (Fig. 14). The mecan
January temperature is between 50° and 55°; frost is very
rarc. The sheltered valleys of the Tell such as the Mitidja have
the best type of Mediterranean climate for agriculture, and
are famous for orange groves and vines. The mean annual
precipitation exceeds 20 inches everywhere, being least in the
west in the lee of Spain, and exceeding 60 inches in Khrou-
mirie on the north slopes of thec mountains, which have much
snow in winter and bear cxtensive forests of cork-oak, and
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above them cedars. The precipitation is very variable; Algiers
has rccorded extremes of 16 and 51 inches in a yecar. The
ranges of the Djurjura often rise snow-clad behind Algiers in
winter, but snow falls on only 1 or 2 days a year on the coast.

The steppe climate of the plateau of the Shotts is the result
of altitude and continentality, the effect of which is increased
by the barrier of the Atlas ranges to seaward. A large range
of temperature is charactcristic. Winter is often bitterly
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Fic. 14. Mean monthly precipitation, percentage of annual total.

cold, dry N. winds sweeping across the open plains at a
temperature well below freezing-point, sometimes with severe
snowstorms. Géryville (Fig. 13) has 84 days a year with frost,
and has recorded a minimum of 9°. Summer days, on the other
hand, are as hot as at sea-level, often hotter, for the clear air
gives free passage to the rays of the unclouded sun; Géryville
has recorded 108°, the land is parched and the mirage mocks
the traveller ; cool nights follow the hot days, the diurnal range
of temperature reaching 80°. The precipitation is 10 to 20
inches, with a spring maximum generally (Fig. 14, Géryville),
due partly to cyclonic activity partly to local convection,
and heavy thunderstorms, most in autumn and spring, add
to the total; the low temperature of winter and the steady
northerly winds of summer are adverse to heavy precipitation.
The scanty precipitation, high evaporation, and strong winds
are hostile to trees; alfa grass is common and the drier tracts
are very poor steppe.

The Saharan Atlas has more precipitation than the plateau
and is even forested in places, including the massif of the
Aurés. The rain is the source of much of the underground
water which supplies the oases of the neighbouring Sahara,
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and the possibility of using it for direct irrigation of parts of
the desert has been considered. The ranges form a sharp clima-
tic divide; looking north in spring we see the green steppes of
the platecau, but at our feet on the south the sands of the
Sahara stretch away to the horizon. Biskra has most of its
rain in winter, but the scanty total, 8 inches, and the large
range of temperature, diurnal and annual, class it rather with
the Sahara than the Mediterranean.

The eastern section of Mediterranean Africa, including the
north of Libya and Egypt, differs from the west in its lower
latitude, its more continental position, its low relief, and the
absence of a mountain barrier against the Sahara. Though
the midday heat is mitigated by the strong sea-breeze the
summers are very hot, 105° being recorded in most years. The
winters are considerably warmer than on the coast of Algeria,
the January mean being about 57°; snow is almost un-
known. The mean rainfall is scanty, at Tripoli 16 inches,
Benghazi 11 inches, Port Said 8 inches. The rain falls in
winter but reaches only a narrow littoral—Alexandria has
8 inches, Cairo only 1 inch. The prevailing summer winds are
between W. and N., those of winter between SW. and NW.
The sea tempers the summer heat for a short distance inland
(as shown by the curves for Alexandria and Cairo, Fig. 20),
but desert conditions reach the coast in many places. Autumn
is considerably warmer than spring, as everywhere on the
Mediterranean.

Throughout this region the scirocco, with its hot dry blasts
and dust from the desert, is a scourge all the year but mostly
in spring.

TEMPERATURE DATA FOR REPRESENTATIVE STATIONS

Mean daily extremes Mean monthly extremes
f_‘_‘_—J n) r A Al
Alt. January July January July Absolute

Feet Max. Min. Max. Min. Max. Min. Max. Min. extremes

Casablanca 131 63 44 80! 63! 72 35 93 56 103, 27
Marrakech . 1,542 66 40 101! 68! 71 31 114 61 117, 27
Oran. .17 61 45 841 g0t 70 38 95 62 110, 31
Algiers . 194 59 49 83 70 67 41 97 64 112, 28
Tripoli . 56 60 47 86! 731 68 40 98 66 109, 35
Alexandria 105 65 51 871 74! 72 44 91 69 111, 37

1 August.
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CHAPTER V
THE SAHARA

PRrESSURE AND WINDS

Tue Sahara, largest of the trade-wind deserts, covers a vast
area in North Africa from the Atlantic to the Red Sea, an
area, however, which is only part of the whole desert expanse
that includes much of south-west and central Asia. Except
near the coasts the climate is fairly uniform, allowance being
made for altitude which ranges from below sca-level to above
10,000 feet. Its main features are imposcd by the harmattan,
the continental trade-wind, which sweeps across between the
sub-tropical high pressures and the equatorial low, that is to
say, in summer from the Mediterranean to about lat. 17° N.,
in winter from lat. 80° N. to the Guinea coast and central
Africa. The true Sahara is between the inner of these limits,
where the harmattan is dominant all the year.

The harmattan consists of continental tropical air, origina-
ting in subsidence in the sub-tropical high pressures so that it
is warm and dry ; it blows as a moderate or strong wind, from
north in the cast of the Sahara, from north-cast in the west,
but falls calm on the surface at night. Representative data
for the interior (In Salah) and the zones on the north and
south are:

MEAN PERCENTAGE IFREQUENCIES OF WIND DIRECTIONS
N. NE. E. SE. S. SW. W. NW. Cam

Touggourt  Jan. 8 14 14 7 3 19 24 10 2
July 4 11 37 19 12 10 3 5 —
In Salah Jan. 12 44 13 3 3 6 3 3 13
July 6 41 30 7 2 6 3 1 5
Bilma? Jan. 5 29 6 — — @ — @ — @ — 60
July 1 5 16 4 4 2 5 4 59
Port Eticnne! Jan. 87 21 23 2 0 1 4 8 4
July 38 15 3 0 0 1 6 33 4

1 Mean of observations at 0800 and 1800.

The harmattan becomes hotter and drier in its passage over
the torrid sands ; there are very few plants to transpire vapour
into the air, pressure-irregularities rarely give rain; and
though the air rises vigorously by convection from the hot



IL. v THE SAHARA 45

surface its ascent is checked before dew-point is reached by
its own rapid adiabatic cooling and by the inversion of tem-
perature which usually forms an effective ceiling a few thou-
sand feet above the ground and precludes the large-scale
overturning which would be required to give precipitation.
Hence the air gets cver hotter and therefore drier, so dry in
the daytime that wood warps and splits and leather hardens.
At In Salah the mean relative humidity falls to 25 per cent.
in summer and is only 56 per cent. in winter. Fortunately the
vigorous evaporation from any water reduces the heat, and
the wet-bulb thermometer is often 40° or more lower than the
dry-bulb on summer days, its maximum rarely exceeding 85°;
man can live, thanks to this cooling by evaporation, but he
must drink about 10 pints of liquid a day; some desert ani-
mals arc adapted to dispense with water, others satisfy their
requirements from dew.

CrouDp, PRECIPITATION

Sunshine is almost continuous throughout the day. The
sky is necarly cloudless, with less than 1 tenth mecan cloud-
amount in the east and rather more in the west, but even the
Atlantic coast has only 4 tenths, its more abundant cloud
being an effect of the cool ocean current off the coast.

Rain is very scanty. The mean total is less than 2 inches a
year, and less than 1 inch in the central expanses; Cairo has
1-1 inches, and in the Nile valley to the south as far as Berber
the smallest shower is rare ; the Atlantic and Red Sea littorals
have rather more. In the north of the Sahara the rain is in
the winter half-year, associated with Mediterranean depres-
sions; in the south it is summer rain on the fringe of the mon-
soon and can be heavy. As in all deserts the rain is extremely
variable; Ouargla, Algeria, has had 8-3 inches in a year after
years without any; In Salah gets one shower, which may be
very heavy, in about 10 years. ‘Mean rainfall’ is a term of
little practical significance. Threatening clouds somctimes
pass over, but the curtains of rain that fall from them are
evaporated in the thirsty air before they can reach the ground.
The rare torrential showers—giving as much as 2 inches in
regions that have had no rain for years—are due in many cases
to unusually active convection when the normal inversion
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ceiling breaks down. The wadis rush along brim-full, and much
damage may be done, but the underground water-supplies
on which life depends are renewed.

Lasserre (Les Territoires du Sud de U Algérie, i, p. 254), illus-
trates this:

On Jan. 15, 1922, at 8 p.m. a hurricane, followed by torrential
rain, descended on the Tamanrasset district. The roofs of nearly
all the houses fell in, and the natives took refuge in the Laperrine
and Le Pére de Foucauld forts. The flood swept away the huts and
the gardens by the side of the wadi. The rain continued on Jan. 186,
the wadi had overflowed and was rushing along with the speed of
a galloping horse. At 5 p.m. the outer wall of the Pé¢re de Foucauld
fort collapsed and buried 22 people, who were dug out in the icy
rain ; 8 were found to be dead and 8 wounded. On Jan. 17 the rain
was less heavy, the wadi went down and the weather cleared. Snow
could be seen on the neighbouring mountains.

However, not all rain in the desert is of this violent character,
even drizzle or light rain occurring.

The mountains are more favoured than the plains. The
southern groups of Air and Tibesti get considerable rainfall
every summer, often in thunderstorms of great violence which
send sudden floods down the wadis. The unwary, both animals
and men, who happen to be in their path, even far away from
the storm area, may easily be swept away. The Ahaggar,
farther north, is fortunate in getting a share both of the sum-
mer rains from the south and the winter rains (and occasional
snow above 8,000 feet, but it soon melts) from the north, and
contains some running strcams in its decp valleys. Probably
the annual mean is about 10 inches in the Ahaggar and Air,
but much less in Tibesti which is in the heart of the desert.
Many summits are snow-capped in winter, and snow may fall
heavily even on the lowlands of the north of the Sahara, but
does not lie long.

Dust

Dust is one of the worries of life in the Sahara as in all arid
lands. Even a light breeze blowing from sand-dunes carries its
load of fine particles, and travel is often rendered unpleasant,
and even entirely stopped, by clouds of dust swept along by
the strong winds both horizontally and in whirls (dust-devils).
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Sometimes in a real dust-storm, a simoom, the hot air is filled
and darkened by thick dust-clouds. Many Egyptian proverbs
are suggestive of the terrible prevalence of eye diseases which
are largely duc to the ubiquitous dust—‘dimness of sight is
better than blindness’, ¢ the desire of the blind man is a basket-
ful of eyes’. Strong southerly winds are specially hot and
unpleasant, and have everywhere their local names, scirocco,
chili, khamsin.

TEMPERATURE

The outstanding feature is the summer heat. The overhead
sun pours down its rays through the dry air from the decep-blue
cloudless sky during the long days, and bakes the naked dry
sand and rock till they are too hot to touch; a temperature of
172° in the surface sand has been noted. But the excessive
heat does not penetrate far; with a surface reading of 181°
the temperature 8 inches below was found to be only 81°, so
that animals find a tolerable eco-climate by burrowing. The
surface air resting on the torrid sand is heated intensely since
ascent, with replacement by cooler air, is checked by the
inversion of temperature aloft ; In Salah had a spell of 45 days
in 1981 with mean daily maximum 118°, absolute maximum
127°, and absolute minimum 70°. The highest reading ever
recorded on the globe under standard conditions was 136° on
13 Scptember 1922 at Azizia, 25 miles south of Tripoli, where
110° is reached in each month from May to September every
year; the heat here is intensified by a local f6hn effect, the air
from the sun-baked desert on the south descending from an
upland of 2,000 feet.

The Sahara is indeed a furnace of heat on summer days,
but the clear, dry air also favours rapid cooling after sunset
to a minimum 30° or 40° below the day’s maximum ; but the
temperature is still 70° or 80°, so that the nights are cool only
by comparison with the Saharan days:

Suddenly, after hardly any twilight, the sun rises into the clear
sky. In this dry atmosphere its rays are already scorching in the
early morning, and under the influence of the reflection from rock
and sand the layer of air next the ground is heated rapidly. There
is no active evaporation to moderate the rising temperature. After
9 o’clock the heat is intense, but goes on increasing till 3 or 4 in the
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afternoon, when the quivering mirage is sometimes seen. It cools
slowly towards cvening, and the sun, just before it sets, suffuses
the cloudless sky with a glow of colour. In the transparent night the
rocks and sand lose their heat almost as rapidly as they acquired it,
and the calm of the atmosphere, which is so still that a flame burns
without a tremor, also favours the cooling of the air. We shiver
with cold and it is no uncommon thing in winter to find water on
the surface of the ground frozen in the morning (SCHIRMER, Le
Sahara.)

The mean daily range is:

J. F. M. A. M. J. J. 4. S. O. N. D. Year

Dakhla 30 33 34 36 36 33 31 31 29 29 29 29 32
In Salah 29 32 32 33 33 34 34 32 33 32 30 29 32

But the range in the heart of the desert may exceed 55° on
individual days. In Borku the mcan daily maximum in May
is about 112°, mcan daily minimum 67°, daily range 45°. Far
higher figures may occur, as early travellers found; at Toro,
south Bornu, on 15 May 1871 the temperature range was 57°,
from 59° at sunrise to 116° at 1400; and on Christmas day
1879 Rohlfs and Stecker noted a minimum of 31° and maxi-
mum 99°, range 68°.

The Saharan winter is comfortably cool, the mean tempera-
ture in January ranging from 50° in the north to 70° in the
south. The nights can be cold in the north, with temperatures
below freezing-point, even below 25° in the Libyan and the
Algerian Sahara ; Touggourt has an average of 6 nights a ycar
with frost and occasionally the irrigation channels have a thin
covering of ice. But frost is unknown in the south, the coldest
weather being during spells of polar air from the north (p. 67).
The large range of temperature in the north is illustrated in the
neighbourhood of Azizia, the scene of the globe’s record heat
mentioned above, in February 1949:

Tr1poL1, Feb. 11.—Nincty-five pcople died of cold and many are
missing after the great snowstorm which has swept the deserts of
north-west Libya. Twelve-foot snow drifts blocked communica-
tions and isolated entire villages for three days. In one village five
children and their mothers died on their way from a school. British
troops were employed to open roads and take food and clothing to
the worst hit arcas. (The Times.)
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Absolute extreme temperatures in the Sahara are:

Absolute Absolute
maximum. minimum.
Biskra. . . . . 121 28
Touggourt . . . . 122 27
Azizia . . . . . 136 27
Tamanrasset . . . 101 20
Bilma . . . . . 118 27
Port Etienne . . . 114 45

104°F,

F1c. 15. Mean daily maximum temperature in West Africa,
May 1923 (Hubert).

The mean annual range, like the mean daily, is large for the
latitude, about 45° in the north, 30° in the south.

The Atlantic coast of the Sahara, washed by the Canaries
Current, is much cooler than the interior in summer, the July
mean being 20° less, a result of the vigorous sea-brecze which
sets in every day (Fig. 15). Fog and low cloud are fairly
frequent as on all coasts washed by a cool current.

‘The Red Sea coast is distinguished from the interior by its
smaller rangc of temperature and its much higher humidity.
At Port Sudan the mean temperature is 95° in August, 74° in
February, and the mean annual rainfall is 4-3 inches, most of it
in winter when hot winds, moist after a long passage over the
Red Sea, meet the highlands under the influence of Mediterra-
nean depressions ; part is contributed by copious dews which
may equal a shower of rain. Dust-storms, including khamsins,
are frequent, and are as irritating as in the interior; their bad,
somctimes very bad, visibility often sprcads over the Red Sea.

5338 D
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The temperatures are illustrated by the following tablc (Aden
and Berbera arc included for convenience):

January July
,M ean M ean‘ rM ean M ea1:

daily daily daily daily

maz. min. mazx. min. Absolute extremes
Suez . 68 49 98 73 113 35
Quseir . 73 57 92 80 118 39
Port Sudan 81 68 106 83 117 50
Aden . 85 73 94 82 109 61
Berbera . 85 68 107 88 117 52

The excessive humidity is shown by the high wet-bulb
temperatures; it is to be remembered that readings above
75° indicate decidedly uncomfortable conditions, and with
those over 80° heat-stroke is frequent. The air over the Red
Sea to which the following means refer is often carried over
the African coast:

MEeAN WET-BULB TEMPERATURE OVER THE RED SEA

Lat. 27° N. Lat. 15° N.
Jan. . . 61 74
July . . K4 84

On the Egyptian coast north of the tropic the wet-bulb
often rises above 80° on summer days.

The Saharan climate is not unhealthy. The summer days
are hot indeed, but the air is very dry, and the nights arc cool
except in the hottest months. It presents a great contrast to
tropical Africa where the heat is oppressive by night as well
as by day, and is associated with high humidity, a very un-
healthy combination for white settlers.

Some references to the Saharan climate will be found in
Chapter VII.
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CHAPTER VI

THE SUDAN WEST OF LAKE CHAD. THE
GUINEA LANDS

Tur antithesis of the Sahara is the Belgian Congo and the
Guinea coast, where abundant rain throughout the year and
constant moist heat maintain the rank luxuriance of almost
impenetrable rain-forest.

Between these opposites is a transition region, a belt stretch-
ing across the greatest width of Africa, which has rain in summer
and well-marked drought in winter, the lengths of the rainy
and dry seasons varying with latitude. This is the Sudan, a
region of great potential agricultural value, as yet only par-
tially developed and not fully explored.

PrESSURE AND WINDS

The meteorology of the region is fairly simple. On the sur-
face are two dominating air-masses, the northerly harmattan
of dry continental tropical air, warm in winter, hot in sum-
mer, which comes from the Sahara, and the SW. monsoon
of humid oceanic air, an extension of the SE. trade of the
Atlantic. They meet in the intertropical convergence, where
their interaction with each other, and also with the upper
‘equatorial easterlies’, produces thick low cloud and heavy
rain, sometimes with violent thunderstorms. The position of
the convergence is the key to the seasons. The equatorial
easterlies just mentioned are a deep layer of easterly winds of
uncertain origin above the harmattan and the monsoon; they
are deepest, more than 30,000 feet, near the equator, and thin
towards north and north-west, the depth varying seasonally ;
warm and fairly humid, they are thought by some to
consist of modified harmattan air, by others to be the usual
upper current of the equatorial trough which has come from
the Indian Ocean.

In January the convergence is farthest south, in the long
tongue of low pressure extending west near the Guinea coast
from the main low pressures in south Africa; its northerly
position is a result of the land being warmer than the South
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Atlantic. Under the returning sun the low pressures deepen
and move north, and in March the convergence reaches lat.
10° N., having preceded the sun to the open lands under the
clear skies of the interior, which are hotter than the forested
lowlands near the coast. Thus in January the dry, rainless,
harmattan sweeps over all the Guinea lands, to weaken near
the coast where it is sometimes replaced by south-westerlies ;
but it may cross the coast and continue some little distance
over the sea. In the succeeding months the moist monsoon
penctrates more and more inland, till in July it covers the
whole region. So the extreme north has dry NE. winds during
the greater part of the year, broken only by a short spell of
south-westerlies in summer, and the aridity precludes agri-
culture. The coast, on the other hand, has the monsoon almost
the whole year; the climate is equatorial, the rain-forest as
luxuriant as in the Congo:

WIND DIRECTIONS, MEAN PERCENTAGE FREQUENCIES
N. NE. E. SE. S. SW. W. NW. Calm

Zinder,! Jan. 1 20 48 1 1 0 0 0o 29
July 1 0 1 1 1 5 24 11 56

Dakar,? Jan. . . 53 380 7 0 0 1 5 4 0
July . .9 4 3 2 4 11 46 21 0
Ouagadougou,! Jan. 1 27 23 1 1 1 0 1 45
July 2 1 2 3 9 45 10 2 26

Accra,’ Jan. . . 10 9 3 1 0 30 20 19 8
July . .3 0 0 2 3 57 23 9 3

Lagos,® Jan. . . 10 10 4 4 5 27 6 17 17
July . . 3 5 4 3 6 53 9 6 11

1 TIours of observations: 0800, 1300, 1800. 2 0700, 1400. 3 0900, 1500.

Travelling south in July from the west coast of the Sahara,
we first meet SW. winds some distance north of the Sencgal
River; the mouth of the Senegal has south-westerlies in 4 sum-
mer months, and the NE. trade or harmattan in the rest of
the year; the duration of the south-westerlies increases rapidly
to the south; in the neighbourhood of Bathurst they blow for
8 months and in the south of Portuguese Guinea and along
the Guinea coast they are dominant throughout the year. On
the coast they arc in part sea-breezes rather than a true mon-
soon, for the interior, beyond the reach of the sea-breeze, has
longer spells of NE. wind in winter than the coast in the same
latitude. In the middle of summer SW. winds reach lat. 20° N.
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in the interior, north of the Niger bend. Four hundred miles
out to sea, in the Cape Verde Islands, the NE. trade blows for
9 almost rainless months; August to October is the tempo das
aguas, with south-westerlies, sultry weather, and rain, which
justify the name of the group. Fig. 16 shows the migration of

the harmattan and the monsoon through the year along the
meridian 7-5 W.
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Fic. 16. Migration of wind-systems on long. 7-5° W. in 1935
(Hubert).

RAINFALL

The seasons are distinguished in part by temperature but
mainly by humidity and rainfall. The SW. monsoon brings
the rain, most of which is associated with the front between it
and the harmattan, so that the rain-belt sweeps twice across
the region, as the front advances north and again as it rcturns.

Much of the rain is of the convectional type common in the
tropics, falling in heavy thunderstorms in the heat of the day.
But spells of cloud and steady rain may last for 24 hours or
more with varying intensity. Tornadoes also give downpours,
very heavy but short (p. 62). Most rain is not at the inter-
tropical convergence itself, but in a belt with a width of about
300 miles, its north edge about 100 miles south of the front;
this is the zone of tornadoes. The tract between the conver-
gence and the rainy belt is subject to thick dust-storms in
the afternoon where the ground is dusty. South of the main

rainy belt the monsoon gives much less rain; near the coast
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the monsoonal air-mass often has an inversion of temperature
at a height of about 6,000 feet, which prevents much vertical
development or heavy condensation, and largely as a result of
this August and September form a minor dry season with little
rain, most of it drizzle at night and light showers in the
afternoon.

The rains are a time of intense life for the plant-world,
which wakes from its annual rest with their advent. For the
European it is the most unhealthy part of the year. Fever is
rife, and any activity laborious in the sweltering steamy heat.
The rivers are in high flood and thousands of square miles of
the low ground are under water. Unfortunately the district
most frequented by Europeans is the coast, the region with
the longest and heaviest rains, the pernicious effects of which
are increased by the rotting vegetation and slimy ooze of the
mangrove swamps. Sierra Leone and the Niger delta have
earned the reputation of having climates among the most
unhealthy in the world. But the interior of Sierra Leone,
particularly the higher parts (and much is elevated), is less
unhealthy than the coast, and hygienic measures have already
effected great improvement even there, and more may be
expected in the future. But a land with a mean annual
temperature 80°, a range of only 4° between the warmest
and coolest months, and a rainfall over 175 inches, can never
be an ideal residence for Europeans.

A description given by Borius of a day in the rainy season
in Senegambia is a vivid picture of the conditions over much
of the Guinea lands:

The sun rises out of clouds which soon melt away under its rays;
the air is fresh and pleasant, with a few puffs of wind from SW.,
and light white clouds spread fanwise from the horizon and cross
the valley, slowly changing form. Soon after sunrise the shade
temperature is 80°. The calm air gets hotter, and by 9 a.m. it is un-
pleasant to walk abroad, even with a sunshade. The wet ground
reflects the bright sunshine, and this combines with the high tem-
perature, the moisture-laden air, and the fever germs to make the
sunshine at this season so dangerous.

About 10 a.m., in spite of an increase in temperature of perhaps
8%, the heat is still bearable and admits of a little activity. The SW.
breeze is beginning but is irregular and seems to be on the point of
dying away at any moment. At midday the thermometer is still
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rising, and by 1 p.m. it stands at 86°; the sun is hidden at times
as a few cumulus clouds cross the sky from south to north, and the
surfacc wind oscillates between W. and SW., but is still very weak.
By 4 p.m. the temperature is 88°, the sky is three-fourths clouded,
and masscs of cloud are piling up on the horizon; the wind often
drops altogether. The heat is oppressive, and though after 4 p.m.
the thermomcter rises hardly a degree yet the heat seems to be
increasing, and we are astonished that the thermometer does not
show a greater rise. We perspire profusely on the slightest exertion.

At 6 p.m, the sun disappears in thick clouds, which it colours a
brilliant copper. It falls calm except for a few puffs from the south
and south-west which bring no life and fail to reach the inside of
the house, and we have to go out on the roof to try to get a breath
of cool air. A little black cloud passes overhcad from the south-
west, and a few drops of rain fall from it but not cnough to wet the
ground. We go in again, but the heat indoors is unbcarable and
we long for a breeze. The water, which is kept in porous vessels,
and which scemed cool in the morning, is now lukewarm. There is
no nced for a hygrometer to show that the air is saturated with
moisture. The vapour-pressure is 80 mb., and it is this high humi-
dity that makes the heat so overpowering, although the actual
temperature is not excessive.

Nothing can be compared with the feeling of utter prostration
that overcomes a European. Though he sits motionless in an arm-
chair he perspires as after violent toil; his fatigue is not like what
is felt after work, but rather a weakness in the limbs, and especially
in the bones—an indescribable discomfort, which precludes all
movcment, all bodily or mental work, but yet forbids slecp. Clouds
of mosquitoes swarm round him and he feels suffocated.

At 10 p.m. it has fallen dead calm. The temperature still con-
tinues high and our discomfort becomes greater than cver. We can
neither read nor work, for that would require an effort of the will
which we are incapable of making; our mental encrgy is sapped
even more than our physical strength. Night drags on in this pain-
ful way unless a thunder-storm bursts, with heavy rain, in which
case the temperature falls and we feel a welcome freshness in the
air. We may form some idea of the painful conditions of life on the
Scnegal during the rains if we think of the discomfort sometimes
felt in Europc just before a summer thunderstorm and imagine
that discomfort increased tenfold.

The rainfall decreases from south to north; much of the
south-west and south coast has over 100 inches a year, Tim-
buktu only 9 inches, and at 17° N. the mecan is inappreciable.
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A rainy month being taken to be one with 2 inches or more of
mean rainfall, approximate belts are:

Number of
rain-days ina  Mean annual
rainy months rainy month rainfall (in.)
Coast to 9° N. . . 87 20-15 > 50
9°to 15°N. . . . —4 15-10 50-10
Beyond 15° N. . . <3 <10 <10

|=====Line separating region with
double rainfall maximum on the south
from that with single maximum on the north
(Kamerun Feak also has a single moximum)
----------- Line separatmg the Nand S
hemisphere rainfall régimes

10 Annual 1sohyet

Fic. 17. Significant rainfall lines in West Africa.

No precise limit of appreciable rainfall can be laid down since
it is very variable from year to year; rain-gauges arc few, and
conclusions have to be based on the vegetation. Districts which
travellers have reported to be almost bare and apparently
rainless have been found later to have an abundant plant-
cover. Thus the Sahara is bounded by a debatable belt, too
arid for any cultivation, but with enough rain in wet years for
good vegetation.

The 10-inch isohyet (Fig. 17) runs almost along the parallel
from the mouth of the Senegal to Lake Chad, and not far
south are the isohyets of 20 and 80 inches. The country north
of about 10° N. has a single short rainy scason. Timbuktu has
only 2 months, July and August, with more than 2 inches of
rain, and the rain varies much from ycar to year as in most
arid countries. South of 10° N. the double maximum is clearly
marked except on the south-west coast (Fig. 18).

Intheinterior November to February isthedry season. Heavy
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rains begin in April, and increase to a maximum in June. July
and August have less, though still heavy, rain, and September
gives the sccond maximum, higher than that of June (Bis-
marckburg, Fig. 18). On the coast the régime is similar except
that the carly maximum is the higher; almost two-thirds of
the rain is in April, May, and June; the August minimum is
very pronounced, that month being practically rainless (Cape
Coast Castle, Fig. 18). Sierra Leone and most of the Liberian
coast have a single maximum, the rain increasing steadily
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Fie. 18. Mean monthly rainfall.

till August and then decreasing (Freetown, Fig. 18). This
difference from the régime up-country in the same latitude
results from the strong summer monsoon meeting the elevated
coast, most rain falling when the interior is hottest and the
monsoon strongest (as on Cameroon Mt., p. 77).

The rainfall is very heavy, exceeding 175 inches in much of
Sierra Leone ; most of it is in the months April to November.
It increases rapidly on the coast southward from the Sahara;
Cape Verde has about 20 inches, Bathurst 50, Conakry almost
200 inches. The other notably rainy region, the Niger delta,
has two maxima, in June and October, but every month of
the ycar has considerable rainfall. At Akassa the driest month,
January, has 8 inches, and all other months over 6 inches;
October has most, 25 inches, and the yecarly total is 144 inches.

Scparating these two very rainy areas is a narrow coastal
strip between Cape Three Points and Nigeria with the remark-
ably small total of about 80 inches (Fig. 17); the interior has
more than the coast, 50 miles inland over 50 inches. The pre-
vailing winds are the same on this drier littoral as on each



58 AFRICA Pt. II

side, and the main cause of the low rainfall is the presence in
summer of upwelling cool water off the coast, caused not by
an off-shore wind, for the prevailing wind is SW., but by the
pull of the Guinea Current; the tendency to fog supports this
view ; another fact conducing to low rainfall is that the prevail-
ing wind is parallel to the coast. The increase in the rainfall
east of Lagos is as striking as the decrease just described, the
total amounting to over 100 inches on the coast of the dclta
which trends NW.-SE. to receive the monsoon at right angles;
the excessive rainfall continues on the delta beyond the mouth
of the Niger although the coast changes direction, condensa-
tion being incrcased by the low hills between the Niger and
the Cross River, and still more beyond the Cross River by the
highlands of Cameroons, where, too, the coast bends southward
again. The area of excessive rain does not extend far inland,
the mean falling to 50 inches in the delta region about 200
miles from the coast.

The dry scason presents a striking contrast after the rains;
it is the scason of the harmattan, a time of unbroken drought
over large areas of the interior. Under the cloudless skies the
days are hot or very hot, though astronomically it is winter,
but the nights are cool, in part owing to the evaporation, the
wet-bulb often falling below 40° in the north of Nigeria.
Though cloudless the sky is not blue, nor is the air clear, for
it is often charged with fine dust that produces a dismal
grey which the sun can hardly pierce; smoke from bush*fires
is another source of haze. The harmattan haze consists of
minute dust-particles carried up to great heights (15,000 fect
or more) as the wind sweeps over tracts of the Sahara covered
with fine loose dust, particularly in cold fronts, many of which,
hundreds of miles long, come from the Mediterranean or cven
farther north. The lowlands of Borku, south of Tibesti, are a
likely source of much of the dust-haze of Nigeria. The haze
can form a thick fog over the coast and the coastal waters
between Cape Verde and Cape Lopez, and it is found even to
mid-Atlantic. When strong the wind raises coarse sand, and
swirls it along in sheets or in revolving dust-devils. The dry-
ness of the harmattan is very prominent, relative humidity
falling below 40 per cent.; leaves turn yellow and fall, and
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wood splits; the land sometimes dries and hardens so suddenly
that the ground-nuts cannot be harvested. Man suffers much
discomfort, but, for a time at least, the change from the steamy
heat of the rains is welcome.
Representative data of rainfall are:
Mean  Number of rain-days!

annual month

rainfall year with most
Freetown . . 151 151 26 (July)
Lagos . . 72 103 17 (June)
Calabar . . 119 173 24 (Aug.)
Zungeru . . 45 90 21 (Sept.)

! Days with 0-04 inch or more at Freetown and Lagos, with 0-01 inch or
more at Calabar and Zungeru.

Humiprry

The mean monthly vapour-pressure on the Guinea coast
south and cast of Freetown changes but little seasonally, from
about 30 mb. (0-9 inch) in winter to 27 mb. (0-8 inch) in sum-
mer; on the Atlantic coast north of Freetown it is much higher
in summer (28 mb., 0-8 inch) than in winter (17 mb., 0-5 inch).
In the interior the dry harmattan of winter has monthly
means below 7 mb. (0-2 inch), and the SW. monsoon brings a
sudden and very large increase, probably to values higher
than on the Guinea coast. Thus the range is much larger in
the interior and on the Atlantic coast than on the Guinca
coast, and the seasonal change is reversed.

VisiBiLITY

Obscurity due to both dry and wet particles is frequent in
West Africa. Of the dry types haze, consisting of the fine dust
carried by the harmattan, is the commoner (p. 34); it is fre-
quent on land and is often carried a thousand miles or more
over the ocean where several layers or horizons of it may be
observed from aircraft. The other type of dry haze is smoke
from bush- and grass-fires far up-country in the dry season.

Two forms of wet fog occur, shallow inversion-fog at night
on wet ground, marshes, or lagoons, and in forests, to be
dispersed by the heat of the morning sun before 0900, and the
much more extensive sea-fog formed in hot, moist, air passing
over cooler water (often present off the Guinea coast) and
sometimes carried a few miles inland.



60 AFRICA Pt. II

TEMPERATURE (table, p. 61)

Three east-west belts can usefully be distinguished, the
modifications due to altitude being omitted.

1. Between lats. 17° and 10° N. (Kano, Fig. 19). Tempera-
ture rises rapidly as the sun comes north, to reach monthly
means above 90° in April and May, when the heat is Saharan
with daily maxima excceding 110°. The arrival of the mon-
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FiG. 19. Mean temperature.

soon with its heavy cloud and rain checks the rise, and tem-
perature falls fast to a minimum in August, when the mean is
10° lower than in May. In the monsoonal months the weather
is sultry and the damp very trying; the daily maxima are
lower but the minima much higher than in the preceding
months of fierce sunshine. As the monsoon retreats tempera-
ture rises again, 2° or 8° in September, after which it falls to
a marked winter minimum (January mecan 70°). The annual
range increases from 10° in the south to over 20° in the north.

2. Between lats. 10° and 7° N. (Zungeru, Fig. 19). Transi-
tional between belts 1 and 8.

8. The coastal belt (Lagos, Fig. 19). Equatorial in its uni-
form temperature and humidity through most of the year;
the annual range, 4-6°, is much less than up-country, the
means of the hottest months, March and April, not much
exceeding 80°, and winter being much warmer than in the
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north. The coolest months are July and August despite the
hemisphere, the monsoon, then at its height, bringing oceanic
air from beyond the equator, but no month is really cool.

Fig. 19 also shows the uniformity throughout the region in
the monsoon period, July to October. In November to Feb-
ruary the coastal belt is much warmer than the interior, and
in March to June much cooler. During the monsoon the
temperature is highest not in the south, where the fresh winds
from the ocean reduce it while importing the humidity which
makes it uncomfortable, but in the far interior. In the dry
season, on the other hand, the interior is coolest, but even
Timbuktu has a January mean above 70°; however, ground-
frost is not unknown in the clear nights of the dry season in
the far north. The annual range is largest inland, being 28° at
Timbuktu and only 6° at Cape Coast Castlc; and also the
diurnal range which is 81° at Timbuktu in the dry season,
24° in the rains, but at Grand Bassam only 17° in January,
9° in July. The highlands over 2,000 fect, including the Bauchi
platcau of Nigeria (which exceeds 4,000 feet) and the Fouta
Jalon and other uplands of French Guinea of similar height,
arc 10° to 17° cooler than the surrounding lowlands.

As in many monsoonal climates the hottest season is just
before the rains begin, for the thick clouds of the rainy scason
screen the sun and the falling drops cool the air—in heavy
showers 10° or more. Temperature rises again after the rains.
Thus the interior has three distinet seasons, November to
January dry and cool, February to May dry and hot, June to
October the rains. The natives, enervated by the hothouse
atmosphere, are scnsitive to the temperature changes and
light fircs for warmth at night.

TEMPERATURE DATA FOR REPRESENTATIVE STATIONS

Warmest month Coolest month
Mean Mean Mean Mean
Alt. daily daily daily  daily Absolute
feet  Month max. min. Month mar. min. exiremes
Dakar . 105 Oct. 88 76 Apr. 80 65 100, 59
Frectown 180 Mar. 90 75 Aug. 82 72 101, 62
Accra . 53 Mar. 88 76 Aug. 80 71 100, 59
Lagos . 10 Mar. 89 78 Aug. 82 73 104, 60

Zungeru . 425 Mar. 100 73 Aug. 85 71 110, 52
Bamako . 1,076 Apr. 103 4 Aug. 86 71 110, 53
Gao . 876 May 110 80 Jan. 87 59 116, 48
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It should be noted that the Sahara attains much higher tem-
peratures than the Guinea lands where the clouds and moist
air screen the sun. The highest shade temperatures on the
Guinea coast do not much exceed 100° and the usual maxi-
mum is about 90°. Away from the sea the rains are shorter
and higher maxima are recorded; Timbuktu, with summer
readings cxceeding 118°, approaches the furnace-heats of
farther north. But the nights are less cool near the coast than
inland ; the mean minimum for the year at Freetown is about
70° (abs. min. 62°), at Timbuktu 54° (abs. min. 42°); the
sultry nights arc among the main discomforts on the coast,
where the unhealthiness is due to the combination of excessive
humidity and considerable heat, not to excessive heat; at
Freetown the wet-bulb is said to have reached 100° an ex-
tremely high reading.

TORNADOES

The best known and most violent storms of the Guinea
lands are tornadoes,! thunderstorms which often start sud-
denly, last but a short time, usually less than 2 hours and
sometimes only a quarter of an hour, and may do considerable
damage on land and sea. They are most frequent at the begin-
ning and end of the rains. Clearly these linear, frontal, dis-
turbances result from the interaction of the surface SW. mon-
soon, about 5,000 feet deep, and the warm damp equatorial
easterlies (p. 51) above, which possibly consist of modificd
harmattan air. Hence the belt in which they occur swings
north and south with the sun, so that their season is March,
April, and May and October and November near the coast,
May to September up-country. The length of the disturbance
is variable; some tornadoes may start with a length of about
10 miles and grow to 200 in Nigeria, where they are longest;
some are lines of almost disconnected thunderstorms, and local
observation unaided by synoptic charts may fail to distinguish
between isolated thunderstorms and a real tornado. They
travel at about 80 miles an hour and many retain their
individuality for 500 miles. They always advance from east
to west.

1 Sec Hamilton and Archbold, ‘Mectcorology of Nigeria and Adjacent
Territory’, @.J.R. Met. Soc., July 1945.
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The main features for the observer on the ground are the
massive clouds seen from afar in the east as the disturbance
approaches, with extraordinarily frequent lightning, especially
awe-inspiring at night; the violent outrushing squall from the
east which sweeps down from the cloud, now nearly overhead,
with a velocity occasionally reaching 80 miles an hour in the
interior but not usually exceeding 40 near the coast, raising
clouds of dust from dry surfaces; and the torrential rain that
follows abruptly as the squall ceases, with blinding flashes of
lightning and crashing peals of thunder from the cumulo-
nimbus clouds towering up 20,000 feet or more (but some
tornadoes give little rain). Tornadoes are most violent in the
late afternoon, but most frequent at night between sunset and
sunrise. They are the greatest risk to which aircraft are ex-
posed in the region.

They arc rare south of French Cameroons, but are not un-
known even on the lower Congo River. Few travel far over the
sea, but they have been observed as far as 200 miles from
shore.

The tornadocs of the Guinea lands are not to be confused
with the storms of the same name in the U.S.A. The latter
have less rain, and far more violent winds revolving rapidly
with a short radius.

NIGERIA

This large and important dependency merits special descrip-
tion. Long series of meteorological observations are not
numcrous except from the coast.

Three belts may be distinguished. The north, including the
country north of the central plateau region about lat. 11° N,
is the driest and sunnicst (mean annual sunshine at Kano
3,000 hours), and has clearly marked monsoonal seasons com-
parable with those of the Plains of India. December, January,
and February is the cool season, but the mean temperature
is as high as 70° in January. It never rains. The almost con-
stant wind is the harmattan, and since the desert is not far
distant it is very dry and dusty, so that clear air and bright
blue skies are rare. Plants shed their leaves, and have various
other devices to check loss of water.

In March temperature rises fast, and April, May, and early
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June is the hot season. The sun is overhead, and in May, as
few clouds have yet appeared to screen it, the heat is intense,
the mean temperature excecding 90°. But the wind is still
NE. and the air is dry; night brings some relicf from the
excessive heat of the day, so that the weather is not unhealthy.
June brings a sudden change; SW. winds set in with much
cloud, and the rains begin. Tornadoes mark the change of
season. Temperature falls under the cloud canopy, and the
range from day to night is less than in the previous months.
The air is almost saturated with vapour, and rain is frequent.
Just as in the cool season Saharan conditions were in evidence,
s0 now the weather is that of the Guinea coast. The rivers,
many of which had dried up, roll along in heavy flood and
much of Bornu becomes a great lake. The north gets least
rain, but even the north frontier has about 20 inches, and the
Kano district about 30 inches. The rains last till September;
then temperature rises again as the sky clears, and this is the
most unhcalthy period, worse than the rains, but the rise in
temperature is soon checked by the retreat of the sun to the
south hemisphere. By Deccember NE. winds are well estab-
lished, and Europeans find life less burdensome.

The central belt comprises the country between the north
and an arbitrary line about 7° N. Rainfall is abundant,
40 inches in the north to 60 in the south. Differences of altitude
have considerable influence; the valleys of the Niger and
Benue, only a few hundred feet above the sea, have less rain
but higher temperatures than the uplands, and are heavily
forested in parts and unhealthy. The Bauchi plateau, reaching
5,000 feet above sea-level, is much cooler and, though not high
enough to have a temperate climate, is healthy and pleasant
for Europeans during most of the year; the mean annual rain-
fall is about 40 inches. The rains last longer than in the north,
at Bauchi from May to September, at Lokoja from April to
October, and the temperature is lower in the rains and higher
in the dry season.

The third belt includes the rest of Nigeria. Its main features
are very heavy rainfall, the rains lasting nearly the whole
year, and a small range of temperature. Most of it is low-lying,
the Niger delta forming a large part, and here is the ‘West
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Coast’ climate in its worst form. The usual tropical mangrove
swamp fringes the coast and the brackish creeks and streams,
the trees growing out of fetid black ooze which reeks with
rotting vegetation. The climate is among the most unhealthy,
with enervating moist heat day and night throughout the
year. The winds are SW., the harmattan reaching the coast
only intermittently in January and February. The tempera-
ture never falls below 60° at night, and is usually between
70° and 90° throughout the 24 hours. The sultry heat tends to
weaken the strongest European constitution and leave it a
prey to malaria and other diseases fostered by the climate and
the insanitary native villages. Thunderstorms are frequent,
on about 75 days a year. The mean annual rainfall exceeds
120 inches on the coast of the delta, and decreases northward
to about 80 inches at Abo and 50 inches at Asaba; the higher
land on both sides of the Niger has more than the valley-
bottom. June and September or October have most rain; the
break in August facilitates the harvesting of the early crops
and the sowing of the later. March, April, and December are
the hottest months, August the coolest, so that the usual
seasons of the north hemisphere are reversed owing to the
dense cloud-screen of the summer months, but the annual
range is only about 5°. Lagos has 2,000 hours of sunshine a
year (66 per cent. of that at Kano), and Tiko, on the very
rainy coast of British Cameroons, only 1,390 hours. At Calabar
the mean monthly cloud ranges from 7 tenths in the least
rainy months to 9 in August.

CHAPTER VII
THE SUDAN EAST OF LAKE CHAD. EGYPT

EcypT

Long series of records are few in most of this region. The Nile
valley, however, extending through 338° of latitude, is well
equipped with meteorological stations, and provides a particu-
larly instructive climatic ‘section’ from equator to Mediterra-
nean. Moreover the climatic belts, which are clearly marked
in West Africa, are continued eastward across the continent
in similar latitudes, modified by topography.
5338 E
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The north coast has a Mediterranean climate of a very arid
type, mild winters with some, but not much, cloud and rain,
and hot rainless summers (p. 43); the mean precipitation is
8 inches at Alexandria, only 8 inches at Port Said. Snow falls
very occasionally in winter depressions, but rarely lies for
more than an hour or two; the mountains of Sinai, however,
may be snow-capped for days. Thunderstorms are not un-
known in autumn and winter in both Lower and Upper Egypt,
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Fic. 20. Mean temperatures in the Nile valley.

and hailstones of over a pound in weight have fallen in the
delta. Only a narrow coastal strip has this modified Mediterra-
nean climate; at Cairo we reach a desert land with a mean
rainfall of only 1 inch, all of it in winter. Even in the Delta the
rain is too scanty and unreliable for agriculture without irriga-
tion from the Nile ; a small reservoir has been made in the cast
above El Arish to catch therain-water which somectimes sweeps
down the wadi, and it provides for some local irrigation.

Winter is cooler at Cairo than on the coast despite the lower
latitude, but summer is much hotter (Fig. 20); the January
mean is 54°, about the same as in the south of England in
May. The air is dry; the mean relative humidity at Helwan in
May is only 41 per cent., but it increases in summer, rising to
its monthly maximum, 58 per cent., in September ; the weather
feels even sultry when the floor of the valley is inundated
by the Nile flood and the air is calm.
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Visitations by both hot and cold winds associated with
pressure-irregularities are prominent in the winter half-year
as in all the Mediterranean region. The hot winds, of an
intensified scirocco type, are called Khamsin. They consist of
tropical air from far south, from Arabia, the Gulf of Aden,
possibly even the Arabian Sea, which travels north under the
influence of an extension of the low-pressure system of the
Sudan towards the north-east, a frequent development in
spring. If now a shallow depression forms over the north of
the Sahara, perhaps at the discontinuity between hot dry
Saharan and cool damp Mediterrancan air, and approaches
Lower Egypt, the tropical air is drawn into it as an E. or SE.
wind, very hot (temperatures up to 118° have been recorded
at Cairo), extremely dry, and so hazy with fine dust that
vehicles carry lights at midday. This is the khamsin, which may
continue for 2 or 8 days. When the cold front of the depression
from the west passes the weather changes abruptly; a cold
blustering NW. wind sweeps down in the cold front raising
dust and sand, the sky is clouded and sometimes showers fall.
Most khamsin winds are of only moderate velocity, but some
reach gale force. The mean frequency is about 8 a month in
February, March, and April. Khamsins can give much hotter
days (and nights) than are ever experienced in high summer,
for in summer the fresh N. wind reduces the temperature ; but
the spells of excessive khamsin heat last only for a few days.

The cold winds are floods of polar air which sweep down
from Anatolia or the east of Europe in rear of winter depres-
sions. At such times fires are particularly welcome in the
homes of Europeans in Lower Egypt, and the cold may be
very perceptible even south of Khartoum. On 20 April 1929
such a polar current kept the maximum temperature at Cairo
down to 63° 21° below the mean daily maximum for the
month, and was the cause of showers in Egypt, and of haboobs
in the Sudan on the following day. Lower temperatures are
known on calm nights in much of Egypt, the readings in the
screen falling occasionally to 25°, and on the ground much
lower so that water freezes, but this type of cold is restricted
to the night, and temperature rises fast after sunrise.

South of Cairo we are in the true Saharan climate with its
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monotonously cloudless sky and blazing sunshine. Steady rain
is certainly rare; the mean total is negligible, for many years
pass without a drop, but then, after perhaps 10 or even
20 years, a sudden downpour may give 1 or 2 inches in 24
hours ; Siwa, Lower Egypt, had 1-5 inches on 28-29 December
1930, and the houses in the oasis suffered much damage.
Temperatures are very extreme; Wadi Halfa has had 127° (in
April, the highest record in the Nile valley) and 28°. The days
arc hottest farther south, the mean daily maximum in June
being 111° at Merowe, but here the minima also are higher,
53° being the mean daily minimum in January. The mean
daily minima are lowest in the north, at El Sheikh Fadl
between Cairo and Asyut. Beyond this the warmth of the
Mediterranean prevents a further fall; the January mean is
3° higher at Alexandria than at Asyut. Frost may occur in all
the Nile valley between 20° N. and the middle of the Delta;
it is more severe in the open desert, a minimum of 25° having
been recorded at Dakhla (altitude 400 feet) and 26° at Siwa
(—75 feet).

The lowlands of the Sinai Peninsula resemble Lower Egypt,
but the mountains rise above 8,000 feet and have a mountain
climate; above 4,000 fect the precipitation is heavy, falling
sometimes in torrential downpours with thunder in front of
winter depressions, followed by snow as the cold front passes.
Khamsins are a feature of spring.

Temperature data for representative stations in Egypt and
the Sudan are:

Coolest month Warmest month
r —A R r A Al

Alt. Mean daily Mean daily Absolute

Feet Month max. min. range  Month max. min. range extremes
Aloxandria 105 Jun. 66 51 15 Aug. 87 74 13 111, 37
Cairo . 67 " 66 45 21 July 96 71 25 118, 25
Asyut . 182 ' 68 43 25 ” 99 73 26 121, 32
Siwa . . =15 ' 68 39 29 ”» 101 69 32 120, 26
Wadi Halfa 410 ”» 75 46 29 »» 106 74 32 127, 28
Khartoum . 1,247 » 90 59 31 May 107 77 30 118, 41
Kassala . 1,640 " 93 61 32 . 106 77 29 117, 43
Port Sudan 18 Feb. 81 67 14 Aug. 105 84 21 117, 50
El Obeid . 1,866 Jan. 87 53 34 May 102 72 30 115, 31
Malakal . 1,280 Aug. 88 71 17 Apr. 101 74 27 110, 52

Juba, . 1,509 July 8 68 20 Feb, 100 71 29 111, 56
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THE SUDAN

In the Nile valley south of Cairo the winds are northerly
all the year, following the course of the valley almost exactly,
and so strong and constant that the dahabiahs easily journey
upstream under sail and return with the current. But a change
begins about Berber, which has a short spell of southerlies and
variables in July and August; they are the fringe of the mon-
soon of the Sudan, the west of which has been traced in the
Guinea lands (p. 51). The transition from Sahara to Sudan is
rapid, for Khartoum, only 160 miles south of Berber, has S.
and SW. winds from June to September, giving 6 inches of
rain, and dry north-easterlies for 8 months (Fig. 21); the
climate is much like that of Timbuktu but dricr. Representa-
tive wind frequencies are:

WiND DirECTIONS, MEAN PERCENTAGE IFREQUENCIES
(Means of day)

N. NE. E. SE. S. SW. W. NW. Calm

Alexandria

Jan. . . 13 10 7 7 7 14 18 18 6

July . . 29 6 1 0 0 (1] 11 52 1
Cairo

Jan. . . 13 5 1 5 26 14 8 3 24

July . . 34 5 1 1 0 1 20 21 17
Wadi Halfa

Jan, . . 32 13 0 0 0 0 0 9 45

July . .17 6 0 0 1 4 5 21 46
Khartoum

Jan. . . 56 20 1 0 0 0 0 13 10

July . . 2 0 1 3 31 36 9 2 15
Hillet Doleib

Jan. . . 68 23 1 0 2 0 4] 0 5

July . .1 6 11 11 34 9 3 1 23
Mongalla

Jan. . . 31 15 20 4 8 3 5 9 5

July . . 9 6 13 14 25 7 7 3 15

The middle of the Sahara has almost cloudless skies through-
out the year, but at Khartoum the effect of the monsoon on
the sunshine is already prominent:

MEeAN SUNSHINE, HOURS A DAY, AT KnmARTOUM
Jan. 10-6 Apr. 108 July 89 Oct. 104

Feb. 10-8 May 10-1 Aug. 89 Nov. 109
Mar. 10-7 June 10-0 Sept. 97 Dec. 107
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South of Khartoum the skies are cloudier, the rains heavier
and of longer duration, lasting from April to October at Lake
No, and two maxima appear in the curve, to become more
pronounced southward till at Rhino Camp, 8° N., the climate
is equatorial, with rain most of the year, maxima in April
and August (Fig. 21).

Summer is a very hot season in the Sudan, the heat being
almost Saharan till the monsoonal cloud screens the sun and
the rain cools the air, making a depression in the curve of
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Fic. 21. Mean monthly rainfall in the Nile valley.

temperature amounting to only a few degrees in the north of
the Sudan but becoming the minimum of the year in the
south (Juba, Fig. 20). Thus in all its elements the dry tropical
climate of the Sudan passes into the equatorial type about
5°8.

The change from desert to Sudan is less obvious to the
traveller up the Nile valley since the Nile forms a continuous
oasis. The date palm is cultivated from the Mediterranean
coast to Khartoum, but the fruit is best between Cairo and
Aswan, luscious dates which can be easily dried for export;
to the north the air is rather too damp, to the south too hot
and dry. South of Khartoum the date palm disappears and
the land of the baobab begins.

HaBoOBS

The north of the Anglo-Egyptian Sudan has very severe
dust-storms, ‘haboobs’, most of them in summer. Towering
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pillars of dust rise like a wall to a height of several thousand
feet along an almost sharp front about 15 miles long, which
advances at about 85 miles an hour. Their immediate cause
is a strong squall of wind blowing over loose dry dust; the
squall is associated with abnormal instability between the
moist SW. monsoon on the surface and the dry NE. harmattan
above. There may be thunder, but the rain often evaporates
before it can reach the ground. Haboobs are most frequent in
the neighbourhoods of Tokar, Kassala, and Khartoum, where
a deep covering of fine silt provides the dust (Farquharson,
J. S., QJ.R. Met. Soc., 1937, July).

CHAPTER VIII

ETHIOPIA (ABYSSINIA). ERITREA.
SOMALILAND

THa1s region has great diversity owing to its extent in latitude
(from’ the equator to 18° N.), in longitude, and in altitude.
Four main regions are:

1. The highlands, a plateau block, the main mass of Abyssi-
nia, altitude about 9,000 feet but rising to 15,000 feet in
isolated peaks. A little snow falls in winter but none lies
throughout the year; most of the precipitation falls as heavy
rain in summer. The sides rise very stecply and on the west
and south-west are intricately dissected by long river valleys
and gorges, in places 2,000-3,000 feet deep.

2. North-east of the plateau is the Danakil (Afar) lowland,
below sea-level in the north, rising in the south to about 2,000
feet, bounded on the west and south by the remarkably
straight wall of the plateau, and on the east by the Red Sea
hills of Eritrea. It is an arid tract, intensely hot and dry in
summer, and the streams that enter it from the plateau fail
to reach the sea.

8. In the south-east the plateau is cut by the Rift valley
with its precipitous sides, drained by the Awash River, and
the block on the south-east of the valley slopes comparatively
gently through Ogaden and neighbouring plains to merge in
the coastal belt of Italian Somaliland. The lower slopes are



72 AFRICA Pt. II

very poor grazing land with scanty and uncertain rainfall of
10-20 inches, and a mean temperature at 4,500 feet about
60° in January, 75° in July. Most of British Somaliland on the
north-east is highland of 3,000-6,000 feet, with a very steep
drop to the Gulf of Aden.

4. The shores of the Red Sea and the Gulf of Aden, a very
narrow strip, quite arid, with a mean rainfall less than 5
inches falling in winter. The coast of the Red Sea is backed
by narrow highland over 4,000 feet, except where the Danakil
depression reaches the sea about 15° N. The overhead sun,
shining from cloudless skies and the additional heating of the
air by descent after its passage over the sun-baked plateau
behind, give cxcessive heat in summer; at Berbera the mean
exceeds 90° in June, July, August, and September, and in
July rises to 97° with mean daily maximum 107°, and mean
daily minimum 88°—remarkably high figures, especially for
a coastal station. January, the coolest month, has a mean of
76° (mean daily maximum 85°, minimum 68°). Aden, on the
opposite shore of the gulf, with onshore winds, is 9° cooler in
July, and in winter about the same as Berbera (table on
p- 50).

Three main altitude zones are distinguished in Abyssinia:

1. Kolla, up to 6,000 feet, consists largely of valley-bottoms
which share the hot summers of the Sudan ; May and October
are the hottest months. The valleys are sheltered from the
general winds, and are damp, sultry, and unhealthy; they
have much forest and dense jungle, and are quite unsuitable
for white settlement.

2. Voina Dega (‘wine highland’), 6,000-8,000 fcct, is the
most populous zone, with much well-cultivated land and
excellent pastures. The warmest month is March, mean tem-
perature 60-64°, and the coolest July, 55-57°, so that the
temperature invites permanent European colonists. The voica-
nic soil is fertile, and irrigation could be provided for the dry
months; disadvantages are the torrential rains in summer,
and the steep slopes of the much-dissected land.

8. Dega (‘highland’), over 8,000 fcet. Cereals are grown up
to 12,000 feet, but the higher altitudes are too cold and the
rainfall too heavy to attract settlers,
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WINDS

Between October or November and March the NE. mon-
soon sweeps the whole region except the Red Sea south of
Massawa which has S. winds. The monsoon is very dry by
origin, rainless except for scanty precipitation on the higher
windward slopes. In February or March low pressures develop
in the east of the Sudan and attract the SE. trade of the Indian
Ocean; the ‘little rains’ occur at its meeting with the NE.
monsoon which is still in force north of 15° N. In June south-
westerlics sct in over Somaliland ; they belong to the summer
monsoon of south Asia, but here blow parallel to the coast
(like the NE. monsoon) and give little rain; they continue till
November, when the NE. monsoon replaces them. In Abyssi-
nia also the general winds in June to September are SW.
(much modified locally by the strong relief of the land), but
they have crossed Africa from the S. Atlantic; in spite of their
long land passage they give Abyssinia the very copious rains
of its rainy scason. The Red Sea has NNW. winds in summer
in all its length. In the Gulf of Aden winds are usually light or
moderate in winter; the SW. monsoon of summer is strong,
often of gale force (when it is called kharif on the Somali
coast, to which it descends sand-laden and with furnace-heat).

RAINFALL

An all-important aspect of the climate of Abyssinia is the
rainfall in relation to the Nile flood, since the summer rains
are the chief source of irrigation of the Sudan and Egypt.
Unfortunately, the meteorological records are disproportionate
to their economic importance.

Most rain falls on the south-west and west of the plateau,
including the upper valleys of the Sobat, Blue Nile, and
Atbara, and exceeds 75 inches over a considerable area and
40 inches on most of the plateau above 6,000 feet ; in the north
it decreases to 20 inches. It decrcases very fast on the north-
east, which perhaps explains in part the straight, undissected
plateau edge overlooking the arid Danakil depression, which
is in striking contrast to the much-dissected south-west and
west. The heights over 8,000 fect south-east of the Rift valley
and south-west of Harar, with totals exceeding 60 inches,
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share the good summer rains of the main plateau. From them
the total decreases south-eastward to less than 10 inches in
the lowlands, which share the aridity of the north of Kenya,
and like it are scantily populated by poor pastoralists ; but the
coast south of 6° N. is more favoured (Mogadishu, 19 inches,
nearly all in the months April to November). The perennial
rivers Webi-Shebeli and Juba head in the rainy highlands,
and have sufficient volume to give hope of large-scale irrigation
schemes.

In the south of the plateau appreciable rain begins in
February or March, and continues fairly heavy for a few
weeks (the light rains); Addis Ababa has about 8 inches in
March and in April; after a lighter spell in May the heavy
rains begin, and last till the end of September, being specially
heavy in July, August, and September. The rain is of the
tropical mountain type, very heavy with much thunder. The
water runs off rapidly into the deep gorges which are almost
empty in winter, and the thick chocolate-coloured flood
reaches the Nile valley in June and increases in volume till
September, so copious that after irrigating the Sudan and
Egypt some water is left over to enter the Mediterranean
1,700 miles away. On the northern plateau, including the
Takkaze basin, the rains begin seriously in mid-April and
continue throughout the summer, but much less heavily than
in the south. The lower slopes of Ogaden have lighter rain, most
of it probably in April, May, and June ; but Harar (6,500 fcet)
has good rains from March to September. Winter is dry.

Except on the shores of the Red Sea and the Gulf of Aden
where most of the very scanty rain (Massawa 7 inches, Ber-
bera 2 inches) falls in winter, summer being cloudless and
rainless, and in the Danakil region which has very little rain
in winter and summer alike, the rains are restricted to the
summer half-year, the cffect of the plateau being to lengthen
the rainy season somewhat and especially to increase the
amount, the Nile valley having only 80 inches and the neigh-
bouring plateau 75 inches.

TEMPERATURE

Temperature differs widely in north-east Africa with
differences of elevation and topography and of cloud and rain.



Ch. VIIIT ETHIOPIA, ERITREA, SOMALILAND 75

In winter the coasts of Eritrea and French Somaliland are the
hottest tracts owing to the heat of the water of the Red Sea;
the January mean is 79° at Massawa, where the lowest tem-
perature on record is 66° ; Djbuti has similar figures. Thus even
in midwinter these coasts have equatorial heat. Inland, with
rapidly increasing altitude, the winters are cooler (Harar,
6,000 feet, January mean 66°), and are too cold for European
settlement in the highest parts of Abyssinia; the air tempera-
ture not infrequently falls below 32° at Addis Ababa. Tempera-
ture rises rapidly when the sun enters the north hemisphere,
and spring has the highest temperatures of the year, the thick
clouds and rain of high summer causing a pronounced cooling
(Addis Ababa, April mecan, 62°, July, 58°; Harar, April, 69°,
July, 66°); at some stations with heavy summer rains July
and August have the lowest means of the year. But the rain-
less and almost cloudless districts, including the coasts of the
Red Sea and the Gulf of Aden and much of Italian Somaliland,
get hotter till July ; Massawa has a July mean of 95° and has
recorded 112°; at Berbera the corresponding figures are 97°
and 117°. This coast has the highest annual mean, about 86°,
of the globe, and only the fairly low humidity makes it habit-
able in summer. Summer is much cooler on the Indian Ocean
shores of Italian Somaliland, thanks to the cool water off the
coast (July mean at Mogadishu, 79°). The range from summer
to winter is low on the plateau, 6° at Addis Ababa, 4° at
Harar, but considerably more on the coasts, 21° at Berbera,
16° at Massawa, owing to the excessive heat of summer.

An interesting effect of these hot summers is found on com-
paring the temperatures on the plateau with those of the Red
Sea coast and the Nile valley in summer and winter. The
plateau is a little cooler relatively to the Nile valley (which also
is cooled by the summer monsoon) in winter than in summer,
and very much cooler in summer than in winter relatively to
the arid lowlands on the east:

DIFFERENCE IN MEAN TEMPERATURE

January July

Hillet Doleib—Addis Ababa . . . 23 22
Berbera—Addis Ababa . . . . 18 39
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VISIBILITY

Visibility is often only moderate in most of this region. In
the dry season the air tends to be hazy with fine dust, and
sand-storms add coarser particles. Smoke from grass- and
bush-fires is a further source of haze in many districts. The
Gulf of Aden and its shores are usually hazy in summer. The
highlands of Abyssinia are often cloud-covered in the rainy
season, but have good visibility in the dry. The shores of Ita-
lian Somaliland, and still more the adjacent Indian Ocean,
have much fog in summer over the cool sea-water, fog being
recorded in more than 40 per cent. of observations at sea
from June to August for 200 miles south of Cape Guardafui.

CHAPTER IX

CAMEROONS. FRENCH EQUATORIAL
AFRICA

ToE middle of this large region extends 1,200 miles east from
south Nigeria into the heart of Africa. From its north, where
it reaches Lake Chad, to its south extremity is 1,300 miles.
Much of the central area, including British and the north of
French Cameroons, is highland over 38,000 feet, small parts
attaining 6,000 feet and the commanding peak of Cameroon
Mountain 18,350 fect. South of this the narrow coastal plain
rises to an extensive plateau of about 2,000 fect which falls
gradually in the east to the Congo at 1,000 feet.

The climate is in general equatorial, with monotonous heat
(absolute extremes at Duala 95° and 65°) and humidity, but
there are large modifications. The far north of the region
(Fort Lamy, p. 186) is in the Sudan and shares the climate and
weather, including tornadoes, of the north of Nigeria. The
highlands enjoy the usual alleviation of temperature by alti-
tude which is well known in East Africa, but the favoured
area over 5,000 feet which is best suited for white settlers is
small, and the settlers are still very few; most of it is in
British Cameroons, and in addition to its good volcanic soil
it has the advantage over the highlands of Kenya of a much
heavier, in places perhaps too heavy, rainfall. Most of French
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Cameroons is considerably lower, but has many French settlers
who live permanently on their plantations.

The rainfall has features of interest. The west of Cameroon
Mountain has one of the outstanding totals of the globe; the
annual means cxceed 80 inches all round the Bight of Biafra,
but rise far above 100 inches on the seaward side of the moun-
tain; Debundja near sea-level has the extraordinary total of
874 inches (577 inches in 1919), and the higher slopes probably
much more, but long series of obscrvations are lacking. The
rainfall is heaviest in July, August, and September, when the
monsoonal indraft of humid equatorial air is steadiest and
strongest. The driest, but by no means rainless, months are
Deccember, January, and February when the harmattan often
reaches the coast with its dry, dusty air. Over the year about
two-thirds of the rain falls in the night, betwcen 1800 and
0600, the excess at night being largest in the driest months.

The ‘hyctal equator’, separating the rain régimes of the two
hemispheres, crosses the region about lat. 3° N. where the
régime is of a well-marked equatorial type; at Libreville,
0-5° N., the rains last from September till May with maxima
in November and March, and June, July, and August are
almost rainless, a south hemisphere régime. South of the hyetal
equator not only does the régime of the rainfall change but the
amount near the coast decreases rapidly from about 80 to
only 40 inches in the south of Gabon, and the variability
becomes larger (see p. 82). This is the beginning of the long
dry west coast of Africa south of the mouth of the Congo.

CHAPTER X

THE BELGIAN CONGO
(For place-names see Fig. 23)

PuysicalL. FEATURES

THE core of the territory is a flat basin at an altitude of about
1,000 feet, drained by the River Congo and the middle and
lower courses of its tributaries, and clothed with very dense
rain-forest except where cultivation has intruded. The basin
rises on all sides to the great African platcau, most of it
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between 1,500 and 8,000 feet in the Belgian Congo but higher
in the south-east (Elisabethville, 4,000 feet), a tract of savan-
na of varying tree-density but remarkably uniform over vast
expanses. The east rim of the basin is still higher, much of it
6,000 feet, parts 10,000 feet, and its highest point in the
Ruwenzori Mountains 16,800 feet, but this whole area, though
high, is small; its central feature is the west Rift valley, the
floor of which is at about 5,000 feet round Lake Kivu and
slopes northward to 2,000 feet (Lake Albert) and southward to
2,500 fect (Lake Tanganyika); the sides rise very steeply to
the altitudes mentioned above. The east fronticr of the terri-
tory lics along the valley except where an ecastward projection
encloses the highlands of Ruanda and Urundi. In the west the
Congo cuts through the surrounding plateau, the Crystal
Mountains, here about 2,000 feet, in rapids, and a narrow low-
land extends on the west to the sea.

The equator crosses the north of the territory from Coquil-
hatville to Stanley Falls and Ruwenzori, bisecting the forested
lowland basin, and the usual type of equatorial climate, modi-
fied by the altitude of 1,000 fect, prevails from the north
fronticr to about 5° S. Most of the rest of the country has a
plateau type of tropical climate, and the mountains in the
east rise to alpine zones.

AIr-MASSES

The region is in the equatorial trough of low pressure, and
shares all the main air-masses described in Chapter III. In
January maritime tropical (Atlantic) air forms a SW. air-
stream in the west and south as far east as about 18° E. The
middle and east, the greater part of the Belgian Congo, has
continental tropical air from the north, the south-east mari-
time tropical air from the Indian Ocean, bringing the vapour
for its rains.

In July (and during most of the period April to October) the
south-westerly winds from the Atlantic are much stronger
under the influence of the summer low pressures of the Sahara,
and advance right across the continent, covering the west and
north of the Belgian Congo and supplying the summer rains.
The rest of the territory, south of the line Port Francqui to
Juba on the Nile, is filled with maritime tropical (Indian
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Ocean) air. The continental air from the north, which is promi-
nent in January, has disappeared.

The winds are generally light in the equatorial climate, and
almost always fall calm at night. Violent squalls, however, up
to 50 miles an hour occur in tornadoes which are most fre-
quent in the periods March to May and September to Novem-
ber. In their characteristics and structure they are similar to
the tornadoes of the Guinea lands (p. 62), and, like them,
travel from an easterly point, appearing generally in the
hottest hours of the day.

Major Crimatic REcIoNs (Fig. 23)

Equatorial Basin. This is the flat central basin, between the
northern frontier (the rivers Ubangi-Bomu) and lat. 5° S.
The mean annual temperature is about 78° and mean annual
range only about 3°; the hottest months are March and April,
the least hot July and August. The diurnal range, however, is
large, about 20°; as is usual in the equatorial climate the days
are not excessively hot (mean daily maximum not exceeding
90°, and absolute maximum being about 100°), much cooler
than in the Sahara, but the nights are sultry, with minima
about 66° and very rarely down to 60° (absolute minimum at
Eala 59°). Such temperatures continue monotonously through-
out the year.

The mean rainfall is about 80 inches a year on the outskirts,
increasing to 100 inches in the middle of the equatorial basin;
the area with these amounts is less than in the Amazon basin
and the East Indies, the other great equatorial regions, owing
mainly to the shelter of the surrounding plateau. The rainy
seasons (Fig. 22) are—on the equator, September to November
and March to June, the former having most rain; in the north
March to November (with a break in the rains in June and
July); in the south September to May (with rather less rain in
December and January). The rains are associated with the
intertropical front in its passage north and south, but vigorous
local convection adds its effect, and the dry seasons get some,
though much less, precipitation ; the extreme north and south
have 2 or 38 rainless months. According to the few relevant
records most of the rain falls in the night and early morn-
ing, the proportion being largest in the rainy seasons; the
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afternoon has a secondary maximum which is largest in the
dry seasons. At Bambesa, 8:5° N., 66 per cent. of the annual
total falls between 1700 and 0800, and the percentage rises
to 81 in April and November.

The air is always moist, more moist than is usual in the
latitude, owing to active evaporation from the great rivers,
pools, and swamps, and transpiration from the massive vegeta-
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I1c. 22. Mean monthly rainfall.

tion of the rain-forest, and probably much of the rain is
derived from this source. The cooling of the saturated air
at night often forms a shallow fog, mostly in the dry seasons,
but it is always dissipated by 1000.

The Southern Plateau includes the large expanses south of
about 5° S. and has a tropical climate of the plateau variety,
the tropical characteristics becoming more pronounced with
increase of latitude and altitude. The annual range of tempera-
ture is notably larger than on the equator, the mean being
14° at Elisabethville, lat. 12° S. There the warmest season is
spring, before the clouds and rain of summer reduce the
temperature; the mean for October is 75° for January only
71°. The coolest month is July with 61°, when ground-frost is
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not unknown. The daily range is large, as is to be expected on
a plateau, 20° in the rainy season, 87° in the dry—unusually
large ranges even for a platcau (we may compare Kabete,
Kenya, altitude 5,971 feet, which has 17° in the coolest month,
24° in the warmest, or Pretoria, altitude 4,350 feet, with 22°
and 31°).

The mean annual rainfall, about 70 inches in the north,

Equator Equator

«

/L

10 i R %5

Fic. 23. Major climatic regions of the Belgian Congo.

dccreases southward to less than 50 inches (45 inches at
Elisabethville). The rains (Fig. 22) begin in November and
continue till March (October till April in the north); the rest
of the year is dry and almost rainless, with nearly cloudless
skies, which, however, are often grey with smoke-haze from
bush-fires towards the end of the season; Elisabethville has
2,678 hours of sunshine a year. In climate, as well as in
vegetation and landscape, the country resembles the plateau
of Northern Rhodesia, and though it is not ideal for Europeans
the cool nights and the long cool dry season of brittle weather
enable many to pass their lives in comfort.
5338 F
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The Eastern Highlands. The Rift highlands form the west
of Uganda and Tanganyika Territory as well as the east of
the Belgian Congo, and the climates arc similar on the two
sides of the frontier. The altitude lowers the temperature, so
that even on the equator permanent residence is possible for
Europeans, though not yet usual, between 6,000 and 8,000 feet,
above which it is too cold ; indeed, even at 6,000 feet, domestic
fires are necessary, and the nights, and many of the days, are
cheerless with damp chilly air and cloud-fog which blots out
the landscape. The heights of Ruwenzori are snow-covered
and have glaciers; they are nearly always hidden by cloud.

Rainfall is heavy, over 100 inches a year in places, except
on lce slopes and in rain-shadows, but much of the floor of the
Rift valley has little (the north of Lake Tanganyika less than
40 inches) and is a land of grass and poor savanna; parts,
however, are forested, being abundantly watered by the
streams from the highlands, the heavier rains of which are
suggested by their very frequent cloud-cover which screens
them from the observer on the surrounding plains.

The West. The lower altitude west of the Crystal Mountains
tends to make the western area warmer than the interior, but
this is counteracted by the constant SW. winds from the cool
waters off the coast, which are strong in the afternoons from
about 1300 till sunset under the influence of the sea-brecze;
the mean annual temperature is about 78°, the same as in the
interior, but the range is much larger, 8° on the coast and 10°
some distance inland. March is the warmest month, mean
temperature 82°; July the coolest, 72°,

Therainfall decrcases rapidly on the coast towards the south-
cast, from 60 inches a year to less than 380 inches, an effect
of the cool Benguela Current, which is largely responsible for
the rainless coasts farther south, notably in South-west Africa.
The rainfall on the coast is very variable as well as scanty ; at
Banana, in the years 1908-13 in which it was measured, the
annual total ranged from 69 inches in 1908 to 8 inches in
1918, the mean being 44 inches; at Boma, annual mean
89 inches, it ranged from 54 inches in 1911 to 22 inches in
1918. The variability is due directly to the oceanic conditions;
normally the Benguela Current with varying width and
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volume washes the coast and the rainfall is small, but some-
times it is replaced by the hot Guinea Current advancing
farther south than usual, and moist air, cloudy skies, and
heavy rains result. The rainy seasons in this area are March-
April and October-December; the major dry season is May—
September.

Régime of the River Congo. The River Congo has a large
seasonal variation of volume; below the confluence of the
Kasai the level is controlled mainly by the southern tributa-
ries fed by the rains of the south hemisphere; cven at Léo-
poldville on the large expanse of Stanley Pool the mecan
highest level, in December, is about 11 feet above the mean
minimum which is due in July and August; a minor maximum
in May and minimum in March result from the smaller contri-
bution of the north hemisphere strcams. Above the Kasai con-
fluence the north hemisphere influence predominates and gives
the highest flood in October in the middle Congo. Above
Kongolo the Lualaba (upper Congo) and its tributaries are
flooded by the south hemisphere rains in January, February,
and March.

CHAPTER XI

BRITISH EAST AFRICA
(KENYA, TANGANYIKA, UGANDA)

(For place-names see Fig. 26)

TH1s region lies astride the equator, in latitudes where climate
tends to uniformity. But many variations, and those of much
economic importance, result from the relief, which ranges
from an equatorial coast, through highlands which have
become the home of many European settlers, to snow-capped
mountains, with vast open upland plains stretching boundless
to the view and lakes which are inland seas. Most of Kenya
and Uganda are equatorial, but Tanganyika Territory extends
south to lat. 12° S., and in the south has the tropical climate
of the south hemisphere.

In this chapter a description of the main climatic elements
over the whole region is given first, and then the major clima-
tic divisions are indicated, with their more prominent features.
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TOPOGRAPHY

The details are complicated but the major features simple.
The coastal plain to an altitude of about 1,500 feet is more
than 300 miles wide in the north, but only 50 near Mombasa;
south of Tanga the coast diverges from the edge of the platcau,
and leaves a large lowland triangle which contains some tracts
of low upland.

The interior is essentially a plateau. In Kenya the land rises
steadily westward to the edge of the cast Rift valley at an
elevation of about 9,000 feet, but in places more than 13,000
feet, above the sea; the plateau above about 4,500 fect forms
the Highlands of Kenya. West of the Rift valley isa gentle slope
to the basin of Uganda, which is about 4,000 feet above sea-
level (Lake Victoria, 8,717 feet), and a rise again in the west
to broken uplands, over 5,000 feet in much of Ankole over-
looking the west Rift valley. The interior of Tanganyika
Territory is more uniform, most of it being a vast platcau
about 4,000 fcct above the sea, with an elevated rim on the
east, south (where it rcaches 9,000 feet), and west.

The east and west Rift valleys are sunk 2,000 feet, in places
much more, below the highlands, and in most of their length
they get little rain; but they contain many lakes, some of
which have considerable climatic influence; Lake Victoria,
the largest lake of all (not in a rift valley), is a sea with its
own maritime climate, and is the main source of the humid
climate of the west and north-west of Uganda; Lake Kioga
and the many swamps and sluggish rivers in the country
within about 40 miles north of the lake add to the humidity.

Many elevations rise on the plateaux, some of them tabular,
others isolated summits; the largest, Kilimanjaro (19,000
feet), Kenya (17,000 feet), Ruwenzori (17,000 feet), and Elgon
(14,000 feet) are huge mountain masses, the first three snow-
capped, with glaciers decscending to about 15,000 feet.
Mount Meru, west of Kilimanjaro, the Pare and Usambara
Mountains on the south-east, and the Ulugurus rising like an
island in the wide lowland west of Dar-es-Salaam, are other
prominent elevations. All these heights stand out on the map
of rainfall. The wide range of latitude, altitude, and surface
gives great differences in all the climatic elements; notable
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extremes are the west and north of Lake Victoria, warm,
humid, and rainy; the semi-desert tracts of the north of
Kenya with almost Saharan conditions; the snow-covered
peaks. Uganda (except the north and north-east) is a green
land of rich verdure all the year; the arid north of Kenya is
always brown and dry, much of it bare rock or sand ; the high-
lands of Kenya and Tanganyika are parched and brown most
of the year, but soon put on a green covering with the onset
of the rains in October and in February.

PrESSURE AND WINDS

In most regions the atmospheric pressure is of little climatic
significance in itself, but in the highlands of East Africa the
reduced pressurc is regarded by some as an important physio-
logical factor. At 5,000 feet the mean pressure is about 855 mb.
(25 inches), at 7,000 ft. 795 mb. (23 inches). The difference
from the sea-level pressure of 1050 mb. (30 inches) is hardly
appreciable by most residents, but may possibly be declete-
rious in the long run to certain types of physique.

East Africa is dominated by the great pressure-systems
of south Asia, the South Indian Ocean, and south Africa. In
the northern summer south Asia is covered by the vast low-
pressure system which extends west over the Sahara; in the
sub-tropics of the South Indian Ocean and south Africa the
sub-tropical high pressures are at their maximum. The SE.
trade, of maritime tropical air, sweeps north, becoming the
SW. monsoon after crossing the equator. In the northern
winter Asia has very high pressures, south Africa low, the
equatorial trough extending east from it over the Indian
Ocean in about lat. 10° S. in January. The NE. monsoon brings
continental polar air from Asia; it backs to NW. south of the
equator.

These alternating winds from south and north blow with
great constancy parallel to the coasts of East Africa, the for-
mer from May to September as a moderate to strong SE. wind
as far as the equator and SW. beyond, and the latter from
November to March as a NE. wind rarely exceeding a velocity
of 20 miles an hour and never reaching gale force. In the
transition months, April and October, the winds are light and
variable, but usually from an easterly point. On the main
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currents the land- and sea-breezes, always prominent in low
latitudes, are superposed, with the result that the winds in
the day are SE. or NE., in the night SW. or NW.

The SE. trade is a steady current, but even it is subject to
irregularities, ‘surges’, many of which come from the wester-
lies of the Southern Ocean to enter the trade east of Mauritius
and travel with it into East Africa and often far beyond. The
surges are linear disturbances with squally winds, much cloud,
and some rain. They are prominent on the ocean and also in
East Africa, where the cloud and rain are intensified by oro-
graphic and convectional ascent, and locally by the vapour
from lakes and swamps.

Two other air-masses appear in East Africa at irregular
intervals, the northerly current of the north and interior of
the continent (shown in Fig. 8) in the months November to
March; and more frequently a westerly current, often in the
higher levcls between 10,000 and 12,000 feet, important in
causing gencral rains.

Up-country the winds are less regular both in dircction and
velocity than on the ocean or the coasts. The topography has
a large local cffect in low latitudes both at night and in the
day, and may modify the usually light general winds almost
to the point of reversal. In East Africa other factors also are
important. At an altitude of over 5,000 feet the plateau is
above the surface-winds of the ocean, and to some extent
shares the upper winds of their elevation, much modified. The
lakes, notably Lake Victoria, like seas, develop their own
land- and sea-breezes very prominently and regularly. Another
feature is the formation of a stable layer of cold air on the
surface at night, calm except near steeply sloping ground
where katabatic winds may be strong (as in the Rift valley).
The calm nights are in marked contrast to the days when the
wind blows freshly, sometimes over 20 miles an hour for
long spells; these strong breezes help to reduce the physio-
logical temperature.

The table of mean wind frequencies below illustrates the
points mentioned. To show the strong diurnal control the
frequencies are given for the first observing hour in the morn-
ing and for the afternoon; the difference is prominent on
the shores of the ocean and the great lakes.
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WiIND DIRECTIONS, MEAN PERCENTAGE FREQUENCIES

January

Kabete, 0900 .
1500 .

Equator, 0900 .
(long. 35-5°E.) 1500
Entebbe, 0830

1430
Dar-es-Salaam, 0900
1500
Tabora, 0830 .
1430 .
Lindi, 0900 .
1500 .

Mogadishu, mean of
0800, 1400, 1900

July
Kabete, 0900
1500 .
Equator, 0900 .
1500 .
Entebbe, 0830 .
1430 .
Dar-es-Salaam, 0900
1500
Tabora, 0830 .
1430
Lindi, 0900
1500 .
Mogadishu, mean of
0800, 1400, 1900

Alt.
Seet

. 5,971

9,050
3,878

30
4,151

131

39

. 5,971

3,878

39

N. NE. E.
15 58 16
4 53 39
3 87 6
4 50 31
20 6 5
2 1 15
51 24 2
36 56 5
5 14 28
7 16 18
11 2 1
8 72 2
3 72 13
2 4 11
2 9 29
8 44 4
5 24 15
25 7 3
1 1 7
0 0 0
0 2 5
0 11 62
1 2 20
0 0 0
6 49 8
0 0 1

THE SEASONS; RAINFALL

The seasons may best be treated in terms of the humidity
and rainfall which are their main features in the tropics. A
first distinction is between the equatorial zone as far south as
about 3° S. (5° S. on the coast) and the inner tropical zone of
the south hemisphere to which the rest of the region belongs;
the extreme north of the region is in the inner tropics of the
north hemisphere, but its area is too small for detailed descrip-
tion here. The régimes at some representative stations are
illustrated in Fig. 24.
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0o 2 1 7
0 1 0 0
2 0 1 1
2 3 5 1
7T 20 22 9
6 6 1 0
3 2 1 16
0 0 0 1
5 3 4 3
9 11 9 5
18 2 21 15
3 1 6 7
0o o0 3 0
10 2 0 21
5 2 0 0
13 15 7 5
18 22 6 4
6 15 28 4
12 2 2 2
62 1 0 10
7 0 0 0
o o0 0 (U
3 0 0 1
74 1 0 1
6 0 1 2
81 6 0
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The equatorial zone has four well-marked seasons:

(a) The hot season, January and February, is the driest as
well as the warmest season, and has the reputation of inducing
irritability in white settlers up-country. It has less cloud than
the rest of the year, but the mean exceeds 5 tenths in the
highlands; there is most cloud in the afternoon, when it forms
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F16. 24a. Mean monthly temperature and rainfall,
Mombasa.

a uscful screen against the powerful sunshine. At Kabcte the
mean relative humidity falls to about 42 per cent. at 1430.
The rain is not enough for plant-growth, but heavy instability
showers, some with thunder, are frequent in the afternoons
on the higher ground. At elevations below 6,000 feet the after-
noons are hot, with temperatures rising to about 80°, but
temperature falls rapidly after sundown and the nights are
cool, with minima about 55°. The coast gets little rain; the
days are hot and oppressive, but the sea-breeze sets in about
1000 and the cool ocean air is a welcome alleviation.

(b) The ‘long rains’, March to May; about half the mean
rainfall of the year is in these 8 months. The cloud and rain
make the days cooler than in the preceding months, but the
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nights are damp and sultry. At the approach of the rains
vegetation shoots up and the land becomes green; the rivers
flood and the earth roads are almost impassable. The year’s
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Fic. 24c. Mean monthly temperature and rainfall,
Tabora.

agriculture is largely dependent on good rains in this season.
On the coast the weather is notably humid and sultry, with
occasional thunder, but the mean temperature is rather lower
than in January and February.

(¢) The cool season, or winter as it is appropriately called,
June to October, gives only a small amount of rain in the
highlands, but the number of rain-days is considcrable. On the
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coast, too, it is a relatively dry period, with 2 or 8 inches of
rain a month, most of it in short but heavy showers. This is
distinctly the coolest season, and on the coast much the most
pleasant for Europeans since in the rest of the year the equa-
torial heat and humidity are enervating, though the fresh sea-
breezes make them less oppressive than in many parts of the
tropics. Up-country in the Highlands the season well merits its
local name ‘winter’. On a typical day in the early morning
we find the sky overcast with thick low stratus cloud, not
infrequently giving a steady unpleasant drizzle (which may
continue till noon under the influence of frontal disturbances).
The air is chilly and cheerless, cold above 6,000 feet, indeed
too cold above 10,000 feet for European settlement (frost may
occur above 8,000 feet). About 1000 the cloud usually begins
to break and the sun appears; it gets warm, and almost hot
in the bright sunshine of the afternoon; the sky is about half
covered with white cumulus clouds, and a fresh breeze blows.
Towards sunset temperature falls fast, cloud begins to over-
spread the sky, and the night is so cold that fires are welcome.
Except in themost settled weather there is a risk of convection-
showers, sometimes with heavy thunder, in the late afternoon,
particularly on the high ground, both isolated summits and
the escarpments above 7,000 feet.

Early in September the weather improves and becomes
noticeably warmer; the morning cloud is less extensive, and
the overhead sun is hot most afternoons. There is less drizzle,
but rain, now mainly convectional rain in the late afternoon,
may be considerable. Temperature rises on the coast also.

(d) The ‘short rains’, mid-October to December, give about
half the rainfall of the long rains. Temperature remains high,
and in most years the season is not unpleasant despite the
rain. But on the coastal lowlands the rising temperature and
humidity, and the rain, are irksome for Europeans.

The equatorial régime of rainfall, and the associated seasons,
are common to all Uganda and Kenya except the extreme
north which has the tropical régime of the north hemisphere.
Tanganyika Territory, south of about 8° S. in the interior
and 5° S. on the coast, has the south hemisphere régime with
one rainy season and one long dry season; in the interior the
rains begin in October or November and continue till April,
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being heaviest in January and February generally. Most of
the rain falls in heavy showers, often with thunder, on about
half the days; cloud is considerable, and humidity high, very
noticeably so at night. It is a damp, sultry, season and much
of the land is waterlogged. The wind is light from the east
(except in some violent thunder-squalls) in the daytime, but
falls calm at night. The dry season, May to October, with its
brittle weather, is a great contrast. The wind blows fresh from
E. or SE.; with little cloud and no rain at all the sun shines
powecrfully, and the air is dry. It is hot in the middle of the
day, but the nights are pleasantly cool, much cooler than
during the rains. The land soon dries out, herbaceous vegeta-
tion withers and most trees lose their leaves.

The amount of rainfall (Fig. 25) is only moderate to poor
for the latitude, and for this some general reasons may be
suggested: the main wind-systems are parallel to the coasts
and not onshore ; the SE. trade is dried by heavy condensation
on the mountains of Madagascar which it crosses before reach-
ing East Africa, and the NE. monsoon has little moisture after
its long land passage; the equatorial trough in which most of
the rain falls passes the region rapidly, being hastened far to
the north in the northern summer and far to the south in the
southern summer.

The rainfall is least in north Kenya, where large areas have
less than 10 inches, and north-east Uganda, and from this
dry tract in the east of Kenya, much of it useless desert very
thinly peopled, a wide tongue of forbidding thorn-bush with
less than 20 inches protrudes south, almost reaching Tanga-
nyika Territory between Kilimanjaro and the sea, and an arid
tendency continues far to the south-west. The middle of
Tanganyika has only 80 inches and is poor steppe, many parts
being dry brown sand most of the year, but improving to low
savanna in the better-watered areas; it has few inhabitants
and but small possibilities of agriculture in the absence of
facilities for irrigation. The east Rift valley is in a rain-shadow,
with less than 10 inches in the north round Lake Rudolf, and
less than 20 inches in the south (Magadi 15 inches); the west
Rift valley is better watered both by rain (about 40 inches
a year) and rivers, but has less rain than the bounding
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escarpments and mountains where the totals rise to over
80 inches.

Of the more favoured arcas the coast south of Lamu has
about 40 inches, the off-lying islands much more. Most of
Uganda has 40 to 50 inches, parts of the north and north-west
shores of Lake Victoria more than 70 ; this is the rainiest tract
of East Africa, and also the most densely peopled and among
the most prosperous; it owes its advantage to the prevailing
winds from the lake, and is very diffcrent from the south-east
shores. But not far away is the tract of Ankole with compara-
tively poor rainfall (less than 40 inches), much of it unin-
habited grassland, running north from Tanganyika into
Uganda between the lake and the west frontier. The other
good rainfalls are on mountain-slopes facing the prevailing
winds; such are the Usambara and Uluguru Mountains near
the sea in Tanganyika with over 60 inches. Even in the arid
wastes of the north of Kenya the mountains near Marsabit
are a green oasis with over 30 inches; the giants, Mounts
Kenya, Kilimanjaro, Ruwenzori, and Elgon, have over 70
inches, much of it snow on the summits which are nearly
always cloud-covered.

The Tana and Pangani, fed by Mounts Kenya and Kili-
manjaro, arc perennial and useful rivers ; the former is of such
volume in its lower course that the possibility of a large-scale
irrigation scheme has been favourably considered. The escarp-
ments and adjoining highlands overlooking the Rift valleys
have enough rain for evergreen forests, and feed the sources
of many streams. The highlands north-cast of Lake Victoria,
including the Mau and Nandi escarpments and much of Kavi-
rondo, also have large totals—and many thunderstorms; they
hold a dense native population, and the middle altitudes
have many white scttlers. The uplands on the north of Lake
Nyasa stand out prominently on the map with over 100
inches.

The highlands of Kenya, containing most of the European
settlements, average 40 to 50 inches a year, the amount
increasing with altitude. The mean is scanty, and if the rains
are at all deficient crops suffer, for even the mean is insufficient
for an equatorial land of high altitude and strong insolation,
where evaporation is vigorous and the best, volcanic, soils
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very permecable. In spite of the not very favourable rainfall
the population, both black and white, is relatively dense.
The mean rainfall, then, of East Africa as a whole is by no
means abundant, and an additional disadvantage is its uncer-
tainty. A whole ‘rainy season’ may pass with little or no rain,
and serious deficiencies for periods of two years or more,
resulting in widespread agricultural failures, are not unknown.



94 AFRICA Pt. II

Uganda is fortunate in that the rainfall is less variable as well
as more abundant than in the other decpendencies, and her
agriculture less precarious:

ANNUAL RAINFALL (in.)

Mean Highest record Lowest record
Entcbbe . . . . 59-2 89-1 39-3
Fort Portal . . . 57-2 72 42-0
Nairobi . . . . 34-3 61-8 191
Tabora . . . . 35-1 51-3 15-4
Dar-es-Salaam . . . 43-7 535 17-2

Three types of rain are common. In all seasons, both on the
coast and up-country, heavy instability showers, many with
thunder, are conspicuous. On the plateau most are in the late
afternoon and evening, few after midnight. Violent squalls
up to 50 miles an hour may introduce the storm; a gust of
91 miles an hour has been recorded at Kisumu. Hailstorms
are not infrequent in the west of Uganda. Lake Victoria is
interesting in getting almost all its abundant rain, most of it
in heavy instability showers, during the night and early morn-
ing, the day being cloudless except for middle and high cloud ;
the night storms, often of great intensity, drift north and west
over the shores between Jinja and Bukoba. Another interest-
ing variation is on the ocean coast, where most of the convec-
tion-showers, often very heavy, are in the early morning, few
in the afternoon. The second type, steady frontal rain, may
fall everywhere, and last with little intermission for several
hours or even more than a day.

The third type, drizzle, is especially a featurc of winter on
the plateau above 2,000 or 3,000 feet, and is well known in the
Nairobi district. It falls from low stratus cloud, and in its more
persistent forms is frontal. It occurs in the night and early
morning, never in the afternoon. Probably much of the vapour
condensed was carricd up by convection in the previous
afternoon.

The rainy scasons of the equatorial zone are at, or just after,
the transitions between the NE. and SE. trades, and appear
to be due mainly to convergence in the intertropical front;
the convergence is more prominent in the upper than in the
surface winds. Other convergences that give much rain are of
the monsoons (both NE. and SW.) with the westerly winds,
and of the latter with the northerly air-mass from north Africa
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(p. 86). Probably most of the rain is frontal, reinforced, how-
ever, by vigorous convection.

TEMPERATURE

The coast has the usual equatorial monotony, with a high
but not excessive monthly mean about 80° and a small mean
annual range. The mean daily maximum is about 90° in the
hottest months, 82° in the coolest, and the corresponding
minima are 77° and 68°. The highest record at Mombasa in
14 years was 96°, the lowest 66°, at Dar-es-Salaam 94° and
59°; the high minima suggest the still and sultry nights with
vapour-laden air which are a feature of equatorial climates.
But, thanks to the fresh ocean-breezes of the daytime, this
coast is less enervating for white residents than most equa-
torial coasts, and the cooler months, July to September (May
to November south of Dar-es-Salaam), form a pleasant season.

The plateau is cooler according to altitude; at Kabete,
5,971 fect, the monthly means range from 67° in February to
60° in July ; the highest record is 87°, the lowest 41°. Thus the
mean temperature is that of an English July, but the annual
range is only 7°, as little as on the coast, and the conditions
seem at first to be monotonously uniform. However, even
this small difference is felt more than might be expected,
partly because the human body loscs its resilience to tempera-
ture changes in a monotonous climate and tends to become
more sensitive, and partly owing to the more abundant and
powerful sunshine in the warm months, which heats objects
exposed to it but without a corresponding rise in air tempera-
ture. The insolation is stronger with increasing altitude, the
more so in the clear air of the plateau; but the duration is
much reduced by cloud. Physiologically the contrast between
the hot, dry season and winter is very noticeable.

The diurnal range is large, the mean at Kabete rising from
17° in winter to 24° in February. It is larger in the dry areas;
at Nakuru in the east Rift valley July has the lowest, 24°,
February the highest, 85°. This large and rapid change from
day to night is an important feature of the Highlands
physiologically ; on a sunny afternoon light tropical clothing
is ample, but before sunset it already feels cool, and by dusk
European clothes are desirable.
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Uganda, thanks to its lower altitude, is warmer than the
Highlands, and has a smaller range of temperature owing
mainly to the more humid atmosphere. It is distinguished by
the absence of a cold, or even cool, scason, rather than by a
notably hot warm season, and by its warm nights, much
warmer than in the Highlands of Kenya. The monthly mecans
are about 72°, and the mean annual range is even less than on
the coast, being under 3° on the shores of Lake Victoria, 6°
in the drier north. The diurnal range at Entcbbe increases
from only 12° in May to 16° in January, at Gulu in the north
from 17° in July to 27° in January. Climatically Uganda is a
favoured land, pleasant and by no means unhealthy for white
residents provided they take long leave every three years or
more often. It is equatorial in many respects, including its
small range of temperature, its bright sunshine and cheerful
skies, its damp atmosphere, its good and well-distributed rain-
fall which nourishes the luxuriant vegetation, green all the
year; but its altitude raises it above the uncomfortable heat
and humidity which make equatorial lowlands unsuitable for
Europeans.

The plateau of Tanganyika is considerably warmer (except
in its dry scason) than Uganda, and has a larger range of
temperature, both annual and diurnal.

The relation between temperature and rainfall at representa-
tive stations is shown in Fig. 24.

SunsHINE AND CLoOUD

In the following tables Dar-es-Salaam and Zanzibar illus-
trate the coast, Tabora the plateau, Kabete the Highlands in
the medium altitudes of European settlement, and Kampala
and Entebbe Uganda.

MEeaN Croub (tenths of sky covered)

J. F. M. A M. J. J. A. S. 0. N. D. Year
Dar-es-Salaam, 0830 7 7 6 6 6 5 5 5 5 6 6 6 6
1430 . 6 6 7 8 7 6 7 6 b 5 5 b 6
Kabete, 0830 .5 6 7 9 9 9 8 9 8 8 9 7 8
1430 .5 6 7 7T 7 8 8 8 7 7 7 6 7
Tabora, 0830 L7707 7 5 3 2 3 4 5 6 7 5
1430 .7 7 8 7 7 b 4 4 5 7T T 7 6
Entebbe, 0830 .7 8 8 9 9 8 7 7 7 8 8 7 8
1430 .6 7 7 7T 1 7 7 1 7 7T 7 7 7
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MEAN DURATION OF SUNSHINE (hours)
J. F. M. A. M. J. J. 4. 8. 0. N. D. Year

Zanzibar . . . 251 243 213 180 210 220 235 253 254 270 250 259 2.838
Kabete . . .291 245 261 229 172 1456 116 114156 202 212 255 1,956
Tabora . . . 216 218 219 227 283 303 310 297 312 301 240 217 3,143
Kampala . . .238 193 189 195 187 189 139 168 157 172 178 205 2,210

The coast has abundant sunshine; an interesting feature is
the greater amount of morning than of afternoon cloud in
many months; the tendency to early-morning rain has been
mentioned already. The sunny afternoons, the cooling breezes
from the ocean, the bright skies with dazzling scattered heaps
of cumulus cloud, are a memory which old residents cherish.

The plateau of Tanganyika has almost unbroken sunshine
in the days of the dry season, with hardly a cloud in the
morning and only a little light cumulus in the afternoon. The
rainy season is much more cloudy, especially in the afternoons,
but even the rainy season has far more sunshine than the
south of England.

The Highlands of Kenya are less favoured. December to
March is a period of good sunshine, without excessive cloud.
But in April the long rains are at their height, and in June
the cloudy skies of winter begin, when the sky is overcast
with heavy stratus on most mornings, and the afternoons
have much cumulus; the sun is powerful when it does shine,
but the sunshine record for July and August is below the
average of the south of England.

Uganda, in sunshine as in altitude, is midway between the
Highlands of Kenya and the coast. Entebbe, like the rest of the
north and west of the lake, has most cloud as well as most rain in
the mornings, but in the Protectorate generally the afternoons
are cloudiest, with towering cumulus building up for showers.

VISIBILITY

East Africa has good visibility. The air is notably clear in
the rainy seasons, when it is not unusual to be able to see
Mount Kenya, distant 80 miles, and Kilimanjaro, 180 miles,
from Nairobi. In the dry seasons visibility is reduced by dust-
haze, sometimes increasing to thick dust in dust-storms, by
smoke from bush-fires, and by more or less intense shimmering
every sunny afternoon. These last factors are less prominent
in the damper climate of Uganda.

5338 G
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Fog is very rare at low altitudes, and infrequent on the
Highlands below 7,500 feet ; above that level cloud is liable to
be down to the surface. In Uganda shallow mist is common
at night on the marshy banks of the many sluggish rivers, but
it always dissolves by 0900; similar mist, at times increasing
to thick fog, may form at night in low wet hollows everywhere
during the rains. Representative data for the coast and the
Highlands of Kenya arc:

PERCENTAGE OF OBSERVATIONS WITH GOOD OR VERY GOOD VISIBILITY
(range 10 km. or more)

Mombasa, Feb.,! 0830 . . 95 Kabete, Feb.,! 0830 . . 99
1430 . . 100 1430 . . 100
May,? 0830 . . 81 Aug.,? 0830 . . 90
1430 . . 85 1430 . . 98
1 Month with best visibility. 2 Month with worst visibility.

CrimaTic REGIONS

Fig. 26 shows the major climatic regions, based on the
broad features and necessarily ignoring the many local details
(some of them important) imposed by the topography. The
climatic elements have already been described.

1. Coastal, equatorial (but with poor rainfall in the north).

2. Coastal, tropical (south hemisphere régime).

8. Lowland, interior (south hemisphere régime).

4. The arid north of Kenya and north-cast of Uganda, low
in the east, but rising to over 8,000 feet in parts of the west.
Little rain, especially round Lake Rudolf. Very thin popula-
tion, mostly pastoral nomads.

5. The eastern Highlands of Kenya; may be subdivided at
Makindu into the east section, lower, warmer, and dricr, and
the west, cooler, with much cloud and moderate rainfall ; the
latter has rich voleanic soil, and not only carries a large native
population but is also the main area of white settlement and
farming.

6. The western Highlands beyond the Rift valley, similar
to the west of 5, but with more cloud and rain (in one long
rainy season, March to September, not two as in 5).

7. The rainy belt north and west of Lake Victoria; very
good agricultural land with a dense native population.

8. North and west Uganda.

9. The mountainous south-west of Uganda and north-west
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F1c. 26. Major climatic regions of East Africa.

of Tanganyika, with good rain, about 50 inches, distributed
over much of the year; the middle altitudes have a large
native population.

10. The plateau of Tanganyika; poor and unreliable rain-
fall; most of the east is a land of steppe and open bush-
savanna, thinly populated.

11. The elevated rim on the east and south of 10; has more
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rain, especially on Kilimanjaro and Meru in the north, and
the Tukuyu highlands in the south which offer good prospects
for settlement when communications are opened up.

WHITE SETTLEMENT IN EAST AFRICA

The Highlands of Kenya Colony and Tanganyika Territory
are the only arca of any extent in the equatorial zone of
Africa high enough to provide a ‘temperate’ climate. Some of
the features of significance for the health and comfort of white
residents have alrcady been mentioned. The atmospheric
pressure is appreciably lower than at sea-level, the average
being about 800 mb. (23 inches). The reduced pressure may
be of some dircct physiological importance; it certainly has
the indirect effect of making the insolation stronger when the
sky is clear than at sea-level; there is, however, a good deal
of cloud during much of the year. This effect of altitude is
important on mountains even in middle latitudes, and the
insolation at 6,000 feet on the equator may be powerful
enough to be not only uncomfortable but injurious. The glare
of the sunshine as well as its high actinic power are certainly
unpleasant after a time, and in the opinion of some observers
their effect, especially on the nervous system, is such that
few white men can wisely spend their whole lives in the High-
lands, and colonization in the usual sensc will never be practi-
cable since the new generations will necessarily deteriorate. It
is commonly held that long residence on the Highlands tends
to produce a highly-strung nervous condition which is most
noticeable in the warmest and driest months.

Another drawback for white settlement is the monotony of
the mean temperature. The monthly mean is rather higher
than the July mecan in the south of England, with little change
from month to month—a pleasant and healthy temperature;
but north Europeans are adapted to variability, to both a
seasonal rhythm and to irregular weather-changes, and it
seems doubtful if they can flourish pecrmanently in this mono-
tonous warmth. However, too much stress can be laid on the
monotony of the monthly means, for there are redeeming
features—a large range from day to night, as described on
page 95, which goes some way to replace the large seasonal
range of higher altitudes, and the cloudiness. Cloud is an
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effective screen against the sun, and the difference between
days with much and days with little cloud is significant; a
damp cloudy day in the Highlands in winter feels distinctly
cold, but a day with bright sunny skies is warm or hot. The
months with most sunshine are much warmer physiologically
relatively to the cloudy months than the mean air tempera-
tures indicate.

While many are agreed that white settlement is possible in
the restricted sense that the settlers can pass the prime of life
in the colony but should take long leaves in Europe, and others
are enthusiastic believers in the possibility of real permanent
colonization, most claim that white men cannot engage in
ordinary manual labour. But this is by no means certain. Up
to the present no fully satisfactory tests have been made;
some evidence suggests that daily physical work would be not
only possible but bencficial for whites above 5,000 feet, at any
rate if the warmest months, January and February, are
excepted.

Uganda has only small arcas in the south-west and on the
slopes of Elgon at an elevation to correspond with the High-
lands of Kenya, and almost the whole country is essentially
a black man’s land. Tanganyika Territory has many white
settlers in the north, on the volecanic soils round Mounts
Kilimanjaro and Meru at an altitude of about 6,000 feet,
where the climate resembles that of the Highlands of Kenya,
but most of the plateau is neither high enough nor well enough
watered to be attractive. The Tukuyu district, a large arca
of highland north of Lake Nyasa, seems to be very suitable if
it were opened up by road and rail. It is high enough to have
a suitable temperature and a good rainfall, and being 8° of
latitude from the equator it has a considerable range of
temperature.

CHAPTER XII
ANGOLA
ANGoLA is a transition region between the rainy Congo and

arid South-west Africa. The main divisions are the coastal
lowlands, generally about 60 miles wide. and the interior
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plateau which rises steeply, to altitudes of 7,000 feet in the
highlands of Benguela, and descends more gently in the cast
to under 4,000 feet.

LitroraL

The dominant controls of the arid climate of the coastal
lowlands are the cool Benguela Current, and the SE. trade-
wind which is constant at sea, but on the coast itself is
deflected to blow from SW. and S. all the year, the westerly
component being a sea-breeze effect ; at night the land-breeze
usually gives light N. winds. The rainfall is scanty, the annual
mean decrecasing from 20 inches in the north to less than
2 inches in the south; it is very variable—Luanda has had as
much as 34 inches and as little as 3 inches in a year in a period
of 41 yecars. The Benguela Current is responsible for the poor
rainfall ; it is notably foggy and the W. winds bring cool damp
air and much fog from over it in winter, but little measurable
rain. The fog and very low stratus cloud (which somectimes
gives drizzle) are similar to those of South-west Africa (p. 109);
cacimbo is the local name. They may spread inland to the
west of the plateau, and are valuable in preventing extreme
drought, but more of the scanty precipitation is contributed
by occasional convection-showers in summer. Poor scrub
covers the north of the littoral but the south is desert. The
littoral is rather cool for the latitude, particularly in summer,
the mean temperaturc of the warmest month being 80°
(March) at Luanda, 77° at Lobito, and only 71° (January) at
Mossamedes. South of Lobito it is cool enough for Europeans
to maintain their normal habits in food, clothing, and dwel-
lings. The following passage describes the climate of the new
port of Lobito:

It is comfortable throughout the year, largely owing to the open
position on the peninsula. Almost ecvery morning about 10 o’clock
the wind sets in from SW., cool and refreshing after its passage
over the Benguela Current; the warmest time of the day is just
before this sea-breeze sets in. In the dry season, May to October,
the temperature is always pleasant (during my stay in August it
never rose above 70° or fell below 63°), and the sea-breeze and
frequent sea-fog prevent excessive drought, the relative humidity
at midday rising to over 709,. Cacimbo is very frequent in July
and August, spreading landward over the coastal plateau as far
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as the west of the Bocoio Plateau, where it rises to about 2,500 ft. ;
if the fog is not dissipated by 10 or 11 o’clock when the sea-breeze
begins, it usually continues all day; the sky is overcast and the
wind so chilly that warm European clothing is welcome; visibility
may be reduced to 200 yards or less in the morning, and about 8
or 9 o’clock a fine drizzle begins to fall.

The last weeks of the dry season are free from fog, the days,
and still more the nights, become warmer, and cumulus clouds
appear in the cast in the afternoons.

In the rainy season, November to April, the rain falls in a few
heavy thunderstorms which always come from north. The usual
annual total is only 8 to 12 inches, but the amount is very variable;
in the rainy scason of 1932/3 it was 32 inches, and onc day in
Fcbruary had 4-1 inches, another 4-4 inches, and another 8-9
inches in a few hours. Temperature is high, especially in April,
but not sultry as it is at Luanda. At times the air is so damp that
water drips from everything.

Leave cvery 3 years is enough for Central Europeans. Malaria
occurs, but is not nearly so prevalent as in the neighbouring
districts.

PrLATEAU

The platcau above 4,000 feet has much more rain than the
coast, enough for agriculture; the annual mean is over 40
inches, and cxceeds 60 inches in the high west-central area ; Villa
Bandeira has 42 inches. The rainy season is summer, October
to May, with an appreciable break in the rains in December
and January. Most of the rain falls in thundery showers com-
ing from the east; the weather is damp and, except at high
altitudes, sultry; the warmest months are October and Janu-
ary. The cool and dry season is May to September, when the
daily range of temperature is fairly large, the nights being
distinctly cool or even cold, owing to the rapid loss of heat
through the clear atmosphere. Frost is frequent in the south,
and not unknown in the north, of the platcau.

The plateau resembles the highlands of East Africa and
Northern Rhodesia in its possibilities for white settlement,
but the area at a suitable altitude is much smaller.
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CHAPTER XIII

PORTUGUESE EAST AFRICA

(MOZAMBIQUE)
ToroGRAPIIY

THis is an extensive territory, 1,250 miles in length, almost all
of