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21. FACTORS AFFECTING WIND
DIRECTIONAND SPEED

Because wind results basically from the pressure
gradient, the initial determinant of its direction is the
force exerted by the pressure gradient. Howevers as
soon as air begins to move along the earth’s surface
its direction is altered by certain other factors acting
together.® Most of the winds of the earth follow a
generally curved path rather than a straight one be-
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Fige1 Deflection of winds by the Coriolis effect,
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cause of these factors.
The deflective force due to the earth’s rotation

on its axis is one of the most potent influences
upon wind direction. Known as the Coriolis force:® it
is, strictly speaking, not a force but an effect result-
ing from the rotational movement of the earth and
the movement of air relative to the earth (see Fig. 1).
But because we live on the earth and are a part of its
rotation, the apparent effect is that of a force® which
turns winds from the paths initiated by the pressure
gradient. The Coriolis effect causes all winds (indeed
all moving objects) in the Northern Hemisphere to
move toward the right and those of the Southern Hemi-
sphere®to move to the left with respect to the rotating
earth. At the equator the effect has a value of zero
and it increases regularly toward the poles. It acts at
an angle of 90° to the horizontal direction of the
wind and is directly proportional to horizontal wind
speed. When the pressure gradient has initiated move- -
ment of air the resulting wind is deflected more and
more to the right (left in the Southern Hemisphere)
until it may be blowing parallel to the isobars»  that
is» at right angles to the pressure gradxent If the mo-
tion of the air is along curved isobars a net centripe-
tal acceleration tends to pull it toward the center of
curvatures producing the gradient wind and a rotating
motion relative to the earth’s surface. A counter-
clockwise flow in the Northern Hemisphere is termed

cyclonics clockwise flow is anticyclonic (see Fig.2).



Fig. 2 Forces affecting the gradient wind around. high— and low—
pressure centers, PG, pressure gradienty D, deflective(Coriolis)
effect C, centripetal accelerations GW ,gradient wind resulting from
balanced forces.

Along and near the earth’s surface wind does not
move freely in a horizontal plane.lrregularities in sur-
face relief and local differences in thermal convection
cause moving air to take on correspondingly irregular
motion so that it undergoes abrupt changes in speed and
direction. This fluctuating wind action. known as turbu-
lence, is associated with lylls, gustss and eddies and
increases with increasing wind speeds. The effects of
surface turbulence are not very great above 500 msand
at about 1, 000 m actual wind direction and speed are
equivalent to the theoretical gradient winds which may
be calculated from the pressure gradient and other
forces. The effect of surface friction is to- reduce wind
speeds in turn reducing the Coriolis effect so that the
wind moves across the isobars at an angle toward
lower pressure,



Other factors being equaly® the difference in wind
speed and direction between the surface and upper
levels is greatest over rough land surfaces. Over water
the surface wind more ‘nearly approximates the gradient
wind. On the average» low-speed winds cross the
isobars over land at an angle of about 45° with a speed
about 40 percent of the gradient wind speeds over oceans
the angle is about 30° and the surface speed about
65 percent of the gradient wind speed. Recognizing the
relationship of wind direction to pressure distribution,
Buys-Ballot formulated the rule;If you stand with your
back to the wind in the Northern Hemisphere, pressure -
is lower on your left than on your right.In the South-
ern Hemispheres again with your back to the wind,
lower pressure will be on your right and higher pres-
sure on your left.
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22. AIR MASS

An air ma:s is defined as an extensive portion of
the atmosphere having characteristics of temperature
and moisture which are relatively homogeneous horizon-
tally, For a large body of air to acquire temperature
and moisture properties that- are approximately the
same at a given level, that air must rest for a time on
a source regions® which must itself have fairly ho-
mogeneous surface conditions. A large land or water
area which has evenly distributed insolation affords a
good source regions but a second prerequisite is neces-
sary if a distinctive air mass is to be developed,®
namely. large-scale. subsidence and divergerice of air
over the source region, Air that subsides over a homoge-
neous source region will become homogeneous itself and
tends to retain its characteristics when it moves away,
The heat-and moisture properties of the air mass grad-
ually changey howevers as it moves over other surface-
conditions, Zone:s of convergence and rising air are
inimical to the production of air masses because the
general movement of winds is toward these areas at
surface levelss bringing a constant renewal of air with
heterogeneous temperature and humidity properties,

An air mass source region has already been defined
as a large atea with approximately homogeneous tem-
perature and moisture properties where there is a gerieral
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subsidence and divergence of air,® These conditions
are found to be best developed in the semipermanent
high-pressure belts of the earth, In the belt of low pres-
sure along the equator» howevers the equatorial con-
vergence may be weakly defined and stagnation of air
will produce equatorial air masses, Where development
of high pressure is seasonal, for examples over mid-
latitude continental regions in winter, the source regions
will likewise have seasonal maximum development,
Classification of air masses is based primarily upon
their source regions and secondarily upon temperature
and moisture properties, The wo main categories are
tropical or subtropical and polar or subpolars because

the great source regions are located at high and at low -
latitudes, Subdivision of these groups is made according:

to whether the source region is oceanic or continentals
and furthers according to what modifications the masses
experience as they move from their source regions ,®
Eventually, air masses become modified to such an
extent that special designations are necessary, For cli-
matological purposes this classification is of great im-
portance because the extent to which air masses domi-
nate -different regions determines the climate of those
regions.

In practice. letter symbols are used to designate
air masses, Ordinarily ¢ and m are used for continental
and maritime and they are placed first in the desig-
nation, Following that the source region is indicated,
tropical(T). polar(P), equatoria!(E ), arotic(A)s and
antarctic(AA). To indicate modifications of air masses
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due to transfer of héat between the bottom of the mass
and the surface over which it passess another symbol is
appended; k for air colder than the underlying surface
or w for air warmer than the surface, Note that arc-
tic air masses have their sources north of polar masses.
This incongruity is explained by the history of air
mass study, The term “polar” had already come into
wide use to designate air masses in subpolar regions
before the distinctive character of “arctic” air had
been discovered,®
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@ For a large body of air to acquire temperature and moisture proper-
 ties that are approximately the same at a given level, that air must
rest for a time on a source region:,
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body of air.
@ --,if a distinctive air mass.is to be developed--
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® -a large area with approximately homogeneous temperature and mois-
ture properties where there is a general subsidence and divergence of
. B : :
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@ -according to whether the source region is oceanic or continental, and
furthers according to what modifications the masses experience as they
move from their source regions.
B A iflaccording to MEERE LMY, —4H whether--or 52,
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23. FRONTS

A front, in meteorologys is an interfaces or tran-
sition zone between two air masses of different den-
sity, Since we have learned from the hydrostatic and
bypsometric relationships that temperature is the major
regulator of density. we can conclude that a front al-
most invariably separates air masses of different tem-
peratures.®This implies that the front also marks a
contrast zone between air masses having different source
regions, for it is principally its source region which
establishes the temperature characteristics of a given
air mass @

Three primary frontal zones are recognizeds two
of which are of minor importance as far as dramatic
weather change is concerned, tropical hurricanes ex-
cluded, ®The Arctic front is located between very cold
Arctic air in high latitudess and less. cold polar air,
Because temperature differences across the Arctic front
are generally small, contrasts in general are not great,
and we can expect that circulation activities connect-
ed with this frontal zome will be weak, The Inter-
tropical Front is found in the equatorial convergence
zone between the opposing trade wind belts,Again, be-
cause of very small contrasts in the physical properties
of the opposing air massess circulation activity is very
weak,
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