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Of the many met r\:' ogical processes occurring contmuously ‘within the Ihm-u
es of prec1p1tatlon and evaporat:on, in which the atm

water prec pitated on the Iand surface is derived from moisture cvapomted from
thc s and ’*-*.3;:; ed long distances by atmospheric circulation. The two

atmospheric circulation result from the rotation of
at energy between the equator and the poles.

earth and

3.¥ ATMOSPHERIC CIRCULATION

. /ihe earth constantly receives heat from the sun through solar radiation and em
™ heat through re-radiation, or back radiation into space. These processes are
balance at an average rate of approximately 210 W/m?, The heatmx of the ea
uncven; near the equator, the incoming radiation is almost pe
he land surface and averages about 270 W/m?, while near the
| uﬂl at 2 more oblique angle at a rate of about 90 W/m?,
f radiation is proportional to the absolute temperature at th
s not vary greatly between the equator and the
ismem:fomthantheinconﬂng |
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FIGURE 3.1.2
Latitudinal cross section of the general atmospheric circulation.

st the atmosphere. For 99_' air the rate of decrease is called the dry adiabatic lapse
4 ) rate and is approximately 9.8°C/km (Brutsaert,1982). The saturated adiabatic

& [apse rate is less, about 6.5°C/km, bec f the vapor in the air condenses
E 5 as it rises and _cools, releasing heat into the surrounding air. These are average
figures for lapse rates that_c idera i itude. The_tropopause

separatcs.the troposphere from the stratosphere above, Near the tropopause, sh

cha-nges In temperature and pressure produce strong narrow air cu : \ i(s arp
as jet streams with speeds ranging from 15 to 50 m/s (30 to 100 ep/g e
flow for thousands of kilometers and have an important influ mi ) They
movement, | €nce on air mass

An_air mass in the general circulation is a large bod ' 2 Bl :
e, Pt e oo nd e o, Ve
R i e 4 - t:: eil:d or sea areas, its characteristics reflect lilOSe of
is its source region; the tropici andWhere an air mass acquires its characteristics -
warm air mass meets a cold aj nd the poles are two source regions. Where 2

 1ass, instead of their simply mixing, a definite

of discontinuity a
e ; ppears bet
Wderlies warm oo, 1t o ween them, called a front. Cold air, being

¢ of the cold air magg is ?d Tr Is advancing toward the warm air, the
is advancing toward ghe ‘é‘:ﬂ‘é Jront and is nearly vertical in slope. If
_ air, ' : ;
+ the warm i fogie LS8 edge is a warm front
s e g up and over the cold air.
——r——"1¢ around which air flows in a coun-
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GURE 3.1.3

A plan view of the life cycle of a Northern Hemnisphere frontal cyclone: (a) surface front between cold
and warm air; (b) wave beginning to form; (c¢) cyclonic circulation and wave have developed; (d) faster-
moving cold front is overtaking retreating warm front and reducing warm sector; (¢) warm sector has
been eliminated and (f) cyclone is dissipating.

hurricanes or typhoons. Extratropical cycl are formed when warm and cold
T masses, initially flowifig in opposite directions adjacent to one another, begin

fo interact and whirl together in a circular motion, creating both a warm front_

and a cold front centered on a low pressure zone (Fig.3.1.3). An anticyclone

153 tegion of high pressure around which air flows clockwise in the no

hemisphere, counterclockwise in the Southern hemisphere. When air masses

2 lifted in atmospheric motion, their water vapor can condense and produce
DIl .

y exists as a gas, or vapor, but briefly and locally it
and in water droplets in clouds, or it becomes a solid
Is in clouds. The amount of water vapor in
0,000 of all the waters of the earth, but it

cannead ny Camoscanner
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sl
"”".632( 100 x 10°

=0.0113 kg water/kg moist air 7

'l‘he air density is calculated from the ideal gas law (3.2.7). The gas constant R,
s given by (3.2.8) with ¢, = 0.0113 kgrkg as R, = 287(1 + 0.608¢,) = 287(1 +
0 508 x 0.0113) = 289 Jkg'K, and T = 20°C & 20+ 273) K = 293 K, so that

pa=ﬁ
~ 100 x 10°
T 289 x 293

=1.18 kg/m’

Water Vapor in a Static Atmospheric Column

 Two laws govern the properties of water vapor in a static column, the ideal gas
law

p = paRaT (3.2.18
and thc_hydrostatic pressure law

b __ 2

bt (3.2.13)

variation of air temperature with altitude is described by

o

¢ a - (3.2.14)
lapse rate. As shown in Fig. 3.2.2, a linear temperature variation
the two physical laws yields a nonlinear variation of pressure with
| specific humidity also vary nonlinearly with altitude. From
", and substituting this into (3.2.13) yields

& _ —pg
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