capped over most of its Northern
Hemisphetre with a single continént
and covered elsewhere with one vast
ocean, the weather patterns near the

If the earth were a simpler. planet,

_.much different from ‘those. that regulate
life on three of the continents of the real
earth. There would be two major -sea-
sons on'the coastal plain, a ramy season
and-a dry.one. Within the rainy season

_ periods of drenchmg squalils would al-

- ternate wrth equal periods of sunny

weather every week or two: The inhabi-

ern interior of th

would become accustomed to depend-
able cycles of seasonal change

In-at least one important way life on

the mythical planet would be quite dif-

ferent from life on the real earth: on the

mythical planet it would be possible to

- forecast major weather patterns accu-

-rately. Indeed, the mythical planet is a

- simplified model of the earth that has

- computer. On the mode] planet-one can
: predlct the onset of the riiny season, the
,natron of: dormant (dry) and actlve
¥): s

. farmer on the model plan-'

o time his plantings and choose his'erops

or drinkirig water as well asfor. agncul-

The terrestrial weather patterns simu-
Iated by the model planet are monsoons.
- The term monsoén has most often been
applied - to . seasonal changes on the
shores of the Indian Ocean, and in par-
‘teular to a wind system in the Arabi-

during one half of the year and from

coast of the corntinent mlght not be”

tants of the coastal areas and the south-
thical. continent

" been developed for the simulation of -
global weather patterns with the aid of a -

" etwith access to such information could:

to .ensure. adequate precrpltatlon and x

‘ture siich:.accurate ‘forecasting- would )
_have & profound eﬁect on everyday life.

an Sea that blows from the southwest

the northeast during the other half. The

Monsoons

By concentra ting the solar encigy reaching the ocean onto the land
these seasonal winds bring water to half of the people of the earth

Ci ompater Sim u]a t1ons ma y soon predrct thé‘II' dry and rainy phases

by Peter_]. Webster

“ierm is thought to stem from the. Arablc

word mausim, meanmg season. As the

underlying -mechanisms of MONSOOonS

have come to be understood the term
has come to signify any annual chmatlc
cycle with seasonal wind reversals that
generally calise wet summers and dry

winters, The largest-and most vrgorousj

monsoons, ‘however, are found in the re-
gions of the earth where they were first
named: on the continents of Asia, Aus:
tralia and Africa and m the. adjacent seas
and oceans. .

Although the: deﬁmtlve charactenstlc.

~.of-the monsoon isia seasonal pattern,
fluctuations are observed on time scales -

ranging from - days to decades.” The

short-term - variations mclude not only_

the actlve and dormant phases in the
rainy season but also. individial distur:

- bances in the active ‘phase. During. an’
active phase the: weather is unstable, .

with frequent storms that carry the del-
uges often associated with the MONsSoon.

During a dormant phase the weather-is-
dry, hot and stable, and notable for an

absence of tropical storris; Over much'
loriger periods there are varlatlons inan-

. nual precipitation that can lead o years

“.of drought -or. fiood. The superannugl
cycles are still too poorly understood for
7 --.forecastmg to. be practical, although
. yearsiof flood or “droughtcan be expect- -

ed:about 30 times per century. Recent

predlctablhty of monsoon phenome—

“na played an important social and eco- .

nomic role in‘many ancient civilizations

—of the Eastern Hemisphere. Eong before

the arrivaliof Europeans, merchants had

- plied trade routes between-ports ifi Asia -

and eastern Africa, adapting their-com-
merce to the seasonal rhythms. In-1498
an Arab pilot showed the Portuguese ex-
plorer Vasco da Gama the trade route to

-India from the east coast of Africa, and

the 1 monsoon wmds became the basis of

. northeasterly winds of wint

- ferential - heatmg, he reasoned, would
“canse ‘pressure differences inthe

“toward the Equator to veer 1o thi
_in the Northern: Hemisphére:

“though more recent work has refine

““are still considered- fundament 1-¢3
of fonsoon phenomieny.

.temperatire and pressuce ovi r'muc
developments in" the theory -of :moist

processes in the atmOs.phere howgver;:

- triplespoint of water. The: triple: point.of
1ons of the: actwe

“a substanee 1s the combmatlon of te

cdge and the general.-.‘__

et among“all three states, In contf
~carbon. dioxide molecules cannot et

.a lucratwe trade and cultural exchange:. ’
between East and West. The Europear
traders and adventurers retirned home
with’ fragmentary information: aboutthe
southwesterly winds of sum;

Provided with such observa;
low-latltude weather, European schol-'
ars werg able-for the first time to consid:
er the circulation.of the atmosphere on'a
global scale, Two of the most imiportant
early studies were done in the late 17th’

Halley and George Hadley Halley at
tributed ‘the monsoon. circulafion. pri-:
martly to ‘the differential heatmg an
cooling of the land and ‘the ocean.-Dif:

mosphere that would be equaltzed-b
winds. Hadley notéd that'the rotation of:
the earth would change the - d:rect1on
of such winds, , causing’ wmds MOVI;

left i the’ Southern. Hemisph

understanding of the two processes,

- There'is a third: factor howeve
determmes ‘many of the’ li
tures of the monsoons;

1€ Tang;

the'surface of the earth lies ne

‘ int: hes at’ a temper

f .01 degree ‘Celsins and ' p
sure “of *6:104 miltibars. Water'rnol
cules whose énvironment is near-to-th
triple: point can be freely interconve)

the-liquid state at the temperatures
pressures- ordinarily-encouritered -at
¢arth’s surface; the pressure-niust;]
raised consrderably before solid carbon -
dioxide (dry ice) will melt mstead of
subhmahng into its vapor phase o




The ability of water to readﬂy evapo--

rate and coridense in the atmosphere has
a profound effect on monsoon circula-

tion. Itis prunarrly in understanding the .
sesses that modern'ﬁ

meteorolo'gy has made jts ma]or theo-

‘the. vapor phase of the fainwater is

" réléased - In'monsoon circulation part of

- the enormous: FesErvoir of solar energy
- colledted ove

'ocean alr condenses over the land It is

FiELATIVE
AIFl TEMPERATUFIE

EVAPORATION

the oceans ¢an be re-
leased over land when the water in moist -

.capacrty of the ‘beean’is i
mrxmg heat energy ‘to lower depths-and-

CONDUCTION :
AND CONVECTION

the release of this-energy. _that is respon-.

-sible for the power and-the duration of

the meonsoon rainy season and for the

-variation. within the rainy season be-

tween actlve and dormant phases

The atmosphere is heated

- fore in response to the same amount
"solar radjation the temperature of agiv-

en mass of dry land will increase more

the ocean,

¥
1

.mass: of water. Wmd stirring at the sur-
“face of the ocean creates turbulent ed-

dies that have the effect of conveymg
warm surface water to lower levels in
the summer; the warm water is replaced

by copl: ubsurface water that isheated
o understand more” prec15ely how‘ int
mo1st processes functron_ in mon-

T the wmter the: heat agcumy-

“and is replaced by warmer water that

_than twice as, much as the sg e 'mass of -

The second reason for the‘grea Ly heat;-.,

efficiency in

80 d1str1but1ng heat throughout a large.r-

; > ‘- rises from below. . |
because land areas tend to be warmer
: i : crﬁc heat of water the temperature of,

‘Because of: -mi%ing dnd the high spe-

* ‘the ground: and the atmo phere Agthe -
“bubblesrise they mix with'coolergirand- -

transfer their heat to'the column of % ajr.
above the: heated surface. T his fe

'heaung and heat transfer is called séne -
-sible- heatrng becausc the heated- §ub. -
stance must be in:.contact with the heat™

source. Sénsible’

“tial ¢ chfferentral heatmg of the atmo-

" CONDUGTION- " |*
AND CONVEGCTION -,

30~ SOUTH L 1s° SOUTH

‘STAGES IN THE DEVELOPMENT of a summér monsoon are
~ controlled by the interaction of moist processes with the force that
drives hlgher-denmty air toward regions of lower density. As solar ra-
“diation warms the land and the ocean the overlying air is heated by

110

1
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conductlon and expands, Because the land heats faster than the ocean
the warmer air over the land rises as buoyant, turbulent bubhles and
is replaced by denser ocean’ -air, The latter carries moistore evaporat-
ed from the ocean, which stores solar energy in the form of latent heat

15° NORTH




“périerates the’ poterrtial energy that pow-

_ers-the monsoon system. -
" Monsoon winds are driven by the con-
‘version of. part of the’ ‘potential energy of

an atmosphenc ‘system into kinetic ener-.
Y. The potential energy of a system un- -
der, the action of gravity is propomonal-

- to the vertlcal distance: between its cen-

~ter‘of mass and some convenient refer-A

ence level,'such as the surfdce ‘of the
~earth..The potent1al energy can . be-in-

“creased by raising the cénter of mass of -

the"system. This can-be’ done either by
tapping the kinetic energy of the system

and thereby depleting its motion or by’

supplylng enefgy from some external

" source, "On the other hand, if the center

- of tmags is lowered, the potenttal energy

- same time the 'steady input of solar éner-

" gy terds 16 raise the ‘potential" energy'

because ‘of ‘the contlnued -differential

heating of the land and-the océan: The. -

wnnds of the monsoon Aarg th'_ 'result of
. ency of the atmo o.mini- -
" mize the: pressire grad1ent between the. -

dand ‘and the oceat. They can herefore'
“be understood from an energy stand».

ponnt as the're ult o

e e ergy end
then fr M potentlal energy into. kmen

The ctreulatlon of ‘the monsoon wmds
is deﬁected by the rotatron of the earth. -

~ decreases and a correspondmg amount -

.-of kinetic enefgy becomes avatlable for .
~fluid! motlon R

Durmc the surnmer monsoon dlﬂ’er-

ential’ heatlng raises ‘the’ potential

-~ energy of thé ocean-land system’ by set-.

ting up'a dlfference in pressure between
*parcéls of air-over ‘the two reglons. ‘Be-.

cause. the air ‘initially: ovet’ the 1 ocean is.

“cool it remains derser than the air. over:
_the lancl “The force generated by-the
§ 'pressure gradient, which:ti nds 1o equal-
" ize pressure dlfferences, cauues tlie dens-
- ety eooler air from tf
toward the Tand
~air over the lan
“fore forced fo tise. The comblned rising:
- “of‘the 'warm air and smkmg “of the cool
~air'lower’s the center of mass-of. the at.

-océan to_ move

ne W malrlsthere-_

rectly proportlonal t6:the trlgon metric
sine of the_ atltude

tentlal energy of the systern runs lo:
The monsoon. is saxd to: retreat an

EQUATOR

d mpp ). When the mmst @ir moves inl and,
its water vapor condenses, releasmg Iatent heat. The addltronal heat
:cavses theé air fo expand ‘and Tise: further, reducmg tlie: pressuré in- its
. wake and sé mtensnfymg the monsoon: alrﬂow. Ramt‘all cools the land .

5
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] on'thronghout the world, lmt it ls niost pronounced in: the re- -

5 around lhe Indlan Ocean. Note that in crossmg the Eqnator the

- SUMMER

. -BUILDUP - -
' OF POTENTIAL

wmv.ls change ‘direction, an effect of ‘the’ rotatmn of the earth. The
zbwe whiere the surface winds converge is primarily. in’the Southern

Hemlsphere n January ‘but mlgratas worthward with lhe sui in July."'

' DISSIPATION
* OF POTENTIAL

- ENERGY

(RADIATIVE

E)(TEFINAL' : =l . hae
HEATING _-_/f . (MAXIMUM

ENERGY

KINETIC

" CENTER .-
OF MASS

DECAYING WINTER MONSOON

DISSIPATION

© GRADIENT

FORCE

ANNUAL CYCLE -

: &

"PATH OF CENTER OF MASS

. EXTERNAL.
HEATING

. (RADIATIVE
CDOLING)

COOLING) ;2= 0y * ' ENERGY}
: IZJPRESSUFIE-: o N

DECAYING SUMMEH MONSDON

OF POTENTIAL . e
- e
(MAXIMUM T :
KINETIC : | [FORCE

" BUILDUP
OF POTENTIAL

ENERQU WINTER

~ ENERGY

GFIOW!NG WINTER MONSOON

TEMPERATURE DIFFERENCE between the.air over the land and -
thié' air over the ocean raises the center of mass of the atmospheric -

ystemn and so increases is potential energy. The temperature differ-
nce is mamtamed by external heating in the summier and by radiative
: coolmg in the winter. The flow of air cansed by the pre-‘sure gradient
etwes:n the two air masses tendb to decrease the potentlal energy of

‘the system and to increase its kinetic energy. Monsoon cnrculatmn re-

sults from the balance between the two effects. When the monscon is
in equilibrium (summer and winter), the gain of potential energy by
external heating or radiative cooling exactly equals the loss caused by
the action of the pressure-gradient force, In fall and spring the cen-
ter of mass falls and the potential energy of the system is d|55|pated

. ,,:r:kuy_?



stream over-Asia and.J a-
speeds commonly reach
100 meters per second, or more than 200
miles per hour.. The jet-stream flow of- |’
ten becomes unstable over the central N
north. Pacific and spawns the low-pres-
‘sure winter storms prevalent in the mid-

" dle-and . high latitudes of the. Western
Hemisphere. = - SN ]

+.The northéast monsoon of the winter. 1 d
continues in a steady state much like the | S § ]
sc;utfiwes;lt-monsoon of the 'sunémer, un-. |- Fi}mlly The elusivé goal

- til solar heating in the spring issipates { ; ] A : ’ :

" 'the -potential ‘energy tfi)at powers .the : att?med: E Permgnen.tly mated t.
winter monsoon. As the temperature | | : Audiocassettes lof polymer fl]m 50 precise,
of the land again overtakes the surface | EHNEEEE such remarkable accuracy  its surface is mirror /
temperature of the ocean, the potential | i and clarity that differ- 'smooth. The product of
ent’;;gy :uilds up and th? cycle: _beg‘“s ‘- ences between original intengsive research that
once more; G . NE and recording virtually unites physics, chemis-
Whatroj'e do moist processes play in - {- [l vanish. § try, computer techriology
- he dnnual circulation? During the = Fhig-is the-sound-of- and-psychoacoustigs; -

- summer monsoon Waler vapor evapo- |- the future. Tapes with the The sound of the

 rated from the ocean is borne along with : : : Sy : : ;
- the air moving toward the land. If a par. widest:possible dynamic future. Hear it at your

~cel of air is displaced vertically in such a | | range. The flattest fre- . audip dealer today. In
~way that heat: energy neither leaves it | quency response obtain- four;superb tapes that

‘nor enters i, the temperature and pres- | % - able. And freedom from share a single name.
sure-of the parcel undergo whatis called |- % noise and distortion. ! : ;

.. adiabatic change. If the parcel rises, it ‘-\; _ g D
_movesinto a fegion of lower pressuré.- A | S NEW F RUY tapes._lB}orn N
pressure; gradient“then: exists between - Of~mlC1’OSCODIG~--DarllCI¢S--r» e Y'CASSE.[TESW R

the air parcel and its new-environment; i made smaller, more uni- Tmaination s o
in’ order:to equalizg. the -pressures the | ! : dhmagimation has just

parcel tends 10 expand [To expand, how: A ] T *become reality.

le buoyancy:

1mn of-air over'a warm ; ]
air-parcel rises ‘still ‘higher, further-re- |-
d ‘the pressure over“the land 'and |-}
bringing on a more vigorous influx of
moist air from the o¢ean. Hence one
effect of moist processes in the atmo- : _ o y
sphere’ is_to increase’ the strength. of i ] o 1983 R Phato Fim US.Af Inc. Magpetic Tape Div
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ters per-second

DERTH (METERS)

the monsoof circulation. Without moist

processes the circulation wou]d St!li ex-
ist, but it would be weaker.

Because of the rising colum‘n of_ air,
temperatures in the upper iroposphere

- over southern Asia-are much warmer in
- ‘the $ubtropics - than. they arc:over' the

Equator.. The-result is a pressure- ‘gradi:

“ent force toward the Equator. at high

levels, the opposite of the force tiear the

; - surface. The-rotation- of ‘thé earth ‘de-

flectsi‘the. upper-level- flow - westward

- Inifo an‘intense cast- to-west et stream in’
..which winds'may reach speeds 6f 50 te:
more than 100 mlles :
- per: hour The ]et stream extends’ ‘aCross

JIi_.ihe wmter westerhes of - the Southern :
“Hemisphere, The ‘winds finally: subside.
i over the subtrop;cal h1gh-pressure beit :

Sern -Hemlsphe,re The,gener;a]:feat.ures_—of'_3- :

. -the upper-airreturn flow.were:predicted -
by Halley:. solely on lhe basis of ratlonal'. :
'deducuo ; L : ‘ :

he mﬂ,uence of mmst processes is
L most-apparent in the‘effects ofisuch: . .,
-processes. on’ thetiming. of- the. ‘events
~ that:fmake -up “the :séasonal . monsoon; -

cesses vutually defing the time
0 they appear 1o determing its
maximum-intensity, and they control its

. retreat; The onsétof the:period of pre-
cipitation.comes tather abruptly a few .
weeks before the summer solstice. The
circulation does not reach maximim'in-

tensity;- however, until from elght to i0
weeks after -the solstice.

. The reason for the delay:is that the
'average precipitation on a land-rmass is

directly:-related .to :the’ temperature of

.the .ocean. upwmd from the:Jand:; The
higher. the’ surface ' temperature of the ’

ocean is, the. highet the temperature of
the. air:over-the surface is and the: more
water ‘vapor the air can catry: When air

_from. the ocean. carries more water-va:
~ por, -more - energy - is “available for.re-
lease when the water condenses over the
land: Hence the. intensity” of :the mon- -,

" soon eirculation increases. Because the

oceans in the summer hemisphere reach
. their maximum temperature some two
months dfter the summer $olstice the va-
por content of the monsoon winds does

‘not teach its maximum value until mid-

die or late August in the Northern

Hermsphere and late February or early

March in the -Southern Hemlsphere
The retreat of a monsoon is the gradu-

-al cessation of precipitation sometime

after the autumnal equinox, Not only

is. the differential heating between the

oceans:and the continents reduced, but
5o also is the energy pumped mto the
system by the transport of water vapor.
The cooler air-over the ocean holds less
water- vapor, .50 that the latent heat re-

“leased by precipitation. over. the land

gradqally. decreases. S
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"EQUATOR :

SURFACE TEMPERATURE
" (DEGREES CELSIUS) . -

" 30° NORTH

:-30°. 8OUTH-

- MARCH -
i EQU_IN_OX

o JUNE 7 SEPTEMBER
}SOLSTITICE : ; : EQUINOX:"

MAXIMUM AND MINIMUM surface temperatures of the ocean
do not coincide the' extremes of the solar cyeleé, Insteas they lag ”
"bekind the sun by froni- erght to 10 weeks, Because the poten .
gy ‘of the monso _system.is roughlj.r determingd ‘by-the - dliference
in temperature !:etween th N orthern and the Southern hemlspheres,'

"It is now pos51b1e to outlme the theory
of moxst processes on whlch the'com-

odel pIanet ls'

covered by an’ ocean except fora single"

cotitinent " that symmetncally taps. the .
Norther Hemlspher N lingof
' with the'p allel
of: }atltude at 14 degrees north. In other
¢ majot respects the model planet is iden-
tical wnth the earth t 11es the same dls- e

“same. inclined -axis with the same perl— '

- od and.its atfmigiphere i is physically and - -

chemlcalfy like" that ‘of the ‘earth.
i the model!it is assumed that the

: atmosphere sponds t0 a nonadiabatic

‘a parcel of air by

’storlng ‘the 1 temperature of :the parcel . '-
: adlabatrcally 10 its original valte. The

-assumption closely-maiches the. befiav-" -
1or of the real trop1cal atmosphere. For

mperature phase, o a phase fransition from vapor: to-

B! .
llquld, from vapor to or from liquid to solid the stored. energy is

released, The:temperature of 2 substance remai

-constant durmg a reason solar ener;

change 0 pha.se even 1hough lleat energy is! exchauged '_ .
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endency of the atmosphere to compen-
ate for nonadiabatic heat input one
must take info account a complicated
onlinear system. Vertical air motion
¢r -4 heated- continent is a result of
rdependent forms. of nonadiabatic
ating, chiefly sensible heating and la-
'heatmg, as well -as the ad1abatlc re-
nse. When prec;pltanon begins over
the ground is moistened and’ part.
olar : radlatlon prevrously en- -

nism of the monsoon, because the sensi-

ble heat is only about one-tenth . the
magnitude of the latenit heat released in:

precipitation. The reduction does have

.the effect. of shifting the maximum of
the .total heat (sensible heat plus latent
~heat) toward’ the interior. of the-land .
- mass. The region where the vertical ve-
locity. of the circulation is at its maxi--

mum- follows.the. shlft of the maximum

_heatmg, and so the condensatlon of

thoisture ‘in the air moves 1nland The

. "~ monsoon ¢ell leaves in its wake a land

nd cools and sensible heatlng of___
lerectiy above the wet land 1s

reductlon of sen31ble beat does
s1gn1ﬁcantly alter the drlvmg mecha:

" WORLDWIDE™ - T

<*OCEAN

NO MOIST
PROCESSES

. CONTINENTAL -

CAP. .

- MOIST -
PROCESSES
INCLUDED

ONTINENTAL

surface saturated -with water and a rel-

"atively dry subsiding air mass. The ac-
.curmulated ground water slowly evapo-
rates and the fernperatire of the drying

land:beégins _torrrse. As sen_srb_ie heating

AT

increases over the Jand near the coast a
low-pressure area develops again and
the moist winds from the ocean are de-
flected from their inland course. A sec-
ond monsoon cell overwhelms the in-.
land circulation and precipitation again

falls near the coast, The" cyele is then

repeated.

In the model the vertical wind. ve]oc— :
ity over ‘an area of ‘the continent can. )
show the alternation of active and dor-
mant phases of ‘the monsoon. The as<:
cendmg regions represent the disfurbed, )

."or-active, phase: ‘Thie' wake, .where sub-;
sidence dominatés and storms are sup-'_:_
pressed is the dormant phase If-one.ex-

amines the distribution. of témperature

;-and vertlcal wmd veIoc1ty for several';
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SUMMER “WINTER
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OMPUTER SIMULATIONS of monsosi processes on fhree sims"

e models of the earth show how sirface’ temperature (comronr
varies with fime and with Iatitude, On a model of the ¢arth cov-

ely by an ‘ocean the surface temperature chariges quite slnw-'_"

time! When the model- planet is eapped with a single continent
moist proccsses are not included in the simulation, the ocean tem-
gs many weeks ‘behind the temperature ‘on' land. The maxi-

Fnd temperature hes just north of the coast. When moist proc-

esses are sunulated the land is cooled just north of the eoast and the o

surface tenperature varies cychcally durmg the suminer Monsoom.
Such terrestrial features ‘as the distance from the sun,. the 1nc]ma-
tion of the earth’s axis and the comp

assumed to be the same in the model as ttley are on the real earth. s

The srmulatlon ¢an also show how Verfical wind velocity can vary
with. time and latltm_ie (not shown). In" the- at_mosphere the ve_rt]_ca_!
wind velocity is. about a thousandth of the horizontal wind velocity,

| ATITEINE



ddys, one can. seé how an. Active phase '

of the monsoon inoves inland from the
coast and is followed by a dormant pen-
od [see illiustration ‘below)..

Satellite. observations provnde some
justification for the: theory of the active
and the'dormant. ‘phases of the mionsoon
thatis mcorporated in the' mathematical

model. The locus-of. maximum cIoudx-_

ness-over the Indian Océan can be seen
to’ move gradually northward as A mon-
soon" cell Progresses:” -Associated - with

‘the ‘band ol clouds:are the active mon-.

‘soon disturbances:and intense precipita-
tion. In the cloudless region behind the
-band and over most-of India is 2 break in

~the active phase that heralds a period of .

hlgh temperature but no ram The cycle

s, observed to have a perlod of from 15
-0 20 days, in rough agreement with the
predictions of the mot_:lel :

The're_ are thtee sepé;;ate forecast_ing
problems that match the three time

scales of monsoon phenomena. For the
" briefest events, such as-individual dis- -
‘turbances in the active phase, mdth-

ematical - analogues of: -the physical

weather -system “can be deviséd; When .

data describing _th_e current weathe__r con-

“ditions aresupplied, a cofputer simula-

tion‘cdn exfrapolate the data forward in

time according to the tules of the math-

ematical analogue.: Numeérical ‘weather
prediction -of this kind is an established

_'techmque that can attam reasonably .

SURFAC 'TEMF'ER UFI"(DEGHE SCELSIUS)'-

good ‘accuracy o.ie'w' da_ys -,in..advnn'_ce-.'
" The major drawback of thie méthod is

‘that the ‘initial 'data must Constitute ‘a

complete descrtptxon of the state of the
atmosphere in a given region, ‘includ:

- ing the variables that characterize. moxst

processes. The collection of such da

probably beyond the: capablht:e' of th
3present .observational network. Remiote

sensing of the atmosphere by satellité
and floating buoys, working in-conjun

-tion"Wwith' the ‘network -of gro

tions,’ may someday provxde adequ e
data for forecasting.. - g
“For. predlctlng seasonal of" “annual

'trends -mathemnatical analogues are.of

subsxdmg air (gray regioit) suppresses storms and corresponds to the




ations are much too. cumbe_rso’me. 1o,

-allow exact numerical climate forecast-
g.. Nevertheless, the study of long se-
ies of data indicates that certain elimat-
evelopments are related.to: certain
ursor events. For example, the win-
limate of North America seems to

dormant phases are correct, however, _
the difficulty may be overcome,.It. may

be:possible to develop a simpler but. still

effective mathematical analogue that ig-
-nores.events. on a shorter time scale and
focuses, on the more slowly varying.ele-
'ments of the system

telated to anomalies in:the 'te'm‘pera- s

p;é,,ceS,ses to .mqnsoo,r'l_s,

tl‘fwhilé_'-tq_.'see_k; s_ir'rtilar C
; 4 N The H1ma1aya-'l‘1betan plateau, for ex-
ample, appears to.aceelerate the 0nset of

> ecl1ct10n ef the events of
in e..scale namely the ac-

: 'Of"W(_'iek'S," fOO'lO'

s of he alternatlon of actwe and

tthm the context of the. general .

way in which the platesl ‘then mﬁuences

the atmospher,e_ is- stilli

beén the subjéct of

. cal studies.

OMPONENT HEATING

5 .PF';EQI?ITATJQN -

" LATENT HEATING ~

| SENSIBLE
- -»7‘HEATING

OTAL HEATING

' MAXIMUM VERTICAL
" WIND VELOCITIES

fig (ot sliown), sensible heating (from the sun-warined land) and latent heating (from

_coli'd‘e'hsati'on of waler vapor). Precipitation tends to reduce the sensible heating of the col-
usmg the maxlmum toba] heatmg to shift mland The region where the ascending. air

In:contrast, the summer monspons of
Australia and Africa’tend to. be con51d-
efably weaker than their Asian. counter-
parts. Over northern Australia precipi-

_tation decreases rapldly inland; so.that

only a narrow region along. l:he northern

‘coast I’ECCIVCS mgmﬁcant monsoon rain-

fall. Stmllar]y, the central arid lands of
the African: Sahelrecelve only spasmod-
ic ramf_&'ll durmg the summer West Af-
rica; and Australia. are geographlcally-

;ahke asg,monsoon -regions, . and. neither
ong is: mﬂuenced by.a dommant moun-

tainous. structure cornparable to,; the

: Himalayas
ultlmate 1ntens1ty Satelhte data 1nd1cate o

‘that. the.central and s utheastern”parts
. -of: T1bet ‘remain. free. of: snove; through-
“out. most “of the: yea_ Hence the plateau .
_must heat rapidly durmg the spting in
1 3 __.;_the Northern® I—Iemlsphere “The .pregise. .
another reqmres a forecast ;

Hem1s'pl1el'e s dommated'(by the Atna-

zoh, basm whose -overlying air mass is-

dld not limit circilation, dlﬂerentlal sur-- o -
face heatmg between the Amazon basm_ o
and the. Pac1ﬁc ‘Ocean would cause a ™

flow ‘of air mto the. Amazon, leaving

a low-pressure area over the South Pa-

cific. Such a low-pressurg area would
“cause the. northeast trade-winds to ¢ross

the Equator, ‘and-‘the Coriolis. force

would turn: them toward the southeast,
completmg the.path of interhemisphefic - -

“airflow, Because of the mountains; how-
" ever, the cross-equatorial flow is weak -

s _1n_the,eastern Pacific and the. trade winds

7"'._.the As1an monseons Ar cn'cu!atmg in
7 “the Amazon basin is. moistened by evap-
-orat:on‘ from the Atlantlc Ocean

J nal ﬁel_d_ exper-
sundertaken to

" iments (MONEX): éf 1978.and. 1979’ The
'+ latter were: part 'of ‘the’ Global Weather |
“Experiment, and it included separate

studies -of .the summer and the winter
monsoon circulation. In each experi-A
mefit satelhtes, ‘ships and research air-
craft were employed in‘order to obtain
a three dirmensional picture of an evoly-

.ing. monsoon. One.of the most 1mpor-

tant apphcatlons of ‘the data will be.in

- testing theories .of the: monsoons ac-

tive and dormant phases




