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1ST. SESSION 

Cm-lFlGUllACIOXES A GRAN ESCALA DEL FUJJO EN LOS TROPICOS 

LAnCE,ScALE FLOW PATTERNS lN THE TROPICS 

UN MODELO DINAMICO PARA INVESTIGAR 
LOS EFECTOS DE FUENTES DE CALOR PERIO­
Dleo SOBRE LA ESTRATOSFERA ECUATORIAL 

Lons BERKOFSKY" y fLl,LPH SJUPlHO ~, 

HESL:iVIEK 

S!l ha Oh'iernldo un cicio de 26 lllescs ell la componcnte E-W 
del denio a uno, 25 mh en la" regiones ecnatoriales y se ha cong­
tmido lIll 11lodelo lenrico para investigur si la existencia de fllenle~ 

de enlor periodieo ell la atmosfera podria prodllcir movimicntos del 
p"rlodo y aUlplitud ohsernldos. 

lNTHODLCCION 

Heeientemente Heed y otros (1962) han ohscnado una 
periodicidad ell la componente E-\V del viento en la estratos­
fem ecuatorial. EI periodo de oscilaeiol1 parece SCI' de unos 
\eintiseis meses y tencr 511 maxima amplitud cerca del 
eeuudor, haciendo:::e mayor de 25 m/seg a 25 mh. POI' de­
hajo de 25 mb disminuye la amplitlld y dei:;apareee la asci­
laeion ell In \'ecindad de la tropopausa. En direceion al 
polo la oscilacion toduvla es debilnH'nte perceptible a 30° :N. 
La fa:'e varia con la altura, apareciendo primero cada banda 
de vientos del este 0 del oeste a los mas altos niyeles ob:;e1-­

mdos (cNea de ::\0 1\:m) Y 11rogresando hacia ahajo a una 

wlociclad algo mayor de 1 Km/mes. 

Para permith- la eonslruccion de un modelo teo rico e 

illvestigar tales observacione~, proponemos el siguiente pro­
hlplIla: snpongase que tenemos una atmosfera euya circu­
lacian a ni\-eles altos es independiente de la coordpnada x, 

PS cnyos camhios unieos se haeen en los pIanos (y, p) : 

inycctemos algunas fuen~es de calor periodico en diehos 
lliyeles alto,; pam indueir mo\imicntos \erticales pOl' calen­
lamiento r producir divergencias a gran ('scala. ;, Cual sera 

la lIatural<'zR drl Iorzado moyimiento vertical drbido a esc 

ealrutamiento y cnul sera su efeeto sobre el "iento a ni­
,ell'S altos? 

* {,aboratorius Cambridge de Int:estigaci(m de la Fller=a Airel!. 

A DY1VAMICAL MODEL FOR INVESTIGATING 
THE EFFECTS OF PERIODIC HEAT SOURCES 

ON THE EQUATORIAL STRATOSPHERE 

LOLlS BERKOFSKY -Of and RALPH SHAPIRO ~ 

ABSTRACT 

A 26-1II0nth cycle ill the E,W component oj the wina at abollt 
25 mb bas been ob,crved ill the equatorial regions. A theoretical 
model has heen dedscd to investigate whether the existence of pe­
riodic h,cat sources ill the atmosphere eould produce motions of the 
observed period and amplitude_ 

INTRODUCTION 

H('cenlly, Heed and others (1962) ha\e ohserved a pe­
riodicity in the E-W component of the wind in the equatorial 
strastosphere. The period of the oscillation appears to be 
about twenty-six months and its amplitude is greatest near 
the equator, becoming greater than 25 Ill/sec at 25 mho Be­
low 25 mh, the amplitude decreases, and the oscillation fades 
away in the vicinity of the tropopause. In the poleward di· 
rection the oscillation is still faintly detectable at ~)OO N. The 
phase varies with height, each band of easterly or westerly 
winds appearlng first at the highest le\'els obsen-ed (about 
W Km) and progressing downward at a speed slightly 

greater than 1 Km/month. 

In order to eonstruct a theoretieal model for investiga­

tion of these observations, we vose the foUml'lng problem: 

~uppose we have an atmosphere in which the flow at high 
leyels is independent of the x-coordinate, .i. e., the only 
changes are in (y, p) planes. We inject certain periodic heat 
sonrccs at these high levels. Thus ycrtical motions will he 
induced the heating, and large-scale divergences will take 
place. What will he the nature of Ihe forced vertical motion 

due to this heating, and what will he its eHect on the wind 

at high le\'els? 

* Air Force Cambridge Research Laboratories. 
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It 1TODELO 

Uividamos la atmosfera en una estratosfera (0-100 mbs) 
y una trop6sfera (100 -- 1000 mbs) _ La capu inferior solo 

exisLe para producir condiciones de frontera inferior para 
los calculos de movimientos en la capa superior. La eapu 

superior se divide en tres capas: 0-2 mh, 2-4 mh, 40-100 mho 

Las eeuaeioneB de movimiento, la ecuaci6n hidrostatlca 
la primera ley de Ia termodinamica y la ecuaci6n de 

continuidad para las capas superiores son 

QV, 
1 -----

?t 

ad> ,1 
-+-

THE .MODEL 

'Ve dh·ide the atmosphere into a stratosphne (0 - 100 
and a troposphere (100 -- 1000 mhs). The lower layer 

exists only to provide lower houndary conditions for COIn­

!:'UI"WcHl;:) of motion:'; in the upper layer. The upper layer is 
divided into three layers: 0,-2 mb, 2-40 mb, '10-100 mho 

The equatiom of motion, hydrostatic equation, first law 
of thermodynamics and continuity equation [or the upper 

layers are: 

(UO)) i f , .. = 0 
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i = (1), (3), (5). Dichos indices representan yalores de> 
presion media en cada capa, es decir, Pl 1 mh, Pg 21 
mh, P5 = 70 mb_ Las solueioncs se obtendn'in eon diehm, 
presioncs (vel' Fig. 1). 'rodos los simbolos usados en las 
ecuaciones (1) - (5) son standard. 

i = ll), (3), '-5). These indiccs represent. values at the 
midpressure of eaeh layer, i. e., PI 1 mb, 21 mb, 
P5 = 70 mh. Solutions will be obtained at these pressures 
lsee Fig. 1). All symbols used in equation,s (1) (5) are 
standard. 
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5i snpOllem05 que 105 valores iniciales de u, Y, 0, q), Q son 

l'ol1ocidos, podemos resolwr las formas de c1iferencia iinita de 
(11 (5). Lo haremos asi integrando (5) para 01tene1' (tl a 

Huios nivdes y lllego calclliando tendencias de 11
j
, \, OJ' 5i 

adelantamos el tiempo para ohtener nueYOS campos para esta" 
cnntidades, lograremos el geopotencial </> con cl nuevo tiC111pO 
al integrar la ecuacion hidrostatica haeia arriba a partir de 
P = P

l' 
100 mh, la presion de la tropopausa. A~I, Ia rena­

cion hirll'ostiitiea integrada t0111a csta forma 

(°j-t_l + H 
1>, {b 

J ' i -K 2 

°d 

If we assume that initial valucs of u, v, (), </>, Q are 

known, ·we may solve the finite-difference forms of (1) 
(5). We do so hy integrating (5) to obtain {Il at various 

then computing tendencies of u j ' \' OJ' We step 
these forward in time to obtain new fields of these qnantities. 
To obtain the geopotential ~~, at the new time, we integrate 
the hydrostatic equation upwards, starting from p = PT 

100 mh, the tropopause pres:<ure. The integrated hydrostatic 
equation then tak(':< th(' form 

r ! p. ) 
K I p. K

J L (-i~ ( 
J (7 ) 

-
PI} 

L 2, 3, Lt 5, T (5 -r 1 T) 

Donde .i es uniforme, usandose Ia siguientc formula de inter, 
polaei6n para todas las variables 

f Pj - P j +1 

(Pi-I-Pj 

I'V. J 
tl. 

J 

Esta es una medida ponderada para el desigual e;:pe-
:-01' a cada lado de los niyeles uniformes. 

AsL si conocemos In va1'iaci6n de Q en el espaeio y en el 
tiempo 00 eual se especifica1'aj y 5i conocemos los valores 
iniciales de las ,'ariables podemos predecir futuros desarro­
lIos. Para hacerlo aSI to do dependerit del conocimiento de las 

cOlldiciones de frontera uT' vT' 0'1' {')T' 1>1' en P = PT' 
LOE valoree: dc cantidades en P P

T 
pueden obt('nersc 

rt:'solvlencio las ecuaciones maest1'as para d nivel inferioL 
al eual tratamos de la siguiPllte manera Ellponiendo qllc la 
cstabilidad ('stiitica 

\Vhell j is evell, the followiug interpolation formula is used 
for all variables; 

I' e (8) 

'nlis is a weighted mean to take account of the unequal 
thicknesses on either side of eYCll levels. 

Thus, if we know the variation of Q with space and time 
(this will be specified), and if we know initial values of 
the variables, we may predict future developments. The 
ability to do so will depend upon a knowledge of the bound-

ary conditions uT ' ,OT' (ilT , </>r at p PT' 
The values of quantities at p P1' may he obtained by 

solving the goyerning equations for the lower layer. We treat 
the lower layer in th(" following way. We assume that the 

"tatie stability 

()" (p) 
,;T KT 

p 

T 2(} 
(j cp 

es 50lamente uua flll1ci6n de Ia preSl()ll, C('1l3idt'remos Ia 
pl'imera ley de la tennodinamica en la forma 

cT tr 
--+- v 

Si cliferenclamos (10) COll a p, allUultipliear (l0) 
K 

por y agregar 105 resultados ll~a ndo (9), encontram05 
]l 

18 a function of pressure only, We consid('l' thc first 
thermodynamics in Ihe form 

(J(j)=Q 

of 

(10) 

If we differentiate (lor with to p, multiply (10) by 
K 

, add the rC5ultE, make use of (9), we find 
p 

(p K Q) __ (11) 

lntegrando I,ll) enIT(~ PI) v p, v 311pOniellrio We 

U en I) at . 

(11! between Po and p, and assume 

(12) 
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Entol1(,cs 

Al supOl1er que no se produce calentamiento en el interior del 

nuido entre 100 y 1000 mb result a que Q 0, Qpo = O. 
Ademas supongamos que la temperatura superficial 'fPo 110 

cambia COl) cl tietnpo ('11 regioncs tropicales, es clerir, 

Elltonces la primera ley de Ia termoclil1amiea en p = Po e5 

ya qu e ----,--- 0, de 10 eual 

v 
Po 

Then 

v) Q - ( ') K Qpo ] 
Po 

( L3) 

We assume that 110 healillg takes plaee within the fluid 

hetween 100 and 1000 rub, so Q 0, Qpo O. We further 

assume that the surface temperature 1'Po dot's not change 
with time in tropical regions, i. c., 

TPol ( III 

Then the fir8t law tlJf'rl\1odynamie~ at p Po is 

o (13) 

0, j·t follows that 

v = 0 
Po 

(16) 

Consecnentemcnte" (13 I ;:e cOllyicrte en 

") 

como la ccuacion para eaIclllar cl l11ovimiento vertical en la 
capa inferior. A~i. en P PT' 

Vemos en (18) que d 1110vimicnto en la il1terfase sc ex­
presa en tt~rminos de la circulaeion meridional a esc \live!. 
Para determinar dicha canticlad usamos la eeuacion intE'-

de continuidad para la eapa superior, e5 deeir, 

- P2 

La ecuaClOn integrada de contil1uidad para la atmos­
fera total no dara divergencia media de cero a menos que 
al11bo~ "'1'1 S scau iguales entre 81. Luego, igualando (18) Y 
(19) ellcontramos 

/ Po 
O'T I 

\ J\. 

Para cncontrar liT lIsamos la ecuuci01l de yorticidad (':1 

su form3 baroclluica cnergetieamente C0l1s1stentc 

Tht'refore (13) become:; 

dTPn ,------
dy 

JS the equation for computing the H'rtical motion m th'2 

lower layer. Thll", at ]I PT , 

We see from (18) that the vertical motion at the interface 
is given in terms 0.£ the meridional flow at that level. To 
determine this quantity, we make use of the integrated equa­
tion of continuity for the upper layer, i. c., 

(19) 

The integrated equation of continuity for the entire 
atmosphere will not yield zero mean divergellce uilless the 
two ro/ S are equal to each other, Thus. equating (18) and 
(19): \\'(' find 

(p" (20) 

To obtain u1' ' we use the yortieity equation in its simple:it 

energetically-consistent barodinic form, 



I " I 

IJrfilWlllO:' In compOllentc II ell 

di'l'rgente 

capn infnior como no-

u --

t'll Lan to (111l~ la eOlllpOIH'llt(; , p~ diyt'rgente y agpostr6fica ~ 

podrlu expr('~arse como 

La cCllac-ion de yorLieidad pm'de e~crihirse 

:-;i tomall1o~ I'J,. illil'iulmente (10 cnul se salJe ya que uT 
culton') ('ntonees COil "1' segim (20) podemos resoh-er 

para l1ucn)::; ,ulores de rfiT y dar 11UC'HlS \alon'" pura III" 

[u In cap1l inferior (IT ( 1') , \'\ (,') no cHl11hian COll d 
Lielllpo y ~e cXpi'f'~all I'll 

1 

As! yemo,c que all1ba'; capa" aceionan entre i'] a I ray{:" 

dl' ,"us ,aloreE en Ia frontera. 

Como a"unto de -inLeres notamos que existc Ulla ceua­

rion para ealcular la yariacion de v eon p y y en la capa 
inferior. Podclllos obtener ('~ta ecuaciiin dif{'ff'l1ciando (17,1 

respedo 11 P Y sllb"titnyemlo en la ('cuneifm de conli 

lluidacL 

LA F1 ::\ClO0." DE CALE:\TAJ\lIEI\TO 

Especifiearel110s In \ariaeioJl dl-: In fUllcion de calcntal11it'll' 

to en el espacio ~- {'I tiempo. definil'ndo tres funcioncs. Q\. 
Qil ' Q.\I: -

Q,- c" el ('alclltumj(;ulo de 111 atmusfera p.)]" racliacion d., 
'''Ilia curta (,Iltrante y "e debe Pl'illCipalmentc a la ahi'urci(Hl 

dl' (lZOIIO, 1,D Y1uiaciou ck temperatura COil la presion dehid~l 

a ('"Ie (-alt'nLamjenlu ('~ tal qUi' sc tiCllC Ull maxilllO ('('rca elt' 
p = 1 mh y l."r111l11a a 0 t'll plOD mho E~t(l \-aria('ioll de 

( 

107 

o (2]) 

\Ve ddilH' the II compol1ent Hl Ih(, 100n'r Jan'!" lo he 11(111-

while the y romponent is din'rgcllt, agco:"trophic, and might 

he thollgllt of as 

Yorlil'lt\ C'qllHtioll lnay 11(' \niltl'1l 

) .., 

f y u (2-1) 

At P 

If we know illitially (and this is known since UT IS 

known:l , then, \rith Y T fwm (20), \Ie mil y :001 YC I Eo r 

new ,-allle:" of 'IT' and hence Hew ,-abes of u r . 

III the lower layer, OJ ), /) do not with 
I i_me, and are gl\Tll hI" 

(26) 

Thu" we SCI' that the two interact with each otlVel' 

through their ,-alm's at the boundary. 
A" a matter of inlercst, \I-C_ no.te that aneqnatiol1 exisb 

for calcnlating the variation of Y with p yin the lower 

laY!'L W'e may obtain this differelltiating (ill 
with rc"pecl 10 p and substituting into the e'1llation of C0I1-

linuity. 

THE HEATI0."G F[:\CTIO\" 

We shall specify the yariation of 

III spaec and timf', "';{' define three 

Qn' Q\it' 

the heating function 

functions, Q_\, 

Q, i~ the healing of the incoming short-

I\an~ radiation and is due to nh:,orption ozone. 

Thc YHriarion of temperature with pressure due to this heal­

i Ill! is such as to haye a nJaXlmlll11 at about p = 1 mb, 

and to fall off to 0 at plOD mL. This variatioll of \pm, 
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O~~====================~-l 
I 

p~ 

(m b) 

2 

21 

40 

70 

100~----,----.-----.----~----~~ 

o 20 40 

temperatura cambia con la preSIOn como se l11uestra en ]a 

Fig. 2 cuyos valores numericos se tomaron de London (1957). 
La variaciol1 latitudinal es la del coseno uniforme 

EI angulo e en 51 misnlo es llna fundon del tiempo y de la 
latitud y 5e expresa pOl' 

donde 1> es la latitud. ASI, Q
A 

tiene variaeioll atlual. 1:1 angulo 
de fase X queda incluido para asegurar que cI calentamien\o 
media sabre nuestra region de integraci6n durant(' un cicIo 
completo es cero, ya que no incluimos la friceion en el mo­
delo. Par ello, al escoger 1> = =~ 30° e01110 ]1\5 Irontera:;; de 
I1l1estra region de integrnci6n 

x 

u 

2 

60 80 100 
6 I' 

Q X I 0 (d e 9 sec ) -'-7' 

perature change with pressure is shown in Fig. 2, where the 
llumerical values were taken from London (1957). The lat­
itudinal variation j" the standard cosine law, 

() x) (28) 

The angle () is itRelf a funrtion of time and latitude, and, is 
gh-en hy 

(29) 

where ~~ is the lat.itude. Thus Q
A 

has an annual nriation. 
The pha~e X is included to insure that the average 
heating oycr our region of integration during a complete 

is zero, ~illce we do not include friclion in the model. 
Thus. since ,\e shall choose </> ::,':: :)00 as the bOlll1ciariet' 
of our rqlinn of integration 

COS (j (t 1 '?\ d 1 (30) 
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Q.\R cs el calenlamiento de la ozonosfera dehido a ra­
diation de onda larga (9.6 desde la Tierra. Suponf'­
mas incremento lineal de Ia temperatura debido a ese efeeto 
entre p 100 a p 70 mb y decremento lineal desde esa 
eifra basta p = l~O ml). La eurva se muestra en ia Fig. 2. 
Los valores se determinan seglm los ealculos de Ohring 
il956) para el eairntamiento en bs 100 mb Eupcriores de 
la atmosfera deb ida a ese decto. Tambien se snpone que esta 

funci6n tlene un periodo anual, pero como el calentamien­
to maximo en Ia superfieie de la Tierra se retarda del 
calentamiento solar par cerea de tres meses, hemos intra-
dl1('ido un cambio de fase de AS1, 

donde 

si endo X igual que en (30). 
La fuucion Q

Il 
e5 una supuesta funeion de ealentamiento 

qUi.' tiene un cido de dol' ano" y cuya variacion con la pre­
~jon es ich§ntica a Q.\. Sin embargo, se ha snpnesto que su 
magnitud es sblamentc 1/100 de QA' As! 

0, is the ozonosphere heatin!!' due to long waye (9.6 IL) 'AR U U 

radiation from the Earth. We al'sume a linear increase 01 
the temperature due to this effect from p = 100 to P = 70 
mb, and a linear decrease from there to p = 40 mho The 
curve is shown ill Fig. 2. The yalues are determined from 
('omputations by Ohring (1956) for heating of the 
top 100 mb of the atmosphere due to this effect. This JUllC' 
tion is also assumed to haye all anllual periOlI, hut, since 
the maximum heating at the Earth's surface that of 
the solar heatinl.{ by about three months, we haye introduced 
a phase shift of y!-cycle here. Thus 

Q
AR 

(p) (cose-x) 

where 

1., 
--~l T,.j. 
4 ' ~' 

and X is the same as In (30). 

(31) 

(1:\2) 

The Junction Q
Il 

is an assumed heating function, which 
has a two· year-cycle, and whose variation with pressure j" 

the same as QA' However, it has heC'n assumed that its 
magnitude is only 1/100 that of QA' Thus 

(:3.3) 

e (1)lt) = -22.S sen 71't + q, 
SIn 

x 

DISCUSION 

La funeion Qa es desde luego la unka men os conocida. 
Sera uno de los objetiyos de nuestros calculos numericos 
propues-tos para investigar las "arias formas de esta fun· 
cion de calel1tamiento y vel' si l11.s fluetuaciones de velo­
eidad del viento de Ia magnitud obseryada podrfan ser 
a£ectados por funciones de calentamiento simi lares a las 
que fueron supuestas antcrioTmente. En el eurso de tales 
ciilculos tamhiCll obtendremos la variaei6n de v y /} con 
el tiempo. Ya existe alguna evidencia de la periodicidad 
de la temperatura y podremos comparar tamhien nuestro;; 
caiellios numericos con tales resultados. 

BI BLWGRAFl A 

(35) 

DISCUSSION 

The function Qn is, of course, the one about which least 
is known. It wil be one of the objects of our proposed 
numerical calculations to investigate various forms of this 
heating function to see whether flm:tuations of wind velocity 
of the observed magnitude eould he affected by heating 
functions similar to those a~sumed here. During the course 
of the calculations, we will also obtain the variation of v antl 
/} with time. There already appears to be some evidence of 
the periodicity of the temperature, and we will be able to 
compare our numerical calculations with sueh results as well. 

BIBLIOGRAPHY 

LO:\DO:\, J. ] 9.57. A Study of thc Atmospheric Heat 13111anee- Final Report, Contract 
No. AFl9(122)·165, July. 

fhIlUXG, G., 1. Ltl:'iDOX &: I. RUFF. 1956. Radiactive Proporlies of the Stratosphere 
Final Report, Contract No. AF19(604)·-1285, October. 

REDD, R. J. & D. G. HOGERS. 1962. The Circulation of the Tropical Strastophere in 
the Year 195i1-1960, lour. Atmosph. Sci., 19(2) :127-135. 




