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ANSTRACT. An iterative sehome is suguested to compute the vertioal velocity, The scheme is such that
vartieal volodity due to diabatic effects may e compuied in terms of the known and mensurable quantities and
hience does nab require any parametorization for diabatio heating. Tho diabatie thermodynanie energy equation
and one of the companents, invalving the diabatic heating, of Balanesd Bavoolinie Omega Equation form o pair
of equations from which the ter involving the diabatic heating is ofiminated and an expression for the vertical
velocity duo to diabatie heating is obtained in terms of the known and observable gquantities,

1. Introduetion

Vartous malti-level dynamical dingnostic models
have heen recently propazed for the study of
vertical motion and energy transformations efe
i weather systems. Notable among them, especial-
Jy for the tropics, are by Krishnamurthi and
PBawmhefner (1966), Hawkins (1967) and Yanai
and Nitta (1967) ctc. TTowever, it is seen that none
of them are free from the limitations of the model-
Ting nppruximn.tiom and  parameterization of
diahatie heating. The defest of having the first
approximation for divergent part of the wind,
derived from the yotational womponent of the
wind only, und then iterating for o convergent
solution s sommon to all {he nrethods and it is a
little difiealt, at present, to furesee the posibility
of wotting vid of this defeet till the divergent cone
pmiunt. of the winit can he derived fromt the obser-

v winditselitoa satistiatory dogree of accurney,

Woishnanuethd - and Baumlwfher  {1966) have
computed only the adiabatic vertienl velouity from
Baluneed Baroclinis Omeya Tquation, The itera-
tion scheme presented by Yanai and Nitta (1967)
does not need the parameterization of diabatic
heating hecanre it nikes uwee of the vorticity
eruation wad eontinuity equation m‘ﬂ}'. Hz'n\']ch}s
(1967) Jas computed the velocity from diabatio

tion parameteriging
the dinhatic heabing v a way similar to the one

"The iteration scheme presented in this paper
dues not require the parnmeterization of diabatic
heating, however, the vertieal velocity due to
diabatie effects is alsa computed, knowing only the
ohserved winds, which is the basie inpub for the
model. In this proposed scheme, Balanced Barocli-
nic Omega Equation is broken in two conponents,
one invelving the forcing due to diabatic effects
and the other involving foreing due to terms other
than the diabatie heating. The former equation
and thermodynamie energy equation constitute
a pairof equations in two unknownr, 7.¢,, vertical
velogity due to dinbatic heating and the diabatie
Jeating itself. Fram these two equations, the tern,
containing the diabatic heating is eliminated and
an expression for the vertieal veloeity due to dia-
hatie heating is obtained. The time dependent
cerme of this equation s proposed to he computed
by the nethod suggested by Hawkins (J967).
First approxintation for vertieal  veloeity and
divergent component of the wiud is propased to be
ohtained from the solution of unsi-geostroplic
antega equation vl continuity equation,

2. Basic equations

Pl woverning cquation of the scheme wre s
follows, Table 1 gives the list of symbols. Neg.
lecting the frictional cfleets {he complete vorticily
cqualtiull*-- o

sugzgested by Kuo (1965). The tim(‘.-dependent_twm_.___,ag;35 e S ) = Ty T — TR =

ol thermodynamic energy prnation is evalnatid
by integrating the vorticity equation for one fime
step amd wetting the weopotential at hoth tines by
solvine the reverse halane equation, By doing so.
one is alile tor avald the wstgad eriticismg inst the
comgattation of time dependent term froon G
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TABLE 1
List of Symbols

Thermodvimic energy equation «=-

ot

6(39‘:

)-r-v.v(

ap.

Batanee eqpuation -

8

.

Ly

(1)

T (@, )

Symbol Yxplanntion
Oj, Coeffioiont of speeific heat at conslant prossure he
I Coriolis paramefer
g Aceeloration due to gravity
Atmospherie pressure
Heat supplied per unit mnass per unit lime
n Specifio gas constant
8 Stalic siability parameler
v Horizontal velooity verlor
9 Abzoluto vortieity
z Relative vortielly (= T3)
¢ Geopotential
v Non-divergent strcam funclion
¥ Trrotational veloeity potential
o Vertical veloeliy In pressure co.ordineie
g Quask-geostzophie verlical velocity
v Tsoharie del operator
v Laplacian operater
J J‘am].inn operafor
Equation of eoniinity —-
J'n et e Law
) e N -"=~,"E_J—;_'Q (2 e EQ'T )
e The qnasi-geostroplic omega equation is - -
Co Nyt g2 Ty 90
' Ny 7 L
O (3"' -a”l‘-) (4 e dy - (~ ﬂ) !
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The Balanced Baroclinic Omega Equation is —

tg 4 Lo a2 Tt}
T ETEES
~t g 17 (G W
(oo ) rple
ti (vx. )k (e wn) +

B TR ©)

- VX Y‘( 7

Eq. (6) may he hroken into the following two
components —

5 i ) ae
V2 (Suy) + f? ——a;’.,+- o
VE(Sa) + 2= =R )
R
where, F} = — G 7 \VA ]

and F, = all the terms on RIS, of eq. (6)
oxcopt Fy

and @ = @y - W, 9

Substituting eq. (9) in eq. (2) and eliminating @ from
eq. (2) and eq. (7) and by taking the anlncmn of
eq. (2) and adding to eq. (T) we Liave —

oy 2 . of
ot FT ' o @t(ﬁp)+

Thus, we get an expression for vertieal veloeity
due to dinbatie heating effeets, w, in terms of
Enown and mmqnmble quﬂntmes

{1

3. The Heration Scheme

"The following iteration proceduve ie proposed {o
obtain the verlieal veloeity,

1. Notve e, () 1o ohlain w, ad the first approxi-
mation of e

2, Solve oq, (4) {o get first approximation of

3. Solve eq. (1a) using P and x(¥-1) to obtain

b &b\
o it

4. Solve eq. (8) to get c,(¥) using ¢, x(M-1) and

9 ( Y )(M
ap \ o
5. Solve eq. -(4) to get ™) using w, ™, (It
may boe noted that the procedure till now is

exactly similar {o the one used by Krishnamurthi
and Baumbefner).

6. Integrate eq. (1) fo gst £0A! ysing y(&)
and af?) on the R.ILS,

7. Solve eq. (3) to get @1 and $+IAT from £
and £ AF and obtain

8 (_ % )
at en
8, Solve eq. (10) to geb ey wsing w¥) (for w,)

on the RS,
9. Obtain the new value of w by adding w,

" t0 ws(¥) and go back to step 6, Iterate hotween

stops 6 and 9, such that
afM) = (%) L g (M-
10, Obtain x("'” from w(ﬂf) ]}.\. SUI\’illg (I).

The above procedure may give a fairly good
approxiniation to w; ad w, However, the if-
eration may be further extended by going hack
to step 2 and repeating the whole procedunre upto
step 10 till a convergent solution iz obtained.

4, Conclusion

The purpose of writing this note is to convey
{hig idea to the readers and invite the connnents
and eritigsms, Meanwhile, the question of proper
houndary conditions and eonvergence eriteria for
this scheme are being studied. Tt is also proposed
to apply this scheme to study the vertieal velosity
distribution and energy transformation in typical
nlonsoon sitnations.
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