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An Iterative Scheme for diagnostic studies : A proposal
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ABSTRACT. An iterative scheme is suggested to compute the vertieal veloeity. The scheme is such that
vertical velocity due to dinbatic effects may be computed in terms of the known and measurable quantities and
henee does not require any parameterization for diabatic heating. The diabatic thermodynamic energy equation
and one of the components, involving the diabatic heating, of Balanced Baroclinic Omega Equation forma pair _
of equations from which the term involving the diabatic heating is eliminated and an expression for the vertical
velocity due to diabatic heating is obtained in terms of the known and observable quantities.

1. Introduction

Varions nlti-level dynamical dingnostie gnodels
Jave heen recently proposed for the study of
vertical motion and energy transformations ete
in weather systems, Notable among them, especial-
Iy for the tropies, are by Krishnamurthi and
Bavmhefner (1966). Hawkins (1967) and Yanai
and Nitta (1967) ete. However. it 18 seen that none
of them are free front the limitations of the model-
ling approximations and parameterization  of
diabatic heating. The defect of having the first
approximation for divergent part of the wind,
derived from the rotational eomponent of the
wind only, and then iterating for a convergent

golution is common to all the methods and it is a

little difficult. at present. to foresee the possibility
of getting ridd of this defect till the divergent com-
ponent of the wind can be derived from the ohser-
vod wind itgelf to a satisfagtory degree of accuracy.

Krishnamurthi and Baumhefner (1966) have
eomputed only the adiabatic vertieal velocity from
Balanced Baroclinic Omega Equation. The itera-
tion scheme presented by Yanai and Nitta (1967)
does not need the parameterization of diabatic
heating because it mmkes use of the vorticity
equation and eontinuity equation only. an\'kins
(1967) has computed the veloeity from diabatic
thermodynamis energy equation parameterizing
the diabatic heating in a way similar to the one
suggested by Kuo (1965). The time dependent term
of thermodynamic energy equation is evalnated
hy integrating the vorticity equation for one time
st'ep and getting the geopotential at bhoth t'n}los by
solving the reverse halanee equation. By doing so,
one it able to avoid the usual eriticism against the
computation of time dependent term from the
obseryations {Murakami 1957).

The iteration scheme presented in this paper
does not require the parameterization of diabatie
heating. however, the vertical veloeity due to
diabatie effects is also computed, knowing only the
ohserved winds, which is the basic input for the
model. In this proposed scheme, Balanced Baroeli-
nie Omega Equation is broken in two components,
one involving the forcing due to diabatic effects
and the other involving forcing due to terms other
than the diabatie heating. The former equation
and thermodynamie energy equation constitute
a pair of equations in two unknowne, f.e., vertieal
velocity due to diabatic heating and the diabatic
heating itself. From these two equations, the tern
containing the diabatic heating is eliminated and
an expression for the vertieal velocity due to din-
batie heating is obtained. The time dependent
terne of this equation is proposed to be computed
hy the method suggested hy Hawkins (1967).
First approximation for vertieal velocity and
divergent component of the wind is proposed to he
obtained from the solution of quasi-geostrophic
ontega equation and continuity equation.

2, Basic equations

The governing equation of the scheme are as
follows. Table 1 gives the list of symbols. Neg-
lecting the frietional effects the complete vorticity
equations —
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TABLE 1

List of Symbols

Symbol Explanatinn
( L Coeflicient of specific heat at constant pressure
f (loriolis parameter
¢ Acceleration due to gravity
P Atmospherie pressure
0 Heat supplied per unit mass per nnit time
R specifie gas eonstant
S Statie stability parameter
v Horizontal velociix veetor
( Absolute vorticiey
Relative vortieity (== 72)
- l'-r--'lml"!s’i:d
¢ Non«divergent stream funetion
) Irrotational veloeity potential
G Vertical velocity in pressure co.ordinate
g Quasi-geostrophic veriical velocity
Y Tsobaric del aperator
2 Laplacian operator
J Jncobian operator

J (a, ) *(

an _a:'_; al' _ﬂ_l'u_
8y~ By a-.?r)

Thermodynamic energy equation -
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Balance equation —

Equation of continuity —
K= (1)
The quasi-geostrophic omega equation is - -

. @ ¥ 1
S . L
f-]fl =J ap }J ("!‘- ﬁ)i

5 V.,V (- '-Z-.jf—)? ©)

T . %,
V2 (Sawy) + f2 —2-




AN ITERATIVE SCHEME FOR DIAGNOSTIC STUDIES :

The Balanced Baroclinia Omega Equation is —
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Eq. (6) may be broken into the following two
gomponents ——
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and F, = all the terms on R.H.8. of eq. (6)
except Iy

T2 (Swy) + f2

ﬂ.nd w = )y "]l"' m._, (9)

Substituting eq. (9) in eq. (2) and eliminating @ from
eq. (2) and eq. (7) and by taking the Laplacian of
eq, (2) and adding to eq. (7) we have —
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Thus, we get an expression for vertical velocity

due to diabatic heating effects, w, in terms of

known and measurable quantities.

8. The Iteration Scheme

The following iteration procedure is proposed to
obtain the vertical velocity.

1. Solve eq. (5) to obtain w, as the first approxi-
mation of w

2. Solve eq, (4) to get first approximation of
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3. Solve eq. (1a) using ¢ and y(¥-1) to obtain

2 2 \(N)
op ( ét

4. Solve eq. (8) to get w,(Y) using 4, x(¥-1) and

2 (2
ap \ &

5. Solve eq. (4) to get V) using w,N. (It
may be noted that the procedure till now is
exactly similar to the one used by Krishnamurthi
and Baunmhefner).

6. Integrate eq. (1) to gt &/ 4! using x(A)
and ¥ on the R.ILS.

7. Solve eq. (3) to get ¢? and ¢+ A7 from &¢
and €t At and obtain

£ (_ ﬁ)
at ap
8. Solve eq. (10) to get w; using ™) (for w,)
on the R.H.S.

9. Obtain the new value of w by adding w,
to w,¥) and go back to step 6. Tterate between
steps 6 and 9, such that

wlM) = wzﬁv) - e, (H-1)
10. Obtain () from o) by solving (4).

The above procedure may give a fairly good
approximation to w, and w,. However, the it-
eration may be further extended by going back
to step 2 and repeating the whole procedure upto
step 10 till a convergent solution is obtained.

4. Conclusion

The purpose of writing this note is to convey
this idea to the readers and invite the comments
and criticisms. Meanwhile, the question of proper
houndary conditions and convergence eriteria for
this scheme are being studied. Tt is also proposed
to apply this scheme to study the vertical velocity
distribution and energy transformation in typical
monsoon situations.
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