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DYNAMIC EFFECTS OF OROGRAPHY ON THE LARGE
SCALE MOTION OF THE ATMOSPHERE

Part I ¢ Zonal flow and elliptic barrier with
maximum height of one xm

By

S. N. Bavadekar and R. M, Khaladkar

ABSTRACT

The three level primitive equation model
is being developed to simulate the dynamic
effects of orography on the large scale motion of
the atmosphere,. . The model performance is tested
by conducting the experiment with zonal westerly
flow and elliptic barrier with maximum height of
one gm. at the centre of the region. The model
is integrated for 5 days., The forecast fields -
are presented and the results are discussed,

Introduction

The orography plays & dominant role in the dynamics
of atmospheric flow, The semi permanent troughs and ridges
formed in the mid-latitude westerlies in the upper troposphere
are due to high orographic barriers such as, Rockiés and
Himalayas in the northern hemisphere and Andes in the sou-
thern hemisphere., The westerly jet stream and their speed
maxima are also associated with high orographic barriers.

The pioneering work on this problem was done by
Charney and Eliassen (1949) and Bolin (1950) by giving
analytical treatment, Asai and Nitta (1963), Kasahara (1966)
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and Vergeiner and Ogura (1972) have studied these effects
by using Barotropic Primitive equation model. The multi
level P.E. model was used by Okamura (1976) and the general

clirculation modei waéfuséd by Nakamura (1978).

The study of topographic complex of India has been
done by some workers. Banerji (1930) explained that the ty-
pical southward bending of iscbars over peninsular India is
due to low level westerly flow crossing the barrier of wes-
tern Ghats. The analytical treatment to this problem was
given by Gadgil and Sikka (1975). Sarker (1965, 1966, 1967)
and De (1971) have dealt with orographic rainfall due to
western Ghats and mountain waves over northeast India but
their models are for meso-scale circulation. Zonally sy-
mmetric model was used by Godbole (1973) for simulation of
monsoon circulation which is properly developed when the
Himalayas are included in the model. The numerical expe-
riment was conducted by Das and Bedi (1976) by using three
level P.E. model in o coordinate system, They have used
idealized wind and topography for the simulation purpose,
They have, however, quoted about some difficulties regar-
ding conversion of their results from o to p system.

The pressure gradient terms in o coordinate system also
create some problems,

The present experiment is conducted to simulate
dynamic effects of orography using three level P.E, model
in pressure coordinate system., The work on higher orogra-
phic barriers will be reported in part II. The purpose
of these experiments is to develop suitable computer pro-
gram and subroutines which will ultimately be used in re-
giongl limited area five level P.E. model 'of IITM, Pune,



The simplified version of this model was used by Singh and
Saha (1976) for testing the computational stability of
finite difference schemes. BSince then the model is being
developed to incorporate various physical processes such as
friction, ddabatic heating,sensible heating ets,

1 The model design

The model consists of following set of equations.

u and v momentum equations

3
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Equation of continuity

jiﬁ; ‘300 =0
dx 35 BP .......-...(5)

Hydrostatic approximation
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Thermal equation

at (c PT)‘*' (CpTu)+—(CpTv)+——(CpTw)+ S w =Dy -.-- (5)

The dependent variables are u, v,w, @ and T . The fric-
tional and diffusion terms represented by Fx’ F and D
are dropped in the present experiment, 5§

t



The coriolis parameter f is allowed to vary in B plane

by using the expression

£ £+ By _ (6)
: -d =1 0 < L
where f = 10 seq at 45 N and corresponding

(@) - ok =
value is 1.62 x 10 11 m & sec L

Boundary conditions

W: 0 at 100 mb which is also the top lewvel of
the model atmosphere, The lower boundary condition can be
cbtained by using surface pressure tendency equation

3R . s ok 3
St S+ ve P - wg s 7

The slipping walls are assumed at North and South boundaries
of the domain of integration (see Fig. 1), whereas the cyclie
boundary conditions are assumed in the east-west direction
with the cycle of length I .

The wvertical structure of the model

The numerical solution is obtained by integrating
the model in time by using three level structure (see fig., 2).

The wind components wu, v, and the geopotential <
are specified on 250, 550 and 850 mb levels. The temperature
T is specified on 400, 700 and 925 mb levels. The tempera-
ture at 925 mb is assumed to remain constant throughout the
period of integration, The dependent variable @ is speci-
fied on 400 and 700 mb levels whereas ng and Wg are the
values at the surface having orographic height H .



Pinite difference schemes

The primitive egquations, in flux form, are having
the space differential terms of the type %& (AB) and.&%%
The finite difference expressions adopted for space diffe-
rential are derived (Okamura, 1975) assuming the conserva-
tion of total mass and energy of the system. The finite
difference notations and expressions for the above two

terms are

Dx (A% B)i =-B|gg§ '{Ai-u (8141 +33)+A; (385—-55_,_,)} (Bi+|+5i)

= A1 (8 +5;) +A; (38:-8;_ ) F (8 +Bl;__|):l .+ (8)

and

=1 '
Gix (AsB); =27 {(Ai+l+Ai)CBi+l_Bi)+(Ai+A‘E-I)(BE_Bi-I2}"<93
respectively.,

Here 1 represents the running index in & direction.
Similar notations can be used for the space differentials

in 3 direction.

The finite difference analogue of the primitive
equations and the treatment regarding the points which are
close to orography etc, are similar to that of Okamura (1976).

e Initial fields and the specification of terrain

Initially the zonal flow U :: 10 mps is assumed to
be present without any shear in vertical as well as/Iateral /[ in
directions., The wind and height are related by geostrophic
approximation, The height field, thus, can be obtained from



wind by using the exXpression
= k.
) (3
zf—z{_—g__é.fda .--...-..(10)

where 1€ varies from 1.  to % for three different levels,

El - 10’326 m ‘2.2 e 4’848 m and ‘2-3 F= 1,452 m,

The sea level pressure is obtained by using the expression

10|13 — 850
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3

The hydrostatic approximation is used to cempute temperature
T at different levels and assuming no mountains., The com-

puted initial values are shoewn in Table 1,

The orographic heights are computed using -
the expression

H= Hm J1-g2 for R 1
> 1

:o for E * % e e e (12)
where
x> 2
ghe X

—§§+R§ (13)

Hm = 1006 m

RX = 2000 Emg

R = 1000 ¥m;



The surface pressure is now cbiained by using again the hy-

drostatic approximation.

The computed height of the orograpny at various
points and corresponding surface pressures are showa in
.
fable e,

Matsunots (1966) time integratiocn scheme 18 used
for integration. The scheme has desirable effects of Su-

ppressing the high frequency gravity waves,

The model was integrated for 5 days using CDC-3€00
computer without using any type of smoothing, The time Step

of 12 manutes was used for integration.

S Regultes and discussion

The forecast results are obtained for all the
five days, but the results for 5th day enly are presented.

Geepotential height and wind fields : The forecast fields
for 120 hours are shown in figure 3 to 5 for 250, 550 and
850 mb levels., The formation of the ridge on the windward
side of the terrain and the trough on the leeward side ars
immediately apparent from the diagrams, The oscillation cf
the 'Rossby type' with secondary ridge towards the éastern
3ide away from the barrier is also seen, The wind speed is
reduced in central west part where the flow appreaches
towards orography, The southeast and northwest sectors
near orography show enhancement in wind speed,

Surface pressure departurs : The development of high Ppre-
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gsure on the windward side and the low pressure on the lee-
ward side of the orography and also the secondary high pre-
ssure development towards eastern side of the fully develeped
flow are observed (see fig. 6).

Inifial development in 12 hours forecast indicates
development of high pressure on the windward side (+ 4.9 mb)
and symmetrical low pressure departure on leeward side
(-~ 4.4 mb), The zero isopleth is almost in the direction
of the %y axis thre! the centre of the orography. Similarly
the 2nd isopleth of zero line is towards eastern side more
or lzss parallel te the first iseline. Subseqﬁont forecagt
shows rapid development and changes especially in the leeward
trough and the ridge.

Vertiral p velocity and thermal changes : The ubward ver-

cal velocity is developed on the windward side of the moun-
tain, This is due to forced ascent of the flow over the
barrier., The vertical P velocity is downward on the lee-
ward side as expected. Further east in some pockets the
upward vertical motion is observed, which may be due to
oscillatory type of development in pattern. The forecast W
fields are shown in figures 7, 8 and 9 and the temperature
departures for 400 and 700 mb are shown in figures 10 and
11 respectively. The cooling on the windward side and the
heating on the leeward side near oreography are appropriate
in view of the vertical velocity development in this region.

4. Concluding remarks : This experiment is performed

without the inclusion of frictional and diffusion terms in
the momentum and thermal equations, The effect of these
terms on forecast fields will be studied in the seperate



experiment,

The present experiment shows the proper simulation
of the dynamic effects of low type of orographic barrier,
The conspicuous features are : (1) Development of up-
stream ridge and upward vertical wvelocity due to forced
ascent, The corresponding temperature changes are negative
indicating cooling. (2) Development of downstream trough
and downward vertical velocity and the associated positive
temperature departure indicating heating and (3) The os-
cillation of the 'Rossby Type' on the leeward side indica-
ted by the development of ridge on the eastern side,
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