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Step boundary conditions in the barotropic model
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AHSTRACT. Step boun da ry conditions (SaC)arc introducedand, jointly ~it h a modified cyclicity co ndition,
have been implemented to a numerical model (based on the barot ropic qua st-geostroprc vor nc rty equat ion ) In
order to restrict boundary effects and improve the weather forecasting s~i11 for Region IV. Enco ura ging results
were obtained which indicate thai the cyclicity condition , although applicable, should be revi sed to produce
even better short-range weather predictions.

1. Introduction

The physical basis of the numerica l weather predic­
tion at synoptic scale was introd uced by Charney in 1949.
In the following year. Charney et af. (1950) published
the first numerica l weather forecast using the barotropic
vortici ty equation. T hey simp lified the hydrody na mic
equa tions. assuming a geostro phic balance while using
the hydrostatic approximation and the divergence
relation. With these simplifications they surmo unted
the integratio n difficulties that Richardson (1922) had
by filtering o ut the numerica l noise produced by the pro­
pagation of high frequency acoustic and gravity waves.
Shuman (1957) developed numerical methods to solve
the balance equ ations and produced weat her forecasts,
which smoo thly evolved from initia l meteorological fields
for a zonal belt. Shuman and Vande rman (1966) solved
the primitive eq uation for the zonal belt between 45°S
and 45° . Oth er nu merical integrations for the northern
hemisphere (Phillips 1959) and for the terrestia l globe
(Kasa hara 1977) were also conduc ted with encouraging
results.

Asnani (1972), M ukerji and Dalla (1973), Sikka
(1975) and Raman athan and Bansal (1977) have
developed numerica l models to produce sho rt
range weath er forecasts for India and its surroun­
ding areas. Th e numerical experiments demon strate
that these models suitably predict the evolutio n of
low pressure systems. the occ urrence of monsoons and
the trajectories of tropical cyclones. Bedi (1979),
applying a spectral technique to integrate the primitive
equations of a barotropic numerical model, exten ded
weather predictions to the northern hemisphere.
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Similar numerical weather predictions experiments
have been conducted in Mexico for a limited geographica l
a rea - Region IV - as descr ioed by Buendia et af.
(1976-77). Buendia et af. (1979) and Buendia and
Delgado (1981). T he main problems that arose in all
of these experiments were the boundary conditio ns
effects. As pointed ou t by Charney et af. (1950),
boundary effects d rastically reduce the accuracy
of numerical weather forecasts.

A procedure is introduced in the present wor k to
decrease the negative eITects created at the boundaries
of the geographical area considered for the nu merical
weather predictions. The basic idea is to lake advantage
of the average meteorologica l co nditions of Region
IV. limited to the west by the Pacific high and to the
east by the Atla ntic high. persis tent westerlies to the
north and equally persistent easterlies to the south.
This circu mstance tolerates the prescriptio n ofa cyclicity
condition along the eastern (meridional) boundary of
Region IV and uniform zonal 1I0ws along the no rth
and south (lat itudinal) boundaries of the same regio n.

z. The model

The funda menta l equation of the model is the qu asi­
geost rophic vort icity equatio ns (Buendia et al. 1976-77) :

m2 a\7 'Z = _I L m' J(Z, //I ' \7 ' Z)+ /II' af az I
at f ay ax

(I)

where. /II is the scale parameter of the Mercator pro­
jection (fixed at the equ ator) for an area including












