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A study of large-scale vertical motion over West Africa
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ABSTRACT. Three separately recorded cases of thundery weather over West Africa that occ urred during
the conduct of the west African M onsoon Experiment (WA MF.X) of 1979, arc investigated with the kinematic
vertical p-vcloci ty field. The scheme employed here is based on a least-squares-plane technique which has been
described in Jcgcde ann Balogun (199 1), as a variant to the similar methods used by Kung (1972, 1973), and Pcdder
(1981).

The aim in this study is to demo nstrate the practicability o f the kinematic metho d for interpret ing observed
surface weather. In all the three cases, there was some co nsistency noted between the prec ipitation patterns and the
com puted vertical velocity fields within the sub-region.
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atmospheric circulation is required except for the hy
drostat ic balance. Smith (1971) and Kung (1972, 1973)
have to a rem ark able degree of success, used the
kinematic method to obtain " realistic" profil es of the
vertical velocity to describe synoptic scale feat ures
over orth America for some specific case studies.
Also in a recent study of the synoptic scale features
oyer West Africa by Jegede and Balogun ( 1991), the
kin, malic ap proach has been utilised to co mpute the
large-scale mot ion fields using data collected du ring
the FGGE's West African Monsoon Experiment
(WAMEX). Their kinematic fields obtained showed
some consistency with recognised synopt ic featu res
over the sub-region. The kinematic method by Jegede
and Balogun ( 1991) is used in th is study to estimate
the vertical velocity field from the sparse upper-air
data available within the area. This field is then used
to study the weather (precipitation) pat terns on the
three .days : 19 ~n~ 29 July, .and 10 August, all
cf which fall within the special observation per iod
(SOP) of the WAM EX in 1979.

1. Inlroductlon
Due to the intense rad iative heating that is usually

received in the tropical areas du ring the monsoons,
vigorous local convect ion occurs which often matures
to for m cumulor imbus complexes that are embedded
in the synoptic scale weather systems within the area.
In such convective areas. the field of the vertical mot ion
is seen to be largely indicati ve of the patt ern of preci
pitation (Bannon 1948. Riehl et al. 1952, Miller and
Panofsky 1958).

Routine measurements of th , large-scale vertical
velocity are not made since the typical magnitudes
involved are so small for a reliable record of this
quantity to be made. Therefore, it is then necessary
to indirectl y estimate th is quant ity using a computat ional
procedure. There are several of such techn iques
available and in use for evaluating the large-scale verti
cal motion field, and these are mainly : precipita tion
(Bannon 1948), adiabatic (Miller 1948). vorti city (Riehl
et al. 1952), numerical (Sawyer and Bushby 1953)
and kinemat ic (O'B rien 1970, Smith 1971 ). A survey
of some of these techniques and their inherent limitat ions
is discussed in Panofsky (1951), Miller and Panofsky
(1958), and Lateef (1967). However, it should be
be commented here that the choice of a particular
method is dependent on the density and the type of Over West Africa, dearth of data from a dense network
available data, and also on the kind of analysis requi red. of upper-air .stat ions has posed to be a major difficul-

The kinematic method used in this study, is derived ty to producing accurate anal yses of the meteorological
from the continuity equat ion. In the scheme, no pre- f ields. It is within this limitation that this present effort
vious assumpt ion about the nature of the original is directed.
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