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ABSTRACT

A Lhree-dimensional limited area model is used to study the mesoscale and convective-scale
systems over Kenya. The model has 36 prid-points in the cast-west direction, 25
grid-points in the porth-south direction and 13-sigma levels in the vertical, The model
uses a nested grid sysiem in a (wo-way interactive manner with (he finc-mesh resolution
being 40 km and the coarse-mesh resolution being 120 km. The finc-mesh domain is
centred on Kenya while the coarse-mesh domain covers most of East, Central and Southem
Alnca,

The model is used 1o simulate both mesoscale and convective scale weather pallems in
Kenya during the dry period of January 1976 and wet scason of April 1976. Particular
attention is given 10 both mesoscale and conveciive systems, the inleractions between them
and how they possibly influence the larger scale weather systems over Kenya,

The mesoscale systems of interest are the lake/sca breczes, mountain flows and synoptically
induced mesoscale systems. ‘The convective-scale systems of great concen are  the
thunderstorms/hailstorms  and  lightning hazards, while the larger-scale phenomenon is the
Intertropical Convergence Zone (ITCZ) and the large-scale flow,

The results indicate that high ground plays a significant role in the devclopment of these
hazardoss weather activities by gathering the moisture necessary for condensation and
subsequent  precipitation.  The resuits funther show that the release of lalent heat by
condcnsational warming plays a significant role in the development and maintenance of the
thunderstonns/hailstorms and lightning  activities over the Kenya highlands. It is suggesied
that this phenomenon be paramelrized accurately into the numerical simulations 1o help
understand the physics and dynamics of the hazardous weather over Kenya especially above
the highlands.

The results of this study will have a significant impact on the energy and water budgets and
will also be wscful for the improvements of weather forecasting and cloud modification

programme over Kenya.



1. INTRODUCTION

Small scale aunospheric festutes such as land and sea breezes, mountain and valley winds
are refemed 0 as mesoscale systiems  while phenomena such as  thunderstorms/hailsiorms,
lightning and syuall lines arc known as convective-scale systems. These systems have
horizontal scales of a few kilomeierss to a few hundred kilometers. The venical scales
normally extend from tens of meters 0 the entire depth of the troposphere. Their lime
scales are in the order of a (ew minules to one day.

Over the Kenya highlands there is a high frequency of thunderstorms/hailstorms  and
lighining throughout the ycar. The interest of this study is centred on the accurate
simulations of these small-scale flows, their development and the interactions between them
and the larger-scale cnvironment,

The region under siudy is surounded by Lake Vicloria on the westem side and the Indian
Ocean on the eastern side. In belween the Iwo water masses there are chains of highlands
making the mecteorology of the country rather complicated (Fig. 1). This conliguration is
favourable for the development of lakefsea breezes because of the swriking difference in the
response of land and water to solar radiation and radlative cooling. Water has a very large
thermal capacity compared 10 land and consequently it responds much more slowly o solar
insolation than land.

It is hypothesized that the high frequency of hailstorms over the highlands is a
consequence of the convergence of the moist lake breeze from Lake Victoria, upslope flows,
the large scale eastedies and the prevalent convective instability of the wopical
atmosphere. The thunderstorms/hailstorms of western Kenya cause secvere damage lo crops
(especially tea), and lightning hazard is now a national problem.

Many li\_res are lost due to lightning and about 12,000kgs of tea are destroyed

every, year by hailstorms(Alusa, 1978}, Attempts to minimize hailstorm _destruétion

pf the tea crop in the Kericho-Nandi area of the Kenya h‘;ghland's' by seéding the:

clouds proved unsuccessful. Research to study the dynamics and Physics of the
mesoscale and convective scale phenomena over Kenya, especially over the
highlands has led to analytical, observational and numerical studies of these

phenomena over the region.
The noctumal phase of the lake circuladon has been shown o account for most of the mean

annual rainfall over the lake, while over dwe highlands most of the aclivity 1akes place
during day time due 10 the converpence belween the lake breeze, upslope flows and the

large-scale casterlics (Flohn, 1970; Fraedrich, 1972, $ansom and  &iVehuiya, I871).  Chazgar

(1977) showed that there was ne correlation between the  thumderstonn  paliem arl the

climatological features. He, however, noted that the association of thunderstorms with high
ground and converpence zones was well illustrated,

In a two-dimensional numcrical model, Okcyo (I982) showed that srong  convergence
occurred over the Kenya highlands at 1300 h local time in dircct agreement with ihe
observations and observational stdies of the thunderstorm/hailstorm  occurence over the
highlands, In another study, Okeyo {1987) the author found that Lake Vicloria was a major
source of moisture and energy neccessary for the development and mainienance of these
convective-scale hazards over the highlands.

The parametrization of convective-scale processes is therefore a significant aspect of any
numerical model especially when these processes are organized in mesoscale systcms smaller
than a few hundred kilometers. Such conveclive-scale sysiems are dominating feawres in
the tropics especially in our area of study.

In this study we paramelerize these systems to investigate their interaction with the larger
mesoscale environment and their influence on forecasting for Kenya. Such swudies have
been exicnsively dene in the United States by Anthes and Wamer (1978), Kuo and Anthes
(1984a, b, c} and in Australia by Gauntlett et al (1984). In general observations relaicd 10
parametrization schemes have two aims:

i) 1o verify the parametrization scheme, and

if) 10 increase our wunderstanding of the physical processes which  should be
parametrized, thereby improving our forecasting procedurc. That means there is an
inleraction between the observations and the development of the parametrization

schemes.

Cumulus convection plays an important role in at least (hrec dillerent parameirization
problems;

i) interactions of cloud ensembles and the larger-scale ficlds,

ii} it provides vertical transpons of heat, moisture and momentum, and

ili) it modifies the shon-wave and long-wave radiaion, thercby changing the atmospheric

state.
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The significance of convection models s therefore threefold. The first is to improve the
understanding  of conveclive processes including dynamical mcechanisms and  microphysical
interactions and 1o provide an experimental appiraws on which the  sensitivity of U
conveclion to various parameters can be tested. The sccond is tlo use the model ficld as a
dynamically and thermodynamically consistent data sct on which suitable budget analysis can

be performed and inlerpreted parametrically,

The third is the esseruially practical use as a forccasting tool. It is the latier which is most
pertinent in the present conicxt and has barcly becn cxploited au all, ecither by medellers
or by people with experience in observational data analysis in the tropics.

The problem of cstablishing the physical nawre of the interaction of organised cumulus
convection with the larger-scale cnvironment is fundamental to tropical meteorology. A
clear knowledge of this interaction is in all ways essential to an understanding of the
dynamics of tropical phcnomena in gencral and equatorial sysiems in particular. In recent
years, many diagnostic and some prognostic studies have becn made that have led to an
improvernent of cumulus pmmci:r"izalion theory. Simple conceptual models have proven to
be uscful in diagnosing the intcraction of precipitating and non-precipitaling cumulus
ensembles with the large-scale motions (c.g Yanai et al, 1973 Ogura and Cho, 1973’
Betts, 1975; Niua, 1975, 1977, 1978, and Johnson, 1976, 1977). These and other studics
have helped to establish a general concensus on how cumulus convection modifics and

maintains the larger-scale thermedynamic ficlds.

2 THE NUMERICAL MODEL
The numerical model used 0 akis study is similar to thal of Anthes e al (1987). The model

incorporaies parametrization of cumulus convection, full physics and dynamics of both the
mesoscale and convective scale systemns over Kenya, A passive moisture scheme in which
the moisture variable docs not interact with other dynamic and themodynamic variables is
also used lo distinguish the impact of cumulus convection on weather pattemns over Kenya.

Both versions of the model use nested grid system.

a)  The passive moisture scheme

In this scheme, the model equations in flux form are formulated for an  equatorial
atmosphere, ‘The equations are given in a coordinale system using & mercalor map

projection. For an equatorial aimosphere, the map scale factor m is given by

CUSBO
m = Focy =1

where 0 is the lalitude at which the projection is true (usually 0, = 0, the equator) and [
is the latitude of model domain.
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The thermodynantic equation
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Tiw moisture equation
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b}  The cumulus parametrization scheme

The cumulus paramcirization scheme used in this study is the modified Kuo (1974) scheme
similar to that used by Anthes et ai (1987). The vertical heating profile is prescribed
following Yanai et al (1973). The wtal amount of convective rainfall is dctermined by
moisture convergence within a grid column following Kuo (1965, 1974). In this scheme the

equations of heat and moisture are given as

Ap*T 2 aprar  RT,0 e
—S—l— =-V,p*VT-J’ac +C (0+plp“‘) C Ny {o)1-byeM, 8)
Qgs‘-‘l_ = bEMN, (0) + V, () + FQ )

Where Nh and N_ are respectively non-dimensiona] convective heating  and moistening

profiles and Vq r

in
is the vertical flux divergence of moisture by cumulus convection.

The integrated moisture convergence is defined by
1

171 7
M=-g IUV.p*quc (e

A portion (1-b) of M, is assumed to condense and fall as rain, and the other porion (b)
of M, is used 1o moisten the grid column. Hence,

J §p*C¥do = (1 - bgM, an
Nm is defined as
Y@
Nm(®) = T ( o)io a2

where ¢ is the samration mixing ratio. Both Nh(c) and Vqt{o) are prescribed functions of
G, with the constrainis

I3 Nyowa =1 (13)
and

IgV o =0 (14)

In this scheme cumulus convection is activaled when gMi > gMc, where Mc is a critical value
of moisiure convergence (usually taken as 3.0x!0'5kgm'2s'1). Nj(o) ofien takes the
shape of the QI profile determined by observed large-scale budgets. such as those of Yanai
et al (1973) and Kuo and Anthes (1984a). qu is estimated assuming a vertical profile of

cloud venical motion (oc) and q° (which is the deviation between e cloud mixing ratio and
the environment mixing ratio q).

c) Numerical iechniques

Various types of numerical techniques are applicd to control any spurious waves thal would
influence our simulations. The techniques applied here include finite dilferencing, both
spectral and winporal, horizonial diffusion and temporal filtering,
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i) The finite difference scheme

The finite difference scheme used in this study is similar 1o Anthes and Wamer (1978).

Using Hovermale's (1968) notation, the finite-difference operators are given as:

e =00 - Fy ) fax

0y = (O i~ B ) 1 AY

(an

X= (05 + O ) 12

T YT Gty (2
where « is any variable, j is east-west index and i is north-south index. The vertical

differences and averages arc delined as:

= (ul(+’.é h O‘K-‘.-&) 12

(16)
B = (0 4y, - Oy )

The finite difference analogs for the velocity components, heat and moisture are given by
Anthes and Warner (1978) and Anthes et al (1987).

i) Temporal integration scheme

In this study we use a time-integration scheme similar to that of Brown and Campana (1978).
This is an exphicit scheme which permits for a time step pearly equal (o two limes larger

than that allowed by the conventional leapfrog scheme. The stability of the scheme depends

on the computation of the values of p* and ¢ at the timesiep T+] before computing the
momenium values at timestep T+1. Then a weighled average of the values of p* and ¢ at
timesteps T-1 and 41 are ulilized in the pressure gradient force terms 1 and 2. In these

cauations

= (p*t'l + p‘“l) +(1-2n) p‘T (17)

with a similar expression for ¢. The scheme is stable for 1 < 0.25 and permits maximum time
tep for = 025, In this study a value of 02495 is used following Anthes and Wamer
(1978) and Anthes et al (1987),

iii) Horzontal and vertical grids

In this study a staggered grid system similar w0 the sl grid described by Anthes (1972} is
used. In this scheme the horizontal velocity components are defined at the [ull grid
points while all the other variables are defined at the half grid points. The vertical grid is
also staggered, with the horizontal velocity components, geopotential and temperature

defined at one set of levels while the verical velocity (;x) is defined at adjacent levels.
The horizontal and venical grid spacings are variable. In the horizontal we use a fine
mesh grid nested inside a course grid. In this formulation a constant grid resolution of 40
km is summounded by 4 grid with separation of 120 km. In this case thcre is discontinuity
between the fine and the coarse grids as opposed 1o the cxtended grid approach where
changes in grid size are defined by a continwous function. This gridding system was used
with considerable success by Gauntlett et al (1984) and Anthes et al (1987).

d)  Boundary layer formulation

Deardorff (1972, 1978} and Blackadar (1978) discussed two approaches to representing the
vertical transports in the planetary boundary layer. The fimst approach is the bulk-type
parametrization in which the PBL is represented by a single layer and the fluxes of heat,

moisture and momentum are related to the surface conditions and the temperawure, humidity
and momentum variables at the lowest level of the model through exchange coefficicnts.
Althouph this scheme is efficient computationally and is suitable for many purposes, it may
not be adequate for systems that depend critically on the vertical details of the flow and
stability in the PBL. The sccond approach is the high resolution type. In this approach
the structure of the PBL is resolved explicitly by including scveral computational levels
within the boundary layer. Review of the high resolution PBL models was donc by
Blackadar (1978).

The high resolution approach is suilable for those systems whosc venical variations of the
wind, temperature and moisture in the lowesl layers are of major concemn. Such systems
include flow over complex terrain, sea and land breezes, urban heat island flows, flows
under strongly baroctinic situations, and flows in which a strong venical gradient of water
vapor cxisls. 1l is thereforc necessary that in this siedy we adopt the high resolution PBL
mode! developed by Blackadar and described by Zhang and Anthes (1982) and Anthes et al
(1987). For details of this scheme the reader is referred to the twa papers.



e) Initial and boundary conditions

Initisd and boundary condidons have considerable infleence on the numerical model
simulations of any scale especially of lmied arca type. These condilions must therclore be
defined or prescribed correcily if the forecasts from a limited arca model has to be of any
significance.

t) Initial conditions

All the inlcgrations in this sty were stated from an atmosphiere rest at 0600 h local time.
This was consisient with the objective of the study which is mainly the simulation of
mesoscale and conveclive scale sysiems and the interactions between the 1wo scales of
motion and their larger-scale environment,

In Kenya and indeed in many equatorial arcas near the seas or occans and characierized by
many hills and highlands, the transition between noctumal and daytime flow takes place at
just about sunrise. During the period under swudy the sun rises at about 0600 h local
time, Al this time the aimosphere is assumed (0 be calm, This is known as the Lransition
period ie. the time when the flow is changing from land breeze 1 sea breeze and from
downslope flow 10 upslope flow.

The temperawre and specific humidity ficlds werc taken from radiosonde soundings iypical
of January and April from Nairobi, Garisa, Enicbbe and Dar-es-Salaam. These data were
initialised according to Wamer et al (1978).

i)}  Boundary condilions

The specification of meleological variables at the boundarics is a fundamenial problem
when using limited arca numerical models. In general circulation models, lateral boundary
conditions are climinaled by considering the entire global domain. The trcatment of
boundary conditions vares wuemendously from one atmospheric phenomenon to the other.
Open lateral boundary conditions has been discussed previously by Moreni (1969), Shapiro
(1970), Otliger and Sundsirom (1976) and Anthes and Wamer (1978). Periodic boundary
conditions for limited arca models are discussed by Hsic (1983), while time-dependent
boundary conditions are found in Perkey and Kreitzberg (1976).

In this swdy the laeral boundary conditions consist of large-scale time-varying icndencics
lincarly combined with model calculaied  tendencies.  The large-scale  tendencies  for
temperalure and specific humidity are gencrated [rom real dita analysis of these variables,
while large-scale  iendencies of velocily components are  assumed  zero, This type of
boundary condition is referred to as "sponge" condition by Perkey and Kreiwzberg (1976).

The incgration for fine-mesh and coarse-mesh proceed simuliancously using the termnporal
inicgration scheme described in section ¢) ii) above. Each time increment of the coarse
mesh is followed by an approprialc number (coarse-meshy/fine-mesh grid rutio) of small lime
increments of (he fine-mesh grid. During the time integration of the fine grid, boundary
values arc updaied continuously in a 1wo-way inlcractive sense using iendencies from
observations  lincarly combined with model calculated tendencies. The boundary updalc
process is limited to a region that includes the fine mesh boundary and the next four
inlerior finc-mesh grid-points.
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3 T1iE OBSERVATIONAL ANALYSIS

In this scclion we present the mean obscrved feawres of weather over Kenya during
January and Apnl 1976, The data used in this analysis were taken from the Kenya
Metcorological Department. The year 1976 was chosen for this study for two reasons:

i) it was a relatvely normal year and

i)  he data was available from most East African Stations before the break up of the

East African Community in 1977,
The significance of this analysis is mainly 1o verify the model resulis given in Section 4.
a)  Mcan conditions in Jaruary

January is generally a dry month over most parts of Kenya except the Westen, Central and
Coastal areas which experience some precipilation due 10 mesoscale circulations of lake/sca

and land breezcs and mountain flows.

In Fig. 2a we show the 850 hPa mean wind ficld for January 1976. The major highlights

include:

i) a diffluent northeasterly flow almost parailel 10 the Indian Ocean coast with an easterly
branch towards the Kenya highlands.

i) a voriex above the Kenya highlands near Lake Victoria. This vorex is apparently
duc to Lhe convergence between the lake breeze and the easterly branch and also the
upslope flows over the highlands. In most other areas, the flow is rather weakly
convergent if not diffluent altogether. In northeastem Kenya for instance, although
the air is convergent (Anyamba, 1983), it is dry having traversed the highlands of
Ethiopia and Somalia. Hence the large scale flow over here is dry and cannot dcposit

any moisture to the highlands of Kenya.

The diffluent nature of the northeast monsoon stream resulls generally in very dry and
cloudless air over most pant of Kenya especially over norheasiern and eastern regions.
There are however some isolated weather activities over some pans of the country especially
over high ground areas and along the coasts of Lake Victora and Indian Ocgan as
ilusirated by the mean mainfail disttibution for January 1976 (Fig. 2b). 1L must, hpwoever,
be emphasized that these isolated activities are related 10 the mesoscale systems which scem

(0 dominate most of Kenya's weather activilics, As Fig. 2b shows most minfall is found

along the coasls of Lake Victoria and Indiwn Occan and over most high ground. These
rainfall pattems can be attribuled to the convective activitics due to lake/sca and land
breczes and mountain  circulations as will be demonsirated by the numerical resulls in

Scction 4,

b}  Mcan conditions in April

Fig. 2¢ illustrates the 850 hPa mean flow for April 1976. 11 is cvident from the figure that
the flow is mainly easterly. April is climatologically a wet month during which time the
Intertropical Convergence Zone (ITCZ) is traversing the region on ji: northward (rend.
The flow during this time is fickle but moist as it flows directly from the Indian Occan.
One strong feature in the figure is again the convergence between this casterly flow and
the mesoscale circulations close to Lake Vicloria. Most other areas, however, cxperience
some general diffluence due to the increasing wind speeds lowards the ITCZ. This fact is
demonstrated clearly by the rainfall ficld Fig. 2d. As in January, most rainfall in April is
concentratcd along the coasts of Lake Vicloria and Indian Ocean and also over the high
grounds. This demonsirates that mesoscale systems have a strong impact on  gathering
moisture and heat and thus influencing convective activities over Kenya cven during the
wel seasons. In April, although the ITCZ is passing over Kenya the mesoscale phenomena
have a strong ¢ffect on its activities and indeed over most parts of the tropics.

4.  COMPUTATIONAL RESULTS AND DISCUSSIONS
Four experiments were run using the scheme described above. These experiments include:

« MM1 - This was the control experiment. It included the necessary physics for
the mode! and ulilized the cumulus parameltrization scheme.

+ MM2 - This was the passive moisture experiment. in  this experiment, the
moislure variable was not allowed to interact with the other meteorological
vatiables,

* MM3 - Same as MM but for flat lerrain.

« MM4 - Sume as MM1 but increased moisture and different temperature profiles.

a)  Conitol experiment  (MM1)

i) Wind lield

Fig. 3a ibustrates the vector wind field at surface from modet simulaions at 1800 b docal time

(12 b model run). The higltights from this figure include strong low-level convergence on
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the cast coast of Lake Victoria strewching from about 4%°S to abouwt 1°N. This low-level
convergence is associated with the lake breeze and upsiope flow from the westem side of the
highlands and upslope flow from the eastern side. There is another low-level convergence
arca to the nonh of Lake Vicloria associated mainky with Mt. Elgon. As will be shown. later
these convergence zones are also  associated with very strong moisture convergence and
strong vertical temperature gradients. On the easiern slopes of the highlands, we notice
strong upslope and weak coasizl southeasterlies. Maximum wind speeds of 10.6 mfs on the
eastem slopes and 10.3 m/s above the highlands.

Over Lake Victona the model simulations show a swong low-level divergence due (o the
relatvely higher pressure zone developed over the lake than over the Jand because of the
differential heating  beiween water and land during this time, The resulis above are
consistent with the theory of the development of lake breeze circulations and observations
over this region (Section 3). Observations here show strong weather activity over the
Kenya highlands and generally clear skies over the lake., The reverse situation takes place
at night with the development of the mainly convergent land breeze which causes
thunderstorms over the lake at night.

The combinxion beiween the lake breeze and the upslope flow from the western side results
in increased wind speeds which enhance the convergence over the Kenya highlands with the
conscquence of increased convection. In general the low-level flow is convergent mainly
due to two faclors ie. fricion and convergence between lake breezefupslope flow from the
western and upslope flow from the eastern side of the highlands. It should be noted that
the strength of the convection over the highlands depends on the intensities of the lake
breeze and the (wo upslope flows - from west and east of the highlands. The iniensilies of
these mesoscale flows depend strongly on the radiative heating and the large-scale heat and

moisture conver, sence.

The low-level convergence is moticed up to the 700 mb level cspecially zbove the highlands.
However, at 500 mb level the winds are gencrally weck and divergent. Thus it is clear that
the mesoscale phenomena (lake breeze and upslope flows) are shallow systems that influence
strongly the evolulion and maintenance of deep convective clouds. These convective clouds
transport heat, moisture and momenum 1o greal depths into the upper atmosphere and also
recirculatle heat, moisiure and momentum into their environment through lateral mixing and

adiabatic wanning.

In Fig. 3b, the venical velocity profile is presented. The figure shows a low-level maximum
in vertical velocity at 700 mb and an upper level maximum @ 300 mb and a minimum at 500
mb. Since venical velocity is coupled 0 latent heating, it is expected that there is swong

condensalional warnmning beiwen 850 mb and 550 mb and also between 400 mb and 200 mb.
The simulations of the veriical velocity are consistent with those of the horizomal wind field
which show convergence in the lower and upper layers of the troposphere and divergence in
the middie woposphere. The double peaked profile in vertical motion supports  strong
mid-ropospheric convection.  Okeyo 1§90  (this issue) using a two-dimensional numerical
model simulated decp, mid-tropospheric cumulus clouds over the Kenya hightands  during
late afiemoon. Hack et al (1983) showed that a double peaked large-scale vertical velocity
produces a4 pronounced enhancement of middle-level convection. The strength  of  the
conveclion depends on the strength of the vemical velocity iwself. ( Yanai et al (1976)
however showed that deep conveclion was betier comelated to upper-level vertical molion
than to low-level peaks in vertical veiocity profile, In general, however, il is evident that
convection s coupled to the vertical motion ficld. In models of mesoscale or
convective-scale nawre, vertical velocily must be properly computed if convection has 1o
be correctly monitored.,

i) Moisture and precipitation

In Fig. 3c the relative humidity filed at 8§50 hPa from experiment MM1 is illustraied. The
figure shows thal there is a swong concentration of moisture above the Kenya highlands,
along the west coast of the Indian Ocean and on the eastem shores of Lake Vicloria, We
however notice drying on the eastem slopes of the Kenya highlands indicating that the
Indian Ocean sea brecze is limited to small distances inland. The figure further shows that
there is drying on the cenire, southem and northem sides of Lake Vicloria, These
illustrations are in agreement with the centres of convergence and ventical updrafis. The
moisure or momenium convergence here is due 10 mesoscale convergence which is strongest

over the highlands.

Fig. 3d shows the 12-h accumulated rainfall from experiment MM1. The salient featurcs
include: precipitalion maxima over the highlands and areas to the north and north-eastern
Kenya. As is evidemt from the figure, most precipitation is associated with mesoscale
convergence of momenmm and moisture as discussed above. The highest rainfall of 2.7 ¢m
over the Kenya highlands is associated with the convergence belween the moist Lake
Vicioria breeze and the upslope flows from the west and east of the highlands. The other
precipilation maxima are associaled with high ground as shown in Fig. 1 (physical
fealures). These resulis are compatible with observational analysis discussed in Section 3.

by  The elfect of latent heating on the mesoscale syslems over Kenya (MM2)
In this section the influence of latent heat from cumulus convection on the mesoscale sysiems

over Kenyus is discussed by comparing the resulls from passive moisture scheme (MM2) 1o
those from the control experiment (MM1).

I
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Results show similarily of solutions at 12h local time (6h of model run), This similarity
indicates that the evoluwtion of mesoscale circulations is not significantly affecied by the
latent heming  during  the  early  stages and  suppons  the hypothesis  that  convective
instability of the tropical atmosphere is the major mechanism in the carly development of the
clouds. Mowever, as the insolation intensifics in the latc afiemoon and the vermical motions

become stronger, latent heating plays a greater role in enhancing the development,

The difference in PBL winds (Fig. 4a) indicates larger, more intensive circulation when
lalent heating is present at 1800 h (12 h model time) local time. This is consistent with the
resulis of previous rescarchers such as Anthes et al (1982) and Anthes et al (1983),
Cumulus convection also produces a wammer upper troposphere over most of the Kenya
highlands (Fig. 4b) with a maximum difference of 2°C occuming over the region of maximum
precipitation and at the level of upper level velocity maximum, This is much less than the
diffcrence realised in extra-tropical cyclone by Anthes et al (1983) which was 8.9°C. In
the lower troposplicre, the simulation with latent heating is colder in most coastal arcas and
the highlands. The lower layers above the lake and the ocean are howcver, warmer due fo
the effect of warmer compensating subsidence,

Fig. 4)? shows that the lower layers are drier in the simulations with latent heating than from
the passive moisture scheme over the poinls of maximum convection and is more moist
elsewhere. These resulis confirm the hypothesis that cumulus convection affects the
environment through laleral mixing and adiabatic wamming. They also confirn the theory
that cumulus convection transporis heat and moisture to the middle and upper troposphere
thereby warmming and moistening those levels while cooling and drying the lower
Both these 1cms

troposphere through the convective eddy flux terms T and &q
transfer cnergy upwards and tend to stabilise the cloud environment.

€)  The mwle of orography on mesoscale and convective-scale systems (MM3)

In this section we discuss the resulls from a model run assuming flat temain (MM3) and

compare thesc these resalts with those simulations from the control experiment (MM1).

Fig. 5a illusirates the wind field difference (MM1 - MM3). The figure shows the strength of
the upslope flows at 180X h local time. In Kenya, the high frequency of thunderstorms/
hailstorms is  associsied  with  high ground amd Lake Vicloria brecze and with the
convergence between the mesoscale and synoptic-scale flows (Asnani and Kinuthia, 1979).
Chaggar (1977) however, argues that it is difficult to relate the pattems of thunderstorms
1o synoplic and climatological features whereas the association of thunderstorms with high
pround and the converpence zoncs is well illustrated in Eust Africa. Hills (1978) found
that the organisation ol rainfall in ¥ast Africa is clearly related w0 occanic and orographic

inlluences.

e
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Fig. 4a: ; Difference wind field at 1800k local time
(contro.}"' and passive moisture) at 9 = 0.96°.

!




- 159 -
| Temperawre  differcnce ficld (not shown) indicates strong iemperalure  difference in the
iower layers, revealing that high ground is an imporant factor in modifying the atmospheric
lemperature at least in the planctlary boundary layer (PBL.).

Fig. 5b illustraies the relative humidity field ac 850 mb from experiment MM3. The figure
shows thal maximum moistening is simulaled along the coasts of Lake Victoria and Indian
Ocean. These maxima are associaled with lake/sea breeze convergence zones as noted by
previous rescarchers (Gentry, 1950, Gentry and Moore, 1954, Hsu, 1969, and Piclke,
v 1974). In the conurel case, most of the moistening is simulated above the Kenya highlands
‘ at the zonc of maximum updraft. Overall the control case shows more precipitation than the
flat case. Fig. 5c shows the mainfall field for MM3. Most rainfali is realised along the
coasis of Lake Victoria and the Indian Occan in agreement with the relative humidity field.

! I T T o
) ! ! N These results indicate the effect of orography in concentraling and transporting moislure
5 e to greai depths aioft.
// d)  Large-scale influence (MM4)
- ., - In this section the results from an experiment using a more moist sounding and dilfercnt
~1-0 10 / —oe rpe
K \‘ // temperature profile for the wel season are discussed and compared o the results from a
3 Vs ] ! dry season (MMI1). The results from this experiment are qualitatvely similar o those from
- . // e MM]. Some differcnces however occur in the magnitudes which show slighty stronger flow
~ for wet season (Fig. 6a) than for dry season. This is perhaps associaled to increased
/f ’ convection which influences its mesoscale environment through laweral mixing and adiabatic
= warming,
/ 4 &
/
1 ] ! { 1 ° 1 The major difference between these experiments is however noliced in the vertical velocity
[T0 %40 36° 38° 1 = |_l5%s 1
b 2 44° ! profiles (compare Brg. Al Fig. 3b). The two figures illusirate strong differcnces in
4b 4a 1 magnitudes although the venical structures are gualilatively similar. Like in the case of 441 the
Fig. 4-75: Same as 4<Ta but for temperature at upper levels vertical profile has iwo maxima at 700 mb and 300 mb and 3 minimum al 500 mb. As
P
{ o =0.35. Contour interval is 1°c, discussed carlier, lateni heating is coupled 1o vertical velocity. Thercfore for higher

magnitudes of venical velocity we expect stronger convection and more precipitation,
Krishnamurti et al (1983) showed that mesocale convergence is an important fuctor when
considering rainfall raes.  Since rainfall parametertzation ig po_s;-(! as a two-parameter
' problem: a mesoscale convergence and moistening parameter, it follows that during the wet
season when the ITCZ is passing over Kenya, we gel increased convection due 1o increased
moisture  following the ITCZ. We thercfore get more aclive wealher and increased

1 precipitation during this season.

‘ Krishnamurii el al (1983) also showed that (e mesoscale convergence parameter has a

4 higher magnitude during disturbed weather than during other times.

e

ey



Fig. (J:hslluwsul_hat simulated rainfull for wet scason is morc than that for dry scason
(é(_;"\ :nnr,t j;oi;b Fig. 3d). The wwo [Opures however illustrate similar patiems of
raiLnl':ﬂ] occurence during both these scasons  indicaling that mesoscale and conveclive-scile
features are paramount in inftuencing the rainfall pattem.  This rcsult shows that over
Kenya and indecd "over most of the tropical regions where cumulus convection is an
impuniant  aspect ol  weather activitics, mesoscale convergence seems to be a  more

significant mechanism in deciding when and where convection cocurs.

4o

429

10°

e

. 36°
Difference Windfield‘ {control and flat cases}

Sa:

Fig.

at 1800h local time at o = 0.965.
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5. SUMMARY AND CONCLUSIONS

This puper has described in general terms the
mesoscale and convective-scale systems that influence
the weather patterns over Kenya. Several sensitivity
experiments have been done to isolate the impacts of
these mesoscale and convective-scale phenomena on our

wealher.

The sensitivity studies show that in general
weather over Kenya is generated locally by the meso-
scale and convective-scale factors. The mesoscale and
convective-scale factors of significance are lake/sea
and land breezes, valley and mountain winds and thunder-

storms, hailstorms and convective instabilitye

It has been shown that Lake Victoria breeze
plays a very significant role on the development and main-
tainance of the hazardous weather over the Kenya high-
lands by supplying moisture and energy to the conver-
gence zone over the highlands. Both observational and
numerical results further show that valley and mountain
flows have strong influence on local weather activities
over Kenya. Indeed most of the rainfall especially
over central Kenya is associated with valley and mountain
winds. lHesults also show that latent heat produced from
condensational heating has significant influence on the
development of thunderstorms/hailstorms, lightning and
flush fleood hawards over Kenya. It is therefore impor-
tunt to incorporate condensational heating into any
numcerical model for accurate simulations of these

weather hazards.

Additional results show that both the meso-

W

scale and convective-scale systems have sirong in-
fluence on the activities of the Intertropical

Convergence Zone (ITCZ) over Kenya.

In comparing the numerical model results with
the observational amalysis it can be concluded that the
numerical model used in this study can be efficiently used
used as a forecasting tool for Kemya. It can further

be concluded that this model can be used with great

i

success to give -early warning of meteorological hazards

like thunderstorms/hailstorms,lightning and flash floods.

These hazards are rampant in many parts of Kenya especially

over the Kenya highlands. We however, need to do further :
research, incoporating the large-scale flow before the

model can be applied operationally to forecasting and

to give early warning of the meteorological hazards.

This study has an important bearing on the de-

s

velopment of a forecasting numerical model for Kenya
and also on early warning to residents and farmers
living on areas which are usually affected by meteo-
rological hazards. The model, with modification can be
used to monitor many other meteorologicul phenomcna

such as pellution, drought etc.
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