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Abstract

Four numerical cxperimenis are conducted 10 study mesoscale flows over Kenya using a
two-dimensional numerical model, The experiments  cover a  variety ol phenomena that
influence  weather activity over Kenya during the dry scason, The conrol experiment
utilizes the expticit moisture scheme. In comparison the simulations with those from a
cumulus paramclrization scheme it is found that the cumulus parametrization scheme
simulations are closer 1o observed situation than those of the cxplicit scheme. [n another
experiment using a passive moisture scheme {in which moistur was not allowed 1o interact
with other variables) it was shown that cumulus convection plays an imporant rele in the

strengths and locations of the mesoscale flows.

In a fourth experiment in which both Lake Victoda and the Indian ocean were excluded from
the run, it was shown that Lake Victoria circulation plays an imponant role in the
occurrence of the hailstorms or thunderstorms ever the Kenya highlands.



L INTRODUCTION

Over most parts of ihe tropics in general and over Kenya in paticular weather sysiems
depend to a large extent on the small scale systems such as lake/sea and land breczcs,
mountain flows and the generally prevalent tropical convective instability,. A major objective
of this. study is (0 cxamine the mesoscale systems that are responsible for weather patiems
over Kenya. A lot of rescarch has been done along this line in many parts of the world.
Most of such rescarch has been done in the midlatitudes where the Coriolis effect has
strong influence on the awnospherc flow field. In this siudy the model is formulated for a
non-rotating  plane (f=0). The neglect of the eanh’'s rotation in a mesoscale flow model is
considered a valid first approximation, especially in the wropical regions where the local
Coriolis parameter is much smaller than the Doppler-Shified frequency and thercfore the
Rossby number exceeds unity. Some of the rescarch work done on this field include
Esioque (1961, 1962), Moroz (1967), Pearce (1955, 1962) and Okeyo (1982). These studies
used simple models 1o simulate some of the mesoscale phenomena like lake/sea and land
breczes, They used dry models and therefore were only able to simulate the general flow
paterns of these systems.

Despite the simplicity of e models, the rescarchers were able 10 make concrete estimations
about the [uture behaviour of these mesoscale systems.

Recenlly, more sophisticated models have been formulated which incorporate differeni Lypes
of paramelerization schemes like, cumulus convection, radialive cffects eic. These types of
parameterizations have cnable rescarchers 10 simulate both mesescale and conveclive-scale
syslems more accuralely, Such siudies include those of Anthes (1977), Anthes and Wamer
(1978), Hsie (1983) and Okeyo (1987).

In 2 numerical model especialy of a4 mesoscale or  conveclive-scale nature, the
parametenzation of Lhe planctary boundary layer (PBLY is a significant feature which must
be property incorporated. This study considers the varation in the surface parameters
such as albedo, moiswre availability, roughness length ete. It is also impomam 10 note
that a realistic parameterization of heal, moisture, and momentum fluxes due o conveclive
scale processes s of primary significance for numerical models of the imeractions between
mesoscale  and  convective-scale  systems.  Some  of  these  models  with  realistic
purameterizations  of these fluxes include those of Anthes (1977), Anthes and Wamer
(1978), Emmanuel (1982), Kuo and Anthes (19844, b, ¢} and Okeyo (1987). In this swdy
the Auxes are computed using the method advanced by Anthes and Wamer (1978).

In East Africa some ol the observational and numerical studics done show Uit mesoscale

systems are aesponsible for most of the weather activitics over this region (Flohn, 1970,

Fruixbriclk, 197 28msom  and Gichuiya, 1971, Chaggar, 1977, Asnani and Kinuthia, 1979,
and Okeyo 1982, 1987),

This sidy is concemed with the development of convective-scale and mesoscale (lows and
the ineractions belween the Iwo scales in the occurrence of weather activities over Kenya.
Okeyo (1982) used a two-dimensional numerical model 1o simulate land and sea breezes over
Kenya. His results showed strong convergence over the Kenya highiands during daytime
and over Lake Victoria at night. These findings agreed quite well with (he occurrence of
thunderstorms/hailstorms  over the Kenya highlands during daytime and thunderstorms and
showers over the lake at night. In another study, Okeyo (1987), the author showed that
Lake Victoria brecze contributes most of the moisiure and energy necessary [or the high
frequency of hailstorms over the Kenya highlands,
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2. THE NUMERICAL SCHEMIS
The dynamical frume is tiken from Anthes and ‘Wamer (1978), Keyser and Anthes (1982) and
Hsic (1943). Anthes and Wamer (1978} used a one-dimensional cloud model scheme in their

wwo-dimensional version of the medel. While Hsic (1983) uscd a two-dimensional numerical
explicit moisture model o compute frontal circulations in a moist antosphere. These models
were formulated in the middle Fatitudes where there is strong influence of the canh’s
rolation ie. the Corolis term was significant. They also used Lambent conformul map
coordinaies. In order to adapt the numerical scheme (0 an equatorial aimosphere, the
Corolis parameter was laken 1o be a constanl at zero and 3 Mercator conformal map

coordinates assumed.

2.1 The Dry Model
The dry version of the numerical scheme is deseribed in Anthes and Wamer (1978) and

Hsic (1983). It is a hydrosialic and compressible primitive edquation (PE) model. The grid
system  is  siaggered  both  horizomally and  vertically. The  vertical coordinatc s a

narmalised pressure sysicm given by

O =5 )
where p* =p. - py
and Py is pressure at surface and p, is pressure at op of model.

Using the climatology of the region, the equations of motion, heat and continuity are given

as:
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The hydrostatic equation in this scheme is given by:
2 -
YR ALy ®

A sufficient cendition for the hydrostalic assumption is that the honzontal scale excecds the

. . Az
vertical scalc i.c. ax < 1.

The equation of state is given by
p=pRT C))]

In the above scheme, u and v are zonal and meridional components of velocity respectively,

o is the vertical velocity in o-coordinate system, T is temperature, p is densily ol dry air,
@ is the verlical velocity in pressure coordimate system, @ is peopotential, R is the ypas
constant for dry air, Cp is the specific heat al constant pressure for dry air, 1 is Conolis

paramecter which is assumed cqual W zero in this scheme, 3 s gravitalional acceleration,

and Q is the diabatic heating ratc. The subscrpt s represents the value al the surface.

The FH and Fv lerms are the herizontal and ventical diffusion terms respectively.

22 The Moist Scheme
The moist version of the numerical scheme contains additional equations o represent the
effects of condensation and ¢vaporation and ihe associated redease of the latent hear of

comdensaticn,



In this scheme three additional equations are needed. These are the explicit prediction of

the mixing ratios of waler vapour Uy cloud waler U and rainwater 4, as follows:
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where P, is the accretion of cloud droplets by raindrops, Py is the autoconversion of
cloud droplets 1o raindrops, PRE is the evaporation of raindrops, PCON is the condensation
of waler vapour or evaporation of cloud droplets, and \ is the mass-weighted mean
terminal velocily of raindrops.

The formulation for Ppa and Py follow Orville and Kopp (1977), PRC follows Kessler
(1969}, PCON follows Asai (1965), and terminal velocity v, follows Liu and opville {1969

The autoconversion process is given by:
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where kl = 103 scetr and the critical value for the omset of autoconversion Uy, i
0.5gkgl.

As described by Hsie (1983), the PCON emn iy computed  diagnostically which has the
advantage of a one-sicp compuialion, no iteration is needed. First the mixing raios of
waler vapour and cloud water ar¢ calculated wilhioul the PC()N term. Then supensaturation
or undersamration  with cloud  water (cvaporation) is checked. A one-slep adjustment is
then used 1o compuie the Peon wmi. The north-south boundary conditions for cloud water
and mainwater are e sune as those for u and v ie. the y pradients are zero on pressure
surfaces.

The effect of meisture is to add comection lerms o the thermodynamic cyuation (4), the

hydrostatic cquation (%) and the ideal gus law (9) as follows:
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where Tv = T(1 +0.608 g, ) an

is the virtuid lemperature, p is the density for moist air,

Cpm=Cp(] +0.8qv) (18)

is the specific heat at constam pressure for moist air, Lv is the latent heat of condensation,
which is constant in this model. The effects of liquid water in the themodynamic ¢quation
and ideal gas laws are neglected here, however, the effecl of water loading on  the
hydrostatic equation is considered. From the hydrostatic equation, (15), when liguid
water exists, the geopolendal height is decreased. The effect on the wind ficld may be
small, but a small change in the horizontal wind Feld can signiltcantlty  affect  the
divergence, and convection is closely related 1o the divergence pattcrns.

The initil relative humidily for the explicit scheme {(which is tken as e control
experiment) s arbitrarily specified to be 98% throughout the domain to ensurc carly
developmen: of convection and 10 save compuicr time. Any waler vapour in excess of ihe
crtical humidity (condensation threshold) is condensed. The crtical relutive humidity for
the control simulation is taken as 100%,

e

£l

pre

LL



The fallout temn is diagnosed after all other terms are calculaled, 1o ensure that the
maximum rin water fallen oul of a grid-point ¢olumn is the rain water at that point. A
high frequency oscillation in the rainwater field can occur in the lowest moded layer. The
process most  significantly  affecied by this oscillation is  the  evaporation ol rainwaler
(PRIi)‘ Because of the high relative humidity, the evaporaion of rain waler is nol an
important factor in these simulations. In addition, it only affects the lowest model laycer.
Because the liguid walter ficlds show greater temporal variability, the smoothing coclficient
in the filter {Assclin, 1972) for these two ficlds doubled compared with the coefficients for

u, v, T, p* and g,.

When water vapour is the only prognostic variable all of the condensed waker is removed as
precipitation.  The condensation  1erm (I’CON) is computed using the same procedure
mentioned above  {Asai, 1965), except that no re-cvaporation of liquid water is allowed.
When the prognostic equation for rainwater is neglected, mixing ratio of cloud water in
excess of 0,55 g kg ! is removed as precipitation. This number is arbitrarity prescribed.

2.2.2 The Cumulus Parameterization Scheme

In the numerical modcl used in this study the cumulus parameterization scheme wtilizes the
onc-dimensional  cloud model by Anthes (1977). In  this scheme, the cumulus
parameterization is cvaluated when the atmosphere is conditionally unstable and the
horizontal moisturc convergence in the lower troposphere exceeds a critical value, The
closure assumption for this scheme is that the laient heat released is proportional w0 the

total moisture convergence

1

M=-1 | 99 (prq,) do (18)
)
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The total moisiure converpence is separated into two pars. A fraction {1-b) of Ml is
precipitated owt and the remaining fraction b is redistributed in the venical column. The

fraction b is a function of a mean relative humidity in the column and is estimated by:
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where n=1, R!IC = 0.5 and R is evaluated as
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The use of RH' rather than relative humidity weights the vertical average of relative
humidity according. 1o the ability of the layer to hold water vapour, The < > represents a

vertical average operator:

S
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where 6, and gy, are the sigma levels at cloud top and cloud base respectively. The latent
heat and moisture assigned to slorage are distributed in the vertical by the distribution
function suggested by Anthes (1977). The distribution steady stale cloud model (Simpson
and Wiggen, 1969) as:

Colo)
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where Cp is the condensation rate computed from the updralt of model cloud. The
distributiont  function for moisture is weighted by rclative humidity ad satgration mixing
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The Tractional area, a covered by the precipiialing conveclive clouds is computed as

{1-bjgM

O N (26}
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This fractional area is used in computing subgnid, convective fluxes:
o, o) o o)
Vo it c
G a = i) ()]

where @ represents any variable and subscripl ¢ represemts the variable in the cloud.
Only cloud-scule heat and moisture fluxes are cvalvated in the model. Also, only the cloud
updrafi is considered here. No explicit evaporation is computed (ie. Poon s always
larger than zero),

2.3 Numerical Technigues
The numerical techniques applied o the scheme include the finite difference scheme (both

spatial and 1emporal) herizontal diffusion, and temporal filtering.

2.3.1 Finite Difference Scheme

The finile difference scheme analog used in this model utilizes the S1 grid technique by
Shuman and Hovermale (1968) and discussed by Anthes and Wamer (1978). The S1 grid
conserves energy exactly. For a complele treatise of the scheme sec Anthes and Warner
{1978) and Anthes ct al (1987).

The lime-inicgration scheme used in this study is similar to by Brown and Campana
(1978). This explicit scheme permits for a time-step nearly equal (@ (wice larger than the
conventional leapfrog scheme. The stability of the scheme depends on the computation of
the values of p* and ¢ at limesiep T+1 belore computing the momentum values at limestep
T+l Then, a weighted average of the values of p* and ¢ at timesicps -1, and T+l anc
utilized in the pressure gradient force tenn (2) i.c. in this cquation

p* =nip*¥ 4 pr T (12m e (30)

wilh a similar expression for @, The scheme is stable for 1 € 025 and permits maximum
timestep for 1 =0.25. In this study a value of .2495 is uscd.

In the boundary layer for stable, mechanically driven turbulence or forced convection, the f
vertical fluxes are compuled according to K-theory ai all mes. The coefiicients lor

transport of momenlum and heat sz and Ky, are calculated as a function of the local

Richardson number Ri:

o

R -R.
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K =Kg, = ( @an

Kzo Ri 2 R,

where W is the wind speed, 1 is a constant mixing length, Ric = 1 is a critical Richardson

number and l(m = 1 m? 57 permils a weak background mixing and z is the height. In the

horizonwl, the forms of he horizontal diffusion terms for any varable represented by o :
are '

o .
F”4a=-KH45—4— (fourth order) .
- X
and
- 32(1
[*“2 o= K}IZ a——z— (second order) (33)
X
with
Kypp = Kpgo + K2 1@0A@E 32+ @ 2 (34)
and i
K = (407 Hypy (35)

where k= (.35 is 2 von Kaman's constant. In this scheme, however, the horizontal
diffusion lechnique was not applied 1o the heat and moisture fields.

2.4 Initiat and Bourlary Conditons

The treatment of initial and boundary condilions in a limited arca numcrical model s a
difficull but a very fundamental aspect of the accuracy of the model. In this sudy these
two aspects of e model are treated considering the phenomena under siudy and the

s



cquatorial - proximity ol (he study arca. The limitations of these conditions are however

noted and possible improvements suggested.

2.4.1 Initial Conditions

In the tropics in general and equatorial regions in particular, lack of understanding of the
prevailing instability makes it difficult to initialise mesoscale nwmerical forecast models.
Also in mesoscale {limied area) modclling untike Jarge-scale quasi-geostrophic  flow, no
scaling of the basic hydrodynamic equations will apply under all meteorological condilions.
For example, ihe rclease of latent heat by condensation is a secondary cffect for planetary
flows over short (1-2 days) time periods bul vares from being negligible under many
cofitions lo deminant under others, Similady, non-hydrostatic effects may not be ignored
under all situations when the horizontal scale of the disturbance is small compared to the

venrtical scale.

In this study, however, we recognise that for almospheric disturbances of these scales, the
solutions are often determined more by the local forcing than by the initial disturbance of
the paricular wave, Following this hypothesis and the geography of the mode! domain
(ie. surrounded by lake and ocean and a hilly Iandscape), wc started our inlegrations [rom
a state of rest at 0600 h local time (a time of changeover from noctumal flow o daytime
flow). We further realisc that in January, the flow is mainly norheasterly ie. parallel 1o
the Indian Occan coast, and hence the large-scaic synoplic flow would have negligible

influcnce in the intedor of the domain,

The emperature and specific humidity fields are taken from a radiosonde sounding typical
ol January from Nairobi, Garisa, Emebbe and Dar-es-Salaam. These data are initialized
following Wamer et al. (F978).

2.4.2 Boundary Conditions

The lateral boundary conditions used in this study are a set of open boundary conditions
following  Anthes and Wamer (1978). In  this specification, the surface pressure  and
lemperature one bath he inflow and owtflow boundaries are specified as smoothly vasying
funcions of time. This specification prevents any spurious pressure dilference across the
domain, which would lead to unrealistic net acceleration of e flow. The other variables

are extrapolated oulward from the interior grid poinis,

I addition to these conditions we use extended grid mesh such that the boundaries are
taken far away from our gegion of interest. In the vertical, 1he lower and venical boundary
conditions for vertical velocily component is ecro. There are no (uxes of heal, moisture

and momentum actoss the upper boundary

Parameler

Kno

Al

7o

Table 1 Specified constants ik the model

Numerical value

300

100

D.1

0.081

4 x 10m?/s
0.35

308

100m

L0

1 m2s:t

Sx 104 kg kgt
20km

0.2

0.06

1.0

0.1

0.01 cm

10 ¢

Remarks

Pressure at top of model for dry runs

Pressure at iop of medel for moist

. uns

Smaothing coefficient in the time filter
Coriolis parameter

Constant henzontal diffusion

von Karman's constant

timestep

mixing length

Critical Richardson number

constant vertical diffusion

critical value for onsel autoconversion
grid lengih

surface albedo over land

surface athedo over waier

s50il moisture over water

soil moisture vver land

surface roughness over waler

surface roughness over land



3. RESULTS AND IISCUSSIONS
Four numwerical experiments were conducied W study the evolutions of both mesoscale and

colivective scale systemns and the interactions between the two scales of motion and  their

resuliant influence on weather over Kenyi in general.

The comrol experiment was the cxplicit moiswre  scheme. Al the other resulis  were

weighed against the results (rom this scheine.

3.8 The Results from the Explicit Moisture Scheme
Figure 1 represents the veclor and isolach wind field at 1800 h local time from the explicit

moisture scheme. The highlights from these simulations show strong convergence over Lhe
highlands in e lower layers and divergence in the middle layers of the troposphere. This

is indicative of the influence of the mesoscale systems ie. low-level convergence and

divergence  aloft. ‘The results show a maximum of 10 m/s in the combined lake

breeze/upslope flow on the weslem slopes of the highlands. A rctum flow with a maximum
wind speed of 6 m/s is noticed aloft a the level of maximum conveclion. On the castem
sides of the highlands, however, maximum wind speeds of 10 mfs are confined along the
indicates that the sea brecze has no significant influence on the

occan coast, This
The rewum flow of this regime is deeper

convective aclivitics over the Kenya highlands,
but relavely weaker than that of the lake breczefupslope regimes. Above 400 mb level
we, however notice weak wind speeds indicating that 1he mesoscale influence is peshaps
confined in the lower layers of the troposphere. The figure also illusirates the simulation
of an exicnsive cumulonimbus cloud (zig-zag line) in the middle layers of the Loposphere,
The formation of this cloud is associated with the strong low-level mesoscale convergence
and the resultant updraft realised over the Kenya highlands. This is illusirated clearly in
figure 2, the verlical velocity field. This figure shows strong upward motion of moist,
warm air and relalively weak venical motions cisewhere. This shows that most of the
weather aclivities are excited by the convergence belween the mesoscale systems and
inleractions between  these  systems  and  the  conveclive-scale  systems.  The lcvel of
maximum updraft is favourable for strong convective aclivity due to the convergence of

heat and moeisture made available by the moist fake breeve from Lake Victoria,

The maximum updralt above the highlands is surrounded by two weak downdralls, onc on
cach side.  These mesoscale downdraftis represent eompensating  subsidence  around  the
updralt produced by e like brecse, upslope NMows, and convection. These downdeafis are
eihunced by the cvaporation of wie precipitation and  detrainment from  the clouds.  The
maximum velocity in the updradt is 60 mb/h. Fig. 2 also shows charactenstic evidence of
subsiding air above bol Lake Vicworda and Indian Occan during duylimc. This subsidence

cuuses clear skies abuve the water masses, especially above Lake Viclona,
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The dealures discussed above show that condensational heating (akes place in areas which

are convectively active, such as the Kenya highlands as is shown on Fig. 3. Maximum

condensational heating (32 K/day) takes "place inside the cloud at the 600 mb level. This is
also the bevel of maximum relwm flow and just above the level of moaamuem updrall as
discussed above, The cloud water (Fig. 4) maximum level is also realised at the same point

condtmuing streng trepospheric convection normally realised over the Kenya highlands.

The rclative humidity ficld Fig. 5 shows drying in the lower layers above ihe highlands and
moisiening in the middle troposphere. This is compatible with the theory that convection
transports  heat, moisture and momenfum to the middle and upper toposphere  thereby

warming and moistening those levels and hence cnhances the outflow from those levels also.

T T T T T 7 T T v T T 7 T T b The figure also shows thal most of the moisture is concentrated over the highlands in the
i e middic layers.
g 18
| o This concenteation is favourable for strong precipitation falling over the Kenya highlands as
= -1 c
. « Fig. 6. shows. A maximum rainfall of 0.07 mm was simulaied by the model. The foregoing
L dg discussion is confimied by observations over Kenya.
<£

3.2 Resulls from Cumnylys Parameterization Scheme

In this subscction the simulations from cumulus paramelerization scheme are discussed and

compared with thosc of the control experiment.

o
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Fig. 7 illustrates the vector and isotach wind field from this scheme at 1500 h local time.

This figure shows that the two schemes simulate similar features of (he mesoscale and

conveclive-scile systems with minor differences in the magnitudes of the wind field and

T
-200
X~01STANCE
Accumulated rainfall {cm) at 1800h local time (explicit moisture).

- __§ depths of retum flows. The minor changes occur in the lower layers where the combined
I 1’ lake breeze and upsiope flow regime have a maximum of 12 m/s as compared o 10 mfs from
- - § the explicit moisture scheme (Fig. 1). On the castem side however the two simulations
i s ; give equal magnitudes of the flow along the coastal arcas.

- e

<
; ) 2 The sligh_l difference on the wind field (2 m/s) between the two simulalions can howeyver
| _5? cause signiticant ditferences in the divergence fields between the schemes, As s well
| ’ \ § © known convection is related to divergence field and hence quite significant dilferences may
b 1 . appear in other fields which are a function of convection.

. 1 1 . .:‘ L ! . ! | : ) ! g E’

o :DD § i ué § g ph :3 o Fig. 8 for instance shows the wertical wvelocity ficdd from the cumelus  parmocterization

scheme.  Quile significant difference oceurs in the updraft (80 mb/h as compared o 60
THIT Ty sHlvn . N ) i N
mb/Mh, Fig. 23 This ligure also shows stronger downdrdts on cach side ol the updraft
than is shown in Fig. 2. These strong differences i the vertical velocity ficld would have

wide ranging ctliects in the fictds of condensation, humidity, teniperatore and rainfall,




Lig. 9 shows the field of condensational heating Lrom the cumnuius paraneterization schemie.
As is evident condensational healing is signilicantly affecied by divergence. The maxinum
condensational heating here is 40 K/day as compared 10 32 KMday (Fig. 4). Elsewhere we
also nouce @ wide band of condensativnal heaing  femwring a maximum of 16 K/fday as
compared 10 that of 8 Kiday in the explicit moisiwre scheme.  The scheme also simulates
pockets of coidensational heating along e casteru slopes of the highlands with maxima ol
B Kiday. These differences may also be due (o the delay of convection in the explicit
moisiure scheme due 1o the storage of cloud water and the cvaporation of some of the
condensed water,

Simulations of relative humidity show that the cumulus paramelerization scheme predicis a
more moist upper troposphere than the explicit moiswre scheme {compare Fig 10 and Fig-
5). The results are consistent with the obscrvations of the region showing deep
cumulonimbus  cloud formation almost everyday of the year resulting in  frequeni
thundersiorms/hailsiorms and lighining.

Following enhanced convection we notice higher and more widespread precipitation over
most of the model domain in cumulus parameterization scheme results (Fig. 11} A maximum
ruinfall of 0.42 cm is produced as compared 10 0.07 mm from explicit moisture scheme. The
rainfall field in Fig. 11 also shows a strong banded struclure as illusurated in the
convergence, vertical velocity and condensational heating ficlds. This is consistent with
the interactions between Wthe mesoscale and  conveclive scale sysiems  illustraled  above.
The cumulus parameterization scheme however predicts rainfall at the Indian Ocean coaswal
region. This is inconsistent with observations. This discrepancy is due (o the
overprediction  of minfall by the cumolus parameterization scheme, which immediately
convents a portion of any nel moisture 1o rainfall.

3.3 The Passive Moisture Scheme

In this scheme the moisture variable does not imeract with the other dynamic and
thermodynamic  variables.  Two  cxperiments  were  run using  this  scheme.  In one
experiment the model included tie lgke and the oceun in the runs while in another
cxperiment both the dake and the ocean were excluded from the rui. This was done 10
illustrate the impact ol lukefsea brecze on the mesosvale and/or convective-scale syslems
over Kenya, The model top was at 300 mb.

3.3.1 The Scheme with Lake and Ocean

Fig. 12 shows the vector and isolacih analysis from the run with the lake and occan a 1800
h Jocal time. We nolice a maximum wind speed of 9 m/s on the lake side as compared o 10

mfs in e explicit moisture scheme (Fig. 1), Liule or oo changes are noliced  elsewhere

cxeepl tor g stronger reum flow on the castemn side of 1k highlands {5 m/s as compared
w4 mfoin Figo 1) These small differences in the horizontal wind {icld have been shown,
however (0 have very strong  influences in the vertical wind  ficld and  other  rebaed
convection aspects. Fig 13 shows that the maximum velocity in the updraft is 52 mbh as

compared g 60 mb/Avin the explicit moisture (Fig. 2),

The other minor differcnces between the two schemes are found in the depths of the lake
breeze/upslope flow. In the explicit moisture scheme, it reaches o height of 720 mb while in
the dry scheme it only reaches 750 mb. This result is also atribuled to the inleraction
between mesoscale and convective scale systems.

Fig. 14 illustracs the major differences between the experiments with and withoul lake and
ocean. While the flow pattem and major feaures remain the same, the magnitudes are
significantly different. In the upslope regime from the westemn side of the highlands, he
maximum wind speed is only 4 m/s as compared to 9 m/s in Figl2 and on whe castem

slopes the maximum is only 6 m/s as compared 1o 10 m/s in Fig. 12 The retum Nows are
also relatively weaker,

The influcnce of seafland breeze circulations on the development of clouds and other
small-scale systems has been sited in the past by scveral rescarchers Geniry (19509, Day
(1953), Gentry and Moore (1954) and Hsu (1969) found from observation studies thal sea
and land breezes influenced thunderstorms or shower occumence. Piclke (1974) used a
three-dimensional numerical model and found that the aftemoon showers over South Florida
were related to the sea breeze convergence zone. In a recent study Okeyo (1987), the
author showed thar Lake Victoria was responsible for most of the moisture and cnergy
needed for the development of hailstorms over the Kenya highlands.
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1ARY AND CONCIUS 10H5

Wo hoave used a two-dimensionzl numerical model Lo
Gimitale Lhe mesescale systems that often infiuence Lhe
weather palierns in Kenya. The mesoscale systems of
significance are lake/sca and iand breerzes and valley
and mountain winds. Four experimenis have been carried
out to test the impact of the aubove mesoscale systoems on
weather over Kenya in particular and over the tropical
regions in peneral. These four experiments include:
explicit moisture scheme {(control experiment). cunulus
paramcterisation scheme, passive moisture scheme and tho
removal of both lLake Victoria and Indian Ocean from the
runs.

The resulis show ithat in comparing the explicit
moisture scheme and the cumulus parameterisation schoeme,
resulls from the cumulus parameterisation scheme are found
Lo be closer to observations than those from explicit
moisture schome. The cumulus paramcterisation scheme
produced stronger vertical velocities and hence stronger
condensational neating since condensational heating is
coupted Lo the vertical velocities, The cumilus
paramcterisation scheme also simelated more rainfall
expecially above the Kenya highlands than the explicit
moisture scheme, The cumulus parameloerisation scheme
however, simulated rainfall along the coustal areas afl
the Indian Oecan during day-time which is not Aunportoed by
obecryal ione., This was duce to the /l)\'l‘]‘lll'(‘lli(‘l.j('ﬁn ot rainiall
By the camulius parameterisat ion seheme, whieh immediately

converts g portion ol any  nel moisture to vaintabl.

The results from the cexperiment which cxoeluded
lLake Vietoria and Indian Qcoun gave wind  opecds Dot
lalt those that included the two wator masses. Those
resulis show that the combined lake/sca and land brovre:s
and vulley and mountain windg strong 1nflucnce on wealher over
Kenya.

The results from this study will have very strong

influence on the enerpgy and water budgets and on the

improvement of weather forecasting over Kenya.
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