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Effects of change in orientation and surface roughness of terrain on thermally
induced upslope flows in western Ghats: A numerical study
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ABSTRACT. The effect of change in orientat ion and surface roughness of terrain on the daytime
upslope flow is in W'J1il 8led usina a 2-dimen sional mesoscale model. A realistic orography profile of weste rn
ahat is chosen for the purpose.Twelve hourof intea:ratiuns a re performed start irti fromsunrise.The numeri
cal simulation h ave mown that the inte nsi ty of upslore nov.'S remaine d practically unaffected by change of
orienretion cf te rra in. However. increase in ro ugh ness length d~n:8SCS the intensity of developed flows. For
comparison purposes. the results of previous investigators are verified with R change in slope: angles.
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I. Inlroduclion

In a region with irregular terrain. local wind pa t
terns can develop because of the differen tial heating
between the ground surface and the free a tmos
phere at the same eleva lion some distan ce away. A
la rge diurnal tem perature variation usu ally occurs
at the ground. so tha t during the day the higher
terrain becom es a n eleva ted heat source, whereas at
night, it acts as an elevate d heat sink. D uring
daytime. warm and moist a ir moves towards high
elevation (upslope wind ). but during the nigh cool
and dense a ir moves down the slope of terrain
(downslope wind or noc turnal drainage flow).
These circulat ions are localized and can be easily
detected if the prevailing flow is weak.

In ma ny situa tions, day time indu ced thermal
circulation along terrain slopes plays a major role
in determining local weather and poilu lion disper
sian. Nu merous observational an d modelling
studies have been carried out to evalua te th ese cir
culations. Mahrer and Piel ke (1977). McNider and
Pielke (1981). Banta (1986). have simu lated various
aspects of upslope and downslope winds using
numerical mod els. Eithe r hydrostatic or no n
hyd rostatic mesoscale mo de ls are used to simula te
such circ ulations. Most of the above mentio ned
stud ies deal with situa tion s typical to mid-l atitude
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regions. However. mere are very few systcrnauc
studies related to the simula tion of airflow ove r a n
irregu lar terrain in India.

lI illy terrain covers western parts of peninsular
Ind ia. The slope winds developed due to the dif
ferential heating over the terrai n have 10 be
examined for pro per understanding of the local
wcather at those places. The impact of bac kground
atmospheric Iherma l stab ility and slope steepness
on the daytime thermally induced upslope flow was
investigated in detail using ana lytical a nd numeri·
cal model appro aches (Yee>0/. 1987). Panofsky and
Townsend (19641 Wagner (1966) studied the dis
tribu tion of wind with height in hydrostat icall y
neutral a ir for a ch anging terrain roughness. but the
effect ofchange oforie ntation of terra in a nd surface
roughness on thc in tensi tyofupslope flows were no t
studied . Th e pu rpose of the presen t investigation is
to study the develo pment of upslop e flows over wes
tern G hats and the impact of o rientation of terrain
and surface roughness on these circul at ions.

An attempt has bee n made to study the sen
sifivity of the upslop e flow to various terrain
features using a 2·dimensio nal mesoscal e mo del.
Th e conclusion drawn from this study is expected
to lead to a better understand ing of the developme nt
of local weather at a specific location in India.




















