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ABSTRACT. A two dimensional dynamical model for orographic rainfall developed earlier
(Sarker 1966-67) was modified to include cases of partially saturated airstream in the vertical. In the
present investigation an attempt has been made to isolate the stcady orographic rainfall from the total

precipitation over uneven terrain and to explain the spatial and diurnal variation of rainfall during the
southwest monsoon season over the Western Ghats and over Khasi and Jaintia hills.

1. Introduction

Over the Indian sub-continent, the fortuitous
orientation of orographic barriers in the shape of
the Western Ghats and Assam-Burma hills play
a major role in enhancing monsoon rainfall over
the country. Seasonal distribution of rainfall over
two locations along the Western Ghats and over
the Khasi & Jaintia hills (Fig. 1) bring out the
strong orographic influence.

Banerji (1929) was the first to mathematically
explore the problem by considering the flow of
an incompressible fluid over rigid wall like bar-
riers. The enhancement of precipitation occurs
due to the lifting of air as a result of the perturba-
tion caused in it by the orography leading to
cooling, condensation and precipitation of mois-
ture, However, the nature of the orographic pre-
cipitation is closely linked with the dynamics of
the airflow and micro-physics of the cloud struc-
turc. Nevertheless, over uneven terrain also
several factors like horizontal convergence due to
synoptic and sub-synoptic systems, convective
instability etc add to the motion field in 1he verti-
cal thereby influencing the total precipitation. In
the present investigation an attempt has been

made to assess the relative role of terrain-induced
vertical motion in the precipitation process over
the mountainous regions.

2. Climatology of rainfall

During the southwest monsoon season the
windward slopes of the Western Ghats and the
Assam hills lie almost in the direct path of the
monsoon winds, thus getting copious rainfall and
heavy cloudng. The prevailing winds during the
southwest monsoon season are from a southerly
direction over Assam. The normal rainfall is
found to increase from south to north as we pro-
ceed along a profile from the plains of Tripura
(Agartala) to the Khasi & Jaintia hills. The
rainiest place Cherrapunji is located on the
southern slope with annual rainfall of 1142 cm
of which 837 cm falls from June to September.
The hill range is 300 km in length and 70 km
in width with highest peaks upto 2 km.

The long range of Westegn Ghats 1 to 2 km
high roughly runs north to south. On the leeward
side north of 14 deg. N the land slopes gently
after the first drop from the crest eastward. The
rainfall variation along stations in these mountain
section suggests that rainfall enhancement is a

*The paper was presented in the ‘Monsoon Prediction’ symposium held at Indian Institute of Technology, New Delhi

during 17-18 March 1979
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complex process not only dependent upon the
height of the peak but also on the slope of the
terrain and synoptic systems over these areas
(Rao 1976). The leeward decrease of rainfall
from the crest on the Western Ghats is quite
sharp during the southwest monsoon period as
compared to that across the Assam hills. This
is mainly due to favourable synoptic flow patterns
causing rain in the latter area, viz., during the
break monsoon.

In this paper an attempt has been made to
study the contribution of orography on the total
rainfall in these areas and make an attempt to
isolate the relative importance of the orographic-
ally induced vertical motion in terms of the flow
characteristics like wind speed, directicn, shear
and stability of air and the role of the synoptic
and convective factors also.

3. Data

Sarker ef al. (1978) computed the rainfall
distribution across Bombay-Pune, Mangalore-
Agumbe and Agartala-Cherrapunji sections of
Western Ghats and Assam hills regions respec-
tively. The computations were made on the basis
of a two dimensional steady state linearized
model. Briefly, from a given characteristics of
the air stream on the windward side, the terrain
induced-vertical velocity W was computed from
the equation:

r*w W
T 9Z% +f(Z) W=0

by a quasi-numerical method, in the above equa-
tion f(Z) is a function of wind speed, wind shear
and stability of the undisturbed air stream.

Sarker (1966-67) and De (1973) invastigated
the orographic rainfall in these rcgions by con-
sidering situation during southwest monsoon
season. In both these studies the atmosphere was
assumed to be saturated. In a later work, Sarker
et al. (1978) considered situations du-ing the
southwest monsoon when the atmosphere was
saturated in the lower troposphere while in the
middle and upper levels it was unsaturated, With
the availability of autographic rainfall records, it
has become now possible to isolate situations

«when the precipitation was of a steady type from
those of the conveclive type. We have worked
out the maximum observed intensity of precipita-
tion in the two section over the Western Ghats
and one over Khasi & Jaintia hills, for which a
two dimensional model of orographic rainfall is
available. In addition, the average intensity of
observed precipitation has also been computed
for the night-morning period (0000-0800 IST)
morning-afternoon period (0800-1800 IST) and
night (1800-2400 IST). We have examined here
such cases with a view to find the orographic
component of the rainfall.

4. Discussion

(i) Case studies of diurnal and spatal varia-
tion of precipitation

Analyses of the various cases for which the
orographic rainfall has been computed using the
model developed earlier (Sarker et al. 1978) are
presented in Tables 1 and 2.

It is seen that the average computed precipita-
tion in Bombay-Pune section was of the order of
10 mm/hr just to the windward side of the peak
during an active monsoon spell, while it was of
the order of 0.5 mm/hr during a weak monsoon
period. The average computed intensity on the
leeward side was of the order of 1 mm/hr during
active monsoon period and nearly 0.0 mm/hr
during weak monsoon spell. The average precipi-
tation near the coast was also of the same order.
The observed rainfall intensities show that the
coastal precipitation had a very small component
of orographic precipitation and the main factors
which contributed to the coastal rainfall were
synoptic systems and convective instability. Often
the coastal precipitation showed peak intensity
during the early morning or late evening and
night which are typical of a diurnal cycle on a
sea-coast. Pune on the leeward side has on the
other a fairly steady precipitation which corres-
ponded to the computed intensity from the oro-
graphic model,

In the Mangalore-Agumbe section the com-
puted precipitation intensity from the orographic
model is very small and much of the observed
rainfall near the coastal region occurred during
the early morning or late night indicating its
association with the instability of the maritime
air off the coast, whereas near the peak (Agumbe)
a pronounced convective type was super-imposed
on the orographic steady component. It is seen
from the three cases studied that the computed
intensity of precipitation at Agumbe was between
1.5-6 mm/hr. This rate of precipitation which
was due to orographic induced vertical velocity
field tallied with observed intensity of precipita-
tion during early morning or night (0000-0800
and 1800-2400 IST), while during the morning-
afternoon period (0800-1800 IST) the observed
intensity of rainfall ranged between 4 and 13.5
mm/hr due to contributions from convective type
of precipitation. In the Agartala, Cherrapunji
(Mawsynram)-Gauhati section of the Khasi &
Jaintia hills, the observed intensity of precipita-
tion on the windward side plains ranged from 0.0-
0.9 mm/hr and showed a peak intensity cither in
the carly morning or late evening. At the crest
the observed and the computed intensities of
precipitation are in close agreement and the
precipitation is of an orographic type often the
maximum intensity of precipitation is observed
in late night or early morning hours, i.e., during
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TABLE 1

Date

Air stream characteristic

Vertical velocity characteristic

Intensity of precipitation
computed

4 July 1961

24 June 1961

10 -11 July 1958

*1-3 July 1960
(computed
analytically)

14 July 1970

15 July 1970

25 July 1974

Western Ghats— Bombay-Pune section

Surface wind 8 mps, max. speed
westerly 20.5 mps at 1.5 km be-
comes easterly at 8.5 km. Relative
Humidity between 80-100 9%,
J(Z)+ve upto 2.5 km,—ve upto
5.0 km. and then+ ve again.

Surface wind 6.5 m/sec max. wind
25 mps at 2 km. The Relative
Humidity varies between 80.90%,
AZ) is+ve upto 3.25 km, —ve
upto 5.25 km and then+ ve again,

Surface wind 8 mps max. wind
speed 18,5 m/sec. at 2 km. be-
comes easterly at 8.5 km. Re-
lative Humidity between 85 to
1009 f(Z) is +ve upto 2.5 km
then—ve upto 4.0 km & then+ ve
again.

Surface wind 7 mps increasing
sharply to 14 mps at 1 km and
then decreases to § mps at 8 km
becomes easterly at 10.5 km f(Z)
is—ve in the layers 2—-4 km. - ve
from surface to 2 km above 4 km
almost constant.

Surface wind speed 2.5 km mps
increasing slowly to 8 mps at 1.5
km remains almost steady upto 3
km & then decreases and chan;
over to easterly at 8 km. Relative
Humidity nearly saturated upto
2 km above 2 km. Moist adiabatic
approximation gives warmer tem-
perature f(Z) values decrease
sharply from surface to 2km in-
crease between 2 to 3 km then
increase gradually upto 4 km. The
date relates to a weak monsoon
condition.

Surface wind 2.5 mps increasing
to 8.5 mps at 2 km then decreasing
slowly & changing over to easterly
above 7 km. Nearly saturated
upto 1.5 km then drier and with
the observed lapse rate greater
than Pseudo adiabatic lapse rate
J(Z) decreases sharply in the first
1 km in Model I but decrease is
not so much for Model II. This
case refers to weak monsoon
condition.

Surface wind 3 mps increasing
slowly to 9 mps at 1 km and then
remains almost stationary around
5 mps upto 7 km. Atmosphere
drier than the previous two cases
of weak monsoon f(Z) values show
sharp decrease in the 1st km near
the surface with a larger of — ve
f(Z)from1.5 to3km. f(Z)values
increase from 2.5 km upward in
both the cases. This case refers to
weak monsoon condition.

Lee wave length 19.1 km max.

vertical velocity 10 cm/sec at x—
—10 km on the windward side and
is - ve upto a height of 5 km in the
windward side and is +ve above
4 km near the crest and on the
leeward side.

Lee wave length 29.2 km max.
vertical velocity in this case is 36.0
cm/sec. at x= —10 km. On the
windward side+ve upto 5 km.
In the leeward side vertical velo-
city is+ve ata height of 3 km
and above.

Lee wave length 31.7 km Max.
vertical velocity 48 cm/sec. at
#= —10 km and positive on the
leeward side above 3 km.

Max vertical velocity 31 cm per
sec at x= —I10 km downward
vertical velocity prevails on the
the leeward side.

Lee wave length by Model 1=14.3
km Model II — 8.3 km. Max.
vertical velocity nearly 7 cm/sec.
in both the models at x=—10 km.

Leewave length by Model I1=14.2
km by Model 11=8.3 km. Max.
vertical velocity 15.5 cm/sec in
Model I alg]d.l 7.1 in Model II at

=—'l

Lee wave length 14, 5km and 14.3
km respectively by Model I & II.
Maximum vertical velocity 16.4
cm/sec. at z=—10 km by Model I
and 10.2 cm/sec by a=—10 km
by Model IL

Intensity at coast 0.5 mm/hr max.
intensity 12.0 mm/hr. At the crest
of the mountain, 4 mm/hr beyond
x=35 km on the leeward side about
0.2—0.4 mmyhr.

0.4 mm/hr at coast max intensity
8.5 mm/hr. At the crest of the
mountain 3 mm/hr. Seco
max 1.7 mm/hr at 2=30 km

At coast .5 mm/hr. Max inten-
sity 8.5 mm/hr. At the crest
1.4 mm/hr.

At the coast 2.2 mm/hr. Max
9.5 mm/hr. v

Maximum intensity 0.4 mm/hr at
z= —135 from Model I and 0.3 mm
hr at 2= —5 km from Model II.

Max. ainfall intensity 4.2 mm
at e= —5 km in Model I and (,;b;
mm/hr in Model 1I.

Max. rainfall intensity 5.1 mm
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TABLE 1—(comd.)

Air stream characteristic

Vertical velccity characteristic

16 June 1973

17 June 1973

18 June 1973

4-6 July 1968

18-19 July 1968

19-20 July 1968

5 Aug 1967

Intensity of precipitation
computed

Western Ghats — Mangalore-Agumbe section

Surface wind speed 5 mps increases
rapidly upto 1.5 km reaching
15.5 mps & then decreases upto 5

km with a secondary maxima at

6 km and then decreasing again

more rapidly and changing over

to easterly over 9 km f(Z) increases
from surface to 1.5 kmand then

decreases slowly upto 3 km and

then remains constant.

Surface wind 5.5 mps increases to
17 mps at 1.5 km further upward
decreases gradually upto 5 km
and afterwards sharply with
easterly winds above 9 km f(Z)
decreases from the surface upto
3 km then increases gradually or
remains stationary upto 8 km.

Surface wind 4.8 mps and the
vertical distribution similar  to
carlier two cases except the rate
of decrease upto 8 km is slower.
f(Z) decreases from surface to
2 km and therzafter shows slight
rise or remains constantupto 6 km.

Surface wind 5.5 mps increases
to 10 m/sec at 2 km. f(Z) is —ve
in the layer 1.5 km to 2.5 km
above 3 kmf(Z)isconstant.

Surface wind 1.5 mps increases to
9,5m/sec at 2 kmthendecreases
slowly to 8 mps at 4.75 km. The
wind speed decreases more rapidly
above 5 km f(Z) decreases from
surface to 4 km, from4 km the
values of f(Z) increases upto 5 km
and then again decreascs and be-
comes —ve above 5.75 km.

Surface wind 5.5 m/sec increases
to 10.5 m/sec at 1 km wind pro-
file has another maxima at 4.5
km and then decreases with height
f(Z) decreases sharply from sur-
face, —ve betwzen 1.25 to 4.5
km.

Surface wind 5.6 m'sec increased
to 19 m/sec at 3.0 km f(Z) dec-
reases from surface to 2 km bet-
wz2en 3 and 5 km. AZ) is —ve,
above 6 km f(Z) values are very
small and are nearly constant.

Lee wave length=15.2 km. Max.
vartical velocity 8.1 cm/sec at x—=
—20 km.

Max. rainfall intensity 3.3 mm/hr
at x=—I15 km.

Lez wave length 36.9 km Max. Max. rainfall intensity 6.1
vertical velocity 23.2 cm/sec at mm/hr at r= —I15 km.

= =20 km.

Lee wave length 39.4 km, Max. Maximum rainfall intensity 3.2
vertical velocity 15.4 coysec at mm/hr at = —5 km.

= —10 km,

Khasi and Jaintia hilis

Lee wave length 16.5 km, Max. Max. intensity  4.05

vertical yclogiay of 30 cm/sec atadistance xzy—l5km. ma/he
isat a distance of x= —15 km. :
On the lee side  verlical velo-

cities are -+ ve above 4 km.

Lee wave length 25.3 km, Max. Max. intensity 4.0

vertical wvelocity 55 cm/sec at o= —I15 km.y mm/he
at a distance z= —I15 km.

Lec wave length=23.0 km, Max. Max. intensity 6.0

vertical wvelocity is 40 cm/sec at z= —I15 km 10 km on the lee
at r= 15 km. side intensity is 0,2 mm/hr,
Lee wave length=17.0 km, Max. Max. intensit mm/h
vertical  velocity 35 cm/sec at z= —I15 krﬁ. 30 g
at a distance z= —I15 km. The

vertical velocities on the
side are —ve upto 5 km.

leeward
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TABLE 2

Station Rainfall intensity (mm/hs} Hour in Average rainfall intensity
¢ A —— which I A
Observed Computed Max. in a maximum 0000- 0800- 1800

particular  rainfall 0BOO 1800 2400

hour  occurred IST IST IST

Western Ghats—Bombay-Pune section

8.0 3- 4
3.9 14-15
6.2 4-5
3.4 3 -4
25.5 8- 9

8.1 13-14
8.1 14-15

4.0 00-01
1.9 22-23

0.9 15-16
0.6 18-19

1.8 15-16
12.9 5-6

2.7 16-17

(=)
[ =]

NOW 0O NUM hird KON e Aok

4 Jul 1961 Santacruz
Khandala
Poona

24 Jun 1961 Santacruz
Khandala
Poona

10-11 Jul 1958 Santacruz
Khandala
Poona

1-3 Jul 1960 Santacruz
Khandala
Poona

14 Jul 1970 Santacruz
Khandala
Poona

15 Jul 1970 Santacruz
Khandala
Poona

7 Jul 1970 Santacruz
Khandala
Poona
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Fig. 1. Distribution of rainfall

TABLE 3
Correlation Coefficient 1966-1975
Correlation betwesn Jun Jul Aug Sep
(1) Western Ghats—Bombay-Poona section
Santacruz - Poona .26 .36 ‘43 25
Santacruz-Khandala .50 .48 54 .49
Kahandala-Poona 49 65 65 .09~
(2) Western  Ghats-Agumbe-Chikmagalur section
Mangalore-Chikmagalur .06 19 .20 .02
Mangalore-Agumde .62 .48 .49 .67
Cgumbe-Chikmagalur 42 .38 .20 .03
(3)Khasi, Jaintia hilis—Agartala-Cherrapunji-Gavhati section)
Agartala-Gauhati 09 .29 .04 .03
Agartala-Cherrapunji —.03 .44 .07 .23
Cherrapunji-Gauhati .37 .39 .15 .09
Correlation for heavy rainfall at the peak

Cherrapunji-Agartala — .12 .42 .44 .02
Mahabalcswar-Santacruz — .47 .00 .49 —.18
Khandala-Bombay(Colaba) * .39 .67 *
Cherrapunji-Gaubati 13 -53 —.01 .21
Khandala—Poona v .55 .21 4

*cc not computed as the sample size is less than 10.
0000-0800 IST. This is a typical leature of the
airflow pattern over Assam where due to kata-
batic winds orographically triggered thunder-
storms occur during these hours. On the lee side
also Shillong shows similar diurnal variation of
rainfall intensities but the computed and observed
intensities of precipitation vary between 0.0 &
1 mm/hr. Further, northwards on the lee side
Gauhati also shows similar diurnal variation of
rainfall intensitics with a superposed convective
type .of precipitation with maxima occuiring in
the afternoon.

(ii) Nature of heavy rainfall spells

Table 3 gives the correlation between the rain-
fall recorded at mountain peak stations like
Cherrapunji, Khandala and Agumbe versus wind-
ward and leeward stations like Agartala, Gauhati,
Colaba, Pune, Mangalore and Chickmagalur. 1t
is seen that in general the correlation is fairly
high, when all classes of rainfall amounts are
included. It is also fairly high during the month
of July and August over the northern section of
Western Ghats and during the month of July
over the Khasi and Jaintia hills, Over the southern
section of the Western Ghats it is higher during

June and July. In general the correlation co-
efficient for peak — lee side station is high in the
northern section of Western Ghats and is more
than the windward-peak station value over the
same section whereas it is the other way in the
southern section. The correlation coefficients bet-
ween windward and lee side stations in both the
sections of Western Ghats are less than those of
windward-peak and leeward-peak stations. The
monthwise variation of correlation coeflicients is
high over the Assam hills regions as compared
to the Western Ghats. This is because the West-
ern Ghats are subjected to a more or less steady
westerly flow during the southwest monsoon
scason as a whole whereas over the Khasi and
Jaintia hills there is variation in the low level
wind directions due to the oscillation of the mon-
soon trough. The monsoon trough in July and
August generally runs from Delhi to Calcutta at
900 mb. The winds to the south of the trough are
wesisouthwesterly to  westnorthwesterly  while
north of it southeasterly winds prevpil. While
during the break monsoon, the monsoon trough
is close to the foot of the Himalayas and westerly
winds prevail over the Khasi & Jaintia hills.
Patches of heavy rain over the plains of northeast
India occur during this period due to synoptic
scale disturbances travelling over the Himalayas
typical of the break and as such there is less de-
pendence of rainfall on the leeward side of the
Khasi & Jaintia hills on the orographic influence.
If only heavy falls (more than 7 cm in 24 hours)
are taken into consideration, significant correla-
tion is observed during July & August only and
the values for the other months show either small
correlation or negative values. Simultaneous oc-
currence of heavy rainfall over the peak and
windward side station over the plains were also
examined for the five years period. There were
32 occasions when Colaba reported heavy rain-
fall and on 66 occasions Khandala reported
heavy rainfall during 1966-1970 monsoon
season. Out of these 12 occasions were of simul-
taneous occurrence. During the period 1971-
1975 Mangalore recorded 77 days of heavy rain-
fall while there were 183 days of heavy rain-
fall over Agumbe of which the simultaneous
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occurrence of heavy rainfall was on 48 occasions.
Similarly Agartala reported heavy falls on 13
occasions while Cherrapunji recorded heavy rain-
fall on 177 occasions. The simultaneous occur-
rence of heavy rainfall was on 6 occasions.

It is thus seen that th cheavy rainfall spells on
the coast of Western Ghats (Colaba) are less fre-
quently related to heavy falls over the peak of
the Ghats (38 per cent) as compared to such
occurrences over the Khasi & Jaintia hills (46
per cent) though the number of occurrence of
simultaneous heavy falls is less over the Khasi &
Jaintia hills. The frequency of simultaneous
occurrence of heavy spells over Mangalore-|
Agumbe section is highest being of the order of
63 per cent. The days of heavy rainfall reported
over Agumbe and Cherrapunji are comparable
during 5-year spell of southwest monsoon but
such occasions over Khandala were less frequent.
The heavy rainfall along the west coast specially
when Ghat stations get less rainfall than the
coastal stations are probably due to vortices
. embedded in the trough along the west coast,
MukFerjee ef al. (1978). Formation and dissipa-
tion of small scale vortices take place incessantly
along and off the west coast of India. Some of
these vortices develop in significant shape and
size causing noteworthy contribution towards
rainfall along the west coast (George 1956).

In Khasi & Jaintia hills the causes of wind-
ward side stations getting more rainfall in some
occasion than Ghat stations is due to synoptic
and convective scale systems,

0 © -0-20 -30-40 10 © -10 -20 -30-40-50 O -20 -40

[T TN b7 /A —
-10 10

£, .4t VERTICAL VELOCITY W (cm/sec) P
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Fig. 3. Mangalore-Agumbe section of Western Ghats

(Different distances x along the orography on 17
June 1973 and x=10 is the crest of the mountain)

(iiiy Comparison of vertical velocities

Das (1962) has shown that the mountain zones
over NE India creates a forced ascent of air which
is of the order of 5-10 Cb/12 hrs which is roughly
equal to 11-25 mm/sec. The vertical velocity
decreases with height. In order to maintain a
steady circulation he postulates a warming rate
of 1.6 deg. C/12 hr in the region. Computation on
vertical velocities in synoptic scale circulations
like monsoon depression has been made by Rao
and Rajamani (1975). The order of vertical velo-
city was between 1 and 40 mm/sec being maxi-
mum in the lower levels, Fig.2 shows the distri-
bution of vertical velocity with height along 18
deg. N across the sub-continent frop the above
study. Their study shows that the vertical motion
due to topography in this latitude has a maximum
at 74 deg. E which corresponds to the peak in
the topographic profile and is or the order of 50
mm/sec. It is, however, seen from our computa-
tions that the average order of the vertical velo-
city due to orographic lifting is of the order of
20-30 cm/sec and reaches its maximum value of
about 50-60 cm/sec in some cases, below 850 mb
level. This would give maximum precipitation
intensity of about 10-15 mm/hr assuming that the
vertical velocity decreased rapidly with height and
became zero at the height of reversal of the low
level monsoon westerlies. The vertical velocity
pattern from our model has somewhat similar
vertical variation as obtained by Rao and Raja-
mani (1975). Therefore, the heavy and very heavy
rainfall (7 cm/day and 13cm/day) in the orogra-
phic sections during the southwest monsoon



106 K. C. SINHA RAY ef al. Sl

seasons can also be explained to be an orographic
effect. However, the order of vertical velocity is
much smaller on the windward and leeward sides,
being 5-10 cm/sec and damping out rapidly with
height. Often on the leeward side, the vertical
velocities are negative at lower levels and posi-
tive above 3-4 km and on the windward side
maximum vertical velocity is reached at a very
low level. This level progressively rises as we
approach the crest of the mountain. Thus spells
of heavy rain both on the wind-ward and leeward
sides are to be accounted for by other causes.
The intensity of precipitation from orographically
induced vertical velocities (typical case shown in
Fig. 3) from a saturated air column works out to
be 6.1 mm/hr at the peak, 1.0 mm/hr (about
2.4 cm/day) on the windward side 40 km away
from the peak and 0.9 mm/hr (2 cm/day) on the
leeward side of the peak at a distance of 20 km.

Even when there is no heavy rainfall either
over the peak or on the windward or leeward side
stations the orographic influence cannot fully
explain the observed precipitation away from the
crest of the barrier. Over the crest the airstream
characteristic on the windward side, the vertical
velocity and microphysical processes within the
cloud interact to produce the observed precipita-
tion. The influence of synoptic and convective
features appear very minor. Vertical velocities of
larger magnitude are therefore required to explain
the occurrence of observed rainfall over the coast
and the leeward side. Apparently the heavy spells
of rain on the windward and the leeward side of
a barrier are due to synoptic and convective scale
systems. However, over the three different moun-
tainous sections studied the relative importance
of synoptic and convective factors on the rain-
fall of the windward and leeward side is qualita-
tively different due to climatic factors like con-
tinentality and latitude. A quantitative assessment
of this complex process needs further investi-
gation.

5. Conclusions

(1). Precipitation along the west coast of India
has a very small component of orographic pre-
cipitation and the main factors which contribute
to the coastal rainfal seem to be synoptic and
sub-synoptic scale system and convective insta-
bility.

(2 a). Often the precipitation along the west
coast shows more intensity during the early
morning and late evening and night which are
typical of a diurnal cycle of a sea coast.

(2b). In the Khasi & Jaintia hills rainfalls
occurs mostly in late night and early morning
hours where due to Katabatic winds orographi-
cally triggered thunderstroms occur during these
hours.

(3a). The correlation coefficient of rainfall
between windward and leeside stations in both

the sg:ct_ions_of Western Ghafs as well as in Khasi
& Jaintia hills are less than that befween wind-

ward and peak stations ;
ol pe and leeward and peak

(3b). Correlation is hisher during Jul
( g and
Sugustthm norlt]hern section of Wt:r%ern éhats.
ver the southern section it is hich i
June and July, o Wihes S

(3\_c)_. The monthwise variation of correlation
coellicients is higher over the Assam hills than
over the Western Ghats due to variation in low
lew;l wind dircctions over the former caused by
oscillations of the monsoon trough.

(42). In general heavy rainfall amounts are
lqss correlated than all rainfall amounts between
windward and peak staions and peak station and
leeward side precipitation,

(4b). In July correlation of heavy rainfall
btheen peak stations and leeward stations are
fairly high,

(4c). In August correlation of heavy rainfall
between peak stations and windward stations are
also fairly high.

(52). Heavy rainfall in the windward side seem
to be mainly due to synoptic, sub-synoptic and
convective scale systems,

(5b). Heavy rainfall in the leeward side seem
to be mainly due to synoptic and convective
scale systems.

(5c). Heavy rainfall at the peak slalions are
almost entirely due to orographic effects,
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