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Abstract:

The temporal and spatial characteristics of monthly rainfall anomalies in the southwest region of Sri
Lanka at different Indian Ocean Dipole (IOD) phases during the second intermonsoon (SIM) season in Sri
Lanka were investigated using composite analysis and significance testing. ERA5 monthly rainfall data
from 1972 to 2021 was used for this purpose. The results revealed that the highest impact of the 10D
phenomenon on rainfall anomalies during the SIM season occurs in October. In October, there is a
significant increase in rainfall over Sri Lanka during positive 10D (PIOD) events and a significant
decrease in rainfall over Sri Lanka during negative 10D (NIOD) events. In particular, 10D extremes have
a greater impact on rainfall anomalies in the southwest region. In November, during the PIOD, rainfall
significantly increased in the southwest region of Sri Lanka, and during the NIOD period, rainfall in the
Kegalle and Ratnapura districts was reduced. The mechanism of the 10D influence on SIM seasonal
rainfall anomalies was studied. Western and eastern Indian Ocean SSTs play a critical role in this
mechanism. The positive SST anomaly over the western Indian Ocean region and the Arabian Sea during
the PIOD period during the SIM season enhances evaporation and convection. The low-level pressure
difference between the western and eastern Indian Oceans, the easterly wind, weakens the monsoon wind
across Sri Lanka, and the moisture convergence, the effect of the low-level cyclonic circulation, intensifies
the convective process and gives more rain. In contrast, during the NIOD period, the negative SST
anomaly over the western Indian Ocean and the Arabian Sea reducess evaporation and convection. During
this season, the westerly wind flow caused by the pressure difference between the western and eastern
Indian oceans strengthens the monsoon winds over Sri Lanka. The moisture divergence and strong
monsoon flow across Sri Lanka disrupt the convection process and significantly reduce rainfall. The study
will help researchers understand specific impacts on local meteorological patterns and provide warnings
for disaster mitigation. For further research, | propose the combined effect of homogeneous phases of
ENSO and 10D.
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droughts. Due to its topography, hydro-

I. INTRODUCTION meteorological hazards such as floods, flash floods,

Sri Lanka is a small island in the Indian Ocean,
south of the Indian peninsula. It is located between
latitudes 5°55 and 9°51 N and longitudes 79°42
and 81°53 E [1]. Sri Lanka is characterized by a
rainfall pattern with two main monsoons and two
intermonsoons[2], and it is consistently affected by
various weather-related hazards, including floods,
strong winds, thunderstorms, lightning, and

and landslides are widely reported in the areas on
the southwestern slopes of the Central Hills. Apart
from causing loss of life and property, these hazards
have caused significant damage to the ordinary
lives of the public, services, and industries such as
agriculture, fisheries, and tourism.
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It is reasonable to assume that Indian Ocean
SST influences these rainfall anomalies. However,
Abeysekera [3]has shown that Sri Lanka has a
tropical climate that is constantly influenced by the
Indian Ocean climatic phenomena.Previous studies
have found a relationship between rainfall and SST
in the Indian Ocean. This relationship was found to
be independent of ENSO and was later identified as
the 10D [3, 4]. The 10D is an air-sea coupled
phenomenon occurring in the tropical Indian Ocean
[4,6] and, it's associated with the east-west gradient
of SST anomalies in the tropical Indian Ocean [7].
Saji[4]called this gradient the Dipole Mode Index
(DMI). Also, they defined the SST difference
between the tropical western Indian Ocean (50E-
70E, 10S-10N) and the tropical southeast Indian
Ocean (90E-110E, 10S-0) as an index to quantify
the IOD. SST anomalies above +0.4 °C are
considered positive 10D (PIOD) events, and
anomalies below -0.4 °C are negative 10D (NIOD)
events. A DMI range of -0.4 °C to +0.4 °C is
considered neutral 10D. PIOD events are
characterized by anomalous cooling of SST in the
southeastern  equatorial Indian Ocean and
anomalous warming of SST in the western
equatorial Indian Ocean, while the opposite is for
the NIOD[8].

The SIM is a crucial rainy season that affects
Sri Lanka during October and November [2]. It
contributes 30% to Sri Lanka's annual rainfall. SIM
rainfall is very important for the southwest region,
and Chitranayana and Punyawardena [9]showed
that in southwestern Sri Lanka, non-irrigated rice
cultivation and cultivation of tea, rubber, coconut,
export crops, and vegetables depend mainly on
rainfall patterns. Jayawardene [10] stated that
hydropower is the main energy source in Sri Lanka,
and SIM season rainfall is very important for
hydropower generation. Rainfall in the SIM season
is associated with the ITCZ and is characterized by
convective rains[2]. Thevakaran [11] indicated that
weather systems such as convergence, convection,
and depressions bring heavy rainfall during the SIM
season (October to November). The agricultural
"Maha" season is associated with the SIM season
[12]. Thunderstorms affect the southern region of
Sri Lanka during the SIM period, which belongs to
the "Maha" season [9,10]. Therefore, to improve the
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accuracy of weather forecasts, it is very important
to determine the 10D effect on rainfall before the
"Maha" season to make decisions about cropping
and hydropower management.

The frequency of 10D has increased in the last
few decades due to global warming, and authors
[14,15,16]point out that the weakening of both
equatorial westerly winds and eastward oceanic
currents creates a favorable environment for 10D
development.Zubair [17] pointed out that the IOD is
a seasonally phase-locked phenomenon that
initiates in May, peaks in October, and decreases by
December. However, Lim and Hendon [18] have
shown that the 10D starts developing around June,
peaks in September and October, and decays
rapidly during the austral summer.Therefore, it can
be inferred that different IOD phases will affect the
SIM season rainfall anomalies. However, limited
studies have shown that 10D influences the SIM
seasonal rainfall in Sri Lanka. Abeysekera [3]
showed from a statistical analysis that there is a
clear increase in accumulated seasonal rainfall with
PIOD events during the SIM season and the
opposite with NIOD events. Jayawardene [10], in
their analysis of cyclical rainfall patterns in Sri
Lanka, revealed significant relationships between
rainfall and 10D in the 2-3 year period and thus
showed IOD also plays an important role as a
modulator of rainfall in Sri Lanka. However, Zubair
[17] pointed out that during the "Maha" agricultural
rainy season in Sri Lanka from September to
December, PIOD events increase rainfall over Sri
Lanka, while NIOD events decrease rainfall. They
further pointed out that the mechanism caused by
SST anomalies in the western Indian Ocean also
contributes significantly to this. The general climate
pattern in Sri Lanka may change due to 10D, a
global phenomenon, and rainfall in Sri Lanka is
directly influenced by SST in the Indian Ocean
[12,13]. Abeysekera [3]showed that only the SIM
season yielded statistically significant observations
with 10D, which was the peak of 10D events within
a year. Further, they indicate that if a positive IOD
phase is predicted in a given year, excess soil
moisture conditions in the highlands and flooding in
the lowlands can be expected during the SIM
season.Zubair [17]pointed out that "Maha" season
rainfall mainly increases with El Nifio and PIOD
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phases and decreases during opposite periods. They
further indicated that the IOD influence on the
"Maha' seasonal rainfall exceeded that of ENSO,
except in the 1920s.

This study also explored the impact of different
IOD phases on SIM seasonal rainfall anomalies in
Sri Lanka and, a possible mechanism. The study

results are useful tools for SIM seasonal and
monthly climate forecasting.
Authors[6,12,15]have shown that the 10D

cannot be viewed separately from ENSO, and they
also showed that in some years, strong ENSO
forcing may create a bias in the Indian Ocean-
coupled system. However, as Zubair[17]further
points out, that the effects of IOD and ENSO are
statistically interrelated, and even if the impact of
ENSO is removed, the 10D effect is significant and
dominant over the ENSO effect. Several studies
have shown that different ENSO phases also impact
rainfall anomalies during the SIM season in Sri
Lanka[14,15,16].  Therefore, examining the
combined effect of IOD and ENSO on rainfall
anomalies during SIM season is suggested to merit
further study.

The paper is organized as follows: Section 2
describes the data and methods used. Section 3
describes the results, and Section 4 presents the
conclusions.
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1. DATA AND METHODOLOGY
A. Observation and reanalysis data

Monthly observational rainfall data were obtained
from the Meteorological Department, Sri Lanka
(from 1972 to 2021). District-level average rainfall
values were used for this study. ERA5 [25] high-
resolution rainfall reanalysis data (horizontal
resolution 0.1° x 0.1°) from 1972 to 2021 were used.
ERA5 monthly rainfall data are processed by
ECMWEF's Copernicus Climate Change Service
(C3S)and data are available at
https://cds.climate.copernicus.eu/cdsapp#!/home.
The necessary reanalysis data, such as vertical
velocity, vertical integral of divergence of moisture
flux, horizontal wind components, mean sea-level
pressure (MSLP), and SST, were obtained with a
horizontal resolution of 0.25° x 0.25° by ERADS.
The Outgoing longwave radiation (OLR) (W/m2)
gridded monthly data (1974 - 2021) used in this
study were obtained from NCEP-NCAR with a 0.25°
x 0.25° spatial coverage, anddata are available at
https://psl.noaa.gov/data/gridded/data.ncep.reanalys
is.html.

B. Indian Ocean Dipole (10D)

For this study, DMI values greater than +0.4 °C
were considered positive 10D events, and values
less than -0.4 °C were considered negative 10D
events. 10D years were obtained from the BoM
(Bureau of Meteorology:
http://www.bom.gov.au/climate/enso/#tabs=Indian-
Ocean), Australia. PIOD and NIOD vyears are
shown in Table 1.

Table 1. PIOD and NIOD vyears from 1972 to 2021 were used for this study

Events

Year

Positive 10D years

1972 1987 1994 1997 2006 2015 2019

Negative 10D years

1974 1975 1992 1996 1998 2010 2016

C. Composite analysis (CA) and Significance test

This study used CA to identify the changes in
various climate parameters during different 10D
events. Suppiah [23] used a t-test to examine the
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variation in rainfall during different ENSO phases
and deviations from normality. Xie [26] points out
that CA is a useful tool to help understand the
relationships between different phenomena.
Student's t-test was used to determine whether
there was a significant difference between PIOD
and NIOD events in each parameter considered in
this study. The formula for the t-test is as follows:

X—y
(n, DS +(n, -DS; |1 N 1
n +n, —2 n, N,

Where and are the mean of samples 1 and 2 n;
and n, are the corresponding sample sizes of
samples 1 and 2, S; and S, are the standard
deviations of samples 1 and 2, respectively. t
follows the t-distribution of the degree of freedom
(n1+n2-2).
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1. RESULT AND DISCUSSION

1) Temporal and spatial characteristics of rainfall
in Sri Lanka during the SIM season in different
10D phases

The SIM season is a main rainy season in Sri
Lanka, active from October to November.
Thunderstorms mainly occur in the evening or night
over the country due to local convective activity
during this season. Rainfall during this season is
associated with the Intertropical Convergence Zone
and contributes to 30% of Sri Lanka's annual
rainfall. Although there is widespread rainfall over
Sri Lanka during the SIM season, the southwest
region receives more rainfall, mainly the western
slopes of the Central Hills. During the SIM period,
weather systems such as convergence, convection,
and depressions bring heavy rain [11].Frequent
floods, flash floods, landslides, and droughts during
this season have caused considerable damage to
human lives and the economy.

A temporal and spatial analysis of rainfall
anomalies during the SIM period at different 10D
phases was carried out using composite analysis.
Figure 1 shows the composite anomalies of monthly
rainfall in PIOD and NIOD for October to
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November 1972-2021 using the ERAS5 gridded
reanalysis rainfall dataset with a high resolution of
0.1° x 0.1°. At PIOD, there is a statistically
significant positive rainfall anomaly over Sri Lanka
in October (Fig. 1a). A significant high positive
rainfall anomaly exists, especially in the
southwestern part (Kegalla, Ratnapura, Nuwara
Eliya, and Kandy districts). It poses a severe flood
risk to the districts of Kegalle and Ratnapura,
located on the southwestern slopes. However, at
NIOD, there is a statistically significant negative
rainfall anomaly in Sri Lanka in October (Fig. 1b).
Kegalle, Ratnapura, Nuwara Eliya, and Kandy
districts have significantly high negative rainfall
anomalies. However, the significant negative
rainfall anomaly in the northern and eastern parts of
Sri Lanka, which receive less rainfall, will cause a
severe drought. During PIOD, in November, there
will be a significant positive rainfall anomaly only
in the southwestern part of Sri Lanka, creating flood
threats in southwestern slopes. At NIOD, there is a
negative rainfall anomaly in the Kegalle and
Ratnapura districts in November.

According to the above results, it is clear that
the 10D phenomenon has affected the rainfall
anomalies of the SIM season in Sri Lanka. Rainfall
anomalies during SIM season show contrasting
spatial patterns during different IOD phases, and an
increase in SIM seasonal rainfall during PIOD
events and a decrease in SIM seasonal rainfall
during NIOD events occur in most parts of the
island, especially in the southwest region.
According to Figure 1, the highest impact of SIM
season in different IOD phases was in Kegalle and
Ratnapura districts. The most substantial impact of
IOD extremes occurred in October.These results are
consistent with the conclusion that seasonal rainfall
in the SIM increases during the PIOD period and
decreases during the NIOD period[2,9].Additionally,
this study has uncovered October and November
monthly rainfall anomalies and associated regions.

A comparison of averagerainfallin different districts
of Sri Lanka in PIOD, NIOD, and Neutral years
during SIM is shown in Figure 2, using observation
data sets from 1972 to 2021A. There is a significant
increase in mean rainfall in October during PIOD
years over Sri Lanka (Fig. 2a).
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Figure 1.Composite anomalies in the monthly rainfall (mm) in PIOD and NIOD years from ERA5 dataset from (a, b)
October and (c, d) November 1972-2021. Black dotted regions represent the anomalies are statistically significant at the
95% confidence level according to the student’s t-test
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(a) Mean Rainfall in October (1972-2021)
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Figure 2. Monthly mean rainfall for PIOD (blue), NIOD (red), and neutral years for all districts in Sri Lanka from (a)
October and (b) November. Monthly observational data from 1972 to 2021 was used

In contrast, there is a significant decrease in mean
rainfall in October during NIOD vyears (Fig. 2a).
Kegalle district has high mean rain, particularly in
PIOD years.According to Figure 2b, there is an
increase in average rainfall in most districts of Sri
Lanka during November in PIOD years and a
decrease in rainfall in most districts during the
NIOD years.Thus, in the SIM season during PIOD
years, rainfall in Sri Lanka is relatively high;
therefore, floods can frequently occur in the
southwest region; rainfall is relatively low in the
NIOD vyears, and drought condition scan be
expected in the northern and eastern areas. These

results are almost consistent with the rainfall
anomalies in Sri Lanka at different IOD phases
during the SIM season, shown in Figure 1. However,
the authors [22,23] state that the positive 10D often
coincides with the positive phase of ENSO. They
also state that the negative phases of IOD and
ENSO often occur in the same years. Therefore,
ENSO and IOD may have a combined effect on
observed rainfall values during different IOD events.

Figure 3 shows the monthly rainfall anomaly
graphs in PIOD and NIOD phases in all districts in
the southwestern part of Sri Lanka. October and
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(b) Rainfall anomalies in November (1972-2021)
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Figure 3. Monthly rainfall anomalies for PIOD (blue), NIOD (red), and Neutral years for all districts in southwestern
Sri Lanka. From (a) October and (b) November. Monthly observational data from 1972 to 2021 was used

November observational rainfall data from 1972 to
2021 were used for this analysis. According to
Figure 3a, October has a positive rainfall anomaly
in PIOD years and a negative rainfall anomaly in
NIOD years. However, there are some years in
November when this is not the case and a positive
rainfall anomaly can be observed in most PIOD
years and a negative rainfall anomaly in most NIOD
years(Fig. 3b). These results are almost consistent
with the rainfall anomalies in the southwestern part
of Sri Lanka in different 10D phases during the
SIM season shown in Figure 1.

2) Mechanisms of how the 10D influences the
rainfall during SIM season

A. Role of the vertical velocity

Vertical velocity plays a critical role in rainfall
formation by supporting the lift and cooling the air.
Vertical velocity anomalies were studied over Sri
Lanka from 1972 to 2021 at different 10D phases in
October and November. Figure 4 shows composite
vertical velocity anomalies at the 500 mb level
during different 10D phases at different periods.
During PIOD, there is a statistically significant
negative vertical velocity anomaly over Sri Lanka
in October, which is higherin the southwesternpart
(Fig. 4a).It indicated an upward motion and brought
more rain. In contrast, there is a statistically
significant positive vertical velocity anomaly over
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Figure 4.Composite anomalies in the monthly vertical velocity(Pas™)
(shaded) at 500 mb level in PIOD and NIOD years from (a, b)
October and (c, d) November 1972-2021 (ERA5). Black dotted

regions represent the anomalies are statistically significant at the 95%

confidence level according to the student’s t-test

Sri Lanka during October during the NIOD, with
ahigher value in the southwestern part (Fig. 4b).
That parameter represents an upward motion and
avoids the occurrence of rain.
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During PIOD, there is a statistically significant
higher negative vertical velocity anomaly over the
southwestern part of Sri Lanka in November, which
will receive more rain (Fig. 1c). However, during
NIOD November, there is a positive vertical
velocity anomaly in the southwestern part of the
Kegalle and Rathnapura districts, which resulted in
reduced rainfall(Fig. 1d). These vertical velocity
anomaly results are consistent with the rainfall
anomalies over Sri Lanka during the PIOD and

NIOD periods in the SIM season, shown in Figure 1.

B. Effect of moisture on rainfall anomalies

Investigating  moisture  convergence  and
divergence is critical in studying rainfall anomalies.
Figure 5 shows the composite anomalies of the
monthly vertical integral of divergence of moisture
flux at different 10D phases in the upper
atmosphere over Sri Lanka in different IOD phases.
According to the definition, this parameter is
positive for moisture divergence and negative for
the opposite. During the PIOD phase, October
shows a statistically significant negative anomaly
over Sri Lanka, which can be identified as a
moisture convergence (Fig. 5a). Greater moisture
convergence can be detected over the western
slopes of the central hills, and more rain will be
received in those areas. In contrast, during the
NIOD phase in October, there is a statistically
significant positive anomaly in this parameter in
most parts of Sri Lanka (Fig. 5b). It can be
identified as moisture divergence, which will
prevent rain and cause severe dry conditions.
However, in PIOD, there is a negative anomaly in
the monthly vertical integral of divergence of
moisture flux that is statistically significant over the
southwestern part of Sri Lanka in November (Fig.
5c¢), and the moisture convergence will increase the
rain in the southwest region. A positive anomaly in
moisture can be observed over the Kegalle and
Rathnapura districts in the Southwestern region in
November during the NIOD phase (Fig.
5d).Accordingly,a decrease in rainfall can be
expected
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Figure 5.Composite anomalies in the monthly vertical integral
of divergence of moisture flux (kgm2s?*10°) (shaded) at 500
mb level in PIOD and NIOD years from (a, b) October and (c, d)
November 1972-2021 (ERA5). Black dotted regions represent the
anomalies are statistically significant at the 95% confidence level
according to the student’s t-test. The mean horizontal winds (ms™) in
each PIOD and NIOD period are shown

in that area. These results are consistent with the
rainfall anomalies of different IOD phases during
SIM, shown in Figure 1.Since SIM season is the
period between SWM and North-East monsoon
(NEM), the wind direction is reversed from
southwest to west and northeast. Therefore, in
October and November, the direction of wind
coming to Sri Lanka at lower levels changes.

C. Anomalies of SST in the Indian Ocean

During a PIOD phase, westerly winds weaken
along the equator, allowing warm water to shift
toward Africa. Wind changes also allow cooler
water to rise from the deep ocean in the east. This
causes a temperature change across the tropical
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Figure 6.Composite anomalies in the monthly SST (°C) (shaded) in PIOD and NIOD years from (a, b) October and (c, d)
November 1972-2021 (ERA5). Black dotted regions represent the anomalies are statistically significant at the 95% confidence
level according to the student’s t-test

Indian Ocean[3]. Since Sri Lanka is an island in
thelndian Ocean, it can be expected that the tropical
Indian Ocean SST will influence its weather
patterns. Figure 6 shows composite SST anomalies
during different 10D phases at different periods.
During the PIOD period in October and November,
there is a statistically significant positive SST
anomaly near the African coast in the western
Indian Ocean. Also, the same situation can be
observed around Sri Lanka (Fig. 6a,c).During this
season, there is a statistically significant negative
SST anomaly in the eastern Indian Ocean, near
Indonesia and Australia, resulting in temperatures
being cooler than normal in that sea area (Figure 6a,
c). Here, the temperature gradient is towards the
western Indian Ocean. The positive SST anomaly
over Sri Lanka allows for good evaporation.

Due to increased moisture and convection, more
rainfall can be expected in October and November
during the PIOD period in Sri Lanka.During PIOD
events, "Maha" rainfall (SIM season) is enhanced
due to anomalously warm SST in the western
Indian Ocean and large-scale convergence
extending to Sri Lanka. Convection induced by this
convergence increases rainfall over Sri Lanka,
while the opposite mechanism operates during
NIOD events[17].

During the negative 10D phase, westerly winds
intensify along the equator, allowing warm water to
concentrate near Australia, its creating a
temperature difference[3]. According to Figures 6b
and d, during NIOD vyears in October and
November, there is a statistically significant
negative SST anomaly near the African coast in the
Western Indian Ocean. The same situation can be
observed near Sri Lanka. During this season, there
is a statistically significant positive SST anomaly in
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the eastern Indian Ocean, near Indonesia and
Australia,  resulting in  cooler-than-normal
temperatures in that sea area (Figure 6b, d). Here,
the temperature gradient is towards the east Indian
Ocean. The significant negative SST anomaly over
Sri Lanka inhibits evaporation and thus reduces
moisture over Sri Lanka. It's one of the reasons for
the substantial decrease in rainfall in October and
November during the NIOD period. These results
are consistent with the rainfall anomalies over Sri
Lanka during the PIOD and NIOD periods in the
SIM season, shown in Figure 1.
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high positive MSLP anomaly in the eastern Indian
Ocean and a negative MSLP anomaly near the
African coast in the western Indian Ocean (Fig. 7a,
c).This low-level pressure difference causes an east-
to-west wind flow across the Indian Ocean, which
weakens the normal west-to-east monsoon flow.
The weakening monsoon flow over Sri Lanka
intensifies the convective process and brings more
rain. In contrast, during the NIOD period in October
and November, there is a significant positive MSLP
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Figure 7.Composite anomalies in the monthly mean sea level pressure (Pa) (shaded) in PIOD and NIOD years from (a, b)
October and (c, d) November 1972-2021 (ERA5). Black dotted regions represent the anomalies are statistically significant
at the 95% confidence level according to the student’s t-test

D. Mean Sea Level Pressure (MSLP)

Figure 7 shows composite mean sea pressure
(MSLP) anomalies at different 10D phases in the
SIM season. During the PIOD period in October
and November, there is a statistically significant

anomaly near the African coast in the western
Indian Ocean and a statistically significant higher
negative

MSLP anomaly in the eastern Indian Ocean (Fig. 7b,
d). This low-level pressure difference further
strengthens the west-to-east monsoon flow through
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the west-to-east wind flow across the Indian Ocean.
The strengthening monsoon flow over Sri Lanka
interferes with the convective process and
significantly reduces the convective rainfall during
the SIM season. These MSLP anomaly results are
consistent with the rainfall anomalies over Sri
Lanka during the PIOD and NIOD periods of the
SIM season, as shown in Figure 1.

E. The role of horizontal winds over the Indian
Ocean

Figure 8 shows the composite anomalies in
monthly horizontal winds in PIOD and NIOD
periods during the SIM season at 850 mb and
200mb levels. The 10D is characterized by the
difference in sea surface temperature between the
western and eastern parts of the Indian Ocean,
which causes changes in the atmospheric circulation
in the Indian Ocean region. During the PIOD phase
of October and November, there is a negative wind
anomaly over Sri Lanka at the 850 mb and 200 mb
levels (Fig. 8a, c, e, and g). During this season, due
to the pressure gradient caused by the temperature
difference between the west and east of the Indian
Ocean, the easterly winds over the western Indian
Ocean strengthen.Cai [14] also showed that due to
the weakening of the Pacific Walker circulation and
the strong land-ocean temperature difference in the
Asian monsoon region during the PIOD period,
easterly winds in the equatorial Indian Ocean are
strengthened.As a result, the south-westerly
monsoon winds across Sri Lanka from the Arabian
Sea are weakened.Therefore, low horizontal wind
speed promotes the formation of convective clouds
and thunderstorms, creating atmospheric instability
over Sri Lanka during the SIM season. It will bring
above-normal rainfall over most parts of Sri Lanka,
especially the southwestern slopes of the central
hills.

In contrast, during the NIOD phase of October
and November, there is a positive wind anomaly
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over Sri Lanka at the 850 mb and 200 mb levels
(Figs. 8b, d, f, and h). During this season, due to the
pressure gradient caused by the temperature
difference between the west and east of the Indian
Ocean, the monsoon wind flow over Sri Lanka is
further strengthened due to the eastward wind flow
across the western Indian Ocean. Due to this, the
high horizontal wind speed disturbs the convection
process over Sri Lanka during SIM. As a result,
drought conditions can be expected in most parts of
Sri Lanka, with a significant reduction in
rainfall. These horizontal wind anomaly results are
consistent with the rainfall anomalies over Sri
Lanka during the PIOD and NIOD periods of the
SIM season, as shown in Figure 1.

Figure 9 shows the composite anomalies in
monthly horizontal winds in PIOD and NIOD
periods during the SIM season at 850 mb level, and
the mean wind streamlines at 850 mb level are
overlaid. According to Figure 6a, the October wind
pattern of PIOD periods is directly influenced by a
cyclonic (anticlockwise) wind pattern at a low level
(850 mb) over Sri Lanka.The negative wind speed
during that season further intensifies the convective
process, giving more rainfall over much of the
country (Fig. 9a). Webster and Yang [28] have also
shown that a strong monsoon is characterized by
strong low-level inflow from the ocean and high-
level outflow toward the Ocean in the form of an
anticyclone. Also, in an earlier study based on 1964
and 1965 data, Lockwood [29] reported a well-
developed low-level circulation (700 mb) over the
Bay of Bengal during October and November.
According to Figures 9b and d, it is clear that such
wind patterns had no direct effect on Sri Lanka
during the NIOD period of October and November.
During that season, the positive wind speed
associated with Sri Lanka interferes with the
convection process, which causes the rain to
decrease across the country.
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