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This paper is based on the spatio-temporal analysis of daily, monthly and seasonal rainfall variability over
Maharashtra state of the Indian region, for the period 1901–2017 during summer monsoon, viz., June
through September. This analysis is carried out over Maharashtra’s four sub-divisions, where mean
rainfall received for JJAS (1901–2017) is more over Konkan and Goa and east Vidarbha and less over
Madhya Maharashtra. CoefBcient of variation is considered to understand spatial variability of total
rainfall received during JJAS by the state. The percentage of rainy days is found to be more for July and
August months compared to June and September months as per the advancement of monsoonal Cow
noticeable through this study. Hence, contribution to JJAS rainfall more from July month proceeded with
August month is considerable. September month contribution is the least; nevertheless its contribution is
prominent from south Madhya Maharashtra. Rainfall variability is linked with El Niño and La Niña, by
calculating composites of standardized rainfall anomalies and % rainy days during El Niño and La Niña
years, which show that monthly and seasonal rainfall, are modulated by variations in SSTs of equatorial
central PaciBc Ocean. Thus this study aims to analyze the changing pattern of rainfall over Maharashtra
and its sub-division as linking El-Niño and La-Niña events with rainfall received over small domain is the
need of the hour as each region behaves differently during El-Niño or La-Niña.
Keywords. Maharashtra monsoon; 1901–2017 period; rainfall percentage; coefBcient of variation;
El-Niño; La-Niña.

1. Introduction
The arrival of monsoon fascinates everyone. It
comes as a relief after a scorching summer. Nevertheless India receives monsoon from two branches south-westerlies Arabian Sea branch and
south-westerlies turning into south-easterlies, i.e.,
Bay of Bengal branch, monsoonal rain has an
undulating nature and till present, many studies
have contributed to understand this nature and
identify forcing which brings in the change. One
reason is due to topographic and orographic differences. Places at same latitude show variability

in the amount of rainfall received by different
sub-divisions of India (Golekar et al. 2016).
Industrialisation, urbanization, and many anthropogenic activities also may have contributed in
modulating rainfall distribution region-wise. Kishtawal et al. (2010) analyzed that heavy rainfall
events have increased due to urbanization. Climate
change also plays an important role in changing
rainfall pattern over a region (Lal 2003; Ghosh
et al. 2009; Kumar et al. 2010). Evolution of monsoon, propagation of monsoon depression, its
intensity and position of monsoon trough are also
vital phenomenon to be considered while
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understanding rainfall variability and distribution
over a region (Godbole 1977; Sikka 1978; Krishnamurthy and Shukla 2007). There are many
teleconnections identiBed to have inCuenced Indian
summer monsoon, SSTs over central and eastern
paciBc (Kumar et al. 1999; Saha et al. 2019), Eurasian snow cover (Kumar 1988), global surface air
temperatures (Pai 2003), North Atlantic Oscillation (Bhatla et al. 2016), Indian Ocean Dipole
(Ashok et al. 2001) and Madden Julian Oscillation
(Mishra et al. 2017). Studies proximately relating
Indian summer monsoon rainfall (ISMR) with
SSTs have found substantially good association
with central PaciBc sea surface temperatures;
positive anomalies (El-Niño) of SSTs lead to less
rainfall or drought, whereas negative anomalies
(La-Niña) lead to heavy rainfall or Cood over most
parts of India (Sikka 1980; Rasmusson and Carpenter 1983; Mooley and Parthasarathy 1984;
Prasad and Singh 1988; Kane 1998, 1999, 2006;
Kripalani et al. 2003; Krishna Kumar et al. 2004,
Singh et al. 2005; Ashok and Saji 2007; Goswami
and Chakravorty 2017; Chavadekar and Kashid
2019; Saha et al. 2019). Some have prominently
studied and achieved a feedback of ENSO over
smaller regions such as Marathwada (Chavadekar
and Kashid 2019), Haryana (Singh et al. 2005) and
Sri Lanka (Ashok and Saji 2007). ENSO has varied
inCuence over different regions of India as studied
by Kane (2006). Hence, all India rainfall might be
good but there might be regions facing deBciency
for that particular year (Kanellopoulou 2002;
Guhathakurta and Saji 2012). Therefore, understanding the distribution of rainfall region-wise is
equally important as total rainfall. Studies done so
far on monsoon variability over India or a particular region of India consisted of analyzing daily,
monthly, seasonal, intra-seasonal and inter-annual
rainfall patterns using observed gridded data provided by India Meteorological Department (IMD)
(Hartmann and Michelsen 1989; Krishnamurthy
and Shukla 2000; Ratna 2012).
In this particular study, we focus on Maharashtra state of India, retrospect and deduce teleconnections between monsoon over Maharashtra and
SSTs of central PaciBc Ocean. Maharashtra state
along with other states receives monsoonal rain
during Indian Summer Monsoon (ISM), viz., June
through September and brings a bulk of total
annual rainfall received by the state. The state is
located on the western side of Indian region having
diverse topography (Bgure 1), divided into four
meteorological sub-divisions, viz., Konkan and
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Goa, Madhya Maharashtra, Marathwada and
Vidarbha. Konkan and Goa comprising of Western
Ghats, in this region, when the precipitating systems form or move over the mountain barrier is
channelled near mountains breaking the capping of
moist boundary layer due to which most of the
rainwater precipitates over this sub-division
(Houze 2012). Other inCuencing parameters such
as cloud microphysical factors, viz., giant cloud
condensation nuclei (Kumar et al. 2014), dynamical and thermodynamical aspect are in favour of
heavy precipitation occurring over this region
(Maheskumar et al. 2014), while rest of the subdivisions receives comparatively less rainfall. As
Maharashtra has wide range of topography and
each region behaving in a different manner during
El-Niño and La-Niña years (Kane 2006) might be
the reasons of varied rainfall distribution over
Maharashtra. Also, after understanding that
ENSO can alter the rainfall received during monsoon season over a region (Singh et al. 2005; Chavadekar and Kashid 2019), timely linkages with
Niño 3.4 SSTs becomes the need of the hour. And
Maharashtra being an agricultural as well as an
industrial state, many sectors are directly or indirectly related to rainfall received during monsoon
season. The need might be for better water planning, socio-economic development, proper policymaking, and mitigation, hence knowledge of rainfall trend, its distribution and frequency over a
region would be helpful.
Section 2 describes the data and methodology
considered for the analysis. Section 3 describes
statistical analysis carried out and discusses composite rainfall anomalies, % rainy days during ElNiño and La-Niña years. Section 4 summarizes the
whole discussion and conclusions inferred.

2. Data and methodology
This study deals with variations of daily, monthly
and seasonal rainfall over Maharashtra and its four
meteorological subdivisions. The map of four
meteorological sub-divisions, viz., Konkan and
Goa, Madhya Maharashtra, Marathwada and
Vidarbha along with its varied elevation is shown
in Bgure 1. Daily high resolution gridded (at
0.25° 9 0.25°, latitude 9 longitude) data for the
JJAS season for the 117 years period (1901–2017) is
obtained from India Meteorological Department
(IMD), Pune. Monthly and seasonal data were
being prepared using daily cumulated rainfall.
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Figure 1. Topography of Maharashtra and its four meteorological sub-divisions referred in this study.

National Oceanic and Atmospheric Administration
(NOAA), Extended Reconstructed Sea Surface
Temperature (SSTv5) 2.0° 9 2.0° resolution
monthly data is obtained from https://www.esrl.
noaa.gov/psd/data/gridded/data.noaa.ersst.v5.html
and used to calculate Niño 3.4 region SST time series
for the period 1901–2017. Spatial distribution of
rainfall climatology gives information of mean rainfall over a region but to understand variability that is
less dependent on total rainfall, coefBcient of variation (CV) was used.
CV ¼

r
:
M

Standard deviation (r) or mean (M) for that
matter shows a linear relationship and one cannot
stress upon understanding variability using them,
hence CV was calculated for individual months
(June, July, August, September) and season
(JJAS). Rainy days were identiBed using IMD’s
daily data with the criteria put forth by IMD,
i.e., rainy day = rainfall C 2.5 mm in a day
(Guhathakurta et al. 2011).
Rainy day %
No: of rainy days in month or season
 100:
¼
Total no: of days in month or season
This formula is used to express monthly and
season rainy days in percentage yearly for
Maharashtra and its sub-divisions using moving
30 years climatology, SST anomalies and

standardized rainfall anomalies were calculated.
SSTs C 0.5°C and B –0.5°C were considered as
thresholds for El-Niño and La-Niña years,
respectively, as per NOAA standards. Correlation
coefBcient (CC) between 3 month running SSTs
and JJAS rainfall over Maharashtra and its foursubdivisions were calculated but only significant at
95% level are considered. To understand impact of
El-Niño and La-Niña over JJAS rainfall received
over Maharashtra, composite of standardised
rainfall anomalies for El-Niño and La-Niña years
have been plotted. Here El-Niño (SST C 0.5°C)
and La-Niña (SST B –0.5°C) years are identiBed
using MJJ, JJA and JAS seasons.

3. Results and discussion
3.1 Rainfall over Maharashtra
Spatial distribution of rainfall climatology
(1901–2017) is shown in Bgure 2. In the month of
June (Bgure 2a), maximum rainfall is received by
Konkan and Goa sub-division (300 mm and above),
as it lies on the windward side, monsoonal winds
move upstream due to airCow blocking (Hughes
et al. 2009) causing wide precipitation over this
region (Maheskumar et al. 2014; Kumar et al. 2014)
(Bgure 2). Central and south Konkan and Goa
receives comparatively good rainfall (more than
600 mm) than north Konkan and Goa. There is a
drastic low in the rainfall over Madhya
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Figure 2. Mean Rainfall pattern in mm over Maharashtra for June, July, August and September months and JJAS season for the
period 1901–2017.

Maharashtra, a reason could be its topography
(Bgure 1), as it lies on the leeward side, rainfall
ranges from 100 to 150 mm. Further there is a
gradual increase in rainfall over Marathwada and
Vidarbha sub-divisions ranging from 150 to 250
mm. For the month of July and August (Bgure 2b
and c) entire Konkan and Goa sub-division shows
rainfall above 600 mm might be due to the presence
of strong oA-shore trough, a highlighting feature
during monsoon (George 1956; Mukherjee et al.
1978; Francis and Gadgil 2006), which induces
formation of precipitating systems, these system
when Cow upstream due to mountain barrier condenses into a deep cloud which later transforms
into stratiform clouds giving widespread rainfall
over the coast (Hughes et al. 2009; Houze 2012;
Kumar et al. 2014; Maheskumar et al. 2014).
Madhya Maharashtra shows rainfall less than 150
mm, whereas Marathwada and Vidarbha shows
rainfall between 150 and 500 mm as most of the
monsoon depressions form during these months
over north Bay of Bengal and moves north-westwards giving sufBcient amount of rainfall over
some parts of central India (Mooley 1973; Daggupaty and Sikka 1977; Sikka 1978; Boos et al. 2015;
Hunt et al. 2016). Such synoptic events also have
linkages with large scale features such as ENSO
(Saha et al. 2019) which is discussed in later

portions of our current study. During September
(Bgure 2d) rainfall received is less about 400 mm
over Konkan and Goa and less than 200 mm over
Vidarbha, Marathwada and Madhya Maharashtra,
as the monsoon ceases after this month and most of
the activities such as formation of depressions,
trough etc. weakens. For the season as a whole
(Bgure 2e) rainfall is more over Konkan and Goa,
i.e., 2200 mm and above. The moisture transported
through Arabian Sea is channelled near mountains
breaking the capping of moist boundary layer due
to which most of the rainwater precipitates over
the coast (Houze 2012). When these winds with
shortage of moisture move further, a subsidence is
experienced and Madhya Maharashtra receives
rainfall less than 500 mm during JJAS season.
While considering total rainfall, a fruitful measure to understand variability is coefBcient of
variation (Longley 1952; Sokol Jurkovic and
Pasaric 2013). Figure 3 shows spatial distribution
of coefBcient of variation during JJAS season over
Maharashtra and its meteorological sub-divisions.
For June month (Bgure 3a) rainfall variability is
30–35% over Konkan and Goa and high variability
of more than 80% is observed over Central Madhya
Maharashtra, while Marathwada and Vidarbha
sub-divisions show variability between 50% and
55%. During July and August months (Bgure 3b
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Figure 3. CoefBcient of variation (CV) of rainfall in % over Maharashtra for June, July, August and September months and
JJAS season for the period 1901–2017.

and c) Konkan and Goa, and Vidarbha which is
second maximum rainfall receiving sub-division
after Konkan and Goa show CV less than 35%.
North Madhya Maharashtra on the other hand
shows maximum variability more than 80% and
Marathwada CV ranges between 55% and 60%.
During September month (Bgure 3d), rainfall
variability distribution is nearly similar to as
observed during June. JJAS season (Bgure 3e)
variability exceeds 60% over Central Madhya
Maharashtra and is less over Konkan and Goa and
Vidarbha sub-divisions.
Climatological understanding of rainy days in
percentage in June to September months and JJAS
season is important for proper water planning or
for the growth of a particular crop. Rainy day
criteria are considered in accordance to Guhathakurta et al. (2011) and IMD Glossary, i.e., 2.5 mm
and above. In June (Bgure 4a), monsoon commences and rainy day percentage is less compared
to July and August months. Rainy day % is more
over Konkan and Goa sub-division especially at
south Konkan and Goa 65%. South Madhya
Maharashtra shows 15–25% rainy day which is less
when compared to other three sub-divisions. Rainy
day % of about 25% is observed all over Marathwada. Vidarbha which receives second maximum
amount of rain shows % rainy day slightly 25–35%

more than Marathwada. Similar pattern is seen for
September (Bgure 4d), now the reason being
retreat of summer monsoon. During the peak
monsoon months July and August (Bgure 4b, c)
rainy day % exceeds 85% over Konkan and Goa
due to high amount of moisture incursion. Overall
during JJAS season (Bgure 4e), Konkan and Goa
shows maximum % rainy day, i.e., more than 65%
and south Madhya Maharashtra shows minimum
% rainy day, i.e., \ 25%.
Now as we know, each month contributes differently towards JJAS season, spatial distribution
of the same gives a thorough account of the contribution region-wise. From Bgure 5(a), we see that
from June month main contributor is south Konkan and Goa (28–30%), whereas less contribution
is from east Vidarbha (14–16%). This can be
understood by the progress of monsoon and moisture availability during its commencement. Winds
growing in its magnitude Brst reach south Konkan
and Goa with good moisture and then gradually
moves towards interior parts of Maharashtra.
Contribution from July (Bgure 5b) is more than
40% from Konkan and Goa as oAshore trough is
intense during July bringing in lots of moisture to
contribute good rain from this sub-division.
Another big contributor during July is Vidarbha
(32–36%) as the transient monsoon depressions
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Figure 4. % rainy day’s climatology in June, July, August, September months and JJAS season over Maharashtra for the period
1901–2017.

formed during July month Cowing north-westward
give good rainfall over Vidarbha and some parts of
Marathwada (Mooley 1973; Daggupaty and Sikka
1977; Sikka 1978; Boos et al. 2015; Hunt et al.
2016). South Madhya Maharashtra contributes less
(20%). In August (Bgure 5c), contributions are
more from north Konkan and Goa, east Marathwada and east Vidarbha, i.e., 26–32%. South and
central Madhya Maharashtra contributions are
between 14% and 20%. As September month is the
retreating month of summer monsoon, not much
contributions is noticed from the three sub-divisions, but south Madhya Maharashtra contributes
28% and above towards JJAS rainfall during
September month.
Tables 1 and 2 shows area averaged rainfall climatology, CV and % contribution over Maharashtra
and its sub-divisions during June through September months and JJAS season for the period
1901–2017. Similar to spatial pattern discussed
above, the values given in the table 1 signiBes the
progress of monsoon, less amount of area averaged
rainfall during June (205.27 mm) and September
(184.12 mm) as these are commencing and retreating months of monsoon, respectively, and more
amount of area averaged rainfall during July (348.07
mm) and August (264.97 mm) as monsoon is at its
peak during these months. Area averaged rainfall for

the season is 1002.44 mm. As also discussed
regarding the topographical factor for varied spatial
distribution of rainfall received by four meteorological sub-divisions, even area averaged values
show same variations, Konkan and Goa which lies on
the windward side receives maximum rainfall
(2436.56 mm), followed by Vidarbha (909.44) which
receives rainfall from both Arabian Sea as well as
Bay of Bengal branch. Similarly, CV and % contribution is as discussed earlier in spatial plots, the only
difference is table depicts the area averaged values.
Here we also notice that when area averaged, CV
seen over Marathwada is more than 40% for June,
July, August and September months whereas Madhya Maharashtra CV is seen to be below 40%. During JJAS season CV over Marathwada is higher than
2% compared to CV over Madhya Maharashtra.
Explanation for this could be the Bxtures getting
changed while area averaging, considering differences in Madhya Maharashtra (115,306 km2) and
Marathwada (64,525 km2) area-wise (Guhathakurta
and Saji 2012).
3.2 Rainfall over Maharashtra and SSTs
~ 3.4
of Nino
Many studies have tried to formulate a relation
between central PaciBc Ocean SSTs and Indian
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Figure 5. % Contribution of June, July, August and September month individually in JJAS season over Maharashtra for the
period 1901–2017.
Table 1. Area averaged rainfall mean (mm),
CV (%) and % contribution by individual
months to JJAS season in Maharashtra over
the period (1901–2017).
Mean
(mm)
June
205.27
July
348.07
August
264.97
September 184.12
JJAS
1002.44

CV
(%)

% Contribution
to JJAS

30.74
24.43
29.09
38.5
16.28

20.5
34.7
26.4
18.4
100.0

monsoon (Sikka 1980; Rasmusson and Carpenter
1983; Mooley and Parthasarathy 1984; Prasad and
Singh 1988; Kane 1998, 1999, 2006; Kripalani et al.
2003; Krishna Kumar et al. 2004; Singh et al. 2005;
Ashok and Saji 2007; Goswami and Chakravorty
2017; Chavadekar and Kashid 2019; Saha et al.
2019). Similarly understanding its relation with

rainfall received over Maharashtra and its meteorological sub-division was necessary as impact of
the global phenomenon such as El-Nino and LaNina varies region-wise (Singh et al. 2005). Studies
wherein El-Niño and La-Niña are considered as
predictors over Marathwada (Chavadekar and
Kashid 2019), a regular retrospection for other subdivisions of Maharashtra would be helpful. But
Brst the main task is to identify which season of ElNiño and La-Niña feedbacks JJAS rainfall over
Maharashtra and its sub-divisions. Rajeevan et al.
(2006) identiBed MAM–DJF season SSTs for correlating with Indian summer monsoon rainfall.
Following the suit we checked the correlation
coefBcient (CC) for three month running season
and how it varies spatially (Bgure 6A), it was then
identiBed that high negative CC –0.3 to –0.5 is for
the seasons May–June–July (MJJ) (Bgure 6j),
June–July–August
(JJA)
(Bgure 6k)
and
July–August–September (JAS) (Bgure 6l) over
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Table 2. Area averaged rainfall mean (mm), CV (%) and % contribution by individual months to JJAS season in Maharashtra’s
four sub-divisions over the period (1901–2017).

Mean (mm)

CV (%)

% Contribution to JJAS

Sub-division

June

July

August

September

JJAS

Konkan and Goa
Madhya Maharashtra
Marathwada
Vidarbha
Konkan and Goa
Madhya Maharashtra
Marathwada
Vidarbha
Konkan and Goa
Madhya Maharashtra
Marathwada
Vidarbha

570.04
168.88
139.46
162.95
30.49
38.21
40.98
43.92
23.40
20.05
20.95
17.92

942.69
291.99
188.00
311.11
25.05
30.82
40.66
27.92
38.69
34.67
28.24
34.21

612.63
212.70
168.51
268.59
34.85
35.82
48.17
29.71
25.14
25.25
25.31
29.53

311.20
168.72
169.78
166.80
45.99
41.77
47.89
46.11
12.77
20.03
25.50
18.34

2436.56
842.27
665.76
909.44
16.32
22.59
24.81
18.62
100
100
100
100

Marathwada and Vidarbha sub-divisions for the
period 1901–2017. And it must be noted that the
CC plotted are significant at 95% level of significance. Figure 6(B) shows the area averaged CC of
corresponding sub-division, dotted CC are significant at 95% level of significance, Maharashtra as a
whole and rest three sub-divisions showing significant negative CC –0.2 to –0.4, hence we have
considered SSTs over Nino 3.4 region for MJJ, JJA
and JAS seasons combined for identifying El-Niño
and La-Niña years. Spatial distribution of standardised composite anomalies of rainfall during
JJAS is shown in Bgure 7. During June (Bgure 7a)
when SSTs are C0.5°C (nearly El-Nino years are
also taken into consideration), the rainfall anomaly
over north Konkan and Goa, north Madhya
Maharashtra and Central Marathwada is positive,
i.e., 0.4–0.5 while Vidarbha, south Madhya
Maharashtra, south Konkan and Goa show negative rainfall anomaly, i.e., 0.1–0.2. This opposite
nature in rainfall received over Konkan and Goa
might be due to the feedback of ENSO weakening
south-westerly winds; Keshavamurty (1982)
unravels the atmospheric circulation pattern getting disturbed due to changes in equatorial PaciBc
Ocean and also due to suppressed convection due
to ENSO (Gadgil et al. 2004). Hence its impact is
seen over smaller regions such as Maharashtra subdivisions. In July (Bgure 7b), similar Cip is
observed in the rainfall received over Konkan and
Goa, Marathwada and Vidarbha, i.e., negative
rainfall anomaly between –0.4 and –0.6 is seen,
where due to winds getting weekend and less
moisture supply during El-Nino years even after

the well establishment of monsoon the rainfall
received is less. And Madhya Maharashtra shows
positive anomaly between 0.1 and 0.2. During
August, September and JJAS season (Bgure 7c–e),
rainfall anomalies are negative, i.e., –0.1 to –0.4.
Extreme negative anomalies of –0.5 and above are
observed over Konkan and Goa, Vidarbha, some
parts of south Madhya Maharashtra and west
Marathwada.
A reversal in the pattern of rainfall received by
four sub-divisions when SSTs over Nino 3.5 region
is less than or equal to –0.5°C to that when SSTs
over Nino 3.4 was more than or equal to 0.5°C is
observed in Bgure 8. When compared with the
climatological pattern, rainfall anomalies have
slightly increased during La-Nina years as southwesterly winds become stronger than normal and
bring in extra moisture. For June (Bgure 8a), positive anomalies are between 0.3 and 0.5 over Konkan and Goa, Vidarbha and Marathwada. Negative
anomalies –0.2 to –0.4 are conBned over Madhya
Maharashtra. For July (Bgure 8b) except north
Madhya Maharashtra and north Konkan and Goa
where the anomalies are seen to be between –0.1
and –0.4, rest all sub-divisions show positive rainfall anomalies of 0.2–0.4. During August (Bgure 8c)
shows positive anomalies in the range 0.1–0.4 over
Konkan and Goa, south Madhya Maharashtra
and Marathwada, whereas Vidarbha shows negative anomaly of about –0.1 to –0.3. During
September (Bgure 8d) all sub-divisions show positive anomalies between 0.3 and above over North
Konkan and Goa, Central Madhya Maharashtra,
north Marathwada and some parts of south
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Figure 6. (A) Correlation coefBcient (CC) between JJAS rainfall and three month running season of SST Nino 3.4 region over
Maharashtra and (B) its sub-divisions for the period 1901–2017 and significant at 95% level.

Marathwada. For the whole season (Bgure 8e)
while all sub-divisions show positive rainfall
anomaly between 0.2 and 0.5, it is Marathwada

which shows maximum positive anomaly of 0.5 and
above during La-Nina years for the period
1901–2017.
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Figure 6. (Continued.)

Figure 7. Composite standardized rainfall anomalies during El-Nino years over Maharashtra for June, July, August, September
months and JJAS season for the period 1901–2017.

Now to get an insight of the impact of El-Nino
and La-Nina on rainy day (%) we did composites of
the same. From Bgure 9(a) during June, rainy day
% is about 55–65% over Konkan and Goa and
minimum rainy day is observed over south Madhya
Maharashtra, i.e., 15–25%. As compared to
Bgure 4(b and c), % rainy days seems to have
weakened during El-Nino years in Bgure 9(b and
c), Konkan and Goa showing maximum rainy day
% of more than 65% and south Madhya Maharashtra showing minimum of less than 15%. During
July and September (Bgure 9b, c) rainy day %
pattern is almost similar, Konkan and Goa showing
maximum rainy day % more than 70% and south
Madhya Maharashtra showing minimum rainy day
% less than 15%, east Vidarbha shows rainy day %
maximum between 45% and 55%. In September

(Bgure 9d) rainy day % is between 35% and 45% at
Konkan and Goa and between 15% and 25% at
north Madhya Maharashtra and some parts of west
Vidarbha and south Madhya Maharashtra. For the
season as a whole (Bgure 9e), rainy day % maximum over Konkan and Goa between 65% and 85%
while Madhya Maharashtra rainy day % between
15% and 35% and Vidarbha shows rainy day %
between 35% and 45%.
Similar rainy day composite with La-Nina years
is shown in Bgure 10. There is a slight increase in
rainy day % when compared to Bgure 4.
Figure 10(a) shows that rainy day % is less between
15% and 25% over south Madhya Maharashtra and
high rainy day % between 55% and 75% over
Konkan and Goa. Marathwada and Vidarbha rainy
day % lies between 35% and 45%. In July and
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Figure 8. Composite standardized rainfall anomalies during La-Nina years over Maharashtra for June, July, August, September
months and JJAS season for the period 1901–2017.

Figure 9. Rainy day’s climatology (%) in June, July, August, September months and JJAS season during El-Nino years over
Maharashtra for the period 1901–2017.

August (Bgure 10b, c) Konkan and Goa rainy day
% is between 65% and above, Madhya Maharashtra
between 15% and 35%, Marathwada between 35%
and 45% and Vidarbha between 35% and 55%.

JJAS season (Bgure 10e) shows rainy day % over
Konkan and Goa between 65% and 85%, Madhya
Maharashtra between 15% and 35%, Marathwada
35–45% and Vidarbha 35–55%.
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Figure 10. Rainy day’s climatology (%) in June, July, August, September months and JJAS season during La-Nina years over
Maharashtra for the period 1901–2017.

4. Conclusion
In this study, we have gone through analyzing
rainfall, its variability, contribution (month-wise
and region-wise) and rainy day percentage-wise
spatially as well as area averaging over Maharashtra and its meteorological sub-divisions.
It has been observed that Konkan and Goa
receive good rainfall (2200 mm and above) as it is
along the coast and on the windward side. As we
move towards the interior parts of Maharashtra,
the rainfall gradually decreases. Due to Konkan and
Goa’s higher elevation just at the beginning of
Madhya Maharashtra most of the moisture transported through Arabian Sea during the monsoon
season builds to form rain clouds and high amount
of precipitation takes place in this region (Kumar
et al. 2014; Maheskumar et al. 2014). Now as we
move further towards Madhya Maharashtra subdivision, it is along the leeward side, receives less
rainfall, i.e., 100–200 mm for individual months and
400–600 mm during JJAS. It is also worth noticing
that the pattern of the rainfall received is relevant
to the progress of monsoon over Maharashtra state,
i.e., good rainfall during June month, with the peak
observed during July month followed by August
month; as more number of depressions form during
these months (Mooley 1973; Daggupaty and Sikka

1977; Sikka 1978; Boos et al. 2015, Hunt et al. 2016)
and monsoon weakening takes place during
September month, thus receives comparatively less
rainfall, for the period 1901–2017. The rainfall is
more during peak months, i.e., July and August
months and contributes nearly 25–35% towards the
JJAS season rainfall. Rainfall variability is high
over central and south Madhya Maharashtra, more
than 80%. Comparatively variability is less over
Konkan and Goa between 15% and 20%. Similarly,
Konkan and Goa show less CV (45% and below)
and Vidarbha too especially during July and JJAS.
A robust decrease in moisture Cux and winds as the
season progresses September month contributes the
least, nevertheless its contribution is prominent
from south Madhya Maharashtra and west
Marathwada. All these results are broadly in
coherence with Ratna 2012 and Guhathakurta and
Saji 2012.
Variation in sea surface temperatures play an
important role in modulating rainfall received over
a region. Hence the correlation identiBed between
the three month running season SSTs (Niño 3.4
region) and rainfall over Maharashtra for the period 1901–2017 highlights that MJJ, JJA and JAS
season’s CC are highly negative (more than –0.3,
on the negative side) and significant at 95% level
over Marathwada, Vidarbha and some parts of
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Madhya Maharashtra and Konkan and Goa, while
rest of the seasons fail to show significant CC. The
percentage of rainy days during El-Niño years and
La-Niña years, decreases and increases monsoonal
rainfall respectively, resulting in more negative
rainfall anomalies and positive rainfall anomalies,
respectively, over most parts of Maharashtra. SSTs
of central and eastern PaciBc Ocean have the
power to reverse the atmospheric circulation altogether (Keshavamurty 1982). Nevertheless, we
cannot deny the fact that not all El-Niño and LaNiña years have brought drought and Cood type
situations (Kumar et al. 1999), but as each region
behaves differently during El-Niño and La-Niña
years (Singh et al. 2005; Kane 2006; Ashok and Saji
2007; Chavadekar and Kashid 2019) it becomes
necessary to keep a check on El-Niño and La-Niña
impact on monsoon received over small region like
Maharashtra and its meteorological sub-divisions.
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