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Abstract
This study investigates the temporal variability of the northeast monsoon rainfall (NEMR) in India and its relationship with 
El Niño-Southern Oscillation (ENSO) and the Indian Ocean Dipole (IOD) using wavelet analysis. The results show that 
NEMR is highly variable, with a coefficient of variation of about 25%, which is due to its dependence on dynamic systems 
with a wide range of spatial and temporal scales. The temporal variability of NEMR is at different time scales ranging from 
intra-annual to interannual to decadal time scales. The large-scale circulation features, ENSO and IOD, also exhibit vari-
ability at different time scales. El Niño events have a typical frequency range of 2 to 7 years, with a prolonged impact that 
can last for several months, spreading across the globe. Wavelet transforms of SOI and Nino 3.4 have revealed variability 
at the time scale of 2–8 years, which is in line with the observed ENSO cycle. The wavelet transform of DMI displays 
significant variability in short time scales, typically less than 2–4 years. The study also finds a strong negative relationship 
between NEMR and SOI, recorded in September, especially over Tamil Nadu, Kerala, and Coastal Andhra Pradesh dur-
ing the periods 1900–1920 and 1980–2000. This correlation is strong at time scales of 2–4 years and 4–8 years during the 
periods 1880–1920, possibly related to the ENSO cycle and the oscillation of anomalous SST over the Indian Ocean. The 
study highlights the need for further studies to understand the physical processes that contribute to the observed variability 
in El Niño and other ocean–atmosphere interactions.

Keywords Northeast monsoon · El-Nino Southern Oscillation · Southern Oscillation Index · Dipole mode index · Wavelet 
power spectrum · Wavelet coherence

Introduction

The Indian Monsoon is comprised of two vital monsoons: 
the Southwest Monsoon, which occurs from June to Sep-
tember, and the northeast monsoon (NEM), which occurs 
from October to December (OND). The monsoon precipi-
tation is crucial because it control many sectors, including 

agriculture, food, energy, and water, as well as disaster man-
agement. The spatial and temporal variability of monsoon 
rainfall is highly uncertain at multiple scales. The India 
Meteorological Department (IMD) identifies the period 
from October to December as the Northeast monsoon. NEM 
is a component of the Northeast trade winds that develop 
due to the temperature gradient (Dhar and Rakhecha 1983). 
In comparison to the summer monsoon, the NEM is drier, 
more stable, and has a smaller vertical extent. During NEM, 
rainfall occurs in the meteorological subdivisions of Tamil 
Nadu (TN), Kerala (KER), Coastal Andhra Pradesh (CAP), 
Rayalaseema (RYS), and South Interior Karnataka (SIK).

Tamil Nadu receives 48% of its annual rainfall dur-
ing the NEM season, making it the primary rainy sea-
son. The average date of occurrence of NEM over the 
coasts of Tamil Nadu and Andhra Pradesh is October 20. 
(Balachandran et al. 2020). During this time, cyclones 
may form over the Bay of Bengal and the Arabian Sea, 
which has a significant impact on precipitation. Thus, 
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northeast monsoon rainfall (NEMR) exhibits a high 
degree of variability with a coefficient of variation of 
25%, with approximately 11% of NEMR variation attrib-
utable to precipitation associated with the passage of 
cyclones and depressions (Geetha and Raj 2015). NEMR 
is also affected by global climate parameters such as El 
Nino, La Nina, Southern Oscillation (Bjerknes 1969), 
Indian Ocean Dipole (IOD) (Saji et al. 1999), and Mad-
den–Julian Oscillation (MJO) (Madden and Julian 1971). 
El Nino, a positive IOD, and MJO phases 2–4 with ampli-
tudes greater than 1 are usually associated with favorable 
NEMR (Madden and Julian, 1972).

Numerous research studies have shown that the El 
Niño-Southern Oscillation (ENSO) significantly affects 
the interannual variability of NEMR. In recent years, 
(Zubair and Ropelewski 2006) and Kumar et al. (2007) 
demonstrated a correlation between ENSO and NEM pre-
cipitation over South Asia. Kumar et al. (2007) identified 
stronger anomalies in the easterlies and anomalous con-
vergence of moisture in the lower levels over the North 
Indian Ocean and stated that these could be the cause of the 
observed strengthening. According to a study by (Kripalani 
and Kumar 2004), there is a positive correlation between 
NEMR and IOD in the South Peninsular region, resulting 
in increased precipitation during the positive IOD phase 
and vice versa. Kumar and Hoerling (2003) discovered a 
correlation between the mean monthly sea surface tempera-
ture (SST) over the Nino-3.4 region in August and Septem-
ber over a 50-year period and the winter monsoon rain-
fall over Central Asia Plateau. This is due to the fact that 
ENSO influences the tropospheric circulation (Bjerknes, 
1966). In spite of the fact that the NE monsoon rainfall is 
significantly influenced by the favorable large-scale circu-
lation caused by the Pacific, the local air-sea interaction is 
crucial in influencing or causing the extreme rainfall events 
connected to El Nino (Singh et al. 2017). George et al. 
(2011) discovered a correlation between the dipole mode 
index (DMI) and the NEMR. Ashok et al. (2001) and Rao 
(1976) demonstrated that the SST variability between the 
west and east sides of the Equatorial Indian Ocean under-
goes rapid fluctuations that result in interannual variability, 
whereas the predominant SST variability has an average 
3–5-year cycle. Yasunari and Seki (1992) demonstrate that 
the lag cross-correlations between the Southern Oscillation 
Index (SOI) and the NEMR in India fluctuate similarly to 
those between SST in the tropical Pacific and the Indian 
summer monsoon rainfall. The northeast monsoon over 
India is influenced by several large-scale climate patterns, 
including the El Niño Southern Oscillation (ENSO) and the 
Indian Ocean Dipole (IOD) (Rajeevan et al 2012).

Very limited studies (Rajeevan et al. 2012; Kripalani 
and Kumar 2004; George et al. 2011) are available on 
the variability of NEMR owing to its high variability as 

opposed to the Indian summer monsoon whose spatial and 
temporal characteristics (Das et al. 2011; Deka et al. 2013; 
Jain et al. 2013; Das et al. 2015; Goswami et al. 2003; 
Goswami et al. 2006, Hu and Nitta 1996) have been well 
explored and established. The objective of this study is 
to understand the temporal characteristics of NEMR and 
its teleconnection with the large-scale circulation indices 
using wavelet analysis for the period 1871–2016. Wavelet 
analysis is a mathematical tool used to study the temporal 
characteristics of time series data. It allows researchers 
to analyze the frequency and time-dependent behavior of 
a dataset and identify any cyclical patterns or trends that 
may exist (Torrence and Compo 1998). This study illus-
trates the application of wavelets to study the variability 
of the systems under study. Studies (Kumar and Hoer-
ling 2003, 2007; Zubair and Ropelewski 2006; Yasunari 
and Seki 1992, Tomita and Yasunari 1996, Rathinasamy 
et al. 2019) identifying the relationship between NEMR 
and circulation features like ENSO and IOD focus mainly 
on the nature of the relationship whereas this study also 
focuses on how this relationship has fluctuated with time 
over the years during the period of study. Overall, research 
on the temporal and spatial characteristics of NEM rain-
fall and its teleconnection with large-scale circulation 
indices using wavelet analysis has provided insights into 
the mechanisms that drive this important seasonal rain-
fall pattern and may help improve forecasting capabili-
ties in the future. The manuscript has been divided into 
distinct sections. The data and study area are described in 
the “Data and study area” section, while the methodology 
used to achieve this research objective is described in the 
“Methodology” section. The “Result and discussion” sec-
tion describes the results and discussion, and the “Conclu-
sions” section is the conclusion.

Data and study area

The study area includes the five meteorological subdivisions 
that receive the NEMR namely Tamil Nadu, Rayalaseema, 
Coastal Andhra Pradesh, South Interior Karnataka, and 
Kerala. The long-term rainfall sub-divisional Homogene-
ous Indian Monthly Rainfall Datasets (Parthasarathy et al. 
1993) for the period of 1871–2016 used in the study. These 
measurements of rainfall were made by the network of rain 
gauge stations set up by the India Meteorological Depart-
ment. The circulation indices that have been used in this 
study are the Southern Oscillation Index, Nino 3.4 Index, 
and Dipole Mode Index (DMI).

The Southern Oscillation Index (SOI, Walker 1924) is 
a standardized index describing the state of the Southern 
Oscillation by the pressure differences between Tahiti and 
Darwin, Australia. When SOI is negative (positive), the 



Arab J Geosci (2023) 16:540 

1 3

Page 3 of 13 540

atmospheric pressure over Tahiti is below (above) normal 
and over Darwin, it is above (below) normal. When the SOI 
values prolong below − 8, it indicates El Nino event and 
when values above + 8 sustain, a La-Nina event is said to 
have occurred. Studies have shown that the periods of events 
match well with the anomalous changes in temperature in 
the eastern Tropical Pacific Ocean. Abnormally warm (cold) 
SST in the eastern tropical Pacific Ocean are observed dur-
ing negative (positive) SOI values indicating El Niño (La 
Niña) phenomenon. The SOI data for the period 1871–2016, 
used in this study was recorded by the Climate Research 
Unit (CRU, Harris et al. 2014) of University of East Anglia. 
The time series of the SOI are reflected well as changes in 
ocean temperatures across the eastern tropical Pacific.

The Niño 3.4 index was obtained from NOAA ESRL Physi-
cal Sciences Laboratory (Hansen et al. 1998) for the period 
1950–2016. It is also an index used to measure the ENSO 
effect. It is the 5-month running average anomaly in the sea 
surface temperature enclosed within the 5° N to 5° S, from 170° 
W to 120° W extent. When this measure crosses ± 0.4 °C, El 
Niño/La Niña is said to have occurred (Schneider et al. 2013).

The DMI, put forth by Saji et al. (1999), is an indicator 
of the SST gradient across the east and west tropical Indian 
Ocean, associated with the Indian Ocean Dipole. The Indian 
Ocean DMI is defined as the anomalous SST gradient between 
the western equatorial Indian Ocean over the 50° E–70° E and 
10° S–10° N box and the south eastern equatorial Indian Ocean 

over 90° E–110° E and 10° S–0° N box. The DMI data for 
this study was obtained from NOAA ESRL Physical Sciences 
Laboratory (Hansen et al. 1998) for the period 1871–2016. The 
Fig. 1 shows the five meteorological subdivisions that receive 
the NEMR namely Tamil Nadu, Rayalaseema, Coastal Andhra 
Pradesh, South Interior Karnataka, and Kerala (Fig. 1).

Methodology

The wavelet analysis has been used in this study to analyze 
the variability of the NEMR over the period 1871–2016 
and its variability with respect to El Nino and Indian Ocean 
Dipole. Wavelet analysis (Schmidbauer and Roesch 2018) 
is a popular time–frequency analysis technique that is 
widely used to study the statistical properties of the non-
stationary signals, here the signal being the long-term 
NEMR time series from 1871–2016.

The wavelet transform uses a wavelet function and 
computes the similarity between the input time series 
and the wavelet function. This correlation is computed 
separately for different time intervals, thus resulting in a 
representation containing information about the frequen-
cies and the point of time at which each of the frequencies 
occurred. The magnitude of the wavelet spectrum coef-
ficients shows how well the wavelet matches with the time 

Fig. 1  Study area consisting of the five meteorological subdivisions that receives rainfall during northeast monsoon season



 Arab J Geosci (2023) 16:540

1 3

540 Page 4 of 13

series. At each scale, the wavelet spectrum coefficients 
also depict the amplitude of a time series.

The power spectrum of a time series also describes the 
distribution of the wavelet power into frequency components 
of the time series. It can be used to detect the seasonality 
present in the data, wherein the spectrum will show peaks 
at the seasonal frequencies.

Morlet wavelet

The Morlet wavelet transform is a mathematical technique 
used to analyze the time–frequency content of a time series 
signal. It is based on the convolution of the signal with a set 
of wavelets, each of which is generated by shifting and scal-
ing a “mother” wavelet function.

The Morlet wavelet is one such mother wavelet function, 
defined as:

where π is the mathematical constant pi, i is the imaginary 
unit, t is the dimensionless time, and 6 is the wavenumber 
which satisfies the admissibility condition. In practice, the 
value of 6 is commonly used for the Morlet wavelet.

To perform the Morlet wavelet, transform, the input time 
series is convolved with the Morlet wavelet function, which 
has been shifted in time and scaled by a factor τ and s, 
respectively. The scaling factor s is chosen to be a power-
of-two multiple of the smallest resolvable scale, s0, which 
is some multiple of the time resolution dt of the data. For 
seasonal data with dt = 0.25 years, the smallest resolvable 
scale is s0 = 0.5 years.

The wavelet power spectrum (WPS) is computed from 
the convolution of the input signal with the wavelet family. 
The WPS indicates the time-varying frequency content of 
the input signal. The regions with high wavelet power cor-
respond to significant features of the signal, and can be used 
to identify trends, periodicities, and anomalies in the data.

Wavelet coherence

Wavelet coherence is used to estimate the association 
between two phenomena. It can be used to study the coher-
ence and phase lag between two time series as a function of 
time and frequency (Chang and Glover 2010) In this study, 
it has been used to find the relationship between the NEMR 
and the climate indices used in this study.

(1)�(t) = �
0.25e(i∗6∗t)e(−t

2∕2)

(2)Sj = s02
jj
,where j = 1, 2, 3

(3)j = j−1log2
(

Nt∕s0
)

The wavelet coherence of two time series x and y is

where Cx(a,b) and Cy(a,b) denote the continuous wavelet 
transforms of x and y at scales a and positions b (Torrence 
and Compo 1998). C*

x is a complex conjugate used as a 
smoothing operator in time and scale.

Result and discussion

NEMR is highly variable with coefficient of variation 
of about 25% due to its dependence on dynamic systems 
with a wide range of spatial and temporal scales. This 
temporal variability is at different time scales ranging 
from intra-annual to interannual to decadal time scales. 
The discussion consists of two sections, one discussing 
the temporal characteristics of NEMR and the circulation 
features taken for study, namely, ENSO and IOD. The 
other section discusses the teleconnection of NEMR with 
those circulation features.

Temporal variability of NEMR

The wavelet power spectrum of the OND rainfall over the 
five rainfall subdivisions show high wavelet power in the 
lower Fourier periods showing their intra-annual variabil-
ity. The white contours show areas of significance and the 
areas marked with dashed black lines show the wavelet 
ridges. Ridges are locations at which the frequency of the 
scaled wavelet coincides with the local frequency of the 
signal, that is they are the local maxima of the amplitude 
of the wavelet transform.

From Fig. 2, we find that the time scales shorter than 
2 years are dominant in the variations over nearly all the 
time domains. All the rainfall subdivisions show domi-
nant variations within the time scales of 2–4 years during 
the period 1871–1950. Kerala shows significant decadal 
variations in the time scale of 16–32 years throughout 
the period of study. CAP shows variability at timescales 
of 8–16 years during the period 1871–2000. Strong vari-
ability is seen in the 2–4 time scale especially during the 
period 1900–1950.

The average wavelet power shows the power averages 
across time of a time series. The vertical axis shows the 
Fourier periods. The horizontal axis shows the averages. 
The average wavelet power shows significant variations 
in 2–4 years’ timescale at 90% (blue) and 95% (red) con-
fidence. Tamil Nadu and Kerala show strong variations at 
8–16 and 16–32 years’ time scales, respectively.

R2 =
∣ S(C∗

x
(a, b)Cy(a, b)) ∣

2

S(∣ (Cx(a, b) ∣)
2 × S(∣ (Cx(a, b) ∣)

2



Arab J Geosci (2023) 16:540 

1 3

Page 5 of 13 540

Fig. 2  Wavelet spectrum of OND rainfall over each of the five meteorological subdivisions for the period 1871–2016
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Temporal variability of the large‑scale circulation 
features

El Niño events are a complex ocean–atmosphere interaction 
that occur irregularly, with a typical frequency range of 2 
to 7 years. These events start from March, peak between 
November and January, and have a prolonged impact that 
can last for several months, spreading across the globe. Pre-
vious research by Schneider et al. (2013) has confirmed the 
variability of El Niño events at time scales of 2–8 years, 
which is consistent with the observed ENSO cycle. How-
ever, it is important to note that the occurrence of El Niño is 
not exclusively dependent on these time scales and may be 

influenced by other factors such as oceanic and atmospheric 
conditions.

Wavelet transforms of SOI (Southern Oscillation Index) 
and Nino 3.4 have revealed variability at the time scale of 
2–8 years, which is in line with the observed ENSO cycle. 
This is shown in Fig. 3 and supports the findings of Schneider 
et al. (2013). The wavelet transform of DMI (Indian Ocean 
Dipole Mode Index) displays significant variability in short 
time scales, typically less than 2–4 years. These highlights 
strong fluctuations in the Indian Ocean SST (sea surface tem-
perature) at this time scale, which coincides with the time 
scale of SST variability of an average of 3–5 year cycles as 
found in studies by Ashok et al. (2001) and Rao (1976).

Fig. 3  Wavelet spectrum of DJF SOI, DJF Nino 3.4 Index, and OND DMI for the period 1871–2016
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It is worth noting that while wavelet transforms provide 
insights into the temporal variability of climatic systems, 
they do not necessarily reveal the underlying mechanisms 
driving these changes. Therefore, further studies are needed 
to understand the physical processes that contribute to the 
observed variability in El Niño and other ocean–atmosphere 
interactions. Such studies may involve the use of advanced 
modeling techniques and the integration of multiple data-
sets to gain a more comprehensive understanding of these 
complex phenomena.

Teleconnections: NEMR and ENSO

Wavelet coherence is used to determine the time–frequency 
space where the two NEMR and the circulation indices co-
vary. The warmer colors (red) represent regions with sig-
nificant association, while colder colors (blue) signify lower 

correlation between the series. The phase arrows show the 
relative phasing of two time series, that is they represent the 
lead/lag phase relations between the series. Arrows point to 
the right (left) when the time series are in phase (anti-phase). 
Arrows pointing to the right-down or left-up indicate that the 
first variable is leading, while arrows pointing to the right-
up or left-down show that the second variable is leading 
(Aguiar-Conraria and Soares 2011).

The figures demonstrate the relationship between ENSO 
cycle and rainfall variations in India. The black contours 
in the figures represent 95% significant correlation, while 
the arrows indicate the relative phase between the series. 
Through wavelet coherence plots using the Nino 3.4 index 
and SOI index, Figs. 4 and 5 show the role of ENSO cycle 
in rainfall variations in India at different time scales. The 
figures reveal a strong negative relationship between 
NEMR and SOI, recorded in September, especially over 
Tamil Nadu, Kerala, and Coastal Andhra Pradesh during 

Fig. 4  Wavelet coherence between OND rainfall and September Nino 3.4 Index over each of the five meteorological subdivisions
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the periods 1900–1920 and 1980–2000. This correlation is 
strong at time scales of 2–4 years and 4–8 years during the 
periods 1880–1920, possibly related to the ENSO cycle and 
the oscillation of anomalous SST over the Indian Ocean.

Similarly, Fig. 4 show a very strong positive relation-
ship between NEMR and Nino 3.4 Index, with a strengthen-
ing of the relationship observed over time. This coincides 
with the conclusion that the northeast monsoon has a strong 
interaction with the tropical ocean and atmospheric sys-
tem and their recent strengthening. Researchers have found 
the presence of anomalous moisture transport from Bay of 
Bengal and equatorial Indian Ocean during El Nino, which 
could be the plausible reason for excess NEMR in Southern 

peninsular India. Furthermore, studies have shown a statisti-
cally significant multi-decadal relationship between ENSO 
and NEMR. Tables 1 and 2 show the correlations between 
OND rainfall and ENSO indices. The values marked with 
asterisks show significant correlation, with values marked 
with *** indicating the highest level of confidence. Table 2 
shows a very strong significant correlation between OND 
rainfall and the spring (MAM) seasonal SOI index over all 
the rainfall subdivisions.

Figures 6 and 7 demonstrate lag correlations between the 
rainfall time series and each of the ENSO indices: SOI and 
Nino 3.4. The lagged correlations between the NE monsoon 
rainfall for the five meteorological subdivisions and the Nino 

Fig. 5  Wavelet coherence between OND rainfall and September SOI over each of the five meteorological subdivisions

Table 1  Correlation table 
between OND rainfall and SOI. 
Values in bold are significant. 
Values marked with *** show 
99% confidence, ** show 95% 
confidence, and * show 90% 
confidence using Students’ t-test

Sep Oct Nov Dec JF MAM JJAS OND

CAP  − 0.053  − 0.008 0.018 0.022  − 0.036 0.086  − 0.002 0.012
TN  − 0.274***  − 0.221***  − 0.094  − 0.202**  − 0.033  − 0.162*  − 0.311***  − 0.204**
SIK  − 0.167**  − 0.007 0.052  − 0.055  − 0.031  − 0.059  − 0.121  − 0.006
KER  − 0.244***  − 0.167**  − 0.071  − 0.101  − 0.109  − 0.203**  − 0.203**  − 0.133
RYS  − 0.071 0.005 0.091  − 0.012  − 0.014  − 0.022  − 0.069 0.031
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Table 2  Correlation table 
between OND rainfall and 
Seasonal Nino 3.4. Values in 
bold are significant. Values 
marked with *** show 99% 
confidence, ** show 95% 
confidence, and * show 90% 
confidence using Students’ t-test

Oct Nov Dec JF MAM JJAS OND

CAP 0.214* 0.207* 0.185 0.218* 0.292** 0.214* 0.203*
TN 0.222* 0.204* 0.177 0.131 0.267** 0.258** 0.202
SIK 0.064 0.035 0.042 0.190 0.255** 0.099 0.047
KER 0.182 0.186 0.174 0.100 0.219* 0.193 0.182
RYS 0.153 0.147 0.115 0.100 0.155 0.173 0.139

Fig. 6  Seasonal lag correlations between SOI and OND rainfall over the five rainfall subdivisions

Fig. 7  Seasonal lag correlations between Nino 3.4 Index and OND rainfall over the five rainfall subdivisions
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3.4 index oscillate with time. The correlations during the win-
ter and pre-monsoon months of the previous year are negative, 
which changes to positive during May to October of the con-
current year and then subsequently changes to negative val-
ues. The correlation during May to October of the concurrent 
year is positive, whereas a strong negative relationship exists 
between the SOI and NEMR in antecedent and concurrent 
modes, which changes as the season advances and then turns 
positive. These changes are attributed to the modulations in 
the position of the subtropical ridge and the equatorial trough 
under the influence of the Southern Oscillation.

Teleconnection: NEMR and IOD

The Northeast Monsoon Rainfall (NEMR) in India is closely 
linked to the Indian Ocean Dipole (IOD), a climatic phenom-
enon characterized by sea surface temperature anomalies in the 
tropical Indian Ocean. Positive phases of IOD favor normal 

or above-normal NEMR, while negative phases could lead to 
below-normal or weak NEMR. The relationship between the 
two variables is particularly strong on timescales shorter than 
4 years, although there are also some correlations in a 16-year 
timescale for specific regions such as Kerala, Rayalaseema, 
and Coastal Andhra Pradesh. Singh et al. (2017) further sug-
gests that the strong gradient in sea surface temperature (SST) 
between the warm Western Indian Ocean and the cool Western 
Pacific during the Northeast monsoon season induces strong 
easterly wind anomalies, facilitating moisture transport towards 
the core Northeast monsoon region. In particular, strong posi-
tive IOD and El Niño events have been found to bring above-
normal rainfall over South Peninsular India (Fig. 8).

However, caution must be exercised when interpreting the 
results presented in Fig. 9, which shows the seasonal lag corre-
lation between NEMR and DMI time series. While the correla-
tion between NEMR and DMI changes from negative to positive 
in the antecedent modes and remains positive in the concurrent 

Fig. 8  Wavelet coherence between OND rainfall and DMI over each of the five meteorological subdivisions
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mode, the lagged correlation between NEMR and DMI becomes 
negative during the subsequent monsoon. This suggests that the 
relationship between NEMR and DMI is not straightforward and 
may be influenced by other factors that are yet to be fully under-
stood. Therefore, more research is needed to identify and assess 
the role of other factors in modulating the NEMR-DMI relation-
ship, and their potential impact on the Northeast monsoon.

Overall, these findings highlight the complex interplay 
between oceanic and atmospheric processes that influ-
ence NEMR in India and emphasize the need for continued 
research to better understand and predict these phenomena 
for effective climate adaptation and disaster risk reduction 
efforts in the region.

Conclusions

This study attempts to understand the temporal characteristics 
of NEMR and the large-scale circulation indices and the link-
age between them. To identify the dominant timescales of the 
variability of the northeast monsoon rainfall and the large-scale 
circulations, the wavelet analysis, the wavelet transform of the 
OND rainfall over the five rainfall subdivisions was used.

The following conclusions were obtained from the study.

a. Tamil Nadu and Kerala show strong variations at 
8–16 years and 16–32 years’ time scales, respectively. 
Strong variability at time scales of 2–4 years during the 

period 1871–1950 was observed. Kerala shows varia-
tions in the time scale of 16–32 years and CAP shows 
variability at timescales of 8–16 years during the period 
1871–2000. Moreover, the variability of the ENSO cycle 
at time scales of 2–8 years and the variability of the DMI 
at time scales of 2–4 years has been observed.

b. Wavelet coherence plots show a strong negative relation-
ship with the SOI index and a strong positive relation-
ship with NEMR with Nino 3.4 and IOD. A strengthen-
ing of the relationship between NEMR and ENSO has 
been observed from the wavelet power spectrum.

c. Lagged correlations show the pattern of the correlations 
between the NEMR and the indices change with the 
season and within a lag of two years. The relationship 
between NEMR and SOI is negative in the precedent 
and antecedent modes but a reversal in the relationship 
is observed in the concurrent mode.

The results from the study reveal the temporal charac-
teristics of NEMR over the five meteorological stations in 
the South Peninsular India and its behavior with ENSO and 
IOD circulation patterns. From the results, the observed time 
scales of variability seem to vary from interannual time-
scales to decadal time scales. Understanding the temporal 
variability of the NEMR would help in better analysis and to 
identify the course of the system. The associations identified 
between NEMR and the circulation indices are also found to 
be consistent with the earlier studies.

Fig. 9  Seasonal lag correlations between DMI and OND rainfall over the five rainfall subdivisions
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