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Abstract

The intra-seasonal variability plays a major role in the inter-annual variability of weather para-
meters such as rainfall, temperature and pressure which lead to extreme weather events in cer-
tain years. The active (more rainy days) and break (less rainy days) periods of Indian summer
monsoon heavily depend on the intra-seasonal variability of weather parameters such as wind,
pressure and temperature oscillations during the monsoon season. In the present analysis daily
total column ozone, surface temperature and surface pressure measured over Cochin using Mi-
crotop Il Ozonometer (sun Photometer) were used to study the Intra-Seasonal Variations (ISV) of
the above parameters during the monsoon season, 2015. The dominant and significant intra-
seasonal oscillations (ISOs) were identified using an advanced statistical method called the Dis-
crete Mayer’s Wavelet (DMW) analysis. Two major ISOs such as Madden Julian Oscillations (M]JO,
30 - 60 days) and quasi-bi weekly (12 - 16 days) oscillations were found in TCO, surface tempera-
ture and pressure. In TCO an additional mode of ISO with quasi tri-weekly periodicity was also
found (16 - 22 day). It is observed that MJO mode is the dominant among all other modes and its
positive and negative phases correlate with positive and negative anomalies of the above para-
meters. The ISO mode in the surface pressure shows an out of phase relation with the Indian
summer monsoon rainfall which indicates the active and break periods of Indian summer mon-
soon. The contribution of MJO mode is dominant in the tropical atmosphere, which modulates the
intra-seasonal variability. It is found that for the year 2015 total column ozone, surface pressure
and surface temperature show an annual range of 30 DU, 4 hPa and 1°C, respectively.
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Wavelet Analysis

1. Introduction

The Madden-Julian Oscillation (MJO) is the dominant mode of tropical intra-seasonal variability in the Asiatic
monsoon region. The MJO is an eastward moving disturbance of clouds, rainfall, winds, and pressure that tra-
verses the planet in the tropics and returns to its initial starting point in 30 to 60 days, on average. It connects
weather and climate and influences high-impact events around the globe including monsoons, tropical cyclones,
tornados, cold surges, flood and wildfires. Basic research in modeling, analysis and real time monitoring of MJO
will lead to the improvement of intra-seasonal prediction of probabilities of extreme events like drought and
floods. The Madden Julian Oscillation (MJO) represents the connection between the weather and seasonal-to-
interannual climate variations. It significantly affects the tropical weather, climate and global atmospheric cir-
culations. Many studies have demonstrated that MJO modulates the characteristics and strength of higher-
frequency tropical variability, including tropical cyclogenesis and extreme precipitation events. The important
timescales of different intraseasonal variations have been identified in the past three decades as the 10 - 20 and
the 30 - 50 day scales, in addition to the synoptic scales [1]-[5]. Previous studies suggest that the intraseasonal
and interannual variabilities are governed by a common spatial mode of variability [6]-[9]. Indian summer
monsoon, which is a part of the Asian monsoon system, exhibits a wide spectrum of variability on daily, sub-
seasonal, interannual, decadal and centennial time scales. The dominant time scales of intraseasonal variations
of monsoon circulations and convections are 10 - 20 days and 30 - 60 days with comparable contributions to the
total intraseasonal variability in the Indian region [9]. The Madden & Julian [10] 30 - 50-day mode is believed
to be associated with northward propagation of clouds, rainfall and winds from the equatorial Indian ocean [11],
whereas the 10 - 20-day mode is believed to be associated with westward propagation clouds, rainfall and winds
from the west Pacific. During the summer monsoon season (June to September), a substantial component of this
variability of convection and rainfall over the Indian region arises from the fluctuations on the intraseasonal
scale between active spells with good rainfall and weak spells or breaks with little rainfall [12]. The interannual
variability of the sub-seasonal fluctuations during the monsoon season is large and long intense breaks have an
impact on the seasonal monsoon rainfall over the country [13]. It is recognized that intraseasonal variation can
have an impact on the seasonal total rainfall of Indian monsoon. Madden and Julian named it the “40 - 50-day
oscillation” because of its preferred time scale [14]-[16]. There can be multiple MJO events within a season, and
so the MJO is best described as intraseasonal tropical climate variability. Since then it has been called the “30 -
60-day oscillation” and the “intraseasonal oscillation”, but the term “MJO” has now emerged as a favorite in the
global climate change scenario. A comprehensive review of Madden Julian Oscillation can be found elsewhere
[16]. Earlier there was no universally accepted definition for MJO. The Real-time Multivariate MJO index
(RMM) of Wheeler and Hendon is now accepted as the standard definition for MJO [17]. The MJO cycle, as de-
fined by the RMM index, is split up into 8 phases, for convenience. Each phase corresponds to 1/8th of the full
cycle. An individual MJO event can last anywhere between 30 and 60 days.

The tropical ozone concentrations are very much linked with the dynamical process of the tropical atmosphere
rather than the chemical processes. Tropical weather systems are under the influence of the intraseasonal varia-
bility. All the weather systems are modulated by the intra-seasonal variability over this region. However, the
impact of the MJO on atmospheric composition, such as ozone (O3), has yet to be well documented. The satellite
observed tropical total column ozone and their connection to the MJO reveals that intra-seasonal variations (1SV)
of the tropical total ozone are large (~+10 DU) and comparable to the total ozone variations in annual and inte-
rannual time scales associated with the annual cycles, quasi-biennial oscillation, El Nifio-Southern Oscillation,
and solar cycle [18]. The total ozone anomalies over Pacific Ocean and eastern hemisphere in the subtropics
keep a systematic relationship to the MJO convection and dynamics [18]. The study revealed significant influ-
ence of MJO on the active and break phases of Indian monsoon. The peak phase of break spells is generally ob-
served during the MJO phases 1 and 2 (when the MJO phase is active over Africa/western parts of India). Mad-
den Julian Oscillation also modulates the amplitudes and activities in equatorial waves and monsoon depressions
[19]. MJO can modulate the timing and strength of monsoons [20] [21], and result in jet stream changes that can
lead to cold air outbreaks, extreme heat events, and influence tropical cyclone numbers and its strength in nearly

)



V. Madhu

all ocean basins [22]. Very few studies are available to understand the intra-seasonal variability of tropical col-
umn ozone. Studies have demonstrated that Madden-Julian Oscillation (MJO) can modulate storms and tropical
cyclones over Indian Ocean and western Pacific [23]. Similar mechanism is responsible for clustering of tropical
cyclones and hurricanes in Gulf of Mexico [24], eastern Pacific and western Pacific [25]. The study of intra-
seasonal variability is very important in the context of climate change and global warming which leads to ex-
treme weather events such as flash floods, and extreme drought, over the tropics around the globe. For the last
few years, sunburn cases were reported frequently from different pockets of this study location indicating the
ozone depletion and penetration of more UV-B radiation at the surface. Hence we do require more studies of this
kind for the proper understanding and predictions of regional weather and climate. Tropical intra-seasonal va-
riability plays a great role in the weather and climate over the tropics. The proper understanding and forecasting
of these intra-seasonal oscillations (ISOs) of tropical atmosphere will benefit people living in the tropical re-
gions, and also over the rest of the Earth due to remote “tele-connections” between the weather in the tropics
and the weather elsewhere around the globes. In this study, an attempt has been made to understand the seasonal
and intraseasonal variability of tropical column ozone, surface pressure and temperature over Cochin during the
summer monsoon, 2015.

2. Materials and Methods

The daily values of total column ozone, surface temperature and pressure were measured over Cochin using Mi-
crotop Il Ozonometer during the year January to December 2015. Dobson and Brewer Spectrometers are ground
based universally accepted instruments for total column 0zone measurements. They give accurate values of total
column ozone with an uncertainty of only 2% [26]. Microtops Il instrument is compact, cheaper and portable in
nature, which measure TCO accurately in par with these spectrometers. Present study is based on the primary
data using the in situ measurements of TCO, temperature and pressure over Cochin and this study is first of its
kind from the southern part of India.

2.1. About the Microtop Il Ozonometer

Total column ozone is measured by recording the differential absorption of solar light intensity in the UV band.
The Microtops Il Ozonometer (a sun targeted photometer) measure the direct solar radiation in five channels
using a collimator with 2.5° field of view. For each channel a photodiode and narrow band interference filters
for the three UV wavelengths 305.5 nm, 312.5 nm and 320.0 nm are dedicated for the total column o0zone mea-
surements. The near infrared bands centered at 940 nm and 1020 nm are used to retrieve the water vapor and
aerosol optical depth. The Microtops Il measures the optical block temperature and it also incorporates a solid
state pressure sensor to provide the surface pressure for each measurements. The physical and operational me-
thods of Microtops Il instruments were found elsewhere [27] [28]. The performance of Microtops Il is validated
using the Brewer spectrometer, which is considered as the standard instrument for measuring total column ozone.
Brewer Spectrometer points towards sun and measure radiance at six wavelengths viz 303.2, 306.3, 310.1, 313.5,
316.8 and 320.1 nm. The FOV is approximately 3° and spectral resolution is 0.6 nm. Measurements are carried
out manually by pointing the instrument against the sun with the help of light indicator which reflects the sun
position in the sun targeted window.

The ozone measurement using Microtops Il ozonometer is based on the assumption that intensity of radiation
measured at each channel obeys Lambert-Beer Law, which when applied to ozone absorption and Rayleigh
scattering by the atmosphere gives intensity as

| = |oe*aﬂﬂ -mpP/R, (1)

I, is the intensity of light of a particular wavelength before it passes through the atmosphere, I, the inten-
sity remaining after all processes attenuating the incident radiation have occurred, a is the ozone absorption
coefficient at that specific wavelength, Q is the amount of ozone, u the ratio of the actual and vertical path
lengths of the radiation through the ozone layer, P is the pressure of the atmosphere in hPa, m is a quantity
known as the air mass, P, is the standard pressure (1013.25 mbar). For m < 2 the parameters x and m are vir-
tually identical. The Microtops Il uses the combination of three wavelengths for calculation of the TCO. The
channel | (Chyyrco—combination of wavelengths 305.5 nm and 312.5 nm), Channel 11 (Chysrco—Ccombination
of 312.5 nm and 320.0 nm) and Chanel 11l (Chy,3rco—Ccombination of 305.5 nm, 312.5 nm and 320.0 nm) cal-
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culate TCO based on the Equation (2), where a1, and a,3 are difference between the ozone absorption coeffi-
cients for the corresponding filters.

Chypgreo = (ChlzTCO 0y = Chygreg Qg )/(0‘12 _0‘23) )

2.2. Method of Analysis

The measurements of TCO, surface temperature, and pressure taken at 11.30 hrs and 14.30 hrs were averaged to
get the daily values. Monthly means are calculated using the daily means to study the seasonal variability. The
data gaps were filled using the linear interpolation technique. The tropical monsoon rainfall and the monsoon
regions are undergoing a lot of intra-seasonal variability with different time scales which can alter the weather
and climate, which in turn produce extreme weather events frequently. Considering the above facts, efforts are
taken in this work to understand the different time scales of 1SOs which play significant role in the total intra-
seasonal variability. The daily total column ozone, surface temperature and pressure were taken for the period
01 June-30th September, 2015 to study the ISV.

2.3. Wavelet Analysis

Wavelet Transform converts a signal into a series of wavelets, which provide a way for analyzing waveforms,
bounded in both frequency and time domain. It allows signals to be stored more efficiently than Fourier trans-
form and is very well-suited for approximating data with sharp discontinuities. Wavelet transform can be used
effectively to extract the hidden frequency based information from the raw signal which is normally present in
the time-domain. Basically the frequency components (spectral components) of the signal show what frequen-
cies exist in the signal. Fourier Transform can tell how much of each frequency exists in a signal and it cannot
provide what frequency exists at what time intervals. Wavelet transform can overcome this issue and hence it is
widely used for climate data analysis. In the wavelet analysis raw signal (time-domain) decomposes into differ-
ent frequency components. A Discrete Wavelet Transform (DWT) provides sufficient information both for
analysis and synthesis to reduce the computation time sufficiently. It is easier to implement and analyze the sig-
nal at different frequency bands with different resolutions. Discrete wavelet transform decompose the signal into
a coarse approximation but with detailed information. There are different families of wavelets with different
properties suitable for different applications. In this study Mayer’s discrete wavelet analysis is used which is not
a crude method and have many advantages over other wavelet transform methods. To study the low and high
frequency oscillations (1SOs) during the monsoon season, an advance statistical method called Discreet Mayer’s
Wavelet (DMW) is used. Mathematical steps, algorithms and software packages are available for the easy use of
this technique for the climate data analysis [29].

3. Results and Discussions

The Microtops Il measurements of TCO, surface temperature and pressure measured over the tropical station
Cochin were used to understand the seasonal variability and intra-seasonal variability for the year 2015. From
the previous studies and literature it is well known that dominant time scales of intraseasonal variation affect
monsoon rainfall, cloud, wind, distribution of atmospheric trace gases, such as ozone, water vapor and other
weather parameters [9]. Hence the study focuses on the intra-seasonal variability of total column ozone, surface
temperature and pressure during the monsoon season (June-September).

3.1. Seasonal Variation

To study the seasonal variation of TCO, surface temperature and pressure, daily in situ observations were taken
using the hand held Microtop 1l Ozonometer. Many extreme weather events (increase in frequency of tropical
cyclones with hurricane speeds, drought and flood situations) and climate variability has happened across globe
in the year 2015. India witnessed the extremes in the weather due to tele-connections of strong El Nifio events at
the pacific and associated weather changes in the rainfall amount during 2015.

The present work mainly concentrated on the seasonal and intraseasonal study of total column ozone (TCO)
measured over Cochin with other weather parameters such as daily surface temperature and pressure at 11.30 hrs
and 14.30 hrs. Figures 1(a)-(c), represent the daily mean of monthly values subtracted from the annual mean
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(279.7 DU) of TCO, surface temperature (28.6°C) and pressure (1009.5 hPa) respectively. Significant seasonal
variations are noted in the above parameters for the year 2015. Maximum variations in the negative TCO ano-
maly are noted in the months November to February with a peak (=17 DU) in January 2015. From March to
September there observed a steady increase in the Total column ozone anomaly and reached a peak value of +15
DU in September. From October onwards there was sudden decline in TCO anomaly to —15 DU within a gap of
two months (October-November) from the annual mean. From earlier studies it is observed that total ozone va-
riability is high over tropical Indian monsoon region especially the stations close to the proximity of equator
[30]. The above results are true when compared with the 35 year climatology of ECMWF reanalysis of TCO
[36].

Interannual variability of TCO is different due to intra-seasonal variability (ISV) of the respective years. Dur-
ing monsoon season (June-September) TCO shows a little higher value from the annual average (279.7 DU)
with an increase of ~9 DU, which is quite relevant when the tropical ozone variability is concerned. The pre
monsoon season (March-May) shows a little lower value (283.7 DU) than the annual average and post monsoon
season (October-December) shows still lower value of 274.4 DU (difference of ~14 DU from the monsoonal
average and ~5 DU from the annual average). During March-April months, 0zone anomaly show very less val-
ues (>5 DU) which indicates the thinning of ozone layer and this may lead to more UVB radiation reaching the
earth surface over the study location. In the last few years, a number of sunburn cases have been reported over
this region and hence this sort of study is quite important when we consider the regional importance of Cochin.
From the Figure 1 it is quite evident that TCO varies about 30 DU from January to December period of the year
2015. Even though this value of TCO variation is less compared to that in the high and polar latitudes, this
change in value is quite relevant considering the tropical weather and climate.

Figure 1(b) & Figure 1(c), represents the seasonal variations of surface temperature and pressure over Co-
chin for the year 2015. The annual and seasonal average of surface temperature and pressure are calculated us-
ing the daily values measured by Microtops Il. Two observations were made daily at 11.30 hrs and 14.30 hrs
and the average value of these two observations are taken as daily value of TCO, Temperature and pressure. The
monthly surface temperature fluctuate between —1°C and +1°C from the annual average (28.6°C) with difference
of 1.8°C from maximum to minimum during 2015. That is temperature change is about 2°C only throughout the
year. In monsoon and post monsoon seasons surface temperature varies in a similar fashion which is almost
equal to the annual average (28.6°C). Pre monsoon shows a little lesser value of surface temperature (27.8°C)
with a difference of ~0.8°C from the annual average. During monsoon period surface temperature fluctuates
between —0.3°C and +0.3°C and for other seasons, it is greater than 0.3°C from the annual mean. Another inter-
esting observation is that temperature fluctuates between negative and positive anomaly in the alternate months
during summer monsoon period June to September.

Figure 1(c) shows the monthly surface pressure anomaly over Cochin. Surface pressure oscillates between —2
hPa and +2 hPa from the annual mean (1009.5 hPa) for the entire seasons of 2015. The highest surface pressure
anomaly is recorded in December (~+2 hPa) and the lowest in June (~—2 hPa). The surface pressure over Cochin
during January to March shows a positive anomaly, but from April to June it shows a negative anomaly with
peak value in the month of June. This pressure deficient brings the south west monsoon current over Cochin.
Hence the intra seasonal studies surface weather parameters would help in predicting the onset of monsoon over
Kerala (normal onset date is June 1), the gate way of Indian summer monsoon. During the monsoon the pressure
anomaly changes from —2 hPa (June) to +1 hPa (September). This pressure deficit during monsoon season
shows the strength of monsoon circulation, ISV of monsoon current and the associated rainfall pattern over the
Indian subcontinent. The surface pressure anomaly during monsoon clearly shows the intra-seasonal variability
(ISV), which is connected to the more rainy days (active cycles) and less rainy days (break cycles) of Indian
summer monsoon season and associated amount of rainfall variability. There are studies available for defining
the active and break cycles of Indian summer monsoon, which is of prime importance and concern in the short
term prediction of monsoon rainfall [31].

3.2. Intra-Seasonal Variability

The ISV of the tropical TCO are large (~+10 DU) and comparable to the total TCO variations in annual and in-
terannual time scales associated with the annual cycle, quasi-biennial oscillation, El Nifio-Southern Oscillation,
and solar cycle. Insufficient knowledge in the ISV is a major challenge faced by the scientific community in the
short term weather prediction and forecast. Indian economy is based on agriculture and hence the prediction and
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timely forecast is very much essential for the farmers to have safer way of doing agricultural activity, which can
reduce the economic loss of the country. The study of ISV is very important in the prediction of active and
breaks cycles of Indian summer monsoon which is linked to the extreme weather events. The long durations of
active and break days can lead to the weather extremes such as floods and drought events. Hence the accurate
short term prediction and forecast of weather systems are prime concern for the country to reduce the economic
loss.

In this work we have made an attempt to understand the ISV of TCO, surface temperature and pressure during
monsoon season and the results were presented in the Figures 2(a)-(d). Figure 2(a) represents the ISV of Indian
summer monsoon rainfall, which is adopted from the research report [32] and Figures 2(b)-(d) represent the
ISV in TCO, Surface Temperature and Pressure respectively. The ISV in the weather parameters TCO, surface
temperature and pressure is clearly understood from the Figure 2. In the figure x-axis denotes the number of
days from 1 June to 30th September 5 (June: 1 - 30, July: 31 - 60, August: 61 - 90, and September: 91 - 122).
Figure 2(b) represent the ISV in the TCO during monsoon period, that is daily departure from the monsoonal
mean (288.8 DU). The intra seasonal variability in the TCO values is noted and in the month of June-July, there
is a negative ozone anomaly noted over this region with very short time scale variations. In many of the days in
the beginning of this season, the TCO anomaly deviate —10 DU from the seasonal mean value. But in August,
the anomaly varies from —5 DU to +5 DU. A positive TCO anomaly variation is noted during almost all the days
in the month of September (see Figure 1(a)) and in the last few days the TCO anomaly crossed +10 DU from
the seasonal average. Figure 2(c) and Figure 2(d) shows the ISV in the surface temperature and pressure over
Cochin. The ISV in the surface temperate anomaly varies between —1.5°C and +1.5°C from the seasonal average
(28.6°C) and the surface pressure varies between —2.5 hPa and +2 hPa as respectively (Figure 2(d)). Table 1
shows the statistics of ISV in TCO, surface temperature and pressure over Cochin during summer monsoon
2015. There is no correlation of TCO with surface temperature and a positive correlation of 0.35 is noted with
surface pressure.

3.3. MJO Modulated Intra-Seasonal Variability (MJO-ISV)

The MJO consists of two phases, one is the enhanced phase and the other is the suppressed phase. These two
phases produce opposite changes in clouds, rainfall, surface pressure, temperature, and even in the atmospheric
composition [16]. The persistence of 40 - 50 day oscillations in stratospheric 0zone and temperature was noted
in earlier studies [33]. There is also evident that the MJO propagates even higher into the ionosphere [34]. The
characteristics of intraseasonal variability are mainly determined by the low and high frequency Intra-seasonal
oscillations (1SOs) present during the season. The dynamics and chemistry of the tropical atmosphere is mainly
modulated by the ISOs. Hence an understanding of the low and high frequency of 1SOs during the season gives
a better picture of intra-seasonal variability. The 1SOs with different periodicities in the season which modulate
the weather and climate over a region implies that ISV is a collective action of ISOs. In order to study the ISV in
TCO, surface temperature and pressure over Cochin during the monsoon period, we used Discrete Mayer’s
Wavelet, techniques which decomposes all possible and significant 1SOs present in the above parameters. Hence
ISV can be considered as the sum and collective actions of different modes of 1SOs present in the particular
season. For the wavelet analysis daily values of TCO, surface Temperature and pressure from 29th May to 3rd
October 2015 (128 data points) were used and the significant 1SOs are shown in Figure 3 to Figure 5 respec-
tively. The x-axis represents the days and y-axis represents the wavelet coefficients for the different modes of
1SOs.

Figure 3(a) represents the TCO in Dobson Unit and Figures 3(b)-(f) shows the different possible low and
high frequency I1SOs during summer monsoon period. The prominent modes of 1SOs are MJO mode (30 - 60
days), quasi triweekly mode (18 - 22 days) and quasi bi-weekly (10 - 16 days) mode and weekly mode (6 - 8
days). The other modes with lower periodicities are insignificant in contributing to the ISV. The dominant mode
of I1SO present in the TCO ISV is MJO mode having 2.5 waves with a periodicity of approximately 48 days
during the monsoon season (Figure 3(b)). The phases of MJO modulate the ISV of TCO during the period. It
can be seen from the figure that during the positive and negative phases of MJO a positive and negative anomaly
of TCO is observed with minor exceptions (see Figure 2(b)).

The second major ISO is having a periodicity greater than quasi-biweekly oscillations and we call it as tri-
weekly oscillations (18 - 22 days) with almost 6 waves during the season (Figure 3(c)). The positive and nega-
tive phases of this triweekly 1SO contribute to the ISV with a positive TCO anomaly during positive phase and
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Figure 2. (a) Represent the Indian summer monsoon rainfall (standard anomaly) for 01 June-30 September, 2015 (Courtesy:
Milind Mujumdar, C. Gnanaseelan and Rajeevan [32], http://www/tropmet.res.in; (b)-(d) shows the column ozone, surface
temperature and pressure anomalies for the period 01 June-30 September, 2015.
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Table 1. Statistics of TCO, surface temperate and pressure for monsoon period (01 June-30th September 2015).

Weather parameters Max. value Min. value Seasonal range Mean Variance Std. deviation
Total column ozone 300.8 DU 277.8 DU 23 DU 288.7 DU 29.3 51
Surface temperature 31.6°C 26.7°C 49°C 28.6°C 1.2 1.08

Surface pressure 1013.7 hPa 1004.0 hPa 9 hPa 1008.0 hPa 3.54 1.8
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Figure 3. (a) Total column ozone in DU, (b) MJO mode, (c) quasi triweekly mode, (d) quasi biweekly mode and ((e), (f))
least significant modes and perturbations of 1SOs) in the column ozone measured over cochin during the period 29th May-
03rd October 2015.

negative TCO anomaly during negative phases (see Figure 2(b)). Figure 3(d) represent the 1ISO mode with 10 -
16 days periodicity called quasi biweekly oscillations. This mode also contributes to the ISV of TCO. The am-
plitude of tri-weekly and quasi bi-weekly 1SOs are not symmetric. Some waves are more amplified at certain
days during the period of study which can determine the amount of ISV variability of ozone (Figure 3(c) and
Figure 3(d)). It is also observed that if the amplitude is high for particular wave at particular time of an 1SO,
corresponding increase (positive phase) and decrease (negative phase) of TCO anomalies are noted during that
time with minor exceptions. Figures 3(d)-(f) contribute least to the ISV and it can be considered as simple per-
turbations or noise. In the ISV of TCO, there are three (MJO, triweekly and biweekly 1SOs) modes really con-
tributing to the intraseasonal variability (ISV) of TCO during the monsoon period.

Figure 4(a) represent the surface temperature (°C) measured over Cochin and Figures 4(b)-(f) shows the dif-
ferent modes of 1SOs present in the surface temperature. Figure 4(b), represent the dominant ISO mode in the
temperature 1SV. This mode also comes under the MJO periodicity (26 - 36 days). This periodicity is less than
the MJO periodicity observed in the TCO. Here total three waves observed but the amplitude of oscillations are
not symmetric and the amplitude varies with different period of time during the season.

The phases of MJO modulates the surface temperature over Cochin during monsoon season with +ve phase
showing a positive surface temperature anomalies and negative phase with negative temperature anomalies
(Figure 4(b) and Figure 3(c)). The two (MJO, and quasi-biweekly modes) 1SO periodicities are significant and
no tri-weekly modes were present in the surface temperature ISV. The other modes of ISO shown in Figures
4(d)-(f) do not contribute much to the ISV of temperature. In the studies of intra-seasonal oscillations of Indian
summer monsoon rainfall, these two modes were already reported [12] [35].

Figure 5(a) represent the variation of surface pressure during the monsoon period and Figures 5(b)-(f),
represent the different ISO modes present in the surface pressure. These ISOs modulate the pressure anomalies
over the region. Figure 5(b) represents the negative and positive phases of 1ISOs which correlate with negative
and positive pressure anomalies (see Figure 2(d)). The two prominent modes of 1SOs in surface pressure are
MJO mode (30 - 36 days) and quasi biweekly modes (10 - 16 days). The ISO modes keep an out of phase
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Figure 4. (a) Surface temperature (°C); (b) MJO mode, (c) quasi biweekly mode and (d)-(f) least significant modes and per-
turbations of ISOs in the surface temperature measured over cochin during the period 29th May-03rd October 2015.
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Figure 5. (a) Surface pressure (hPa); (b) MJO mode; (c) quasi biweekly mode and (d)-(f) least significant modes and pertur-
bations of I1SOs in the surface pressure measured over cochin during the period 29th May-03rd October 2015.

relation with Indian summer rainfall during this season (Figure 2(a)). The positive phase of the ISO fall in the
break cycles of the Indian summer monsoon rainfall and opposite is true for the active cycles. Thus more case
studies are needed to understand the intraseasonal oscillation for the proper predictions of ISV, which in turn
affect forecast of extreme weather events. Hence more case studies are required for the better conclusion.

4. Summary and Conclusion

In the present study, seasonal and intra-seasonal variations of column ozone, surface temperature and pressure
were examined using daily measurements taken using the Microtops |1 Ozonometer over Cochin during the year
2015. The seasonal analysis of TCO shows an annual mean 279.7 DU with a maximum recorded in the month of
September and a minim recorded in winter months. Annual range of variation of TCO is about ~30 DU for the
year 2015. Surface pressure over Cochin shows a negative anomaly for the April-May period which is an indica-
tion of onset of southwest monsoon circulation over Cochin. The annual range of surface pressure oscillations is



V. Madhu

about 4 hPa from the annual mean (1009.5 hPa) with maximum surface pressure in the month of December
(1011.6 hPa) and minimum in the month of June (1007.3 hPa). The annual average of surface temperature is
28.6°C with surface temperature showing 1°C departure from the maximum and minimum for the year 2015.
Considering the importance of the Cochin and its tropical monsoon climate, intra-seasonal studies were focused
on the low and high frequency I1SOs present in the parameters. From the previous studies it is proved that tropi-
cal monsoon regions are undergoing many intra-seasonal oscillations (ISOs) with different time scales, which in
turn alter the total intra-seasonal variability leading to the inter-annual variability. This study gives more insight
into the 1SOs present in the ISV, which in turn help the prediction of extreme weather events such as flood and
drought due to the active and break cycles of Indian summer monsoon [12]. From the decompositions of intra-
seasonal variability, we could identify three major ISOs in the total column ozone (MJO: 30 - 60 days periodic-
ity, quasi triweekly: 18 - 22 days periodicity, quasi biweekly: 10 - 16 days periodicity). The ISO phases are in
phase with the variations of TCO, surface and temperature. The positive and negative anomalies of these para-
meters are in phase with the different modes of I1SOs contributing to the total intra-seasonal variability. The
MJO and quasi biweekly modes in the surface pressure are out of phase relation with the Indian summer rainfall.
In majority of the cases the active and break cycles of Indian summer monsoon fall in the negative and positive
phases of the significant ISOs present in the surface pressure. The present study is very much relevant in the
context of increased weather events and climate change. Hence we do require more studies of this kind for the
proper predictions of weather and climate. For the last few years frequent sunburn cases were reported from
Cochin due to exposure towards harmful UV radiation, which shows the thinning of ozone layer over Cochin.
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