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Abstract — The goal of this work was to investigate the pattern of worldly changeability of the
environmental Total ozone section (TOC) over Kathmandu, during the most recent 13 years of perceptions
utilizing remote detecting determined information. For this examination, long haul TOC information got
from the Ozone Monitoring Instrument (OMI) for the time of October 2004—-April 2016 were utilized. The day
by day, month to month, regular, and yearly varieties of TOC were investigated. During the entire
investigation time frame, the most noteworthy estimation of TOC is observed to be 344 DU in March and
the least estimation of TOC is 219 DU in December. The normal TOC determined during the entire
examination time frame over Kathmandu is observed to be 268 DU. The pattern of TOC demonstrates a
particular occasional example, with greatest in summer and least in winter season, explicitly high
incentive in April or May and lower an incentive in December and January.

INTRODUCTION

An OMI instrument introduced on Aura gave every
day information from October 2004 to April 201. The
OMI is the successor of the NASA's TOMS (on the
Nimbus-7, Meteor-3, and Earth Probe) instrument
and ESA's GOME instrument (on the ERS-2
satellite). These instruments estimated sun oriented
irradiance and the backscattered brilliance from the
Earth at six wavelengths (312.5, 317.5, 331.2, 339.8,
360, and 380 nm)
(http://ozoneag.gsfc.nasa.gov/index.md). The OMI
TOC information have been handled by the
calculation (V.8) created by NASA Goddard's Ozone
Processing Team. The OMI can gauge many key air
quality segments, for example, NO2, SO2, BrO,
OCIO and airborne attributes. It can likewise give
much preferred ground goals over TOMS. Numerous
specialists have approved the consequences of the
TOC information results of OMI.

OMI's information is removed over Kathmandu (27.7°
N and 83.3° E) from 1 October 2004 to 15 April 2016
for all out 4213 days, from NASA official site.

Some of the time, the satellite estimates the zero
information, which indicates the missing information,
which is information that couldn't be gathered
because of absence of daylight or other issues. In
such case, we have taken normal between
neighboring information and this normal information
is considered as information for this specific day.

From the huge informational index of every day all
out ozone section, we determined the month to
month, occasional and yearly midpoints of TOC.

Complete Ozone Mapping Spectrometer (TOMS)
instrument installed on Nimbus-7 Satellite
(Nimbus-7 was propelled on October 24, 1978
from National  Aeronautics and  Space
Administration (NASA and the estimations started
on October 31, 1978 and ended on May 6, 1993)
with sun-synchronous circle can give every day
maps of all out ozone aside from where the
Earth's atmosphere is concealed by polar night.
Complete Ozone Mapping Spectrometer was
intended to create precise worldwide evaluations
of all out section ozone. It can likewise distinguish
S0O2 (gas), H2SO4 (Sulfate) vaporizers in the
stratosphere and UV retaining pressurized canned
products (smoke, dust) over land and sea. This in-
strumpet estimates sun powered irradiance and
brilliance backscattered from earth's atmosphere
at six wavelengths ex-tending from roughly 310 to
380 nm. Absolute segment ozone is gotten from
the differential assimilation of dissipated daylight
in the bright locale. Ozone substance or thickness
is determined by taking the proportions of two
wavelengths (312 nm and 331 nm) where one
wavelength is emphatically consumed by ozone
while the other is feebly assimilated. All out Ozone
Mapping Spectrometer makes 35 estimations at
regular intervals, each covering 50 - 200 km on
the ground with the exception of regions close to
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the shafts. These individual estimations change
normally somewhere in the range of 100 and 650
Dobson units (DU). The TOMS information form 7
are accessible as (a) gridded day by day, (b) gridded
month to month normal, (¢) GIF pictures, (d) bridge
information and (e) zonal methods.

Normal instrumental alignment of long haul float of
TOMS Nimbus-7 information is accepted to be under
1% every decade. The outright mistake is +3 percent,
the arbitrary blunder is + 2.0 percent (1 o) and the
vulnerability in the float for a long time is +1.5 percent
(however fairly higher at high scopes) for the
estimations of ozone. Approval of 14.5 long stretches
of Nimbus-7 TOMS adaptation 7 ozone information
was finished by contrasting and the Dobson arrange.
Complete Ozone Mapping Spectrometer items are
openly accessible in Goddard Space Flight
Laboratory, (USA) from the site for the examination
purposes and need to recognize. Day by day over
disregard absolute section ozone twelve Indian
stations and day by day gridded segment ozone
information over tropics (12.5°S to 12.5°N) for the
period 1979-92 are considered for the present
examination. speak to the Indian stations chose
based on accessibility of TCO from south to north
scopes for the period 1979-1992. To consider the
variability of TCO with periods of QBO, zonal breeze
at 20 h Pa from National Centers for Environmental
Prediction/National Center for Atmospheric Research
(NCEP/NCAR) reanalysis are additionally utilized
alongside the gridded segment ozone from the
TOMS instrument.

Environmental ozone is one of the profoundly factor
trace gas constituents of the atmosphere. The
centralization of ozone can differ in short to long haul
scales which can significantly impact the vertical
warm structure of the atmosphere. Deviation in
ozone fixation can change the radioactive properties
of the atmosphere causing a negative radioactive
driving because of assimilation of shortwave
radiation and a positive radioactive compelling in the
troposphere because of ingestion of long wave
radiation. The adjustment in ozone sum over a locale
can be because of common and anthropogenic
variables. Human exercises can impact the ozone
sums in the atmosphere through the outflow of
certain unsafe substances that can demolish the
ozone layer and furthermore by the arrival of specific
synthetics that can cause the creation of ozone in the
troposphere. Another roundabout impact of humanity
upon environmental ozone is the arrival of ozone
depleting substances causing environmental change.
This adjusts the environmental dissemination,
temperature and the radioactive connections (both in
shortwave and longwave range) in the atmosphere
which thusly can cause changes in the generation
and transport of ozone. The grouping of ozone over
an area can fluctuate principally because of the
progressions in stratospheric ozone or to a little
degree by deviations in troposphere ozone.

Methodologies

Stratospheric ozone is known to change because of
characteristic factors, for example, Quasi Biennial
Oscillation, El Nino Southern Oscillation (ENSO),
varieties in vehicle related with Brewer Dobson
course and variability in annular modes. Changes in
stratospheric ozone distribution can affect the
irradiative equalization of the atmosphere, with an
input on the upper troposphere lower stratosphere
district and atmosphere, and on surface UV levels, it
is critical to comprehend its zonal mean temporal
advancement as well as its spatial distribution and
variability. The identification and attribution of the
patterns in ozone rely upon both long haul changes
and on the regular variability of ozone. A focal issue
is ascribing these progressions to causes, for
example, dynamical variability, long haul
environmental change, diminishing ozone draining
substances or the changing period of the sunlight
based cycle).

One of the fundamental reason concentrating the
variability of ozone layer is to check whether the
control estimates taken by humanity to counteract
ozone exhaustion is viable in reason. It is
imperative to evaluate the degree of ozone
variability to seclude the impact of anthropogenic
variables from the normal factors that reason
ozone variability. Various investigations have
endeavored to investigate the spatial and temporal
distribution of all out segment ozone around India
and encompassing locales. Contemplated the
variability of all out section ozone over Indian
subcontinent and found that the rate of decay is
progressively over the northern pieces of the area.
analyzed the absolute ozone segment over Indian
area for two distinct periods from 1979-1993 and
and found that the patterns in outrageous all out
o0zone occasions are diminishing over the northern
pieces of India during winter. Buddy (2010) found
that the all out section ozone over India
demonstrates a general diminishing propensity.
examined the absolute ozone variability over
maritime locale around India and found that the
complete ozone substance is around 298 DU with
vacillations around 10 DU.

The fundamental driver of ozone variability in the
upper stratosphere are photochemical generation
and obliteration. Be that as it may, with regards to
lower stratosphere dynamical procedures are the
fundamental driver of changes in ozone fixation
since the lifetime of ozone in the stratosphere is
bigger than the timescale of vehicle. The varieties
in tropospheric ozone is expected human exercises
like ignition of petroleum derivatives, biomass
consuming and so forth which can deliver synthetic
substances like nitrogen oxides and unpredictable
natural carbon which thus produces troposphere
ozone. Ozone can go about as a tracer of flow and
can be impacted by the entry of climate
frameworks and with the regular variety of the
dissemination too. Ozone assumes a significant job
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in regulating the sun powered radiation achieving the
world's atmosphere. There exist complex bury
relations between sun powered action, semi biennial
wavering and other marvels that can give the
resultant ozone variety over an area.

Evaluating the variability is additionally basic to
comprehend the believability of the ground based
and satellite estimations in deciding the ozone over
different statures. Examining the ozone focus over a
district can help in understanding the irradiative
compelling that can be brought about by ozone just
as the coupling with ozone and atmosphere and thus
understanding the coupling or inputs among ozone
and atmosphere. Ruinous impacts of sun based UV-
B radiation on people and other biospheric species
requests review investigations of UV climatologist,
which spotlight on the components influencing the
ground-level UV irradiance. Fate of the Ozone layer
stays dubious for example regardless of whether it
will come back to comparative or lower or higher
qualities before ozone consumption period. It tends
to be anticipated uniquely by breaking down the
pattern in different locales of the globe (UNEP,
2006). The target of this investigation is to
comprehend the regular and spatial variety of all-out
segment ozone over Indian district and to
comprehend the affectability of bright radiation to
ozone focuses over this zone.

DATA AND METHODOLOGY

Multisensory reanalysis month to month information
for all out segment ozone from Royal Netherlands
Meteorological Institute was utilized for the
examination. It is an all-around predictable dataset
which is created by incorporating the various sorts of
ozone perceptions and applying information osmosis.
Information from 1979-2008 with a goals of 1°
Latitudex1.5°Longitude is  utilized for this
investigation. The information for Indian area (0°N-
40° N, 60°E-100°E) was separated and arrived at the
midpoint of for every month from 1979-2008 and
climatologically maps were built for every month to
examine the varieties of complete ozone along a
year. Time arrangement of month to month mean all
out ozone for 60-100°E longitudinal region for the
latitudinal areas 0 to 20°N and 20 to 40°N was
plotted from 1979-2008. Patterns in all out ozone
were developed utilizing the least squares strategy,
for the yearly arrived at the midpoint of complete
ozone esteems just as the four seasons - summer,
spring, pre-winter and winter. Zonally arrived at the
midpoint of estimations of ozone for every one of the
1 degree scope groups were additionally registered
for every month to think about the variety of ozone
with scope.

The yearly coefficients of relative variety and Total
ozone percent variability (Akinyemi, 2007) were
processed. The whole scope degree of Indian district
was isolated into eight scope zones-0°N-5°N, 5°N-

10°N, 10°N-15°N, 15°N-20°N, 20°N-25°N, 25°N-
30°N, 30°N-35°N, 35°N-40°N. The yearly coefficient
of relative variety for each 5° scope groups from 0 to
40°N and 60 to 100°E was determined as pursues

CRV=100 X Standard Deviation ERY

Mean

Annual CRV=100X Annual Standard Deviation 32

Annual Mean

Total ozone percent variability at each zone for each
month is obtained by the equation

A (i) =R {1) X 100
o

.. (33)

Where i=Months of the year

A(i)= Percent of total ozone concentration for the
month i

R(i)=Range of ozone concentration among all the
years studied

Q(i)= Average ozone concentration

Data for Local Noon erythemal bright radiation
(UVER) for the years 1999 and 2000 was taken
from Total Ozone Mapping Spectrometer site. The
Radiation Amplification Factor (RAF) for erythemal
UV radiation was registered for every one of the
long periods of utilizing the condition.

- (A)
RAF = —ue (34
)

Where is and the sun powered irradiance at
surface during clear sky conditions and the
adjustment in the equivalent separately. Also and
are the absolute ozone focus and the adjustment
in it individually. The impact of ozone exhaustion
on erythemal bright radiation is every now and
again communicated by methods for the
erythemal UV Radiation Amplification Factor
(RAF) (Madronich, 1993). It is characterized as
the rate increment in UVER that would result from
a 1% decline in the section sum climatic ozone
(McKenzie, 1991)., RAF has turned into a broadly
utilized standard file. RAF was additionally figured
utilizing in situ data for all out ozone from New
Delhi and Pune during nearby sun powered early
afternoon and clear sky surface UV irradiance
from TEMIS . This computation is finished utilizing
power law relationship.

RAF =1n(T)/In (5) (35
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Where E and E* represent the UV irradiance for two
instances and O and O* represent corresponding
column ozone amounts.

UNITS OF OZONE MEASUREMENT

All out section ozone estimations given by Multi
sensor reanalysis utilized in the proposal are given in
Dobson Units. Ozone Monitoring Instrument (OMI)
ozone profile data is given in incomplete section
ozone for example the aggregate sum of ozone
between two contiguous layers is likewise given in
Dobson units. Dobson unit (DU) is an estimation of
the aggregate sum of ozone in a segment stretching
out vertically from earth's surface to the highest point
of the atmosphere. This estimation of ozone is
straightforwardly gives sign about the measure of UV
light achieving the surface. On the off chance that all
the ozone particles present in a section of the
atmosphere were brought to surface and stacked at
0°C and 1013.25 hPa weight, Dobson unit gives a
proportion of the thickness of the stacks.

| DU=10"m

One Dobson unit can contain about 2.7x10'"°molecules/cm’.

Ozone profile data from ozone sonde given in
halfway weights which have units of millipascal was
increased by 10 and after that isolated by the weight
of the comparing layer to change over it to ozone
volume blending proportion in parts per million
volume (ppmv).

Ozone ppmy = (Ozone mpa X 10) /Pressure (hPa)

REANALYSIS DATA SETS

Reanalysis data has been utilized in the examination
any place temporal and spatial consistency of data is
required. Wellsprings of reanalysis data utilized in the
investigation are European Center for Medium
Range Weather Forecasting (ECMWF) and National
Center for Environmental Prediction. Reanalysis data
give a multivariate, spatially complete, and lucid
record of the worldwide barometrical course (Dee
et.al.,, 2011). They are steady with laws of material
science just as perceptions.

ECMWEF-Interim reanalysis-European Center for
Medium-Range Forecasts (ECMWF) Interim Re-
Analysis (ERA-Interim) is the most recent and most
refreshed reanalysis data set created at ECMWF
(http://www. ecmwf.int, Dee et al.,, 2011). This
reanalysis offers worldwide inclusion high spatial
goals than the ERA - 40 and stretches out from 1989
to the present. It is planned as a transitional to a
future dataset that will go about as the continuation
of ECMWF-40. Period Interim uses ECMWF
Integrated Forecast System (IFS) approach in which
foundation (first-surmise) values are contrasted and
watched values at the perception time instead of the

Methodologies

investigation time, and the distinctions are connected
at examination time. The primary segments of the
gauge model incorporate atmosphere, land surface
and sea waves. The motivation behind the ERA-
Interim is to address certain data absorption issues in
ERA-40 including stratospheric dissemination. It
gives a higher level goals of roughly 79 km
contrasted with ERA-40. The vertical goals is same
as ERA-40 with 60 layers with the highest point of
the atmosphere at 0.1 hPa. The time venture for the
model is 30 minutes.

Vertical ozone profile from ERA break is utilized in
the theory on the events when temporally ceaseless
data for over 30 years is required to ponder the
climatological variety. Data from any of the past
and existing satellites are not constant because of
the similarly short lifetime of satellites. Satellites
covering the whole weight levels from 1000 to 1
hPa or more are giving data to under 10 years.
Station data from different stations over India are
not standard in reality. Henceforth ERA interval
data for 1989 to 2012 at the 37 weight level for
ozone and meteorological parameters are utilized
in this investigation. Hence ozone profile data from
ECMWE filled in as a decent apparatus to ponder
the relationship among's ozone and meteorological
parameters. Perceptions are joined with earlier
data from a conjecture model like clockwork to
gauge the development of different air parameters.
It includes registering variational investigation for
the upper climatic fields like ozone, temperature
and so forth and separate examination of surface
and close surface parameters. These are utilized to
introduce a short range gauge model which gives
earlier gauges expected to the following estimate
cycle.

Ozone is utilized as a prognostic variable in ERA
break 4D-Var osmosis for example the ozone
created appraisals are autonomous of other state
factors. Any part of the model starting state can be
adjusted later inside the investigation window to fit
with ozone perceptions. However, to get exact data
of elements from this, fantastic ozone data is
required. Osmosis of ozone profile to ERA-Interim
caused produces unreasonable outcomes for
temperature and wind. This can be because of the
contention between perceptions from various
sources. Consequently the examination plan of
ERA-Interim is altered in a way to forestall the
immediate impact of ozone on dynamical fields.
Ozone is spoken to in the model by methods for a
coherence condition unwinding to photochemical
balance for the nearby estimation of the ozone
blending proportion, the temperature and overhead
segment ozone. Heterogeneous ozone
pulverization is parametrized as an element of
comparable chlorine content. Ozone climatology
utilized in the radiation plan conveys the ozone
blending proportion as a component of weight,
scope and month following The quantity of
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perceptions absorbed into the ERA-40 syastem has
expanded from 106 to 107 over the most recent two
decades. This includes the joining of many satellite-
borne sensors. Fig.1. speaks to the course of events
of ozone estimations utilized in ERA Interim.

An improvement to the ERA-40 ozone, remedying
the blunders due to stratospheric irradiance digestion
has likewise been done in ERA-Interim. Ozonesonde
data from WOUDC (World Ozone and Ultraviolet
Data Center) isn't fused in ERA-Interim examination.
Dragani (2010a) and Dee (2011) completed similar
investigation between ERA-Interim ozone and
WOUDC data. Their outcomes demonstrate that
ERA-Interim  show  better concurrence  with
ozonesonde data all things considered levels
contrasted with ERA-40. ECMWF-Interim dataset
has been utilized for looking at the satellite ozone
data and for contemplating the connection of ozone
with meteorological parameters in the this.

NCEP reanalysis-

The NCEP/NCAR reanalysis gives different
meteorological data for the time of 1948-present. The
worldwide ghostly model utilized in this reanalysis is
T62 with goals of 209 km. The model has 28 vertical
levels. Tropopause weight from National Center for
Environmental Prediction (NCEP) were utilized in the
proposal for contemplating simultaneous varieties
with ozone close tropopause. NCEP utilizes the
warm meaning of tropopause statures from World
Meteorological Organization to process tropopause
weights. It is figured as the most reduced level at
which the slip by rate diminishes to 2 K/km or less,
gave that the normal pass rate between this level
and every single higher level inside 2 km does not
surpass 2K/km.

Multi Sensor Reanalysis of total ozone (MSR)-

Multi sensor reanalysis all out ozone has been
utilized to consider the all-out ozone variability over
India and to examine the major dynamical methods
of variability of absolute ozone over India. This area
diagrams a portion of the insights concerning the
development of the dataset done This dataset has
been developed from all the accessible section
ozone data from polar circling satellites in the close
bright Huggins groups. Absolute segment ozone
estimations from the recovery of fourteen satellites
(recorded in table 1. underneath) have been utilized
in the dataset. These datasets covering extensive
stretch are significant in checking ozone and UV
radiation.

1990 1992 1994 1996 1998 2000 2002 2004 2006 2008 2010

SBUV NOAA-14
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Fig.1. Datasets used for the construction of
ECMWEF-Interim ozone dataset. (Source: Dee et
al., 2011)

Estimations utilized are beginning from various
instruments and distinctive recovery calculations.
Additionally different sensors experience the ill
effects of issues like radiation harm. The data
ordinarily shows balances in covering times pans and
some show contrast from ground perceptions.
Henceforth the induction of this reanalysis data
includes predisposition rectification dependent on
autonomous ozonesonde perceptions and another
dataset is made. These datasets are rectified for
parameters like sun oriented peak point, seeing
edge, trend and ozone compelling temperature
which are basic parameters for mistakes in the
recoveries. The adjusted datasets are exposed to
multiyear data absorption run utilizing an imperfect
execution of the Kalman channel procedure. This
method requires fair-minded info data with a
known Gaussian blunder distribution. It depends
on synthetic vehicle model driven by ECMWF
meteorological fields. This model includes nitty
gritty stratospheric dissemination and
parameterizations of ozone gap and gas stage
science. The dataset is accessible on a framework

of 1x1.5° with for the time span 1978-2008.

Table.1l. Component datasets of Multisensory
reanalysis of total ozone

Instrument Time Period| Algorithm Agency
[TOMS Nimbus 7: 1978-1993  [TOMS v.8 INASA
[TOMS Earth Probe: 1996-2002 TOMS v.8 INASA
SBUV 7, 9a, 9d, 11, 16: 1978-2004 |SBUV v.8 NOAA
GOME : 1995-2008 |GDP v.4 ESA/DLR
GOME 1995-2008 [TOGOMI v1.2 KNMI
SCIAMACHY 2002-2008 |SGP v.3 ESA/DLR
OMI 2004-2008 [ TOMS v.3 NASA
OMI 2004-2008 |DOASv.3 KNMI
JOME-2 2007-2008 (GDP v.4.2 EUMETSAT/DLR
Brewer(3,4),Dobson, Filter [1978-2008 |- WOUDC:

Recoveries from the fourteen satellite instruments
that inside and out give data over 30 years were
gathered first. Ground based estimations of ozone
give the longest data record accessible for the
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approval of satellite data. The gathering of this data
is accessible from World Ozone and Ultraviolet Data
Center. From this a WOUDC Station Instrument
(WSI) list is characterized. Day by day normal all out
ozone estimations from this rundown for 1979-2008
are removed. Just immediate sun estimations were
utilized as a result of their better quality thought
about than peak sky estimations. Data with
suspected variances and oddities were dismissed by
contrasting and satellite datasets. In the subsequent
stage a bridge dataset for each satellite item for each
WSI recorded station was made. All out ozone
esteems got from the estimations of dissipated
daylight in polar circle has been utilized. Bridge an
incentive for a circle is the satellite perception that
has the focal point of its impression nearest to the
ground station. This separation relies upon the
satellite ground pixel size and changes from 50-200
km. The neighborhood date and time is characterized
as the satellite UTC in addition to redress dependent
on the longitude of the station. Hence satellite data
comparing to the data detailed starting from the
earliest stage is acquired. Assistant data like sunlight
based apex edge and survey pinnacle edge, cloud
properties and good ways from the focal point of the
impression to the ground station were additionally
acquired. One worth is chosen from around fifteen
bridge esteems for every day. This worth can be the
one with the littlest revealed perception blunder or
one nearest to the ground station.

Satellite and ground based data may contain
occasionally subordinate blunders. The sufficiency
and stage contrasts starting with one satellite item
then onto the next. Along these lines a portion of the
satellite items can have regular balances between
them. Likewise the regular counterbalances among
satellite and ground stations could rely upon scope,
sun powered peak edge and compelling ozone
temperature. A dataset of compelling ozone
temperature is developed in the following stage. The
powerful ozone temperature is characterized as the
essential over height of the ozone profile-weighted
temperature. This is determined from ECMWF 6
hourly temperature profiles and Fortuin and Kelder
ozone climatology (Fortuin and Kelder, 1998). So as
to diminish the orderly balances between the
satellites a reference dataset is picked and the
deliberate impacts in other datasets are decreased to
align them with the reference dataset. The immediate
sun estimations starting from the earliest stage are
utilized as the reference datasets in light of the fact
that these are available for the full 30-year time
frame.

For applying rectifications to the data, various
indicators were chosen from the assistant data and
the viable ozone temperature is likewise an indicator.
The ozone contrasts (ground based short satellite
perceptions) are fitted as a component of these
indicators  utilizing a  straightforward  multi-
dimensional least squares fitting framework. A level-2

Methodologies

MSR dataset has been made dependent on the
revisions acquired. The dataset contains time, area,
satellite item list and ozone. The amended satellite
dataset is joined with compound dynamical and
meteorological states of the atmosphere by methods
for data digestion. A quality screening is executed to
dismiss unreasonable ozone perceptions. The data
osmosis model is driven by 6-hourly meteorological
fields, for example, wind, surface weight and
temperature of the medium range meteorological
examination of the ECMWEF. Correlation with
perceptions demonstrate that the inclination of MSR
is under 1% with a RMS standard deviation of 2%
when contrasted with the revised satellite
perceptions utilized (Van der et al., 2010).

OZONE DATASETS

Ozonesonde data is exceptionally helpful for
examining the vehicle history of air allocates the
tropical tropopause layer. Profiles of ozone and
temperature were gotten from World Ozone and
Ultraviolet Data Center (WOUDC) were acquired
from the site www.woudc.org. WOUDC is planning
the recorded of ozone and bright radiation data.
Long haul estimations of all out ozone, profile
ozone and bright radiation is important to foresee
the future advancement of trace gases and to
speak to these varieties in atmosphere models
fittingly. All out ozone estimations were done
overall chiefly utilizing Dobson, Brewer and Filter
ozonometers.

Dobson Spectrophotometer-

The longest records of consistent dependable
estimations are accessible from stations outfitted
with Dobson spectrometers (Dobson, 1930). The
Dobson spectrophotometer which is a ground-
based instrument was structured by Gordon
Dobson in the 1920's. They measure the ozone
sum in a section of the atmosphere by estimating
the measure of sunlight based radiation achieving
the outside of the earth in the bright area of
electromagnetic range. The estimating guideline of
Dobson Spectrophotometer depends on the way
that the retention coefficient of ozone in the close
bright Huggins' band is a quickly changing capacity
of the wavelength. The bright radiation is estimated
at 2 to 6 distinct wavelengths from 305 to 345 nm.
The nearness of mists and pressurized canned
products can likewise influence the measure of
shortwave radiation achieving the ground; a district
of the range where ozone does not retain is
additionally estimated at the same time. Producing
the proportion drops the results of mists and
vaporizers and its worth is straightforwardly
corresponding to the measure of ozone in the way
of the UV light through the atmosphere.

The light entering the spectrophotometer is part
into two pillars (engrossing and non retaining) that
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fall on the other hand on a photomultiplier tube. The arrangement by methods for a Teflon cylinder
more extreme pillar is decreased in power by going it siphon. lodine is created because of response of
through a bit of glass of differing thickness. The glass potassium iodide with iodine. One ozone atom
wedge is balanced until the two bars have a similar causes the generation of two particles. The synthetic
brilliance. At the point when the photomultiplier response is given underneath

cylinder recognizes the shafts are a similar power,

the situation of the glass wedge is noted and the 2Kl + O3 + H20 — 2KOH +12 +02
measure of ozone is then gotten from query tables.

Fundamental  development of a  Dobson At the point when the iodide changes to iodine, the
spectrophotometer is given in Figure. 2. two cells are no longer in electrical balance. Current

moves through the cell by means of outer circuit,
lessening iodine back to iodide. As the measure of

Inside a Dobson Spectrophotometer ozone noticeable all around builds, the quicker the
filt the two light iodide is changed to iodine and the more electrons
stream between the cells (current). The measure of
R-dia current that streams between the loads is estimated
and sent to the ground accepting station.The cell
current is hypothetically straightforwardly
filter wedge corresponding to the measure of ozone
d
3 Ozone fractional weight is the registered utilizing the
e condition.
i
> Pozone = C.LTp.t 200
] ) ) Where, Pozone = ozone partial pressure (in
Fig.2 Schematic representation of Dobson nanobars):
Spectrophotometer
C= constant
Brewer Spectrophotometer-
] ] i = current
This spectrophotometer estimates ozone dependent
on a similar system and with a similar uncertainty as Tp = pump temperature

the Dobson instrument. The Brewer
spectrophotometer is totally robotized and can be
customized to make estimations at some random
time during the day. The instrument estimates bright
light at five wavelengths (306, 310, 313, 317, 320
nm). The all out segment ozone sum is determined Pump (Teflon)  »
by utilizing an increasingly confounded type of
condition utilized for the Dobson instrument that
incorporates terms for sulfur dioxide. The total S )
precision for an absolute ozone estimation made by Sensor
an all-around aligned Brewer instrument is assessed
to be +/ - 2.0%.

t = amount of time to force 100 milliliters of air
through the system.

Air Intake

Ozone sonde- ‘

An ozonesonde is an instrument to quantify the
vertical profile of ozone. The instrument is carried on
a climate expand stage and performs estimations of

ozone profile during the inflatable flight. The standard St st
method for estimating the vertical distribution of
ozone is electrochemical fixation cell ozone sondes.
The terminals in the cell are made of platinum and
they are associated by an iron extension. The

Power Supply

Fig.3. Ozonesonde instrument

electrochemical cell utilizes potassium iodide (KI) OZONE MEASUREMENTS IN INDIA

arrangement in both the anodes (Figure. 3). The =

cathode comprises of 3 ml of weaken KiI The principal ozone perceptions in India were 3

arrangement and anode comprises of 1.5 ml of made at Kodaikanal in 1928-1929 as a major =

soaked Kl arrangement. Air containing ozone is aspect of Dobson's overall all out ozone o

promptly constrained into the cathode cell estimations. Point by point history of ozone §
2
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estimations in India were given by Alexander and.
India Meteorological Department. procured the main
Dobson Spectrophotometer in  1940. Beginning
estimations were made at Pune Every day
perceptions were made at Delhi from 1945 to 1947
and at Pune and Kodaikanal during 1948-1949. In
the interim a system of six stations were built up at
Srinagar, New Delhi, Varanasi, Calcutta, Ahmadabad
and Kodaikanal. Every one of these stations were
furnished with Dobson Spectrophotometer. built up a
strategy for numerical assessment of Umkehr data.
The task and upkeep of complete ozone stations was
taken over by India Meteorological Department from
Physical Research Laboratory, Ahmedabad in 1963.

40'N ——r =

A Total Ozone Stations
O ©Ozonesonde stations

36" N-
O Ssurface Ozone Stations

32°NF-

New dethi
28 N L00

a

& Mt.Abu
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20°N-
Pune &00
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.
12°N- Kodaikanal !
o .
2 Tl
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Fig.4. Area of study (0°N-40°N, 60°E-100°E) and
the ozone measuring stations and available
measurements at each station

Dobson instrument at Ahmedabad was moved to
Mt.Abu and those in Calcutta was moved to Pune in
1973. Surface ozone estimations began at four
stations in India in 1971 utilizing the bubbler ozone
sensor. This sensor depends on the compound
response of potassium iodide arrangement.
Perception of the vertical distribution of ozone are
being made at Trivandrum, Pune and New Delhi
once very fortnight. Ozone estimations from India
can be acquired from the document of World Ozone
and Ultraviolet Data Center (WOUDC).

SATELLITE DATA
Ozone Monitoring Instrument-

Ozone Monitoring Instrument locally available NASA
Aura satellite gives the continuation of the TOMS
record of all out ozone and other parameters
identified with ozone science and atmosphere. Air
satellite circle the earth in a 705 km sun synchronous
polar circle with a 98° tendency and a central
intersection time of 13;45+15 moment UTC. The OMI

Methodologies

instrument is a commitment of the Netherlands'
Agency for Aerospace Programs (NIVR) as a team
with the Finnish Meteorological Institute (FMI) to the
EOS Aura mission. OMI is a bright/noticeable
(UVIVIS) nadir sunlight based backscatter
spectrometer, which gives almost worldwide
inclusion in one day with spatial goals of 13 km x 24
km. This instrument maps air ozone with spatial
goals never accomplished. It additionally maps
worldwide distribution and trends in UV-b radiation.
Estimations of key air quality parts, for example,
NO2S02, BrO, OCIO, and airborne attributes are
additionally given by the instrument.

Fig.5. Aura satellite with its different sensors
including OMI

The sensor utilizes hyper spectral imaging in a
push-floor brush mode to watch sun based
backscatter radiation in the obvious and bright.
OMI sees the earth in 740 wavelength groups
along the satellite track with a swath huge enough
to give worldwide inclusion in 14 circles (1 day).
The ostensible 13 x 24 km spatial goals can be
zoomed to 13 x 13 km. OMI swath width is around
2600 km. OMI measures the total range in the UV
noticeable wavelength extend with a high spatial
goals and every day worldwide inclusion utilizing a
two dimensional finder. The little pixel size of the
instrument empowers it to recover troposphere
data by review in the middle of the mists.

Fig. 6. OMI measurement principle

The telescope of OMI is nadir seeing with a huge
field of perspective on 114, which makes
conceivable the bigger swath width of 2600 km.
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One element of the 2-D CCD locators covers the

range while the other spreads the review course.

Subsequently the 2-D CCD locator empowers to
quantify the ghastly and spatial data simultaneously.

Principle perception method of OMI is the worldwide

estimation mode. It has two extra estimation modes
called Spatial zoom—in estimation mode and Spectral
zoom-in estimation mode. In a standard OMI earth

brilliance
presentation of 0.4 s are co-included bringing about

estimation five estimations with a

a pixel size in the flight heading free of the activity

mode. The ground pixel size at nadir position in

worldwide mode is 13 x 24 km for UV-2 and VIS

channels and 13 x 48 km for UV channel.

For

Spectral and Spatial zoom in modes the ground pixel
size is diminished to 13 x 12 km for the UV-2 and VIS
and 13 x 24 km for the UV-1.

Fig.7. Ozone Monitoring Instrument

Size of the pixels increments gradually in the swath
course from 13 x 24 km to around 13 x 150 km for
the worldwide mode in the most external swath point.
This impact is shown in Figure. Because of this
impact estimations inside 500 km from the focal point

of the track are utilized for
examination.

this
instrument

gridding in

Insights regarding the

particulars of OMI can be acquired from. The
recovery strategy utilized by OMI for ozone profiles is
the ideal estimation technique. The measure of
ozone in each air layer is balanced with the end goal
that the contrast between the demonstrated and
estimated brilliance is insignificant. Likewise a side
limitation is connected with the end goal that the
deliberate brilliance does not vary much from the
climatologically normal. Estimations are taken from
UV1 channel (270-308.5 nm) and the initial segment
of the UV2 channel (311.5-330 nm). The calculation
utilizes the LABOS radioactive exchange model
which incorporates inexact treatment for rotational
Raman dissipating, pseudo round amendment for
direct daylight and so on. Calculation performs
forward estimations in the wavelength extend 367-
332 nm with a mistake under 0.2% in reflectance.
Ozone climatology from McPeters and Labow is
utilized as from the earlier profiles with the utilization
of an alternate climatology for ozone opening
conditions.

200.00

150.00 R

100.00

Across Track Ground Pixel Size [km]

0.00 i i i : 1
1261 553 -232 12 262 615
Distance from the Center of the Track [km]

Fig.8. Variation of OMI ground pixel size with the
distance from the centre of the track for OMI
instrument

This present doctoral postulation utilizes the ozone
profile estimations over Indian locale to think about
the vertical distribution of ozone over India. Data in
the HDF-EOS organization is acquired from the site
mirador.gsfc.nas.gov. Every datum document
comprises of estimations of the sunlit piece of a
solitary circle from north to south. The document
additionally contains data about from the earlier
ozone profile, mistake covariance lattice and
averaging bit. The ozone profile recorded in the
yield document is in DU per layer.

Solar Radiation
(SORCE) Data-

and Climate Experiment

Sun oriented unearthly irradiance from SORCE
mission has been utilized in the theory to think
about the variety of bright wavelengths from 2004
to 2012. The SORCE mission expects to consider
the Total Solar Irradiance (TSI) and Spectral Solar
Irradiance (SSI) and the vitality varieties in those
wavelengths  that influence the  world's
atmosphere. The rocket was propelled in January
2003 in to a 645 km circle with 40° tendency. It is
furnished with four instruments that give best in
class estimations of approaching x-beam, bright,
obvious, close infrared and absolute sun oriented
radiation. SORCE conveys four instruments
including Spectral Irradiance Monitor (SIM), Solar
Stellar  Irradiance  Comparison  Experiment
(SOLSTICE), Total Irradiance Monitor (TIM), and
the XUV Photometer System (XPS).
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Fig.9. The SORCE satellite with its sensors

The vitality of the sun striking the furthest
atmosphere is evaluated to be 1368 Watts for every
meter squared (W/m2). This is called absolute sun
oriented irradiance. TSI depends just on the
complete vitality every second created by the sun (its
outright iridescence) and the good ways from the sun
to the earth. The all out vitality from the sun can be
part into various wavelengths. The unearthly
estimations recognize the daylight by portraying
sun's vitality and emanations as wavelengths.
SORCE gives the estimations of the sunlight based
ghostly irradiance from 1nm to 2000 nm,
representing 95% of the otherworldly commitment to
TSI. Just a single percent of the TSI, for the most
part as UV radiation, is consumed by the upper
atmosphere, for the most part by stratospheric
ozone. Around 20 to 25% of the TSI and a larger part
of the close infrared radiation is caught up in the
lower atmosphere (troposphere), fundamentally by
water vapor, trace gases, mists, and darker mist
concentrates. The remaining 45 to half of
predominately noticeable light infiltrates the
atmosphere and is taken in by the land and the seas.

Approaching bright irradiances are given by the
Spectral Irradiance Monitor (SIM) and SOlar Stellar
Irradiance Comparison Experiment (SOLSTICE). The
SIM instrument covers the wavelength extend from
300 to 2400 nm with an extra channel to cover the
200-300nm bright unearthly locale. SIM is a solitary
optical component Fery crystal spectrometer. Just a
single optical component is expected to concentrate
and scatter the light on to a progression of indicators
in the spectrometer's central plane. In this central
plane, four photodiode indicators and an electrical
substitution radiometer (ESR) are utilized to
distinguish sunlight based radiation. SIM contains
two totally autonomous and indistinguishable (perfect
representation) spectrometers to give excess and
self-alignment ability. SORCE SOLSTICE makes day
by day sunlight based bright (115-320 nm) irradiance
estimations and thinks about them to the irradiance
from an outfit of 18 stable early-type stars.

The data is given independently for each instrument
that measure in a specific locale of sun powered
range. Additionally a consolidated sun based ghostly

Methodologies

irradiance document is given which contains
irradiances to wavelengths from 0.1-40 nm and 115-
2400 nm. Day by day estimations of irradiances for
200, 240, 280, 340, 360 and 380 nm were separated
and found the middle value of to get month to month
esteems utilized in this investigation.

Troposphere Emission Service
(TEMIS) UV Index-

Monitoring

Erythemal bright file esteems acquired from TEMIS
were utilized in this postulation to think about the
simultaneous varieties of the approaching UV
irradiance and ozone. The UV list is an estimation of
the UV levels that influences the human skin. The
TEMIS undertaking intends to give amazing data
on ozone UV and other trace gases. The TEMIS
UV file depends on the GOME satellite data figured
utilizing the complete ozone item, the earth-sun
separation, and a climatologically database of the
earth surface heights. The unmistakable sky UV
record is the compelling UV irradiance achieving
the world's surface and 1 unit is equivalent to 25
mwW/m2. It is gotten from CIE activity range for the
defenselessness of Caucasian skin to burn from
the sun.

Data for UV list is given for nearby early afternoon
when the sun is most astounding in the sky and for
clear sky conditions. It is determined by
coordinating UV irradiance at the ground weighted
by CIE ghastly activity work. The UV list can be
viewed as a component of complete segment
ozone and sun based apex edges at nearby sun
oriented early afternoon. Segment ozone sum is
resolved from satellite perceptions in blend with
osmosis of the meteorological impacts like breeze,
weight, temperature. The sunlight based apex point
relies upon the scope and the day of the year.

METHODS USED
Principal component analysis (PCA)-

Standard part analysis is a measurable
investigative apparatus that is utilized to investigate
and arrange data. Concentrates in Atmospheric
Science require analysis of spatiotemporal data
which is multidimensional. Henceforth head part
analysis in is utilized in Atmospheric Science for
discovering important and repeating designs inside
these datasets which can be brought about by
different wonders. This strategy takes countless
corresponded factors inside the dataset and
arranges in to a gathering of uncorrelated factors.
These uncorrelated factors can be called head
segments (PCs) of the dataset under thought.
These PCs hold maximal measure of variety and in
this way makes it simpler to work the data and
make forecasts. The important segments are
spoken to in the request they speak to difference —
the first speaking to the biggest extent fluctuation,
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second a large portion of the remainder of change
and so forth. In this way PCA is an integral asset to
feature the similitudes and contrasts in a dataset.

One of the real presumptions made in PCA is that
the segments gotten from the analysis are a direct
blend of the dataset. There are a few variations of
the strategy that investigates the likelihood of
nonlinear blends. Another supposition that will be
that enormous fluctuations speak to significant
structures. In any case, once in a while structures
with huge changes may contain enormous measure
of commotion and subsequently may not be
significant. PCA is free of the technique in which data
is recorded and it doesn't require any alteration of
parameters utilized. The technique does not indicate
any likelihood distribution for the perceptions and
subsequently does not have factual nature in that
perspective. Another hindrance is that PCA can just
dispose of second request conditions while higher
request conditions can happen. This investigation
utilizes the PCA in recognizing the examples in Total
ozone over Indian subcontinent. The technique
utilized and the yield are examined in section 4

Harmonic analysis-

Harmonic analysis speaks to the varieties in a period
arrangement as having happened from including of a
progression of sine and cosine capacities. These
trigonometric capacities are picked to have
frequencies showing whole number products of the
crucial recurrence dictated by the example size of the
data arrangement. The cosine and sine capacities
reach out through inconclusively enormous negative
and positive edges. A similar wave example
rehashes each 2m radians or 360°. The two
capacities sway around their normal estimation of
zero, and achieve most extreme estimations of +1
and least estimations of —1.

Fig.10. Portions of the cosine (solid) and sine
(dashed) functions on the interval 0° to 450° or,
equivalently, 0 to 51/2 radians. Each executes a

full cycle every 360° or 2 radians. (Source: Wilks,
2006)

The length of the data record, n is viewed as
establishing a full cycle, or the central time frame.
Since the full cycle compares to 360° or 21 radians
in precise measure, the season of the data record
can be rescaled to rakish measurements utilizing

-3

360 ° t time units t Lt ,
(cyc]n} n time units; —;36(1 _z"ﬁ 2
cycle

The condition means the edge that subtends
relatively a similar piece of the separation
somewhere in the range of 0 and 21, as the point t is
situated in time among 0 and n.

L 2nt
v =¥+ C,cos (T) .23

The major recurrence is communicated as 21/n. This
recurrence communicates the part of the full cycle
that is executed during a solitary time unit. So as to
modify the sine or cosine work the mean estimation
of the data arrangement is added to the sine or
cosine work. The vertical extending or contracting of
the dataset is cultivated by increasing the capacity
with a consistent known as sufficiency C. Along
these lines the data arrangement y can be
communicated as

o 2mt
y=¥+0(;cos (T—r.p) 24

Moving of a harmonic capacity in the parallel
course is important to coordinate the edges and
troughs of the data arrangement.

The cosine capacity can be moved to one side by
the point @ brings about another capacity that is
expanded at ¢ and the data arrangement can be
spoken to as

<

Fig.11. Representation of the data series by
cosine function (thick black line) and shifting
of the cosine function towards right by an
angle (thin black line)

The point ¢ is called stage edge or stage move. A
comparative condition can be composed for sine
work too. Harmonic analysis of all out ozone data
is done in part 2 of the theory utilizing Fast Fourier
Transform (FFT). The subtleties are given in a
similar part.

SUMMARY

The period of winter and late-winter is the season
of extraordinary qualities in absolute ozone over
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India. The most elevated estimations of the whole
year during the subtropical area from 28°N to 40°N
and the least estimations of the whole year over the
locale from 0-28°N during these seasons. The
investigation territory can be separated into two
zones based on absolute ozone fixations during long
stretches of January to March and October to
December. Locale 0°N-28°N having low ozone
esteems (260-280 DU) and 28-40°N (300-340 DU) is
having high ozone esteems. During April, May and
June the examination district can be partitioned into
three zones with most reduced qualities in the
tropical locale from around 0 to 16°N (260-270 DU),
medium qualities from 16 to 30°N(280-300) and high
qualities from 30 to40°N (300-320 DU). During these
period ozone esteems increment in augmentations of
10 DU from tropics to higher scopes. During July,
August and September the whole Indian district is
indicating similarly moderate estimations of section
sum ozone. The beginning of low complete ozone
esteems over Tibetan anticyclone during storm
season and consequent spread to higher and low
scopes is evident from the investigation of all out
ozone climatology during this season.

Investigation of the ozone varieties from 0-20°N and
20-40° N demonstrates an out of stage connection
between the two areas. The latitudinal variability is
higher during winter and spring months while it is
lower during winter and harvest time months. Yearly
cycle of close central complete ozone (0-10°N) is
indicating pinnacle esteems during pre-fall and pre-
winter season and most minimal qualities during
winter. All out Ozone in the scope groups from 10-
20°N and 20-30°N is showing most elevated qualities
May (pre-summer) and least during winter. Ozone
segment more than 30 - 40 °N shows most elevated
qualities in pre-spring late-winter and least during
harvest time season. Ozone over this scope band
demonstrates least simultaneousness to sun based
radiation at the highest point of the atmosphere.
Coefficient of relative variety (CRV) is higher over
subtropics and lower over close central locale.

An auxiliary high in CRV is seen more than 15-20°N
scope band. Ozone variety during winter and spring
is affecting the general trend of absolute ozone over
India. From the investigation of Radiation
Amplification factor it was found that a one percent
decline in section sum ozone can offer ascent to an
expansion in bright radiation somewhere in the range
of 0 and 1 percent. The registered RAF utilizing
various sources for example in situ all out section
ozone and satellite UV irradiance likewise indicates
comparative qualities for Indian locale. It was
additionally discovered that the affectability of UV to
ozone happens during winter season which is the
season of most extreme day by day variety in
segment sum ozone.

Methodologies
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