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Coronal Mass Ejections may increase ozone hole
S. Mukherjee, A. Mukherjee
ABSTARCT
Coronal mass ejection (CME) is being correlated with the increase in ozone hole in the upper part of the atmosphere. In
most of the times earth directed CMEs produces auroras, which are visible in Polar Regions of the earth. During the
Solar Maximum it has been observed that the ozone holes are increasing continuously. Intermittent earth directed
CMEs were observed with the fluctuation in solar flux. Actual measurements show a linear relationship in between
CMEs and increase in Solar UV. It was discovered that UV increases on earth on those days when the CMEs are earth
directed. Data of UV-A and UV-B irradiance of various parts of Delhi were correlated with CME for a span of more than
one year. It can be inferred that increase in UV is due to effect of CME on stratospheric ozone layer, which protects
earth from UV radiation.
Astronomical Notes, AN 323 Ed. K.G.Strassmeir (2002) pp143-144
1st Potsdam Thinkshop on Sunspots and Starspots. AIP, An der Sternwarte 16,D- 1442, Potsdam, Germany.
ISBN 3-00-009862 ISSN: 0004-6337
Online ISSN: 1521-3994
Source: http://www.aip.de, http://www.aip.de/thinkshop

Cosmic Influence on the Sun-Earth Environment
Saumitra Mukherjee
ABSTRACT
SOHO satellite data reveals geophysical changes before sudden changes in the Earth's Sun-Earth environment. The
influence of extragalactic changes on the Sun as well as the Sun-Earth environment seems to be both periodic and
episodic. The periodic changes in terms of solar maxima and minima occur every 11 years, whereas the episodic
changes can happen at any time. Episodic changes can be monitored by cosmic ray detectors as a sudden increase or
decrease of activity. During these solar and cosmic anomaly periods the environment of the Earth is affected. The StarSun-Earth connection has the potential to influence the thermosphere, atmosphere, ionosphere and lithosphere. Initial
correlation of the cosmic and Sun-Earth connection has shown the possibility of predicting earthquakes, sudden
changes in atmospheric temperatures and erratic rainfall/snowfall patterns.
Sensors, 2008, 8(12), 7736-7752; DOI:10.3390/s8127736
Source: http://www.mdpi.com/1424-8220/8/12/7736

SUN-EARTH-COSMIC CONNECTION
Sun-Earth-Cosmic connection is an evolving technology to know the extra terrestrial
influence on the Earth
Saumitra Mukherjee
ABSTRACT
This book provides a thought for the future research of the most advanced interdisciplinary research in contemporary
science. Sun-Earth-Cosmic connection is an evolving technology to know the dynamic processes that occur in the Sun
2
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and influence the thermosphere- ionosphere-atmosphere-hydrosphere-biosphere and the whole geosphere. The author
relates that the extra terrestrial remote sensing observation coupled with earth based sensor like cosmic ray detector
has the potential to predict life of satellites in space, earthquake, snowfall, rainfall, tornado, draught and epidemics of
biological system. The technology has potential to infer the studies of the human dimensions of global environmental
change by comprehensive study of human actions and natural changes.
LAP Lambert Academic Publishing Germany (2011) ISBN 978-3-8443-0731-3
Source: https://www.morebooks.de/store/us/book/sun-earth-cosmic-connection/isbn/978-3-8443-0731-3

Extraterrestrial Influence on Climate Change
Saumitra Mukherjee
ABSTRACT
Climate change has been addressed since last decade based on the influence of human activities like production of
industrial effluents, land use changes and other activities due to development of the society. These are very important
issues no doubt but the activities due to the influence of extraterrestrial phenomena have not been given its due
importance. An attempt is being made here to understand the influence of extraterrestrial activities as one of the
important factors of climate change has been attempted here. The influence of Sun and distant stars on the
environment of the earth has been studied during the cyclic changes in the Sun as well as episodic changes in the
environment due to the effect of other celestial objects in between Sun-Earth environment. The study has been carried
out based on the changes within the Sun as well as changes during the solar eclipse. During these extraterrestrial
changes it has been observed that the earth changes in its atmosphere as well as geosphere, which may have local
effect but the increase of these local effect in large scale may contribute to the climate change. Solar radiation drives
atmospheric circulation. Since solar radiation represents almost all the energy available to the Earth, accounting for
solar radiation and how it interacts with the atmosphere and the Earth's surface is fundamental to understanding the
Earth's energy budget.
ISBN 978-81-322-07290, eBook ISBN 978-81-322-0730-6
DOI 10.1007/978-81-322-0730-6 ©Springer (2013)
Source:http://www.springer.com/earth+sciences+and+geography/earth+system+sciences/book/978-81-3220729-0

Sun-Earth-cosmic connection to understand early warning of Earthquakes
Saumitra Mukherjee
ABSTRACT
Muon detector has the potential to function as Nano Sensor to infer possible earthquake in earthquake prone areas. It
has been observed that 30 to 36 hours before the occurrence of the earthquake the magnetic field (Kp) and electron
flux (E-flux) of the Sun-Earth environment changes. Using Sun-Observatory-Heliospheric Observatory (SOHO) satellite
data it is possible to monitor the fluctuation every 15 minutes interval. It has been observed that before the occurrence
of earthquake, nanoparticle (muon) intensity reduces, while the atmospheric temperature rises along with the increase
in Kp and E-flux values. After the earthquake the atmospheric temperature falls suddenly with the rise in cosmic rays
and fall in Kp and E-flux values. It has been planned by IHY, NASA and UNBSS (United Nations Basic Space Sciences) to
design and install basic hybrid SEVAN (Space Environment Viewing and Analysis Network) in 14 locations across the
world. Cosmic Ray Division laboratory of Armenia will supply photomultiplier of similar standards to all these 14
locations including Jawaharlal Nehru University, New Delhi, India. These detectors will record and correlate the intensity
of cosmic ray data to predict various environmental perturbations including earthquake. Based on this plan it was
attempted to correlate Kp, Eflux and chages in environment in different locations across the world with variation of
cosmic rays collected from existing muon detectors.
e-Journal Earth Science India Vol.2 (II), April, 2009, pp. 83 – 93
3
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Source: http://www.earthscienceindia.info/,
file:///C:/Users/Jyot/Desktop/OZONE%20Publications%20JNU/S%20Mukherjee/tech_pdf-1278.pdf

♦ Saumitra Mukherjee. Text Book of Environmental Remote Sensing.
Published by Macmillan India Limited New Delhi
ISBN: 1403922357. INBK103842
Source: http://www.macmillanindia.com
♦ Saumitra Mukherjee. Influence of Solar and Galactic cosmic rays on Environment of the earth.
International Study for Earth-Affecting Solar Transients (ISEST)
MiniMax, México, October 26 – 30, 2015.
Source: http://cintli.geofisica.unam.mx/congreso/

Prof. V. K. Jain
https://www.jnu.ac.in/content/vkj0400

Microclimate Formation of ozone by fireworks
Arun K. Attri, Ujjwal Kumar, V. K. Jain
ABSTRACT
Ozone is a secondary pollutant and greenhouse gas that is formed from molecular oxygen in the presence of sunlight
and nitrogen oxides. The extent of production also depends on the presence of volatile hydrocarbons, carbon monoxide
and methane1–6. But we have discovered a surprising source of ozone which is generated in spontaneous bursts even
in theabsence of sunlight and nitrogen oxides— namely, the exuberant mass of colouremitting sparklers that are lit
during the Diwali festivities, which take place every year during October and November in Delhi, India. The underlying
process of ozone formation resembles that induced by ultraviolet radiation in the stratosphere.
We undertook a routine, real-time monitoring of the concentrations of Nox (NO and NO2), O3 and other microclimatic
factors at a known pollutant-receptor site9 in Delhi in order to determine the effects of burning unprecedented
numbers of fireworks on the local environment during the festive period in November 1999. We found that during the
festival period the ozone concentration peaked at around noon and fell to negligible levels after sunset.
On Diwali night (7 November), a small build-up of O3 (951 parts per billion by volume) was detected between 20:40 and
02:30 hours (results not shown). During this period, no correlation was found between NOx concentration and O3
formation, indicating that the ozone was unlikely to have been generated in reactions involving ambient NOx. This
observation was surprisingly different from night-time O3 measurements obtained on the other dates, when no O3
formation was detected.
Further experiments carried out under different climatic conditions showed that there is a linear regression between
the total amount of inflammable material present in sparklers and the cumulative O3 formed (correlation, 0.993). There
was no change in ambient NOx concentration before, during or after these experiments (Fig. 1).
Sparklers depend on a combination of different metal salts to generate their colour and sparkle10 — these include
potassium perchlorate, sulphur, strontium nitrate, barium nitrate, sodium oxalate, calomel, aluminium and manganese.
When burnt, a significant proportion of the light emitted by these constituents has a wavelength
below 240 nm (ref. 11). The radiative energy of these emissions is sufficient to dissociate atmospheric molecular oxygen
into atomic oxygen, enabling the reaction O2&OÕO3 to take place. This proposed mechanism could explain the
formation of bursts of O3 without the participation of NOx, and is therefore similar to the process of ultravioletradiation-induced formation of O3 in the stratosphere.
Nature · June 2001, Nature 411, 1015 (28 June 2001) | doi:10.1038/35082634
Source: http://www.nature.com/nature/journal/v411/n6841/abs/4111015a0.html
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An assessment of ozone levels, UV radiation and their occupational health hazard
estimation during photocopying operation
Bhupendra Pratap Singh, Amit Kumar, Deepak Singh, Monika Punia, Krishan Kumar, Vinod Kumar Jain
HIGHLIGHTS
•
•
•
•
•

First quantitative report of ozone level and UV radiation emission from photocopier.
Ozone production is directly proportional with intensity of photocopy operation.
Ozone level from ground floor is significantly higher than basement photocopier.
Ozone production and UV radiation studied has less correlation during photocopy.
Health hazard issue has been evaluated for effect of UV radiation in terms of SED.

ABSTRACT
This study investigates the levels of ozone concentration along with an ultraviolet (UV) and visible spectral radiation at
eight photocopy centers in an academic institute, Delhi. Sampling was done in two types of locations, i.e., basement
photocopy centers (BPC) and ground floor photocopy centers (GPC) for 8 h. Measurements of levels of ozone, UV and
visible radiation were done by ozone analyzer, UV radiometer and Field spectra instrument, respectively. Results show
that the hourly mean concentration of ozone was observed to be in the range of 1.8–10.0 ppb and 5.3–45.8 ppb for BPC
−3
−3
2
and GPC, respectively. In terms UV radiations, energy lies between 5.0 × 10 and 7.0 × 10 mW/cm for ultraviolet A
−3
−3
2
−3
−3
2
(UVA), 1.0 × 10 and 2.0 × 10 mW/cm for ultraviolet B (UVB) and 6.0 × 10 and 8.0 × 10 mW/cm for ultraviolet C
(UVC). Correlation between the UV radiations and ozone production observed was statistically insignificant. To know
the health hazard occurred to the workers, the standard erythema dose (SED) value was calculated for emitting UV
radiation. The SED was estimated to be in the range of 0.02–0.04 and 0.02–0.32 for direct and indirect methods which is
less than the guideline prescribed by Commission Internationale del’ Eclairage (CIE). In nutshell, person involved in
photocopy operation for their livelihood must be trained and should have knowledge for the long term gradual build up
health problems due to ozone and UV production from photocopier. The manufactures should be ultimated with the
significant ozone production, so that photocopier machine can be redesigned.
Journal of Hazardous Materials, Volume 275, 30 June 2014, Pages 55-62,
DOI: https://doi.org/10.1016/j.jhazmat.2014.04.049
Source: http://www.sciencedirect.com/science/article/pii/S0304389414003112?via%3Dihub#

Forecasting Daily Maximum Surface Ozone Concentrations in Brunei Darussalam—
An ARIMA Modeling Approach
Krishan Kumar , A.K. Yadav , M.P. Singh , H. Hassan & V.K. Jain
ABSTRACT
A time series approach using autoregressive integrated moving average (ARIMA) modeling has been used in this study
to obtain maximum daily surface ozone (O3) concentration forecasts. The order of the fitted ARIMA model is found to
be (1,0,1) for the surface O3 data collected at the airport in Brunei Darussalam during the period July 1998–March 1999.
The model forecasts of one-day-ahead maximum O3 concentrations have been found to be reasonably close to the
observed concentrations. The model performance has been evaluated on the basis of certain commonly used statistical
measures. The overall model performance is found to be quite satisfactory as indicated by the values of Fractional Bias,
Normalized Mean Square Error, and Mean Absolute Percentage Error as 0.025, 0.02, and 13.14% respectively.
IMPLICATIONS
5
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The study demonstrates and reaffirms that the ARIMA modeling approach could be used effectively for obtaining shortterm forecasts of air quality. Particularly in situations where data limitations prohibit the use of deterministic modeling
approaches, the ARIMA modeling approach could serve as an effective technique for obtaining O3 forecasts. In other
situations, the overall forecast of air quality could possibly be more accurate and useful when ARIMA modeling results
are used in conjunction with the results of the deterministic models based on meteorological and other relevant
variables.
Journal of the Air & Waste Management Association, Volume 54, 2004 - Issue 7
DOI: http://dx.doi.org/10.1080/10473289.2004.10470949
Source: http://www.tandfonline.com/doi/abs/10.1080/10473289.2004.10470949

Ozone Distribution in the Urban Environment of Delhi during Winter Months
A.Singh, S. M. Sarin, P. Shanmugam, N. Sharma, A. K. Attri & V. K. Jain
ABSTRACT
Measurements of ozone (03) and oxides of nitrogen (NOx) were carried out at six sites in Delhi during the winter months
of 1993. Concentrations of ozone and NOx varied between 34 and 126 ppbv and 32 and 272 ppbv, respectively.
Interestingly, ozone exhibited initial high levels during morning hours which subsequently declined to lower levels
around noon. However, during evening hours a delayed build up of ozone was observed which is a departure from
earlier studies. The micro-meteorological parameters like mixing height and ventilation coefficient were observed to
favour dispersion of the pollutants, predominantly between 1100 and 1800 hours, whereas stable atmospheric
conditions between late evening to early morning hours seem to favour accumulation of the pollutants. The paper
reports some unusual winter diurnal ozone trends and speculates the possible reasons.
Atmospheric Environment [Atmos. Environ.], vol. 31, no. 20, pp. 3421-3427, Oct 1997.
DOI: http://dx.doi.org/10.1016/S1352-2310(97)00138-6
Source: https://www.sciencebase.gov/catalog/item/5053a3ffe4b097cd4fce9176

Evaluation of seasonal variations in abundance of BTXE hydrocarbons and their
ozone forming potential in ambient urban atmosphere of Dehradun (India)
Neetu Bauri & Pradip Bauri & Krishan Kumar & V. K. Jain
ABSTRACT
In Dehradun, ambient volatile organic compounds (VOC) samples were collected for three seasons viz. summer, winter
and monsoon (during period 2012–2013) to investigate seasonal variations at five different sampling sites. The samples
were quantified for aromatic VOCs by gas chromatography (GC-FID) to monitor benzene, toluene, m, p-xylene, oxylene
and ethylbenzene. BTXE comprise an important group of VOCs mostly prevalent in a typical urban environment. They
were monitored because they are known to cause impacts on climate, health and on vegetation. Toluene was found to
be the most abundant VOC among the measured ones in the atmosphere of Dehradun. The maximum mean
concentration of VOCs was observed in winters and lowest during summers for BE species. Toluene ambient
concentration was rather found to register highest during winters and lowest in monsoons. Kruskal–Wallis test showed
statistically significant differences seasonally (p1) observed ratio indicates vehicular emission as their major source.
BTEX were also evaluated for their ozoneforming potential (OFP). Toluene and xylenes were found as the highest
contributing hydrocarbons towards ozone forming potential among BTXE.
Air Quality, Atmosphere, & Health; Dordrecht 9.1 (Feb 2016): 95-106.
DOI: 10.1007/s11869-015-0313-z
Source:https://www.researchgate.net/publication/273338397_Evaluation_of_seasonal_variations_in_abunda
nce_of_BTXE_hydrocarbons_and_their_ozone_forming_potential_in_ambient_urban_atmosphere_of_Dehrad
un_India
6
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Spatial and temporal variability of VOCs and its source estimation during rush/nonrush hours in ambient air of Delhi, India
Amit Kumar, Deepak Singh, Bhupendra Pratap Singh, Manoj Singh, Kumar Anandam, Krishan Kumar & V. K. Jain
ABSTRACT
Ozone (O3), nitric oxide (NO), nitrogen dioxide (NO2), and nitrogen oxides (NOx) were measured continuously
at three sites viz. urban background (JN), urban/traffic (CP), and rural (DP) in Delhi-NCR during the years 2013–2014.
Meteorological parameters (temperature and relative humidity) were also measured in order to evaluate the
relationship with targeted pollutants. The study shows that highest concentration of O3 was in summer while the
lowest ones were recorded in winter and autumn for all the three sites. However, the level of NOx was observed
maximum in CP (22.6 ppb) during winter and minimum in DP (5.3 ppb) during autumn. The diurnal variation of O3 was
characterized by day-time maxima/(night-time minima) having concentrations 50.2/
(17.2), 46.1/(15.7), and 56.7/(23.6)ppb at JN, CP, and DP, respectively. Distinct differences in concentrations were
observed for O3 and its precursors during weekends and weekdays for all the three sites. The analysis revealed that
higher/(lower) levels of O3 were observed during weekend/(weekdays). The moderate weekend effect was noticed for
all the three sites but highest at rural site; DP.O3 was negatively correlated to RH and NOx, while it was positively
correlated to temperature. The observed mean concentrations of O3 and NO2 were found to be below the
recommended guideline values established by WHO and the European Union.
Air Qual Atmos Health (2015) 8:391–399
DOI: 10.1007/s11869-015-0354-3
Source: https://link.springer.com/content/pdf/10.1007/s11869-014-0309-0.pdf

Prof. Arun K. Attri
http://www.jnu.ac.in/FacultyStaff/ShowProfile.asp?SendUserName=akattri

Analysis of annual cyclic variations in total ozone column over Indian region
Ankit Tandon & Shweta Yadav & Arun K. Attri
ABSTRACT
Annual Cyclic Variations (ACV) in the Total Ozone Column (TOC) were estimated in latitudinally averaged Multi Sensor
Reanalysis (MSR) monthly mean TOC time-series data-set from Jan 1979 toDec 2008 for Indian region. The TOC contents
over any latitude is controlled by the photochemistry and dynamics present in different regions of the stratosphere and
troposphere, correlation between ACV in TOC, and ACV in other climatic and dynamical factors—(i) Solar Insolation on a
horizontal surface at the top of the atmosphere (ETSI); (ii) ZonalWind at 30 hPa pressure level (ZW); (iii) Meridional
Wind at 30 hPa pressure level (MW); and (iv) Air Temperature at 30 hPa pressure level (AT)—were taken into account to
understand their role in the annual cyclic variability present in the TOC over Indian region. Contributions of ACVpresent
in these climatic and dynamical factors to the ACV in TOC were ascertained by performing a multiple linear regression
analysis by taking ACV in ETSI, ACV in ZW and ACV in AT as independent variables (co-variates) for ACV in TOC. It is
concluded that in the tropical part of Indian region ACV in TOC is largely controlled by the photochemistry; whereas in
the subtropical part of the region, the dynamics present in the stratosphere mainly decides ACV in TOC.
J Atmos Chem (2012) 69:321–335
DOI 10.1007/s10874-012-9243-4
Source: https://link.springer.com/content/pdf/10.1007/s10874-012-9243-4.pdf
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Roles of ozone depleting substances and solar activity in observed long-term trends
in total ozone column over Indian region
Bikram Sen Sahu, Ankit Tandon & Arun K. Attri
ABSTRACT
An additive time-series decomposition analysis was performed on the Multi Sensor Reanalysis-2 (MSR-2) monthly mean
total ozone column (TOC) time-series dataset spanning over 34 years (January 1979–December 2012) for Indian region
(0.0–40.0 °N; 67.5–97.5° E). Statistically significant (p-value <0.05) long-term trends in TOC were estimated in the
deseasonalized TOC time series. The role of multiple natural and anthropogenic factors: quasi biennial oscillations
(QBO), El-Nino Southern Oscillations (ENSO), cyclic variation in solar activity (SA), and ozone depleting substances (ODS)
was investigated to explain the long-term trends in TOC over Indian region. Over sub-tropical Indian region (25.0° N–
40.0° N), declining long-term linear trends were estimated, which varied from −0.30% to −1.10% per decade.
Interestingly a positive long-term linear-trend (0.10–0.30% per decade) was observed over equatorial- tropical part of
Indian region. No statistically significant longterm trend was observed for 30mb Equatorial Zonal Winds and Nino 3.4
index – indicators for QBO and ENSO; however, a positive long-term linear trend of magnitude 17.00 ± 1.18% per
decade was observed in effective equivalent stratospheric chlorine – a proxy for ODS, and a negative long-term linear
trend of magnitude 12.72 ± 2.86% per decade was observed in 10.7 cm Solar Radio Flux – a representative for SF. It is
inferred that over the Indian region above tropic of cancer, about 85.00% of the estimated negative long-term linear
trend in TOC can be explained by the increase in the stratospheric concentration of ODS; whereas, decrease in the solar
activity accounted for 15.00% of the estimated negative long-term linear trend in TOC over sub-tropical Indian region.
International Journal of Remote Sensing, 38:18, 5091-5105,
DOI:10.1080/01431161.2017.1333654
Source: http://www.tandfonline.com/doi/full/10.1080/01431161.2017.1333654

Trends in total ozone column over India: 1979-2008
Ankit Tandon, Arun K. Attri
ABSTRACT
Time-series decomposition analysis was performed on, (1) Multi Sensor Reanalysis (MSR) Total Ozone Column (TOC)
monthly mean time-series data-set [1979e2008], and (2) Total Ozone Mapping Spectrometer (TOMS) Version 8
Overpass monthly mean time-series data-set from Nimbus 7 satellite, (TOMS N7) [1979e1993] to estimate long-term
linear trends in the data to assess a scale of surface UV changes over India. Long-term trend estimation, subsequent to
the removal of annual cyclic variations, for MSR TOC data-set was done over Indian region covering latitude spread 0_ N
e 40_ N, and Longitude spread 67.5_ E to 97.5_ E. Trend estimates for TOMS Overpass data-sets, treated on similar
lines, was done for fifteen locations over India (1_190N to 34_040N). Statistically significant declining trends ranging
from (_) 0.8 e (_) 1.5 percent/decade were seen over Indian region above 25_ N latitude in MSR TOC data-set
(1979e2008). In case of TOMS N7 data-set (1979e1993), statistically significant declining trends were estimated over
New Delhi (28_400N) and Srinagar (34_040N) with a value of (_) 2.5 and (_) 3.6 percent/ decade respectively. Observed
TOC decline covered 40% of total geographical area of Indian region, however rest of the Indian region (peninsular) did
not show statistically any significant trend.
Atmospheric Environment, Volume 45, Issue 9, March 2011, Pages 1648-1654
DOI:10.1016/j.atmosenv.2011.01.008
Source: http://www.sciencedirect.com/science/article/pii/S135223101100015X?via%3Dihub
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