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Observation Sites:
Devasthal - 29.4N, 79.7E, ~ 2450 m

Population Density (Persons/sz)

Nainital -29.4N, 79.5E, ~ 1958 m

Pantnagar - 29.0N , 79.5E, ~ 231 m

Dehradun - 30.3N, 78E, ~700 m
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Anthropogenic emissions are increasing
— Highest Polluted Region
Higher solar radiation leads to higher water
vapor content and intense photochemistry
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ARIES 29.36N, 79.45 E, 1958 m




Atmospheric Science Group
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— AOD (MWR, Microtops & AERONET)
— BlackCarbon

— Aerosols number concentrations

— Particulate Matter

race G dSes (Since September 2006)

— Pollutants (Ozone, CO, NO, NOy, CH, NMHCs, SO2)
— Greenhouse gases (CO,, N,O and SFg)
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Black Carbon at Nainital & Pantnagar
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BClevels at Pantnagar
—higher by 5-6 times




Diurnal Variations at Nainital, Pantnagar and Dehradun
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Ozone levels show clear
daytime peak at Pantnagar |
and Dehradun 1n contrast 0 2 4 6 8 1012 14 16 15 20 22 24
with Nainital Time (IST)

Average Ozone (ppbv)

Nighttime ozone levels are lower at Pantnagar
Ozone titration chemistry 1s stronger)




Ozone at Pantnagar (ppbv)

Surface ozone

at Pantnagar and Nainital
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Surface Ozone Seasonality at Nainital
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m Differences in model and observations may be due to coarser resolution, emissions
uncertainties and errors in meteorology of global model.

m Model and trajectory based estimates of contributions from downward transport is

about 4-6 ppbv



and Air Flows
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Seasonal variations in surface ozone at Pantnagar
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»Ozone seasonality is characterized by springtime maxima (55-60 ppbv) and summer/
monsoon minima (10-15 ppbv).

»Mixing depth at Pantnagar (from HYSPLIT) also shows maxima (3 to 5 km) during spring.

»Interestingly, daytime ozone levels at Pantnagar show similar variations as at Nainital (Role
of Mixing)
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Chemical Box model simulations (NCAR Master Mechanism)
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Pantnagar (urban) shows reasonable agreement with the observations. .
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dOzone production is more sensitive to NOyx at
Pantnagar.

UPossible future increase in emissions from this region
would result in rapid increase in ozone.




Biomass Burning

Fire Counts

Fire over the Northern India
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Ozonesonde and Radiosonde at ARIES:
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Wind Speed
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» Elevated ozone i1s noticed in the middle and upper troposphere.

» Signatures of Stratospheric intrusions are seen in preliminary analysis.



WRF-Chem Model

Thanksto NCAR, Boulder group (G Pfister, M Barth and G P Brasseur)
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Grid Spacing :

Grid Points (x,y,z):

Input Data

Geographical Data — USGS
Meteorological Data — FNL

Anthropogenic Emissions —

RETRO/ Zhang et al. (2009)
Biogenic Emissions -

MEGAN

Fire-Emissions — Wiedinmyer
etal. (2000)

Initial and lateral boundary

conditions for chemical
species —MOZART 4




WRF -Chem
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WRF -Chem
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WRF-Chem Vs TES Ozone

CO Emissions (mol km™” hr™)

1— North India, 2 —West India, 3 — East India,
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WRF-Chem Vs. MODIS Terra AOD (5
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Greenhouse gases

5+ Trend = 1.6 ppmv/year

ACO2 (ppmv)

_—
>
=
=
=
N
o
%\l

2+ Trend = 0.3 pptv/year

GlOb al gr OWth rates: 2006 2007 2008 2009 2010

ASF¢ (pptv)

2011 2012

CO, = 1.65 -2.38 ppmv/yr, N,O=» 0.75 ppbv/yr, SF,=» 0.24 pptv/yr




Stratosphere Troposphere (ST) Radar (upcoming)

Studies on winds, monsoon dynamics and Troposphere Stratosphere exchange
Frequency :206.5 MHz
Area Covered :30X30 M

Continuous and high resolution winds
~10 min for full profile
5oto300 m
Velocity resolution: 0.1 m/sto 2 m/s

ST Radar Civil Works ;oamum;e

Ground Floor
(control room & work place)
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RAWEX-GVAX
Regional Aerosols Warming Experiment
GangesValley Aerosols Experiment

A multiinstitutional project

DOE (USA), ISRO, 11Sc and ARIES

Gangetic Plain
Himalayas

A major international initiative afterabout 13 years







Doppler Lidar

{217 Incensity 4 Awaust 2011
0 _ b

Banee {Lm)

T &70F BT EME ETEZ EYIE &FF ETIE 474 EVAL 86
m TIF] Banclian] v ofweicy

-
ey
=
=

e

&7 &70F BT ETE GFE BTIR 7Y ETIE

ler] A ptemom gl lwehosen bier

Range (km}

705 6™ 65 BYX BETES G673
Lacal tue (hr)




Ceilometer
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Tropopause Characteristics over Nainital
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Tropopause characteristics show
significant variability over this region.

Reasonably good agreement is seen

between radiosonde and satellite
observations.

Generally Tropopause is located
between 14 to 18 km while on few

occasion 1t 1S observed at lower
altitudes  (possibility of multiple
tropopause).

Tropopause estimation has been
made using WMO criteria. .




Future Change

it is in the tropics

Thanks for the attention




