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It is my pleasure to present the Annual Report of the Institute for the
year 2004-05The hstitute withessed a number of scientific, academic
and administative activities and events during theay 2004-05Visit

of Shri Kapil Sibbal, Honourable Minister of State for Science
& Technolog and zean Deelopment, @vt. of India, and the
Parliamentaly Committee on flicial Language, eceipt of the
Norbert-Gerbier Mum htemational Avard of theWMO by two of our
scientists, participation of three scientists in th& Bddian Scientific
Expedition to Atarctica, Institutés identification as [Rgional
Co-ardination Centre for Application of Regional Climate Modelling
System for Climate Change Studies in South Asia, organization of GCOS/
WMO Intemational Warkshop on Bhancing South and CealrAsian
Climate Change Mhitoring and hdices and araining Warkshop for

the Benefit of South Asian Regional Scientists involved in the Regional
Climate Modelling and Related Fields, establishment of the permanent
ENVIS hformation Cente on A&id Rain and Atmospheric diution

are some of the notewilay events of the year

The Institute has taken up several new research projects during the
year sponsored by national and international agencies and government
depatments. A good number oe$earch Ellows, Reseach Associates,
Consultants and f®ject Rersonnel have been inducted to suppbe
new keseach activitiesThe hstitute continued its academic aretaath
support to various Indian Universities in running their academic courses.
A good number of students undergoing post-graduate courses in
atmospheric science, space science, environmental science and geography
from different universities have been provided facilities such as research
guidance, libary, laboratories, computer and accommodation for their
academic and research programmes.

The year also witnessed a large number of exchange visits of scientists
for meetings, seminars, workshops, conferences and specialized research
collaborations in the country and abroad. Institute undertook several
observational programmes in different environmental conditions at
different places in the ootry and abroad under its own and national/
international collaborative research programmes, and collected valuable data.

The Institute improved its infrastructural facilities by addition of
new equipment / computational systems and enhancement of the existing
ones.The whole campus of thaestitute has eceied a new look and
environmental enrichment by carrying out necessary repairs and
improvements.

This Annual Report gives a summary of significant highlights
followed by a general overview of the research results including a list of
reseach publications and other activities of thmestitute during the year

| take this opportunity to express my sincere thanks to the
Depatment of Science antechnolog, Govt. of hdia, and Gverning
Council and Finance Committee of the Institute for continued support
and encouragement. | also offer my appreciation and thanks to all my
colleagues of the Institute for their co-operation and devotion to work.

—=m

G.B. Rant
Director



Highlights

Research

o Coupled climate model simulation results of summer monsoon rainfall during thee2@ury were
evaluated under thentergovernmental Bnel on Climate Changep#ith Assessment épot. Outputs of
the models have revealed that the gross features of the monsoon rainfall are very well simulated by most of
the models under the climate runs.

o The Institute povided climate change scenarios for the preparationndidls Initial National
Communication to the tited Nations Famevork Convention on Climate Change (UNFCCC).

o Several simulation experiments using the latest version of Hadley Centre Regional Climate Model PRECIS
(Providing REgional Climates for Impacts Studies) were performed for the South Asian domain, to generate
the regional climate for the baseline (1961-1990) and a future period (2071-2100) under two different
socio-economic scenarios.

o Monsoon seasonal prediction experiments were carried out using two atmospheric general circulation
models (AGCMs) for the monsoon season of 200he two AGCMs used for this purpose were (i) GOL
T30L18 (ii) Portable Lhified Mode (PUM)Ver.4.5 grid-point GCM from UKMO.The results from the
COLA simulation showed deficient monsoon rainfall (-16 % departure from the normal) over the Indian
region for 2004.The PUM simulation also shed a decrease in the monsoon rainfall (-3.0 % taear
from normal) over the Indian region during 2004.

o Surface and subsurface circulation and temperature of tropical Indian Ocean were simulated using the
three dimensional 6 coordinate free surface, primitive equation Princeton Ocean Model (POM) with
horizontal resolution 1° x 1° and 21 levels from surface to deep ocean (in which 10 levels are from surface
to thermocline layer).

Honours and Wwards

o Dr. G.B. Rint has been nominated as ariWber of the ikt Boad of Governors of Geernment College of
Engineering (Bne Institute of Engineering ariechnology), Bne.

o Dr. K. Rupa Kumar has been selected as a Leathér for the Burth Assessment épot of the Working
Group-I of the IPCC.

o Dr. G.B. Rt has been selected as eviRv Editor of Chapter 10 : Global Climatediections under the
Working Group | of the IPCC.

o Dr. G. Beig and ®t. S. S. Bdnavis along with other seventeen authors from around the world have been
selected for the drbet-Gerbier Muimm International #vard, instituted by the WMO, for the year 2005
for their paper entitled, ‘®iev of mesospheric temperature tréngsblished in Rviews of Geophysics,
December 2003.

o Kum. Rohini Bhawar IITM Research &llow won the ‘Best Bper Avard for her poster presentation
entitled “Ground-based radiometric measurements of aerosols and pre-cursor gases over Pune and their compariso
with TOMS and MODIS satellite ddtat the IASTA Meeting and riternational Conference orérosols,
Clouds and Indian ®hsoofi Indian Institute of Technology Kanpur 15-17 Nvembey 2004.

o0 The paper entitled, “Long-term variations in the fpenance of climate modeldy Grimm A.M.,
Sahai A.K., and Ropeleski C.F, receied the Best &er Avard in the 18 Brazilian Congess of

‘ Meteorology Fortaleza, Ceara, Brazil, 30 Wgust — 3 Septemhe2004.




o Shri B.C. Morwal has been awarded Second Prize for his paper entitled ‘Suchana sanchar aur suchi ki
pragati (in Hindi) presented at the #9Seminar and khdi Workshop on Official Language, dihital,
6-8 Octobey 2004.

o Smt. Shanti Plye, Shri. Y. S. Belgude andHa. S.M. &dhav received the Esllent lerformance Avad for the
year 2003 for the dministrative, Technical and bBin-Techrcal Maintenance categoiof employees respectively

Events

o Shri Kapil Sbal, Honourable Minister of tate for Science and@lechnology and Ocean Development,
Government of India, Bwv Delhi visited the Institute on 7eptember 2004.

o Second 8b-Committee of &liament on Official Language consisting of fiveetdbers visited thenstitute
on 8 &nuay, 2005.

0 The Institute celebrated its #3oundation @y on 17 Nvember 2004.

o Three scientists of the Institute participated in th& Blian Scientific Expedition to Antarctica from
6 December 2004 to 27 Mrch, 2005 for measaments of aerosols, atmospheric electric and other
parameters and trace gases.

o A Training Workshop for the benefit ofdaith Asian regional scientists involved &gional climate modelling
and related fields was held at thestitute during 24-28ahuay, 2005.

o A World Meteorological Organization /l@al Climate Obseing System (GCOS WMO) International
Workshop on Enhancingafth and Central Asian Climate Changerioring and Indices was orgaroze
at the Institute during 14-19ebBuary, 2005.

o A Meeting of Expert Committee to Study the Effect of Windmills on Rainfall was held at the Institute
during 3 - 4 dne, 2004 under the Chairmanship of BtB. Rant, Orector

o A Meeting of the Bsearch Avisory Committee of thenstitute under the Chairmanship of. BRC. Pandey
was held on 9 -10ude, 2004.

o An in-houseShort Term Training Course on Computationalelthods for the IITM Rsearch &lows /
Associates / @ject Rersonnel etc. was arranged at the Institute during 14 Octoberoveinier 2004.

o First Fof. R. Ananthakrishnan Bmorial Conference on t&ospheric Science, Climate Change and
Environmental dies was organized at thestitute during 18 — 19aduay, 2005.

o Annual MonsoonWorkshop — 2004 of thentian Meteorological Sciety (Rine Chapter) was jointly
organized with the India Meteorological Department on 4 March, 2005.

o Hrst WP/RASSTraining Workshop on Mteorology and Atmospheric Science was organized ahstieute
during 7-11 March, 2005.

Collaboration

o The Institute has been identified as a Regional Coordination Centre for the application of regional climate
modelling system for climate change studies in South Asia, as part of the collaborative framework with the
Hadley Centre for Climate Prediction and Research, UK.

o Two Indo-UK projects on development of high-resolution climate change scenariogdi@y and impact
of climate change on water resources in India, and an el project on sensitivity ohdlian summer
monsoon to anthropogenic climate change were successfully completed. B




As a part of the collaborative research between the Institute and the India Meteorological Department,
efforts were made to extend the development of seasonal forecasting strategies to northeast monsoon an
northwest India winter precipitation.

Two projects on the design storm studies for thedrathi and BRauliganga catchments intteranchal
Sate, sponsed by National Thermal Bwer Corporation (NTPC) we successfully completed.

An IITM Atmospheric Boundar Layer keld Laboratoy at National Centre for Antatic and Ocean
Research (NC®R), Goa has been modernized and inaugurated rby2©. Randey Directof NCAOR
on 10 ®ptember2004.

The Institute had provided guidance to Andhra Pradesh State Government in their cloud seeding operations
carried out during 2003. A report on ‘Cloud seeding operations in Andhra Pradesh during 19 $eptembe
17 Novembey 2003’ was submitted to the Ganment of Andhra fiddesh.

FHeld Cbsewational Pogrammes

Institute arrangedi€ld Expeditions to Haranchal and Chattisgarh during 2dp&mber- 15 October
2004 and 28 October - 9oMembey 2004 respectively for tree-ring sample collection under the collaborative
activity on ®uth-Asian Dendroclimatic studies between IITM afrde-ring Laboratgf Lamont-Dohety

Eath Obsevatory, Columbia Uhiversity New York, U.S.A..

Under the nation- wide land campaign programme organized of tl@ EGHR/ARBS extensive obsations
of aerosol physical, chemical and radiative characteristics were carried at the IITM, New Delhi Branch
and also at the Dayalbagh Educationstitute (DEI), Agra during 1-31 Decemb&004.

As a part of the IITM-SAC collaborative project entitled Mapping of Aerosol Characteristics from Remote
Sensing Data, special field campaign experiments were conducted along the Pune-Daund-Pune sector
during April and May 2004 and at a remote place which is about 60 km away from Pune during January-
March 2005, in synchronization with the IRS-P4/P6 satellite overhead passes.

An extensive eld Campaign was arranged with an objective to monitor the levels of ozone amdursqs
(NO,, CO and NMHCs) in the vicinity of the sugar factories during the perioch2day - 6 Febuary,

2005 at the Bima Ratas Co-operativeugar Fctory Ltd., Ratas;Yashwant Co-operativeu§ar Fctory

Ltd., Theur and Sarntukaram Co-operativeug§ar Factory Ltd., Kasarsa.

Institute paticipated in a dint Held Campaign with ddira Gandhi Centre for Atomic €Rearch and
Bhabha Atomic Research Centre to study the wind and thermal structure of the coastal
atmosgeric boundary layer at the National Centre for Antarctic and Ocean Research, Goa during
10 - 24 @ptember 2004.




Overview

Forecasting Bsearh
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Forecasting Rseach Division has formulated itseseach programmes for

undestanding of tropicalveather and prediction of the monsoon rainfall on different
time andspace scales. Studies are also undertaken to understand and prediob-ttalenes
gystems such asdpical cxlones. Bllowing ae the curent activities of the Dision :

o

0

Study of meso-scale systems and meso-scale modelling.

Study of Air-Sea Interaction Processes and planetary boundary layer characteristics
using ARMEX-2002, ARMEX-2003 and other experimental and routine data.

Application of satellite data in weather forecasting and tele-connections of monsoon
variability over South and East Asia.

Inter-annual and decadal scale summer monsoon variability over India and its
association with El Nino Southern Oscillation, North Atlantic Oscillation, and
Indian Ocean Dipole/Zonal Mode.

Intra-seasonal Rtiden dlian Gscillations (MJO) and leaks in monsoon.
Evaluating coupled climate model simulations.
Study of energetics of waves and wave to wave interaction.

Study of secondary heat sources.




NumericalWeather
Prediction Reseath and
Meso-scale Mdelling

(S.S. Vaidya, A. Bandypadhyay
J. Sanjay S. Mahapatra, IX. Trivedi,
P. Mukhopadhyay)

Model simulation of brfwesters

A Nor'wester of 22 My, 2003, the
last in the pre-monsoon season of the year
was studied wusing the Regional
Atmospheric Modelling System (RAMS)
with two way interactive nested grid of 16
and 4 km resolutionThis storm caused a
wide spread damage and 73 mm of rainfall
was reported over Kolkata in just 90
minutes.The storm suick Kolkata at 1230
UTC (1800h local time)The grids were
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centered at 22.6°N, 88.4°E which is the 16 km domain ( Exp-2)

Fg. 1: RAMS houy prediction of total cloud condensate at 85&HR

location of Alipore observatory of Kolkata.
The 16 km domain covers a region from
83.34° - 93.42°E along east-west and
17.78° - 27.28°N in the nadntsouth
direction and the inner nested 4 km
domain covers a region 87.29° -8%XE9
in the east-west and 21%5Z3.59N in
the noth-south directionThe number of
vertical terrain following levels in both the
domains weg 36. The height of the top
of the model domain was 25 kriwo
experiments are carried out, one (exp-1)
with the NCEP 6 hourly analyses as the
input and the other (exp-2) with the
merging radiosonde data of three stations,
viz., Ranchi, BRtna and Klkata at 0000
UTC with the gridded analysis of NCEP
at the same time. RAMS was initially run
in nudging mode for 6 hrs and then in
forecast mode forl2hrs ending 1800 UTC
of 22 May, 2003. EKp-2 shaved
significant improvement in predicting the
temporal and spatiakvolution of the
Nor'wester Hgure 1 shavs the predicted
total cloud condensate (gm/kg) at 858hP
in 16km domain by exf2- and this was
compared with the cloud liquid water
content (kg. 2) as estimated by dppler
radar located at Kolkata.

a. 03UTC
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Fig 2: Doppler radar estimated cloud
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It is seen from igure 1 that at 6 hour forecast (IRUTC) the model Recent trends of
predicted formation of the system which was seen to have strengthened in ghgnderstorms over
following hours (7 and 8 hour). Nine hour forecast onwards the simulated syst%ngeﬁmw
is found to be in dissipating stagehis simulation matched reasonably well with
the Doppler radar obseation of Kolkata at the respective hourdg.F3a show Thunderstorms
that the twelve hour accumulated predicted rain (mm) by expgl,36 sho®  gver Kolkata were
that by exp-2, ig. 3c depicts the CPC (Climaterdeliction Center NOAA, USA) studied for a period of
daily rainfall estimate (mm) andig= 3d shows the Doppler radar estimated 12 23 years (1980 — 2003)
hour accumulated rain (mm). 2 showed significant improvement in predicting for the months of
the temporal and spatial evolution of tNerwester and the associated rainfall. March, April and May
However, the amount of the forecast precipitation was lesser than therabsere, at 0300 and 1200

which may be attributed to the relatively coarser input fisedhe simulation. UTC to examine trend
in their occurance.

»] Rulnfall Forecaml(NCEP Annlrain) Th u nders_torms were
FROSASDEDDF F17h FLEY classified into different

e categories such as

‘ (a) localized, (b) wide

18 spread, (¢ associated
with heavy prepitation,
(d) associated with less
13 precipitation and
1z (e) with no precipitation.
The study revealed a
marginal increase in
]ﬂg the frequency  of
B thundestorms taking
together both 0300 and
1200 UTC reports.
R ° However, the occurrences
at 03® UTC did not
show any significant
change, but an increase
in the frequency was
observed at 1200 UTC.
Thunderstorms
occurring at 0300 UTC
were found to be more
wide spread in nature
and the ones reported at
1200 UTC were found
to be mostly localized. A
total of 252
thunderstorm events
were reported over
Kolkata during 1980-
2003, out of which only
25% (7% at 0300 and
18% at 1200 UTC) were
found to be associated
with heavy rain, 51%
Fig. 3 : 12 hourly accumulated forecast precipitation a) exp-1 b) exp-2 c¢) daily precipitatiopith light rain and 24%
estimate by CPC d) 12 hour accumulated Doppler radar rain estimate. without any rain. j




&nsiﬁvity of pmmeterizaﬁon schemes agreement with the obsetions. Hwever, BT scheme produced
on model simulation intense system during this period. Although the circulation

features were well predicted by both the schemes, the characteristic
Experiments were carried out to see Wind structure like eye and strong gradients to the right to the
the impact of two p|anetary boundary centre was well brought out by MRF scheme fﬁrday On the
layer (PBL) parameterization schemes on4" day BT scheme showed much stronger winds thamled
the simulation of heavy precipitation that was against the observations in which the intensity of the
associated with a low pressure area duringsystem hook like structure of rainy area which was a special feature
18 - 20 ®ptember 2000 over Gangetic Of the tropical cyclone. Associated with this cyclone very heavy
West Bengal and superdalgnic storm of rainfall was reported over the coastal stations of Orissa on 30
Orissa during 26 - 30 Octohet999. fr October Both the schemes under-predicted rainfall &nday
the simulation of heavy precipitation however MRF shaved a better inland shift of the rainy area.

associated with the two selected cases the
fifth generation Bnnsylvania ate
University/ National  Center  for
Atmospheric Research Mesoscale Model
(MM5) wais utilized. The model wais
initialized with the data of 0000 UTC of
18 Sptember 2000 and 0000 UT of

26 October 1999 for the lw pressure
area and the super cyclonic storm
respectively The PBL schemes used were
(i) the nonlocal scheme based on
Troen- Mahtt representation of counter
gradient transports and eddy diffusivity
profiles in the well mixed boundary layer
used in NCEP Mdium Range érecast
Model (MRF scheme) and (ii) the loc
scheme based on turbulent kinetic energy
(TKE) formulation (BT scheme).

The sensitivity to two cumulus parameterization schemes
viz., Kain-Fitsch scheme and BettsilMr-Janjic scheme we
studied using Advanced Regional Prediction System (ARPS)
model. Two sets of foecast fields we obtained using input data
of a low pressure area, monsoon depression and two tropical
cyclones during 1998ver Indian egion. The model produced
fields of MSLR wind, rainfall, temperature, moisture etc.reve
examined. Both the schemes produced well the explicit rainfall
at and around the disturbance location, and convective rainfall
at and around the disturbance and also away from the
disturbance. Inland shift of rainy area was well produced by
both the schemes but location and amounts were better produced
by Betts-Miller-Janjic scheme. In case of simulation of May
cyclone wer Bay of Bengal, Kain-fitsch scheme convincingly
al produced better rainfall structure compared to Betts-Miller-Janjic
scheme. It was found that temporal variations of equivalent
potential temperaturéd) and cloud water mixing ratio (avalues
at the three locations, produced by both the schemes are
In case of low pressure area over consistent with the known thermo dynamical behaviour of these

Gangetic West BengaL during first parameters during the rainfall pl’OdUCtiOﬂ.

24 hours of the integration period rainfall o

amounts predicted by MRF scheme were  EXtended Rangé/eather Rediction Researh
higher by 6-8 cm as compared to BT

schemeThe location and amount of the (R.H. Kripalani, S.S. Dugam, S.D. Bansod, Ashwini Kulkarni,
heavy precipitation with the MRF scheme N.V. Panchawagh, S.B. Kakade, S.&b&de, S.R. Inamdar)

were closer to the India Meteorological

Depatments station repds. Evaluation of coupled climate model simulations under

IPCC, AR4
In next 24 hours of the model
integration MRF scheme produced Climate Modelling groups around the world have been

rainfall closer to observation compared to performing an unprecedented set of coordinatet! tB@ough

BT scheme. In case of super cyclone of 22" century climate change experiments designed under the
Orissa, 1999, the results showed that alntergovernmental Bnel on Climate Changep#ith Assessment
more intense system is predicted by MRF Report (IPCC AR4). In order to assess the ability of the global
scheme compared to BT scheme. At themodels in simulating 20 century climate the coupled model
time of landfall, MRF scheme shows outputs were examined in simulating the summer monsoon

ndecrease in intensity which was in good rainfall over India vis-a-vis the annual cycle, spatial rainfall patterns




and the inter-annual variabilitimulations were evaluated
against observations. Analysis of outputs of 20 model{
revealed that the gross features of the monsoon rainfall a
well captured by the climate models.

Relationship between MJO and monsoon breaks |

Relationship between monthly MJO index and
duration of the break days imly and August was carried
out for 22 years (1979-1997)rdm the analysis, it was
seen that MJO activity in the month of August and duratior
of the break period showed an inverse association and tf
relationship was significant at 1% level i.e. when the MJQ
activity is less than normal then the duration of “btdak
large and subsequently the Indian summer monsoon rainfg
is less during that period over the central parts of Indiaj | %
The study wais found to be useful for understanding thé¢
break monsoon condition, and for the intra-seasonal |
prediction of monsoon rainfall.

The correlation analysis between the pentad NAOFg. 5: Correlation coefficients of NA and 500Pa
index and the number of break days ly Jand August (as  geo-potential height anomaly for 73 pentads for 1987
this period is more prone for the break monsoon conditionnd 1988.

was carried out for the period of 48 years (1950-9ig). @). _ _
It is seen that during the drought year

0.4 (1987), there was a significant inverse
T association between them, and the relationship

— (10 July to 14 July) was extended up to 20°N and sometimes even
0.2

beyond that latitude. Due to this, intrusions
of extra-tropical westerlies are seen resulting
in the prevailing break monsoon condition over
Indian subcontinent. In excess monsoon year
(1988), no significant relationship was seen.

0.1
0.0
01}

-0.2

Comralation coeficient

Use of OLR in facasting of summer
monsoon rainfall

-04

1 1" 21 Kh| a1 51 61 71
Pentad

The interannual variability of satellite
Fig. 4: Relationship of NAO pentad with number of break days ifi€fived outgoing longwave radiation (OLR)
July for 1950-97. over the tropical Rcific and Atlantic regions
was examined in relation to the Indian summer

The 39" pentad NA (10 aily to 14 dly) shaved a  mMonsoon rainfall using 25 years (1974-2001)
significant direct relationship with the number of break daysof data. A strong and significant north—-south
in July. This suggested that during the positive phase oflipole structure in the correlation pattern was
NAO the number of break days are more, and vice versdound between the Indian Summer Monsoon
The pentad values of NAO index were correlated with theRainfall (ISMR) and the OLR field over the
500-hR pentad height anomalies at each grid point ovetvest Rcific region with highly significant
the region 20° -40°N and 60° -90°Ehe analysis for negative (positive) correlations over the South
drought years 1987 and flood year of 1988 is depicted ifFhina Sea and over the north-east Australia
(Fg. 5). during &nuay. During the month of I\Ayp




the OLR over the central Atlantic Ocean life and track.These systems caused yédreavy rainfall wer
showed a significant positive relationship different sub-divisions of the northwest India. Such rainfall
with the ISMR.These relationships were activity is likely to develop intense secondary heat sources due
found to be consistent and robust during to latent heat release in association with organized cumulus
the period of analysis and hence can beconvection due to the synoptic scale disturbances. Hence an
used in the prediction of the ISMR. analysis of the wind field was carried out using daily NCEP
Using these results a multiple regressiondata at 850, 500 and 200 énfevels for selected systems to
equation was developed for prediction of study the regional circulation over India in relation to the synoptic
the ISMR and the empirical relationships scale disturbances which caused weekly excess rainfall over
were verified using an independent data subdivisions of nahwest India.The results sha that the

set. The results were encouragingthe  regional scale monsoon circulation over India was disturbed
composite annual cycle of the OLR, over subsequent to the events of anomalous heavy rainfall activity
the west Bcific region during exame  over northwest India. Systems which have moved from the Bay
ISMR was found to be useful in the of Bengal across the monsoon trough, keeping a more southward
prediction of extreme summer monsoon track caused such anomalous heavy rainfall events.

rainfall conditions over the Indian ; ;

subcontient, Sudies on monsoon anidopical weather

Using two OLR predictors, one Systems

located over south Indian Ocean during _ . _ .
April, and the other over Head Bay (U.V.Bhide, M.Y.Totagi, A.A. Kulkarni, V.R. Mujumdar

during May, a multiple regression model PV. Puranik, S.M. Bawiskar S.P Ghanekar M.D. Chipade)

was developed for the prediction of ISMR
for 2004 model was developed with

training period 1974-1994 and test Estimation of daily apparent heat source and apparent
period 1995-2004.The forecast of moisture sink over Indian region for four southwest monsoon
monsoon rainfall of India for 2004, using seasons of 1997, 1998, 1999 and 2002 was completed. Analysis
this model was 832.40 mm (abouB26  of the synoptic conditions and rainfall distribution over India
below normal). showed a large intraseasonal and interannual variability of
. circulation and rainfall in these four seasons. Events of

Low pressure systems during geyelopment of secondary diabatic heat sources over northwest
monsoon India were observed in these seasons due to latent heat released
) ) ) in association with cumulus clouds organized by synoptic

Transient disturbances I|kg wo systems of active monsoon phasBsis caused a versal of the
pressure areas, monsoon depressions angést-west heating gradient across the monsoon trotigh.
cyclonic storms which formed over Bay diabatic heat source and adiabatic warming in its surrounding
of Bengal _and moved across the m.onsoonregion due to increased subsidence together led to development
trough region over India were studied for of an anticglone over monsoon trough region at 500&hP

flxzz%;th\(/)ve;st mﬁnsf?nl zzalsons of 1997FoIIowing such incidences monsoon evolved into weak or break
(0] . Out of the tota oW pressure phases over India.

areas which formed over Bay of Bengal
18 intensified into depressions or storms. Regional scale circulations over India were studied during
Out of these, six depressions and twothree normal monsoon seasons of 1997, 1998 and 1999 and
storms were observed to have a very longthe deficient monsoon season of 2002. It was observed that during
life period and ver long tracks. Fve of  these years the low pressure systems intensified into a depression
these depressions merged with thein presence of strong low level cyclonic vorticity and deep moist
monsoon trough over different layers of atmosphere over Bay of Bengal only when the middle
subdivisions of northwest India. A well tropopsheric atmosphere of western India was relatively dry and
marked low pressure area which formed had deep lagrs of subsidence.oF 1997, in presence of such an
wn 21 June, 2002 also had a yeong in-phase relationship five depressions and one cyclonic storm

Intraseasonal variability of southwest monsoon




were formed over the Bay of Bengal while in absence of sucbf the eastward movingystems across
circulation features none of the low pressure systems intensifieldepal and adjoining Himalayas.

in to a depression during monsoon 2002. It was also noted that .

during monsoon 1999 due to frequent passage of extra-tropical AN alternative -~ method ~was
eastwardmoving systems, across tioern latitudes of the coumgr developed to estimate Iatent' heat qu_>g_)(Q
the tracks of the depressions were obstructed and the systeHfiJer unstable atmospheric conditions,
were mostly confined to the east of 80°Eowver, during | @bsence of moisture measurement.
monsoon 2002, abnormally large number of such systems passe@Seéd on the surface marine
across the westernitdalayan-Thetan region and as a result, Meteorological observations taken during
monsoonlow pressure systems which formed over Bay of Bengal® Stationary periods of BOBMEX-99 at

took more southerly tracks without intensification over Bay of Bengal@RY Sagar Kanya shipa regression
relationship is developed between the

The characteristic features of two depressions, havin@owen Ratio (B) as a dependent variable
dominant westward and northward component of movement ovend the sea-air temperature difference
central hdia formed duringuly and August, 1989 respectively (AT) as an independent variabl€he
were compared through the analysis of their wind field, associatagélationship was found to be significant
rainfall and kinematic parameters such as redatiaticity, at 0.1% level over the region of Bay of
divergence and moisture flux based on NCEP/NCAR reanalysiBengal. Using this relationship, the latent
data at 850 h&2 The analysis sheed that the zone of maximum heat flux Q was estimated with the
rainfall and positive rainfall tendency lie in the southwestknown values of Qand the estimated
quadrant of theuly system while these zones lie in thethaest  values of B through the regression
qguadrant for the August system. It was also observed that tremuation. A good agreement was seen in
significant difference in the behaviour of the two systems washe observed and the estimated fluxes of
mainly in respect of their strength of the wind field, track ofQ_ at Sagar Kanya.The developed

movement and moisture supply regression equation was then used to
) compute the fluxes using independent
Analysis of BOBMEX-1999 data data of a moored buoy deployed by the

National hstitute of Oceartechnology
Time-series Wisala mini-radio sonde obsations of vetical Chennai, near the ship in the north Bay

temperature profiletaken during stationary periods (Phase | and Il of Bengal during the same period where
of ORV Sagar Kanya ship at 17.5°N and 89.0°E duringthe hum|d|ty observations were not
BOBMEX-99 were analysed’he results sheed that the laver available The estimated flies at the bup
and middle troposphere was warm and humid during active Phaggere in good agreement with the
(Phase 1) while it was relatively cool and dry during weak monsooiybserved fluxes at Sagar Kanya in
Phase (Phase Il) of the experiment. Daily Grid-point NCEP datgrevailing synoptic weather conditions.
over the Bay of Bengal were used to compute vertical velocityhis method is found to be very useful
(w) at 850 and 500 f&Plevels during these two Phasgébe tg estimate Qin absence of moisture
analysis of y-t sections ab along the longitude of stationary measuremeets, which is an important
location of Sagar Kanya showed two prominent zones of upwargarameter for the air-sea interaction studies.
motion, one associated with induced eastward moving cyclonic

circulation/ lows due to mid-latitude troughs in westerlies and Energeﬁcs of globa] circulation

the second belt associated with westward moving monsoon

systems in the continenf&CZ extending eer the By of Bengal. Based on NCEP/NCAR reanalysis
These two belts are separated by a zone of descending motidata, kinetic energy and momentum
or subsidence.t Iwas obsered that, in general, at 500 &4Pthe  transpot of waves 0 to10 at 850 hRevel
belt of strong upwal motion in the continentalCZ is located were computed from monthly mean zonal
at Sagar Kanya latitude during the active period (Phase I) du) and meridional (v) components of
BOBMEX -1999.This zone was obsezd to shift southward in  wind from equator to 90°NThe analysis
the weak monsoon situation (Phase Il) due to increasegrmibng was carried out for the period from 1958
motion over the trough region in response to intense upward moticlm 1997 (forty years) and for the winB




months anuay and February. Fourier technique was used to cyclonic storm formed in north Arabian
resolve the wind field into spectrum of waves. Correlation analysiSea (1-3 @tober 2004) and a depression
between All India Summer Monsoon Rainfall (AISMR) and formed in Bay of Bengal (2 October
energetics of waves indicated that the effective kinetic energy ¢004) were monitoredThe western
waves 1, 3 and 4 around 40°N irbruary has significant disturbances that nved oser Western
correlation (.1%) with AISMR. A simple linear regression Himalayan andTibetan region with the
equation between the effective kinetic energy of these three wavassociated deep southward penetration of
and AISMR was developed and tested on an independent dat@ughs in the westerlies which caused
of next seven years (1998-2004). Predicted AISM&s found rainfall and cold weather conditions over
to be in close agreement with ohsel AISMR. The extreme year Indian region were observed using the
2002 was verwell predicted.The regression equation based on thesatellite imageries.

dynamics of the planetary waves was thus found to be useful for

Long Range &recasting (LRF) of the AISMR. Satellite Meteopblogy and

Fig. 6 shavs the stream function charfor composite of | /Applications of Satellite Data
good monsoon years (1961, 1975, 1983 and 1988) anqn Weather Erecasting
composite of drought years (1972, 1979, 1982 and 1987) for
the month of Ebmuary. A feeble trough in westerly encoreseo PN. Mahajan, H. Kulkarni,
the region between longitudes 40°-120°E and latitudes 65°-70°N Tawalkar S.K. $nha, R.M. Khaladkar
for composite of good monsoon years is seen. Contrary to this,@ Nair, S.G. Nrkhedkar M. Mahakur)
deep trough in westerly is seen over the same region for composite
of drought yearsThe intense trough causes soutfivalanspar  Monsoon studies using satellite data
of cold air over the hdian region.This results into large
accumulation of snow over Himalaya during winter which affects Southwest monsoon 2004 was
the performance of subsequent monsoon. unusual and erratic in nature during its
initial phase i.e. from luhe to 7 dly,
2004. It was seen that there was overall
simultaneous occurrence of lows, well
mark lows, depressions and deep
depressions over the Arabian Sea and the
Bay of Bengal (. 7). It gaw rise to
persistent convective activity along the
west and the east coasts of India during
initial phase of monsoorlhis caused
subsidence of air mostly in the central

Composite of good monsoon years (a) Composite of drought monsoon years (b)
H0N

V0N
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Fg. 6: Sream function field at 850 BRFebuary) for (a) Good Monsoon
and (b) Drought year

Seconday Satellite Data Wilization Cente

The satellite cloud imageries received daily at the Secondary
Data Utilization Centre (SDUC) were displayed and archived
for weather update§.he onset, advance and established phase,
as vell as withdrawal of monsoon 2004 were morathrThe
pictures wee utilized for the in-house “Grrent Weather  Fig.7 : Homoller Diagram of Sat-Imagery during
aDiscussiorTs of Monsoon 2004. ¢t monsoon systems, viz., a 01 - 18 June, 2004




part of peninsular India generating a Simultaneous existence of well organized cloud clusters off
swath, which was not favorable for rainfall west and east coasts of India associated with the development of
activity. In the similar wayoccurrence of offshore trough and low pressure systems created major swath of
quasi-stationary major convective activity deficient rainfall, leading to the longitudinal bifurcation of clouds
over northeast India and development of over India during initial advancement of monsoon 2004tis4l
blocking high off northwest India created yelocity computed based on NOAA-CIRES Climate Diagnostic
a swath of deficient rainfall over central center data in the domain (5°S-35°N, 60°-100°E) @ore) 2004
and north India. In support of these pighjighted maximum véical velocity -0.08 Bscal/S in the
major convective activities mean vertical region of major convective activity off east and west coast of India.
velocity computed utilizing NOAA-CIRES. |, reqponse to maximum vertical velocity due to subsidence was
Climate Diagnostics Center data in 9enerated in the region of swath Walker circulation and it
the domain 60- 100E and 5S - 33N  Was found to be exactly matching with deficient rainfall region.

for the period 1 Jne to 7 dly, 2004 .
showed maximum mean omega values ofDynamics of monsoon onset phase

the order of - 0.08 &cal/s off west coast ] )
and central Ba In a similar mannerdeep Dynamics of early onset of monsoon in 1997 and 2004

convection with vertical velocity - (16 Ma&y, 1997 and 14 My, 2004 aer Andaman &a and on
0.12 Rascal/s persisted in ribeast hdia. ~ 8June, 1997 and 18 &4 2004 aer Kerala) wee studied using

In response to maximum vertical velocity NOAA OLR data and NCEP/NCAR reanalysis data for
in the convective region’ minimum U-, V- fields at 200 and 850 &Rand also the temper&kudata
vertical velocity due to subsidence was at 200 hR. Results revealed that the rainfall (release of latent
generated in the region of swath by heat) over Indian region during early May has lead to
Walker circulation and even relative strengthening of circulation both in the lower and upper
humidity (Fg.8) in this region was tropospheres indicating an increase in KE. A deep convection
minimum as compared to the between 25°-30°N, 80°-100°E at the same period has lead to
surrounding region over the country vide the upper tropospheric warmingres Tibet, resulting in the

a tongue of humidity minimum along temperature pattern at @thPa in May becoming similar to
80°E and between0P-25°N. This was that of the Aigust pattern in both the caséghis became
exactly matching with the swath of favourable for the equatorial convection tovemothward. Three
deficient rainfall over the Indian region to four days before the onset, the intense equatorial convection
during 1 dine to 7 dly, 2004. became the major source of energy leading to readjustment of
meridional pressure gradient, and the formation of a low pressure
system at the surface over Bay leading to onset over Andaman
Sea. In 1997 shifting of the warmest core andveciion to the

east of 100°E after the onset caused a delay in the advancement of
monsoon over Kerala, whereas in 2004 the shifting of warm core to
60°E causedhe monsoon advancement and onset over Kerala on
18" May.

Objective analysis scheme for rainfall

An objective analysis scheme of daily rainfall over
Maharashtra by distance weighting method on a mesoscale grid
was developed. Barnes Scheme was applied to interpolate
irregularly distributed daily rainfall data on a regular grid. Spatial
resolution of the interpolated arrays is 0.25° latitude x 0.25°
Fig.8: Mean Relative Humidity during longitude. A case of typical westward moving monsoon

01-07 dlly, 2004 depression during 1994 monsoon season was chosenys




study ~ The objectiely — Ajr. Saq hteractions iffropical Monsoons

determined constraints
employed in the study were
(i) weights are determined as a
function of data spacing (ii) in

order to achieve convergence of comparison of air-sea interface processes over the East Central

the analysed values, the number pranian Sea at Onset phases of monsoons MONEX-79 and

of passes through the data is

fixed and (iii) grid spacing is ARMEX-2003
objectively determined from the
data spacing. Root mean square
errors and mean absolute errors

(P Seetaramayyal. Venugopal, S.G. &dbar A.H. Mullan, G.R. Chinthalu,
U. lyer, A.R. Dhakate)

Secial Feld Experiments were conductedeo the East Central
Arabian Sea (ECAS) during two contrasting monsoon years 1979 and
2003. Rrcentage depaure of All India Simmer Monsoon Rainfall
were computed and found to be (AISMR) was -13% in 1979 and +2% in 2003. During these two years
reasonably the onset of monsoon over Kerala delayed by 13 days in 1979 and 8 days

The wind and height fields 1N 2003 from its normal date i.e. Link. further, an onset wdex was
produced by a 2-Dimensional formed on 14 une, 1979, whems, it was not formed during 2008. |
numerical variational analysis Was obserd that a Nhi Warm ol (MWP >SST=230.5°C) formed oer
scheme and a 3-dimensional @n area 10-12°N,8&72°E and 12-14°N, 62-66°E in the ECAS in 1979
and 2003 respectivelyHf. 9a and 9b). This MWP was stronger in 2003
scheme were examined to study (8ST=31.5 °C) but far away from the west coast than in 1979
the energetics of a monsoon (SST=30.8°C) which was very close to the west coast of India. Analyses
depression which formed over of the IqN level (850 hR) circulatioln and the shi_p born meteorological
the Head Bay of Bengal during observations showed th_at there _eX|sts a predomln{;\nt and steady northerly
1y, 1991. Dfferent energy and flow over the ECAS during the first week afink during both the years.
conversion terms were This flow dominated the southerly and southwesterly winds and prevented
computed The analyses of these the occurrence of onset process for many days. Hence, a delay in monsoon

terms showed that they are well
in accordance with the prevailing -

synoptic situation over Indian | * R S T P
region. The influence the of the | ..|***
analysed upper and lower
tropospheric temperature fields | "| =
on the energy terms in | i« . | e
generation of the kinetic energy
and maintaining the circulation

patterns weg studied critically il Hawe EO 1T HE 0 Sums $004 43 UTE
It was observed that during the | |
period of depression the north-
south temperature gradient was
prominent at upper levels. |[&
Association of these energy terms | ,.
with the intensity of convection =
was examined through OLR | =S — s ——sw =0 %k = 5ibs 0 i — i
data. Fesults indicated that there
exists a process of conversion from i 2B 7 T8 =8 Lh4 RLE AR 17.0 4% Iew 3
available eddy potential energy to
eddy kinetic energy with the Fig. 9: Comparison of air-sea interface processes over the East Central Arabian Sea at onset

nintensification of the system. phases of monsoons MONEX-79 and ARMEX-2003

numerical variational analysis
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in these years was seethe low level jet (LLJ) was A case study of the prevailing marine
stronger in 2003 (20 m/s) than in 1979 (18 m/s) onmeteorological conditions in relation to a moving
the respective dates of onset. An east-west cyclonic shetaopical cyclone during 19-30 &tember 1997
line was noticed on the northern flank of LLJ in both formed over the Bay of Bengal was made using
the years in coherence with the MWP but along 12°Nthree hourly marine meteorological data from
and between 65° and 70°E during 1979 (conducive fothree buoys DS4, DS5, SW7 (deployed in the
development of onset ktex). This east-west cglonic shear Bay of Bengal), satellite imageries and the surface
line was along 15°N and between 45° E and 60°E duringynoptic meteorological charts during the period
2003 which was not conducive for the development offrom 19 Septembeto 30 ®ptember1997.The
the onset vortex in spite the existence of the MWPtrack of this cyclonic storm was found to be quite
(Fig. 9c and 9d). The fluxes of heat and moisturerare and it moved north east ward parallel to east
computed from the shipsbserations evealed that the coast of India (within 1° from the coast line).
transfer of heat energy from the ocean to the atmospherehis study brought out the changes in both the
during the above period wasmarkably low and steady atmospheric as well as the oceanographic
during 2003 which inhibited the local convection parameters. All the three buoys responded when
development over the warm pool. the system approached close to their locations.
The salient features at the buoy sites noted were
Characteristics of marine atmosphere over thei) during intensifying phase SST at DS4, DS5
southeast Arabian Sea during ARMEX-2003  and SW7 had fallen by 1.5°C, 1°C and 2°C from
their initial values 31°C, 30.5°C and 31°C
A very high resolution radiosonde data collected onrespectively (ii) the air temperature was reduced
board OR/ Sagar Kanya during ARMEX-2003 (Phasg Il by 3.5°C, 3°C and 4.4°C respectively following
during 1-10 dne, 2003 was used to study the the convective activityiii) mean sea level pressure
evolutionary changes in the marine atmosphere i.eattained the lest value of 995 & (v) during
boundary layer at the time of onset of monsoon ovethe initial stages the wind speed was 6 m/s,
Kerala. SST (& SirfaceTemperatuz) was nearly constant increased to 10 mguring the developing stage
at 30°C throughout the study period. At the time of@nd showed a steep rise to 19 m/s with the
onset though significant change in SST was not seerfitensification of the system, (v) the OLR showed
the atmospheric response was seen in other surfadigh values in the initial stages (240-280 Wm
meteorological parameters such as reduction in aipyStematic fall 140-180 W/n¥) and drastic fall

temperature by 3°C, increase in RH (relative humidity)t0 a minimum of 120 Wirh in cloudy
by 20%, increase in mean wind speed from 6 m/s tocondltlons, (vi) the RH was > 80 % (< 60) %t
12 m/s backing of winds from westerly - northwesterly 850 and 700 W.(SOO hla ) on 23, .24’ and 25
to southwesterly after the ons&he significant changes September @spectively (vi) the steering current

' at 500-200 h& with the formation of troughs

Were_also noticed in the upper atmospheric conditions aatm d ridges maintained an eastward movement and
the time of onset. Mitiple cloud layers were obsed

7 4 th h ¢ Imade the track parallel to the Andhra coast and
up to 7 dne and the atmosphere was found to be we l[he system did not cross the Andhra-Orissa coast

mixeo! with incre.ase in.moistmrat laver Igvels on 8uhe. any place between Machallipatnam and
The increase in moisture at the higher levels WaSyradip
attributed to the penetration of the deepest clouds
through the inversionThe height of ICL (Lifting
Condensation Level) is reduced from 443 m oruiieJ

to 176 m on 8 une. Reduction in CAP (Convective

Available Ptential Energy) after onset was attributed to

the moist convection. Zero value of CINE (Convective
Inhibition Energy) from 8 uhe onwatls has indicated

the existence of super adiabatic layer near the surface with
positive buoyancy at the LCL.
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Climatology and Hydrometeorology Division has formulated its research programmes
with broadly addressing the following targeted objectives :

0

To constuct long homogenous time series egional climatic elements dm
observed meteorological data, and to study their interannual and decadal variability
on different space scales.

To extend the obsezd climatic ecod back to the m@-instumental era, using high-
resolution proxy sources such as historical documents, tree rings, etc. and study the
regional climate variability on centennial scales.

To bring out the egional aspects of global climatic change, in terms of seasonal
annual mean climatic patterns as well as the severe climatic and weather events.

To assess the numerical simulations of global climate witicplar refeence to the
simulation of the Indian summer monsoon by means of model output diagnostics
and to apply appropriate empiritynamical downscaling techniques to develop high-
resolution future climate scenarios for the Indian region.

To bring out egional/global teleconnections and dimp empirical techniques for
the prediction of seasah/ nonthly climatic anomalies over the country as a whole
and homogenous subdivisions of the countr

To assess the impact of climataribility in various socioeconomic sectors like
agriculture, water resources, human health, etc. and to develop methodologies for an
optimal utilization of climatic information in these sectors.

To cary out hydrometeoological analysis of shbduration rainfall dataver various
river basins of the country for application in water resources management.

To cary out estimation of mbable maximum pgcipitation analysis of the depth-
area-duration of severe rainstorms and to provide inputs for the estimation of design
parameters of hydrological projects.

To understand the changes in rainfall patterns amtiolygic regimes and their
possible association with global warming.




Regional Aspects of
Global Climate Change
andVariability

(K. Rupa Kumar L.S. Hngane,
H.P. BorgaonkarA.B. Skder, S.K. Adhay

D.R. Kothawale, J.VRevadekar S. Ram,
K. Kamala, K. Jagdeesh)

Development of high-resolution

South Asian domain, to generate the regional climate for the
baseline (181-1990) and a future period @Z1-2100) under

two different socio-economic scenarios. A total of ten model
simulations with a resolution of 50 km x 50 km were performed,
including three ensembles of baseline simulatidise model

was run both with and without including the regional sulfur
cycle, to understand the role of regional patterns of sulfate aerosols
in climate change. High-resolution regional climate change
scenarios were developed for various surface and upper air
parameters of critical importance to the impact assessments, for
smaller spatial units {§ 10a and 10b) both on monthly and

regional climate change scenarios daily time scales, and also for intermediate time slices by pattern

using PRECIS

Several simulation experiments using
the latest version of Hadley Centre
Regional Climate Model PRECIS
(Providing REgional Climates for
ImpactsSudies) were performed for the

scaling.The scenario data productere distributed to several
impact assessment groups in the counthis activity helped

the Institute to develop expertise in regional climate modelling, and
also emerge as a national and South Asian resource base for regional
climate change scenarioBhe Institute has been identified as a
regional coordinating centre for the application of PRECIS in
Souh Asia.
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Fig. 10: Baseline and future projections (2071 — 2100) of the mean annual cycles of precipitation for different states®f India

simulated by PRECIS
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Sensitivity of the Indian summer monsoon to The composite circulation anomalies

anthropogenlc climate change during the EIl Nifio years of the period
1976-2000 were strikingly similar to

The sensitivity of the Indian summer monsoon has beef0se associated with typical excess
studied using the CNRM coupled atmosphere-ocean modeNEMR years, and also suggesed
A range of time slice experiments was performed to bring outnomalously higher levels of moisture
the role of the experimental design as well as model formulatiorfgonvergence in the region.otever, the
such as sea-ice treatment, soil moisture feedback, radiative forcirfgl Niito composite of NEM circulation
interannual variability etc. The studies indicated that the during the earlier period 1950-1975, has
experimental design can be a potential source for errors/biasesGansiderably weaker wind anomalies and
the model-based estimates of sensitivity on regional scale. ~ @lso relatively weaker low-level moisture

convergence over the region, and therefore
Seasonal forecasting of northeast monsoon rainfall anfe conditions did not seem to be

northwest India winter precipitation favorable for good NEMR activityrhus,
while it has been conjectured by some

As part of collaborative research between the Institute angecent studies that the relationship
the India Meteorological Department, concerted efforts werdetween ENSO and the Indian summer
made to extend the development of seasonal forecasting strategid@nSoon has been weakening over the
to northeast monsoon and northwest India winter precipitatior?St couple of decades, the present study
Teleconnections fonortheast monsoon rainfall and tiwest-hdia ~ Indicates — that  the = ENSO-NEM
winter precipitation variability were studied to identify suitable "€lationship has strengthened during the
predictors. Secular variations in the teleconnections were also analyz&8Me Period.

The interannual variability of northeast monsoon rainfall ~ 1h€ northwestern parts of India
(NEMR) over South Asia and its relationship with ENSO were'€C€ive considerable — amount of
studied using data for the period 1951-2000, with special focuBr€cipitation during the winter months
on its secular variation&he concurrent correlations between ©f December to March, mainly associated
NEMR and SST (OND) indicatd that the correlation coefficientsVith western disturbancegime series of
(CCs) are almost zerover the central and eashd¥ic during "€ mean winter precipitation for
1951-76, whereas the CCs for the period 1976-2000 ardorthwest India were prepared and for
statistically significant ger the same regioithis secular variation understanding the dominant modes of
of the ENSO-NEMR relationship can be clearly seen in th&/arnability, SST SAT, and upper
21-year sliding correlations of NEMR with Nifio-3 index for rOPospheric (200 &) zonal wind

the two seasons JJA and OND for the period 1901-20@p (7). composite anomaligs and corr_elation
patterns were studied for India and

i 7 neighborhood. It was found that the
- b - interannual variability of Mrth-West
i .,(p ' & ﬂ‘u‘r India Winter Precipitation (NWIWP) is
" Wl M W T closely associated with the variability of
b i sea surface temperature (SST), surface air
temperature (SA) and upper
tropospheric (200 D wind patterns
, over India and the surrounding regions.
§.a ) 2 i During the years of @ess NWIWPthe
N A AVa SST was above normal over the equatorial
ot s VY Indian Ocean, SA was belo normal
LS - - - . - over east Mediterranean Sea and over the
s : ot Vet - ' Himalayan regionFig. 12a and 12bjnd

Fig 11: Twenty one —year sliding catation of NEM ainfall with NINO —  Upper tropospheric westerlies strengthen
wSSE and SWMainfall and of SWMainfall with NINO — 3 ST and shift southwards. Upper tropospheric
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westerlies over north and central India are foundused. Using CLIMDEX, in-depth quality control was
to be related with the SST anomalies over theapplied to all the stations, and the data awere tested and

equatorial Indian Ocean.

corrected for erroneous values, outliers and inhomogeneities.
Seventeen extreme indices for temperatures and eleven
extreme indices for precipitations were calculated and their
long-term changes were examined. Similar analyses were
also done on the simulations of the regional climate model
PRECIS, to evaluate the motetepresentation of the
extremes and to bring out the future scenarios of extremes
in temperature and precipitation.

Recent changes in surface temperature trends over
India

To identify the regional patterns of temperature
variation within county, annual and seasonal temperature
series for the period 1901-2002 were constructed for
all-India and seven homogeneous regiofise trend
analysis revealed that there is a marked turn-around in
the trends in minimum temperatures, indicating that the
recent accelerated warming over India is manifest equally
in daytime and nighttime temperaas (Fg. 13).
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Fig. 12: Corelation of SST during Decempdanuauy,
February and March.

Changes in extreme climatic events

Historical trends in daily extremes of
temperatures and precipitation over Indian
region were studied for the period of 54 years
during 1950-2003. & this purpose, daily
maximum and minimum temperature data at
40 stations and precipitation data at 150
stations well-distributed over the country were
analyzed. Globally standardized software called

CLIMDEX, developed by the WMO Expert
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Team on Climate Change Detection
Monitoring and Indices (ETCCDMI), was

Fig. 13: Variation of all-India suface air tempeture (T1 —tend for
1901 - 2002,T2 - trend for 1971 - 2002, * significant at 5% Iw




Further, in a major shift, the recent period was marked bydeveloped. Preliminary dendroclimatic analysis
rising temperatures during the monsoon season, resultingdicated significant association of tree growth
in a weakened seasonal asymmetry of temperature trendgth pre-monsoon temperature and summer
noted earlierDuring the recent period 1971-2002, for season rainfallTree-ring samples of teak
maximum temperature, the area under significant warmingTectona gandi9 collected fran
trend in all the seasons was notably reduced to that of thiearambiculam, Kerala inafuay, 2004 were
period 1901-2002, it was maintained or even increased ioross-matched and datéithe chronology goes
the case of minimum temperatureiglite 14a and 14b). back to AD 1494. Initial results indicated
The area under significant warming trend for monsoorsignificant correlation with pre-monsoon
minimum temperature was significantly increased during(March-May) precipitation (. 15).

the recent period as compared with 1901-2002. ) ;
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! : . i Fig. 15 : (a)Tree-ring variations in teak chronolgat
Fig. 14a : Spatial patterns of trend in seasonal maximum temperatur?arambiculam Keala and March - May ainfall of

(shaded areas indicate trends significant at 5 % level, red for warmingi< .
i erala (b) low frequency variations.
and blue for cooling)

Tree-ring chronologies from ikhachal
: & . Pradesh and Uttaranchal analyzed so far
oo i B-sg ol Sl ] showgd moderately high dendroclimatic
el g™ A ﬁlt" "-ﬁr*""' potential. The higher values of various statistics
?‘ﬂ - ﬂ ‘ of these chronologies, such as mean sensitivity
common variance and signal to noise ratio
indicated significant common signal, mainly

By T s Tee 3 due to climate, is available. Most of these high-
- ;. Ititude near-glacier tree-ring chronologies
- ol | \ g a

i “r:'”" Pty .} b Bt from WesternHimalaya shared unpecedented

- o ‘.f r b ! 4 surge in gravth since 1930sThese did not sho
CewEEEE TTEEEd STWEEE 4 TaaEE e any other such significant episode of higher

Fig. 14b : Spatial patterns of trend in seasonal maximum temperaturgcwth prior to 1930s (1. 16). This may be

(shaded areas indicate trends significant at 5 % level, red for warmin
and blue for cooling)
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Ring Width Index

Dendroclimatological studies
Tree-ring data sm Central India (Mdhya Padesh i i

and Maharashtra State) were subjected to cross-matchingly. 16 : High altitude, near-glaciefree-ring hdex

and dating process followed by standardization of individuakthronologies of Himalayan conifers from Himachal

atree-ring series. dur tree-ring index chronologies labeen  pPradesh, \asten Himalaya,India




explained as an effect of winter warmth; Evaluation of coupled model farasts ofridian summer
over the Western Hmalaya, winter monsoon

(December - Ebruary) temperature

shaved increasing trend.aRicularly after Performance of seven fully coupled models in simulating
1940, significant increasing trend was Indian monsoon climatology as well as the interannual variability
observed with more positive anomalies. was assessed using more than 2 decade long multi-member one-
A dmple correlation between each of the month lead hindcastd hese hindcasts were madg $everal
chronologies with winter temperature of European climate groups under the program called ‘DEMETER’.
Western Hmalaya was found to be It was found that the skills of monsoon predictions in these
statistically s|gn|f|ca_nt hindcasts are generally positive though they are very modest. It
appears that large biases in the predictedsS8Tthe ENSO
region and the not so perfect ENSO-monsoon teleconnections
are some of the possible reasons for such lower than expected
skills in these coupled models.

s e MR- Changes in the frequency of cyclonic systems during
Tree-rings collection at irhachal FPadesh and the summer monsoon

Uttaranchal
Analysis of sub-divisional monsoon rainfall during 1871-
i i 1 2003 indicated significant decreasing trend over the region
C"rr‘ate Appllcatlons comprising of eastern Madhya Pradesh/Chattisgarh and increasing
Agriculture, Water trend oer Andhra Padesh (F. 17a). Yearly and decadal

. variations of the mean position of formation and landfall of
Resouces and éblic Health monsoon depressions over the Bay of Bengal were a shift towards
the southern latitudes, especially in teeent decadesif 17b).
(K. Krishna Kumar C.M. Mohile,  Analysis also shows that there is considerable decrease in the
AA. Munot, SK. Rtwardhan, S.D.&il)  frequency of cyclonic disturbances, that formed (or had landfall)
e . north of 19.5°N (kg. 17¢). Hence, the decreasing trend in rainfall
El Nifio and the Indian summer over eastern Madhya Pradesh and adjoining regions appeared to
monsoon be due to decreasing trend in the frequency of occurrence of
cyclonic disturbances over the Bay of Bengabwever, no
The relation between Indian sjgnificant increase was noted in the frequency of cyclonic
summer monsoon rainfall and El Nifio disturbances over the region south of 19.5°N to explain

events was examined involving more than jncreasing trend in rainfall over Andhra Pradesh.
130 years of observations. El Nifio events

with the warmest SST anomalies in the e . W e
central Rcific closer to the dateline vee ' : § 2 *"\,\/_ _..r*'x_
XL

found to lead to an enhanced subsidencq_,
L lu

over the Indian subcontinent resulting in
droughts. On the other hand, the events
with warmest SST in the Eastern tropical
Pacific, alter the subsidence limb of the
Walker circulation in a manner to
circumscribe its reach over the Indian
subcontinent, thereby having lesser|,
impact on the monsoon rainfallhis
hypothesis was corroborated using
atmospheric general circulation model

(AGCM) experiments forced with idealized _ — . ~
tropical Racific warmings epresenting the Hg. 17: (@ Trend in subdivisional monsooainfall (1871-2003) (b) @sition of

above two El Nifio flavors. formation and landfall of cyclonic disturbances () Frequency of cyclonic disluﬁ
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Trends in therdian summer monsoonrinfall multiple correlation coefficient of 0.93.
The estimated rainfall in the EI-Nifio year

It is well known that the Indian summer monsoon rainfallof 1997 was -1.7% as against actual of
is quite robust without any long-term trend during the last 12@1.4%. The estimated rainfall deficiency
years of obseed ecord. Hwever, in view of the impotance of  in both the recent drought years of 2002
climate change in the recent decades, the all-India andnd 2004 was -19.5% and -8.5% as
macio-regional monthly rainfall data sets are subjected to trendgainst obserwk -20.4% and -11.5%
analysis over the past five decadé&®nd analysis revealed that respectively Prediction schemes we also
after 1950, the uhe rainfall of all-hdia as well as nthwest  developed for summer monsoon rainfall
India, west central India, central northeast India and peninsulasf the two meteorological subdivisions of
India sheved an increasing tendenayhereas it is significantly Gujarat State.
decreasing wer notheast India (F§. 18). On the other hand,
the dlly rainfall is significantly de@asing wer all-India as well Cloud radiative forcing and
as over west central and peninsular India. Rainfall of Augusmonsoon activity
and September shows decreasing tendency over all-India as well
as over northwest, west central and central northeast India. Association between the monsoon
However, September rainfall is significantly ineasing oer rainfall activity and the cloud radiative
northeast India. forcing was studied using ERBE (Earth
Radiation Budget Experiment) and
s A 1o _ ISCCP (International Satellite Cloud
. 100 r Climatology Project) data during the

o fl ' A M ; period 1985-1989 for the peak monsoon
] A g\f'\uﬁi’“ AT f\m .

month of dily over the hdian regionThe
changes noted in the cloud radiative
forcing are found to be linked with the

large-scale subsidence and enhanced
' A q ﬂ)' \g\ 2 \j Vb\m flj\; lf\l’\s/\’v convection associated with 1987 EIl Nifio/
0 2y \rﬂ N\} ]}z J\ Lf# m V l I 1988 La Nia events respectively

RAIMEFALL fmmi

| o Hydrometeoblogical
. /w“ﬂd"w%‘m»%%- | j\ﬂf\ ,\“ Ml W Sudies of Rier Basins for
= J d Applications inWater and
Power Resouce Rojects

YEAR YEAR

(B.N. Mandal, R.B. Sangam,
B.D. Kulkarni, N.R. Deshpande,
J.S. PethkarS.S. Nindargi, S.S. Mlye,
Empirical approaches to seasonal forecasting of sUmmey. ghandare)

monsoon rainfall

Hg. 18 :Trends irmonthly all hdiarainfall from May to ®ptember and JJAS season.

Hydrometeorological analysis over
Using monthly NCEP/NCAR reanalysis data on zonal windthe Krishna river basin

mean sea level pressure and surface temperature, a set of 73
predictors which are strongly correlated with Indian summer Daily rainfall data for about 570
monsoon rainfall were identified. A regression model based oBtations, for the period 1901-2002, in
the best subset of these predictors explained 87% of the obserngfld near the Krishna river basin were
variability, and is able to hindcast thecent drought years compiledfrom different sources, for carrying
successfully in an independent verification mode. It was observeglit the CentraWater Commission (CB)

athat, with only six predictors, the prediction equation showed &ponsored project work orPteparation of




genenlized PMP Atlases for the Krishna and tinelus river basiris

Application of hydrological routing

These data were subjected to various quality control checks agfigorithm to estimate river water
processed for their hydrometeorological analyses. Spatial patteraﬁscharges

of mean seasonal, annual, highest 1, 2 and 3-day rainfall maps

were analyzed for the Krishna basin as a wholg. (9).

A global hydrological routing

Using statistical techniques, estimates of point PMPAg0rithm (HYDRA) that simulates
(Fig. 20 and maximum rainfall of 25, 100, 500 and 1000-yearMonthly river discharge and changes in

return periods (§. 21) were made for each of the

570 stationsSurface water level, based on spatial

for durations of 1, 2 and 3-day and generalized maps wefAtterns of monthly mean or daily runoff,

also prepared.

precipitation, and evaporation, was
applied eer the hdian river basinsThe

IBIS (Integrated Biosphere Simulator)
simulations of runoff were used as input
to the HYDRA. Both HYDRA and IBIS

were developed by the Centre for
Sustainability and Global Environment
(SAGE), University of Wisconsin, USA.

The discharge data simulated by HYDRA
using observed climate inputs from IBIS
were evaluated with the observed
discharge data at three sites, viz.,

Fig. 19 :

Vijayawada in the Krishna basin for the
period 1901-1994, ¢&lavaram in the
Godavari basin for the period 1901-1979,

l

and Farakka in the Ganga basin for the
period 1949-1973The simulated and
observed discharges were generally found
to be in good agreementidF 22).

.ﬁ!lill : Ei ; !'Il:rh‘:.. 4,.5[ -Ilﬁ-r

IR i 1 i '

. '*'?? i_l: 1'!*#131,!5"“; ¥
— L ..:.f"

o i

WLIAY AW RD®

L)

]

|
il

i ] “

o’ o .Ji Y 'i_‘
P
e [
£t £

Ly S .=

m_:_ II i_..:-r-r_ .II_I'II_':II‘I_ f‘h I;I IH.
i

Y

Al jwal e faN [ER kD Rk AR D e

Fig. 22 : Comparison of observed and HYDRA

simulated annual river water discharges

Fig. 21 : Estimates of maximum rainfall for 25, 100 and 1000 year returrzin mi/sec.) at selected sites in three river basins

periods for 1-day over the Krishna basin

(Krishna, Godavari and Ganga)
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Hydrometeorological analyses of Tungabhadra an&¥edavathi sub-catchments located in the
PRECIS simulations southwest portion of the basin showed decreasing tendency in
the number of rainy days while rest of the area of this basin
To assess the impacts of climate showed increasing trend. Rainfall intensity per rainy day is also
change over three major river basins, viz., likely to be changed towards the end of' Zéntury over the 3
the Ganga, the Krishna and the Godavari,fiver basins as projected by PRECIS model simulated data,
daily simulations data from the regional indicating that all the 3 basins are likely to have an increasing
model PRECIS for the baseline tendency in rainfall intensity up to about 5 cm/d@gse studies
(1960-1990) as vell as the A2 and B2 on the occurrence of severe rainstorms in the future period
scenarios for the fute period 2070-2100 (2071-2100) from the PRECIS simulated data revealed that
were used in hydrometeorological rainstorms that would occur in future years over these 3 basins
analysesThe regional model simulations may have larger areal extent as well as higher interisdy 25).
of precipitation were evaluated in terms
of seasonal/annual rainfall patterns as well
as for generating extreme rainfall patterns| |
over the above three major river basins| ..” %

(Fig. 23).
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Fig. 23 : PRECIS simulation of present and
future precipitation Fig. 24 : a) Observed intensity (mm/day) of rainfall on rainy days over three
river basins. b) Future scenarios of change in intensity (mm/day) of rainfall

Future changes in the spatial on rainy days over three river basins
patterns in number of rainy days and

intensity per rainy day under different
scenarios have also been estimate
(Fig. 24a and 24b). Hure scenarios in
the number of rainy days over the three| ——
basins indicated that over the Ganga| | ; ‘ |
basin, there is likely decrease in the| _|

number of rainy days in western side of _1 I
the basin and increasing along the foothills| | o i L | |
and southeastern portions of the basin.| _| il | [
In case of Godavari basin, decreasing 2 i e ' '
tendency in the number of rainy days was o
noticed in the central part whereas

increasing tendency was observed over
western and eastern parts of the basin. InFig. 25 : Future scenarios of rainstorms in three river basins (rainfall values

nthe Krishna basin portion falling over the 2ar€incm)




kﬁgmffgvasiisﬁmatm" over the Changes in Rainfall#®ern ad Hydrologic
Regimes over India and thditelationship to
Successful management of river water | Global Warming

requires knowing how much water flows

in a river and the factors that control the (N. Singh, N.A. Sontakke, H.N. Singh, U. Singh)

flow amount.The Krishna river is a

rainfed river which dries up in the Longest instrumental rainfall series over different river

summer season facing to water scarcity basins and physiographic divisions

Keepm_g_ th|_s In Vg, a case study of wat_er Involving data from well spread 316 rainguage stations, the
availability in the lean period was carried |ongest available instimental monthly seasonal and annual
out. Monthly Discharge data at 17 rainfall series were prepared for 11 major river basins, 31 minor
selected gauging sites in the Krishna basingjyer basins and 35 physiographic divisions of the cquifor

were considered for the available period. the individual basins areally representative rainfall series for the
Monthly and seasonal mean dischargeperiod 1901-2003 were prepared by averaging point
values at various sites were estimated tomeasurements at all the raingauge stations of the selected network
study the temporal and spatial changesin the particular basin, and for the period prior to 1901 the
in the water availability Year to year series was extended backward by applying a theoretically
variations were considered to see thevindicated objective technique on lesser available observations.
existence of any trend in the data series.For major basins the periods for which reliable rainfall series
Series of minimum monthly discharge could be developed weréndus 1844-2003;Ganga 1829-2003;
data per year were constructed for all the Brahmaputra 1848-2003; Godavari 1826-2003; Krishna

sites considered in the studthese series 1826-2003; Sabarmati1843-2003;Mahi 1857-2003;Narmada
were fitted with suitable statistical 1844-2003;Tapi 1844-2003;Mahanadi 1848-2003; and
distribution to study the water availability Cauvey 1929-2003.The annual rainfall series of the full period

in the dry season. is shavn in Hg. 26 and ®me basic @cipitation characteristics of
HydrometeorOIOQical aspe(:ts Of Annual rainfall fluctuations over major basins of India
Southwest and northeast monsoons in association with Northern Homisphere temperature fluctuations

of 2004

A catalogue of heavy rainfall amounts
at 44 representative observatory stations
and a few selected stations data from
different sources was made for the year
2004 and compared with past similar
data. A few notable rainstorms that
affected over various regions of the country
in 2004 monsoon were identified. Based
on available data, a 2-day rainstorm of
3-4 August, 2004 over Gujarat and
adjoining region was analyzed by DAD
method. A few notable floods which
affected the Indian region were also
catalogued. A tentative estimate of water

availability in 2004 over India was made g 26 : | ow frequency mode fluctuation (9 point Gaussian low pass fittered
and compar.ed with last 10 years averageygjues) of annual rainfall over 11 major basins of the country during the
based on discharge data. longest period of instrumental records E

|
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the river basins are summarizedTiable.

Tapi, Krishna and Cauverand stationar over Ganga. A variety of
Generally in the recent period, the rainfall graphical representations of the annual, seasonal and monthly rainfall

shows decreasing trend over Sabarmati,series have also been prepared for the DST projeétias of spatial
Mahi, Narmada, Godavari and Mahanadi, features of moisture regions and rainfall of India durind® E&d
increasing trend over Indus, Brahmaputra, 20" centuried

Precipitation characteristics of major river basins in India

Annual Contribution to Annual (%) Rainy Season
. . Area PE | prec Annual
River Basin p p Rainy Duration Wet Epochs | Dry Epochs
(k) (mm) (Mmm) | Winter | Summer [Monsoon Post: Days Dates
Monsoon| —& (days)
Indus 2,91,749 | 1390 860| 10 12 72 6 42 | 26/6-17/9 84 | 1844-1894 | 1895-1953
1954-2003
Ganga 8,60,884 | 1455 1084 3 6 85 6 52 | 13/6-22/9 102 | 1854-1894 | 1829-1853
1914-1964 | 1895-1913
1993-2003 | 1965-1992
Brahmaputra | 1,86,732 | 1147 | 2239| 2 25 65 8 105 | 26/3-19/10 | 212 | 1848-1881 | 1882-1909
1910-1921 | 1922-1945
1946-1960 | 1961-1987
1988-2003
Godavari 3.30,628 | 1610 | 1068| 2 5 84 9 57 | 10/6-7/10 120 | 1861-1895| 1896-1930
1931-1963 | 1964-2003
Krishna 2,95,650 | 1670 826 1 10 70 19 51 | 14/6-17/10| 126 | 1874-1903 | 1836-1873
1953-2003 | 1904-1952
Sabarmati 36,688 | 1677 7431 1 1 95 3 35 | 18/6-18/9 93 | 1861-1898 | 1899-1925
1926-1959 | 1960-2003
Mahi 41,179 | 1653 836 1 2 93 4 40 | 15/6-19/9 97 | 1857-1898 | 1899-1940
1941-1963 | 1964-2003
Narmada 94,562 | 1467 1107 2 2 90 6 54 | 11/6-22/9 84 | 1869-1894 | 1844-1868
1914-1949 | 1895-1913
1950-2003
Tapi 65,041 | 1665 894| 2 3 87 8 49 | 11/6-20/9 102 | 1882-1894 | 1859-1881
1931-1964 | 1895-1930
1965-2003
Mahanadi 145,040 | 1519 1410 3 5 84 8 70 | 8/6-13/10 124 | 1879-1961 | 1848-1878
1962-2003
Cauvery 91,691 | 1499 1266 1 14 61 24 64 | 15/5-15/11 | 185 | 1929-2003 | 1837-1928

a




Global sea-level pressure variations favourable for higher rate of evaporation, and eventually enhanced

and the Indian summer monsoon rainfall activities, increasing trend in the MSLP and declining
trend in upper tropospheric temperature do not seem to be

To understand underlying conducive for efficient condensation and the cloud-rainfall
mechanism of influence of the global processes. Outgoing longwave radiation (OLR) over the Indian
atmospheric thermal conditions on the region shows declining trend (and supposedly increasing trend

Indian summer monsoon temporal in clouding).

variation of important climatic parameters ageqciation between global tropospheric temperature

llke mean sea level pressure (MSLP), 920-y4atinn and monsoon clouds and rainfall over India
potential height, wind, temperature etc.

of selected isobaric levels across the globe A long period monthly seasonal and annual mean
were examined. Linear approximation of NOAA-OLR data (1974-2002) was subjected to time series
interannual fluctuation of the area- analysis for the whole cougtas well as 1legions of the coungr
averaged annual and seasonal MSLP forMost of the OLR series showed decreasing tendency irrespective
the whole globe, the two hemispheres, of whether rainfall showed increasing, decreasing or stationary
different climatic zones (polatemperate, fluctuation. To know the possible cause of OLR changesro
subtropical, tropical and equatorial) and India during monsoon season correlation of winsgring,
over different Centres of Ation were  summer and autumn temperatwf suface air (arface-850 hR),
examined.The magnitude and direction the troposphere (850-300 &P and the tropopause
of linear trend in the MSLP variation for (300-200 hR) over the whole globe, the two hemispégerand

the location of different Centres of the different climatic zones with the NOAA-OLR over the whole
Action’ were consistent with the trends countly was examinedThe correlation was examined for the
the corresponding zonal mean sea levelstatic condition as well as the regional, seasonal and level
pressure values. Further observed changeslifferences and the favourable conditions for good clouding were
in the MSLP related to the Indian identified.

summer monsoon are, (i) the gradient in

the summer MSLP between Mascarene Rainfall Spatial Distribution Index (RSDI)

High and northwest India is decreasing

at the rate of -2.7 mb/100-ybetween To understand large-scale temporal variation of monthly and
Mascarene High and Bay of Bengal at the seasonal rainfall over the country a rainfall index, named as
rate of -0.4 mb/100-yr and between Rainfall Spatial Distribution Index (RSDIpas been developed
Mascarene High and head Bay of Bengal considering rainfall and its horizontal distributionhe RSDI

-0.6 mb/100-yr The geopotential height for the particular period and year is calculated as :

of the Tibetan anticglone is rising at the

rate of .7 m/100-yr. Over the global la,,+2.a,+3a, +4.a,,

RSDI =

area between 60°N and 40°S, both the A
MSLP and the surface air temperature
show risng trend, but north of 60°N and Where a , denotes area of the country under very dry

south of 40°S, the MSLP shows decreasingcondition, a; under dy, a, under wet and,, under vey wet

trend and the temperature shows sharpcondition, and A is the total geographical area of the cauntr
rising trend. Declining trend in rainfall These areas were determined based on the appropriate rainfall
is reported over the tropics and rising thresholds. High RSDI value is indicative of enhanced rainfall
trend over the extra-tropics, both in the over large areas, including dry areas and vice versa. Overall, the
northern and the southern hemispheres.winter and monsoon rainfall showed decreasing trend from about
Hence, decreasing trend in the Indian 1940s and summer and post-monsoon increasing trend. On a
monsoon rainfall with inflated variability monthly scale dnuay, Febmuary, March, dily, August and
since 1962 is consistent with the declining septemper rainfall showed decreasing trend and the remaining
trend in rainfall over the tropical belts. gy months increasing trend. RSDI has also been found to be
While rising temperature trend IS se) 1o understand the teleconnections of the Indian mo%.
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Physical Meteopblogy and Amology

Physical Meteorology and Aerology Division has undertaken thrust area research
programmes which are aimed at promoting better understanding of the atmospheric physical
and chemical phenomena relating to the following topics :

0

Physics of tropical monsoon clouds, precipitation mechanisms and atmospheric
electrical / boundary layer processes.

Active and passive remote sensing of the atmospheric aerosols and trace gases, and
radiation budget.

Precipitation chemisy acid rain, atmospheric @amols and tipospheric chemistr

Atmospheric Chemisgrdynamics of the middle atmosphetis-a-vis the tposphes-
stratosphere coupling, monsoon activity and climate change.

Spectroscopic measurements of atmospheric minor constituents and climatic effects.




Physics and Dynamics of Atmospheric boundary layer studies over the
Tropical Clouds eastern Arabian Sea and western coast of India

Aerological observations were collected for six west
(R. Vijayakumar S.S. Kandalgaonkar coastal stations of India and one island station Amini Divi
S.B. Morwal, M.K. Kulkarni, Asha Nath, qyring the phase - | of Arabian Sea Monsoon Experiment
M.I.R. Tinmaker) (ARMEX) - 2002 during 15 une - 15 Aigust, 2002.

. . L. . The west coastal stations meAhmedabad, Mmbai,
Lightning activity using a storm tracker panjim, Goa, Mingalore and Cochin. tllizing these
observations the vertical stability of the Atmospheric
Boundary Layer was investigated. A monograph on CD
containing the vertical profiles of thermodynamic
parameters (pictorial form and data form) computed
utilizing the whole data (over land) collected during the
Phase-1 of the ARMEX - 2002 was prepared and
disseminated to different scientists working in different
Scientific and Academic Institutions / organizations to
facilitate their scientists to undertake related research
studies.

The Boltek $orm Tracker with Lightning
2000 software has been installed for online
recording and mapping of lightning up to a
distance 2000 kmThe storm tracker detects
lightning strikes by sensing the radio signals
produced by lightning, which uses the direction
finding antenna to determine the direction of
the lightning signalThe lightning counter gives
count of lightning flashes of different types on
real time basisThe concurrent obseation of

potential gradient carried out at the yuhatinn jn themo-dynamical pameters at the
experimental sites was used to confirm and

qguantify the lightning activity recorded by the surface in at_mOSphe"C boundary layer over Fhe
storm trackerAfter installation, the obseations  €astern Arabian Sea and western coastal stations

were stadd from 6 April, 2004. During the year Of India

2004, 11 to 12 thunderstorms were occurred in

each of the pre-monsoon and post-monsoon A study was carried out to examine the surface
seasons. Sample record of one of the thunderstormgharacteristics of the Atmospheric Boundary Layer (ABL)
during the post monsoon is shoin Ag. 27. over the eastern Arabian Sea regions and the western coastal
land stations during the summer monsoon season of 2002.
For this purpose s@imce meteorological obseations
collected onboar ORV Sagar Kanya (inteal :10 minute)

and over the land stations (interval: 3 hour) along the west
coast of hdia (Mumbai, Ratnagiri, Goa, Cannanore and
Harnai) during the Phase-l of ARMEX-2002 during
24 lJune-15 Aigust were consideredlhe different
thermodynamical parameters viz. lifting condensation level
(LCL), potential temperatured) and equivalent potential
temperature ) were computed utilizing the surface
parameters temperature, dew point temperature and
pressure eer these regionsihe period included diffent

25 September, 2004 17:50:46 PM IST nearby convective events viz. heavy rainfall (26-2thd and 7-12
thundershower Bearing = 287° - 29°, August, 2002), moderate rainfall (2 - 4 August, 2002)
Range = 0-16km and weak phase of convection (17-2§,J2002).Therefoe,

98 total strokes in prior 8.0 mins
Stroke density = 1.44/min/°
Severity index = 8

the temporal variations in the thermo-dynamical parameters
were also considered with respect to prevailing convective
conditions.The results of the study indicated semi- diurnal
Fig. 27 : Sample record depicting thunderstorm and Variations in the surface pressure and diurnal variations in
associated lightning strokes occurred on the evening othe LCL, 6 and 6, during the period of observations over
September 25, 2004 all the regions oceanic as well as coastal staticigs EB).E




However, the variations in the siace parameters wee less ver in precipitation. These aspects we
the oceanic egions as compared to coastal statidie semi- studied by utilizing the radar data
diurnal / diurnal pattern of variation in different parameters wascquired from the rain enhancement
not very clearly evident during the passage of convective eventsxperiments performed by the
The surface pressure was lowest during moderate monso@overnment of Maharashtra over the
conditions and highest during weak phase of monsbos.LCL aub-divisions of Madhya Maharashtra,
was found at higher levels during weak phase of monsoon and etarathwada and Vidarbha during the
lower levels for moderate/high convective eveifitse LCL was  south-west monsoon season of 200d. F
observed at lower levels at Ratnagiri and at higher levels ovehese experiments, two C-band radars,
oceanic regionsThe moist convective activity (indicated by) g one at Baramati and the other at Shegaon
was highest during heavy rainfall events over oceanic regionsvere installed.The radar reflectivity data
The moist convective activity (indicated by was highest during recorded for every 5 minutes over Baramati
heavy rainfall evets oer oceanic as well as coastal statitins.variations  during 20 dine - 15 $ptember 2004
were of the order of 1 -°K among different convective events.  were utilized for the studyAnew softwae,
namely “TITAN (Thunderstorm
IdentificationTracking Analysis and @iv-
casting)” was used to delineate the
individual convective cells and systems of
a5 meso-scale nature, cloud life cycle,
convective storms based on the radar
reflectivity signaturesThe daily rainfall
data were analyzed to examine the
T 305 association between radar reflectivity and
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= e over the experimental region.
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2 Cloud seeding operations in the
2 s b states of Maharashtra, Karnataka
- and Avdha Pradesh
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v The Maharashtra, Karnataka and
it i I Andhra Pradesh Governments undertook
Cloud Seeding Operations for enhancing
rainfall in their drought prone areas
during the year 2003 and 2004. IITM
Sagar Kanya &' | { was the consultant for these stat€he
235 leecelinlic el et e sl s cloud physical data collected during the
0 9E 192 288 284 480 576 672 762 264 360105811521 248 . . . .
Days 24 June -15 Aug.2002) seeding flights werarchived.The analysis
work of liquid water content, temperature
Fig. 28: Variation in the suface potential tempature o/er Sagar Kanyaand and updraft along with other cloud
the five coastal stations during ARMEX-2002 observational period fronparameters has been taken &pr these
24 June - 15 August, 2002 operations 5 cm radars were installed at
Baramati, Shegaon (in Maharashtra state),
Space-time variability of convection over the semi-aridakkur (Karnataka state) and Nandiyal
region of the north peninsular India and Karimnagar (Andhra Pradesh) and
used for identifying the suitability of the
Information on distribution of convection is the key factor clouds for seeding purposghe data wes
not only in the weather modification research for rainarchived usingTITAN software. Radar
aaugmentation but also to understand the space-time variabilitgioud reflectivity aircraft, cloud heights,
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precipitation and VIL for 61 days by the

radar installed at Baramati for 2003, 90
days of data during 2003 from the radar
at Jakkur and about 60 days of data from
Baramati and Shegaon radars were
archived for 2004.The aicraft data and

radar data are used for studying the effect

of seeding and also for other
meteorological phenomena. Rainfall data
collected by over 600 raingauge stations
in the Maharashtra state for 2003 and
2004 were archived for analyzing and
studying the meteorological phenomena
in conjunction with the radar datdhe
softwareTITAN was used for analyzing
the radar dataThe software was also
loaded in the computer &¥ater Resource
Division, Nashik.

Remote Sensing of the
Atmosphee Using Lidar

and Qher Gound Based

Techniques

(PC.S. Devara, .B. Raj, Y Jaya Rao,
G. Pandithurai, K.K. Dani, M.C. Reddy

S.K. Saha, S.M. Sonbawne&k. S.
MaheskumarR. Bhawar U. Shinde)

Lidar-radar study of stratosphere-

troposphere exchange phenomenor

The lidar derived back scattering
coefficient and optical depth were used
to study their variability in the vicinity
of tropical tropopause during both clear
and during presence of Cirrus clouds.
Results clearly showed considerable
variability —associated with these
parameters in the vicinity of tropopause,
suggesting possible vertical transport of
aerosols across the tropopause, there by
leading to $ratosphereTroposphere
Exchange (STE) (B. 29). The backwat

26— 26

24 4 24 4
224 22 -
204 704

184

184

164 16

14 4 14 -

12 4 124

1o L 10 +——r
ul -0.35

a0 aoo0 0.35
Vertical Velocity (ms?)

m z0
Scattering Ratio

Fig. 29: Height profiles of lidar observed scattering ratio showing thick cirrus
cloud and near simultaneous MS3dar obsevations of velical velocity
Arrows indicate upward and downward movement of vertical wind

Vertical velocity measurements from MST radar obatons
were used to study its variability during passage of (a) ITCZ
and (b) Tropical Easterly &t (TEJ). Sgnificant variations
including wind reversal were noticed in vertical velocity during
the passage ofEJ (Rg. 30 ). These data were utilized to study
the mass flux and diabatic heating rates in the vicinity of tropical
tropopause. Results showed considerable enhancement in mass
flux across tropopause suggesting enhanced Stratosphere
Troposphes Exchange activity during sewerveather conditions.
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Fig. 30 : Height profiles of zonal, meridional and vertical velocities observed

trajectories of wind were examined to for different days duringuly, 2002. Larger magnitude of zonal velocity in

study influence of wind on
obsered STE.

the the height region 10 -20 km represents the winds associated with tropical
easterly jet

D




Variations in \ettical velocity and heatingates in the Argon ion lidar and column aerosol
upper troposphere optical depth, ozone and water vapour
were obtained on 29 days from multi-
High resolution measurements of vertical velocity wavelength solar radiometer at the
measurements from MST radar were analyzed to study théstitute.
vertical wind variability in the vicinity of tropical tropopause for . . .
the year 2002. Height of the tropical tropopause was derive@0mparison of radiometric
from temperature profiles for Chennai, which is about 150 knimeasuements with satellite data of
from MST radar location. In the present stutigight of the aepsols and [Ecursor gaseser Rine
“cold point tropopausewas obtained by defining the height at
which temperature attained minimum. Results clearly showed Observations of aerosols and
considerable day - to - day variation of vertical velocity acrosgprecursor gases carried out over Pune
the tropopause. Reversal of vertical velocity was observed duringsing Microtops-II multi-wavelength
presence offropical Easterly €k associated with monsoon.ekh  radiometers during the period 1999-2003
vertical velocity for monsoon period of 2002 showed downwardvere compared with concurrently
in the height region 4 -18 km indicating the net downwardmeasured data froifotal Ozone Mapping
mass flux across the tropopause. Spectroradiometer (TOMS) and

_ _ _ _ _ . Moderate Resolution Imaging
Height profiles of diabatic heating rates were also der'vedSpectroradiometer (MODIS) satellites

from vertical velocity measurements for the year 2002. Heatln%a”y’ monthly and seasonal averages of
rates in the troposphemere obsered to be about “Aay. Aerosol Optical Rpth (AOD), Total
Magnitudes of heating rates as high as°/da&y were observed Column Ozone (TCO) and Precipitable
in the upper troposphere during the monsoon period. In th@\later Content (P\@) were computed

vicinity of tropopause, net positive heating rates during Presng compared (§. 32). AODs at 380
monsoon and net negative rates in the monsoon season Wg’ﬁd 500 nm obtallined. from Microtops

large magnitude as compared to that of pre-monsoon and Wintﬁbree vey well with TOMS obsevations
periods wee noticed (k. 31 ). while MODIS derived AOD appears to

APRIL 2002 JUNE2002  DEC.2002 be more closely associated with the 675
,ll [ nm channel of Ntrotops. TCO
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Fig.31: Height profiles of heating rates derived from MST radar observed £ (71 | » 200 ]
vertical velocity during different months. Arrow represents the height of thl |7 = L. Py
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Vertical distributions of atmospheric aerosol number densityFig. 32: Comparison between AODs derived from
wp to 7 km amsl were obtained on 8 days using the bistati¥TP and MODIS during the years 2001-2003




obsewations of TOMS and Mcrotops shwed good
agreement while PWC obtained from Microtops showed
good comparison with MODIS observations. 00 050

1200 4 {045

Lidar-radiometer study of planetary boundary| '™

Observations over Sofia, Bulgaria on 06 October, 2004

- 0.0

layer characteristics over Sofia, Bulgaria - I8

. . . g 1000 —0.15 g

Under the bilateralndo-Bulgarian Cooperative | & _ 1 _m%

Research Program joint experiments were performed * | 1 los 8

during the visit of hstitutés scientist D. PC.S. Devara, 200 ] Tom
Indian Principal Investigator to the Institute of 200 loos
Electronics (IE), Bulgarian Academy of Sciences, Sofia, o 0.00

T T T T T T T
o0 200 ao0 1000 1100 @00 1300 1400
Hrs, LST

Bulgaria during 3-23 OctobeR004. h these experiments
the Nd:YAG lidar of the IE and the Solar Radiometer
(MICROTOPS) of the IITM were operated Fig 34 :empoal variations in the height of capping
simultaneously on some selected clear-sky daye inversion layer (A), residual layer (B), mixed layer (E),
preliminary results of these first-of-its-kind experiments radiometer-observed AOD (C) and lidar-derived AOD (D)
indicated that (i) the time evolution of the planetary

boundary layer captured by the lidar indicated a strong The Solar Radiometer of the IITM was also
relationship with the changes in _the Ioca_ll_meteq_rologyused to calibrate an in-house developed
mo_dulated by th_e C(_)mple_x terrain conditions, (ii) thespectroradiometer at the Institute of
residual and capping inversion layers observed by the lid lar-Terrestrial hfluences Laborater (ISTL),

depicted close association with the vertical gradients i . . ! .
. . . r(?ulganan Academy of Sciences, Sofia, Bulgaria.
potential temperature and the radiometer-estimate

columnar pecipitable water content ifi- 33)and (ii) the
height-integrated lidar-derived extinction coefficients
exhibited a reasonably good agreemeng.(B4) with
the simultaneously measured columnar aerosol optical Aerosol optical depth measurements

depths by the radiometer at 500 nm wavelength close tgcquired through a sisky radiometer (Prede
the lidar wavelength (532 nm). Model POM-01L) at Pune for a period of two

Seasonal asymmetry in diurnal variation
of aerosol optical properties

years (December2000 - April, 2002) were
Observations over Sofia, Bulgaria on 06 October, 2004 analysed. Aerosol optical depth (AOD) and
1 TR T T Ry ———— o Angstrom exponent (a) were expressed as
LEE 2 (0300 . 00575 ::::I pgaor percentage departures from their respective daily
oad | m— — 7 £ averages. Computed percentages were averaged
£l Ve | opaf s o [ea | W - hourly (090-1000 IST 1000-1100 IST etc.) for
z b e \_},m B _E . . L
3¢ o \hf- g each measurement period. Diurnal variation of
Bos B AOD and Angstrom exponent showed a
Tou ] % variability of about 25% and 15% respectively
EM_ s g But detailed analysis of aerosol optical depth and
. 2 § Angstrom exponent showed higher AOD and
] or = lower values of a in the forenoon and vice-versa
) in the afternoon hours during winter and pre-
monsoon months, respectivelgoncurrent 3
Time Chh:mm)LST hourly meteorological parameters from the India

Meteorological Department (IMD) for the same
Fig. 33 : Time variation of aerosol optical depth ancegipitable period showed elevated temperature inversions




the morning hours and resultant haze led to greater AODs in
the forenoon hours. Higher AODs in the afternoon hours during
pre-monsoon months were considered mainly due to higher gir.
temperatues and wind speeds in those monthg.(B5).
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Fig. 36 : Comparison of precipitable water
(a) observed with sun photometer and (b) that

-10 estimated from surface meteorological parameters

B marz001 [ apr2001 0
@ 20 B 212002 [ apro0n2 On 75% of the days the agreement was
% B 2004 [Japr2004 within + 1.0 cm.The deviations in PW
S —o—Average during the summer season were
o H80 attributed to the difference in the
& methodologies adopted for deriving PW
3 40 B - 2000 [ jan 2001 from photometric and meteorological
§ 1 o I iebz 001 [ de 200 observations. MODIS satellite derived
- W jan2002 [—tep2002 PW estimations by clear-sky NIR and IR
] e e e methods for the same experimental station
20 e e -
were compared with the above

obserations and estimationgemporal
variations on monthly mean scale were
found to be very consistent.

Atmospheric aerosols : optical,
physical and radiative characteristics
over Antarctic region

Fig. 35 : Seasonal reversal of diurnal asymmetry in aerosol optical depth Extensive observations of aerosol
optical depth, size distribution, ozone,

Land-based precipitable water measurements and théi’lm”‘_:ipit?]blr? water g_otr_'ter}lt a?]d d%WH'
P H H : welling short-wave radiation Tiux nave peen

association with satellite observations over a_ .. . on total of 31 cloud-free days

mid-latitude station during 21 anuay, - 5 Febuary 2005

. . . . during the 24th Indian Scientific
Precipitable water (PW) observations obtained by the Opt'cakapedition to AntarcticaThe concurent

technique (sun photometer - Microtops Il) at a midlatitudegyrface and profiles of atmospheric state
station (Diekirch, Luxemburg, 49.848°N, 6.3%) over a  parameters including ozone at the Indian
six-year period (1998-2003) were analyzed. Seasonal variationgntarctic station (Maitri) were archived.
were examined and compared with the PW estimations madeglar radiometric measurements were
from surface meteorological parameters (temperature and R.Hyade over Indian Ocean from ship (MV
and satellite (MODIS) derived datdahe results shoed an  Emerald Sea) during the Expedition.
identical seasonal variation in both the data sets, but suRyranometric measurements of the
photometer values were higher by almost 1.5 cm during theadiative flux and MIC®TOPS
summer months {§ 36 a).On daily scale also there was awe measurements of aerosol and precursor
wood ageement with a correlation coefficient of 0.85g9(F36 b) gases were also taken over Maitri.




Measurements during the 24th Atmospheric layer structures around tropical and
Indian Scientific Expedition to subtropical tropopause region

Antarctica _ o
Thermal staucture of the tropopause regiomeo Taipei, a

sub tropical station, was studied using radiosonde observed
temperature profiles for the year 1999ultiple layers of
temperature inversion were noticed in the height region
14 -18 kn. Such inversion layers were observed both above and
below the height at which coldest temperature occurredcdd

point tropopause.réquency of such inversion kg was obseed

to be more during winter and associated with the sub-tropical
jet stream.

Height variation tropical tropopause over Hyderabad,
Chennai and Bangalore representing different environments was
studied. Cold point tropopause defined as the height at which
temperature attains its minimum, was adopted for this study
Results showed enhanced variation of cold point tropopause over
Hyderabad as compared to Madras and Bangalore, Analysis of
wind clearly showed enhanced height variation of wind over
Hyderabad as compared to other two stations. Such enhanced
wind variation may be the possible source for enhanced
tropopause variability over Hyderabad.

Solar radiometric (MICROTOPS - II)
measurements of aerosol optical depth and
precursor gases made over Indian Ocean from
ship (MV Emerald Sea)

Joint lidar-WP/RASS experiments

Special LIDAR experiments were conducted throughout the
night of 11-12 March, 2005 and about 10 aerosol vertical profiles
have been collected at one hour interval using the newly installed
‘lidar scanning and data acquisition systemm study the
nighttime temporal evolution in the vertical aerosol structure
Wideband shortwave pyranometer for radiative and associated air pollution aspectmutaneouslythe WP-RASS
flux measurements over Maitri (Indian Antarctica system at IMD (Rshan Campus) was operated near
Station) synchronously to study the influence of vertical structure of wind
(u, v and w components) and temperature on aerosol
distributions.

Active and passive remote sensing of aerosols and
pre-arsor gases

Vertical profiles of aerosol number density reeobtained
on about 45 days using the continuous wave, bistatic Argon ion
lidar system equipped with the PC-based on-line control and
data acquisition facilityMulti-wavelengths (514.5, 496.5, 488.0
and 476.5 nm) lidar experiments were also conducted’camd
30 December 2004 to investigate the spectral-height
distributions of aerosol number density and size distribution over
Multichannel sunphotometric and ozonometric Pune. The results shwed good agrement with the in-situ
measurements of aerosols and gases over Maiti  measurements. E




The sunphotometer and ozonomteter versions of A i
MICROTOPS-II were operated and acquired total column Alr F?O']Utlpﬂ and .
aerosol optical depth at 6 wavelengths ranging from UV tarNIR | Precipitation Chemisyr
and ozone and precipitable water content data on about 132
days.These data sets, individually and also in conjunction with(PS.P Rao, D.M. Chate, G.A. bmin,
similar data collected in the previous years, were utilized td. Ali, P.D. Safai, S.Tiwari, D. Sngh,
investigate the various studies focusing on aerosol characterizati®?®. Raveen, S. Kewat, A.A. Ranade)

and radiative forcing estimations.

Installation of sun sky radiometer

Variations in the concerdtion of
ionic species inain eents at Bne

The CIMEL-make polarized sun-sky radiometer which was Evolutions of the concentrations of

acquied under the 1SB-ARBS sponsad poject has been
installed at the rstitute on 25-26 October2004. The

major neutralizing agents (€aand
NH,) and acidic species (S0

radiometer has been integrated into the global Aerosol Robetrd NO.-) were computed with #n’s
Network (AERONET). The aerosol optical, physical and radiative model using the initial number
parameters such as spectral distribution of aerosol optical deptboncentrations of particle size

Angstrom Rrameter size distribution, water vapquasymmety

distributions measured at Pune during

parameterpolarized phase function and single scattering albedg998-1999. Predicted ionic
are archived dailyThis instument was also used for the study concentrations were compared with
of the characterization of aerosols over Delhi (industrial urbambserved ionic concentrations in the

station) as a part of the nation-wide land campaignsequential samples collected in the rain

experimets - I during the month of Decemhe2004.

CIMEL polarizedSun and Sky Radiometestalled at the IITM, Pune for

events at Pune. Also, equivalent ratios
[(SO*~ + NO;) / (Ca&* + NH,")] were
computed theoretically to study the
neutralizing capacity of the atmosphere
during precipitation events and compared
them with obsered onesThe variation
of observed equivalent ratios with
accumulated rain (mm) indicated that
acidic components are always neutralized
with neutralizing speciesThese results
are found to be useful in better
understanding of the scavenging of acidic
aerosols by precipitation in the acid rain
problem.

Parametric study of scanging
processes during thunderstorm and
non-thunderstorm rain

Study of relative dominance of
various scavenging mechanisms in their
respective airborne particle size regimes
including all the collection mechanisms
at different rainfall intensities is essential
to improve the accuracy of estimation of

atmospheric aerosol characterization experiments. Solar panel for auto powgicavenging rates. Overall collision

a

to the instrument and control unit is seen in a box below the Radiometer efficiencies between falling raindrops and




particles of selected chemical species wereand neutralizing potentials of aerosolsRatne and Sinhagad
computed by including the contributions showed significant variations, Ca was found to be the principal
of collection mechanisms due to Brownian neutralizing constituent of aerosols at both the places even after
diffusion, directional interception, inertial two decades.

impaction and phoretic effects caused by

thermal and concentration gradient for Physical and chemical properties of aerosols in urban

the rainfall associated with thunderstorm and semi urban environments in India
and non-thunderstorm. Computations of

collision efficiencies were performed for Analysis of the data obtained during the field observations
the particles in the diameter range of of TSP mass size distribution of aerosols, Aitkenchi, suface
0.02 - 0.2um (in 0.02 um steps), ozone and precipitation chemistry were carried out at Delhi (New
0.2 - 2um (in 0.2 um steps) and Rajender Nagar-Residential and Okhla-Industrial), Darjeeling
2 -10pm (in 1 mm steps) and for (pigh-altitude) and Pune (urban) during the winter of 2001
raindrops in a size range of |oyegjed that (i) aerosols showed bimodal distribution with a
200 - 5800um (in 200um steps).The  joay iy fine (0.43-0.65um) range and another in coarse range
effect of rain associated with thun(_jerstorm (4.7-5.4 um) at all the experimental locations, (igta®sium
?:rd ?ﬁg’%ﬁ?gﬁ:gr% fonczcg;gen}?’l\zlg rates was noticed to be dominant in coarse-mode at Darjeeling while
(NH,), SO, and aerodynamic size ?i;vas |t was significant in fine mode at other Iocaf[io_ns,
evaluated in terms of mean mass (||!) Concentrations of S4car_1d NQ showed profound association
scavenging coefficients for poly-dispersed with .Iocal mgteorologypanlculgrly t.emperature,.\@r dlﬁgrent
aerosols in size regimes 0.02 -Quéh, locations .dgrlng the stuFIy period, (iv) Aerosols in thg fine mode
02 - 2um and 2 - 10um. Mean mass showed &cidic for NaN Ra;endgrnagaOkhIa anc_i Br_1e, Whlle coarse
mode aerosols exhibited acidic nature at Darjeeling. Size distribution

scavenging coefficients were found to , _
exhibit maximum scavenging potential for of trace metals showed dependence on observational site.

the particles of CaCQas compared to e e e .
thospe of KNQ &H ) Sop and  Precipitation chemisyr at Rine and Bhagad
1 472 4

aerodynamic size. . " :
y The study of chemical composition of rain water collected

Studies under ndo-Svedish at Sinhagad (rural) site and Pune (urban) during 2002 - 03
collaborative project “Composition revealed that (i) at both the locations the rain water was alkaline,

. .. " (i) the major neutralising component was associated with Ca,
of Asian Deposition (CAD) (i) the major anions were Cl and $@nd the major cations
were Ca and Na, (iv) local sources did not influence the Sinhagad
and precipitation chemisyr at a s.am.p.les sig.nificantlyBack .trajectoy analyses shwped that the
background high-altitude rural location, significant high concentrations of Ca and ,S# Sinhagad were
Sinhagad (about 15 km away from the due to the long range transport of pollutants from Gulf countries.
Pune city) were carried out since 2002. This rural site has been useful for obtaining regionally

The studies revealed that (i) fine aerosolsfepresentative precipitation chemistry data.

were acidic at Sinhagad due to the . ) ] ] )
dominance of SQwhile coarse aerosols Deposition chemistry studies in NCR of Delhi

were alkaline due to the dominance of soil ) N -
originated element Ca, (ii) the total Chemical composition of wet and dry deposition samples

aerosols were acidic in winter and alkaline collected at eight locations in the National Capital Region (NCR)

in summey (iii) The concentrations of of Delhi revealed that the rain water was alkaline at all the

gaseous pollutants S@nd HNO3 were locations except at one location (Sardhana) where the pH was
higher in winter than in summer whereas, nearly equal to neutral (5.6Jhe lonver pH at Sathana was not

it was vice-versa in the case of NiEnd due to the high concentrations acidic components but due to
(iv) on comparison, although the acidic the low concentrations of the soil oriented components. E

Monitoring of aerosols, trace gases




Special field observations at Agra (Landn@aaign - )  site at IITM, Pune (18°N, 73°E) were

_ _ _ _ ~analyzed to study the spatial distribution
Extensive observations of physical, chemical and radiativgf these tracers and their diurnal and

characteristics of aerosols using MIOROPS-II, Andersen  geasonal variations. Observations were
sampler high volume samplerethalometerPM, . sampler dry made round the clock with a resolution
and wet deposition and fog water collector were carried at thg§f gne hour The inter-corelation of
Dayalbagh Educational Institute ( DEI), Agra, during g,one with its precursors on hourly scale,
1-31 December 2004 as a parof the Nation-wide Land daily and monthly averages were made.
Campaign programme, organized under theQSEFBP/ARBS Experimental results were compared with
project. Peliminaty results of the analysis of obsations of TSR the results obtained using 3-D chemical-
mass size distribution, black carbon (BC) and fog water revealegansport. Model simulations were made
that i) the TSP levels varied between 261 and G8Bm® with using the assimilated winds with the
an average of 36[ug/m?, the averagd SP during day-time was evised Indian inventory for the emissions
about 1.7 times higher than that during night time which coulo[)f ozone precursor gases. Model
be attributed to more convection and turbulence as well as mo %produced the diurnal and .seasonal
human activities during day time, ii) mass size distribution of atterns of ozone reasonably well
aerosols showed bimodal distribution and the fine size partidegxcepting those few occasions, especially
contributed 45-55% to the totdlSR iii) the pH of fog water during the monsoon season v:/here local
varied between 6.25 and 6.63 indicating the alkaline nature ar\géfC tors abruptly played a significant role
iv) BC concentrations varied between pad/m? and 480 ug/m? '

with an average of 186g/m®(v) diurnal variation of BC showed Measurements at Pune showed high
two peaks one in the morning and the other in the mgl)tldm levels of ozone, exceeding 90 ppb on a
values were observed during the afternoon hours. few occasions. Ozone concentration was

found to be highest during noontime,
mainly because of photochemical
production. Diurnal variations in NO
and CO were a manifestation of combined
effects of local emission effects, boundary
layer processes, local wind patterns and
chemisty. These variations were higher
during morning (after sunrise) and late
evening hoursThe solar radiations at
Pune were maximum during the summer
season. Bwever, the maximum ozone was
found during the winter season. Ozone
showed the maxima during summer
when separated on seasonal level, but
individually on monthly scale showed
. . . maxima during Ebwuary (winter). This
Atmosp_herlc ChemlngOde"mg' and seasonal concentration was not supported
Dynamlcs by similar variations in NQ CO and
NMHCs where maximum was found
(G. Beig, I. &shi, S.S. &dnavis, 8mpriti Roy, A.C. Saritha, during winter season, unlike that of ozone.

S. Qunthe, V Singh) Observations and modelled monthly
On the temporal and seasonal patterns of surface ozofg!'2io"s showed similarities to a great
. extent except on some abrupt changes in
and its precursors some parameters due to which there was
Baseline data of surface ozone)@nd its precursors viz., some difference, which could not be
wox, CO and hydrocarbons (HC) from a tropical semi-urbannoted in the model.

Aerosol samplers, fog water collector and MICROTOPS Il operated
by IITM at Agra during the Nation-wide Land Campaign I




Ozone weekend effect examined to study the relationship between SIDs and 580 hP
temperatures (§. 37). The study indicated that increase in
Ozone and its precursors have beentropospheric temperature accompanies increase in the frequency
monitored round-the-clock since last one of occurrence of sudden ionospheric disturbances up to a period
year The obseved ozone and its of about one month and in-phase relation between tropospheric
precursors measured at IITM during the temperatures and sudden ionospheric disturbances over
past one year revealed an interestinghigh-altitude stations.
phenomenon called as “Grze Weekend
Effect”. On the normal scale it is expected
that concentration of ozone is less on . .
weekends, because there is considerable o ' .
reduction on the road traffic, which is E | A '
major source for the emission of ozone ¢ ;
precursors. ldwever, it was obsered that
even though there was reduction in ozone E
precursors, mainly NOand NMHCs by :
10 to 2.5 percentespectivelyan increase [ "
in ozone concentration by an amount of W
~ 9% on weekends was observed since last e
May. The possible and primarcause of _

this effect was detected aseiuction in Fig 37 : Monthly mean frequency of sudden ionospheric disturbances and

NO,” concentration. As NQis said t0  monthly mean tempsiure of Bombay at 500 BRiuring 1986 -2002
be a catalyst in ozone formation reaction

in the presence of VOCs and sunlight, gegsonal variation in the diurnal pattern of ozone over
under some chemical conditions decided Pune

by the VOC/NQ ratio, sometimes NO
may inhibit the ozone productioffhis
particular regime (where decrease in NO
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Surface ozone data archived at the Institute for the past
. . ; more than a year have been analyzed to the seasonal pattern on
Causes Increase in ozone.ls.called as Vocdiurnal scale. It was observed that minimum in the ozone value
(NMHCs in this case) limited regime. .. red at the same time on the diurnal scale for all the seasons.
The chemistry of this particular o eer the time period and duration for which maximum
phenomenon IS yery complex W't_h .the ozone is observed changed significantly with the season since
involvement of high degree of variation nore \was a difference between time of sunrise, sunset and the
and non-linearity with each other length of the day that played important role in deciding the net
level of ozone concentratiohe maximum in ozone level for

Rel_at!onshlp between temperaturemonsoon season at Pune was found to be ~ 22.56 ppb and lowest
variations and Sudden 1onospheric raie of increase in ozone ~1.49 ppb./ hr

Disturbances (SIDs)
Solar cycle modulation of ozone and temperature over

Temperature data at 500 &RNd tropical stratosphere
daily data of Sudden lonospheric

Disturbances (SID) for 17-year period In order to study the influence of solar activity on the
(1986-2002) were collected for 20 Indian vertical structure of temperature and ozone, Halogen Occultation
stations from the available published Experiment (HALOE) aboard Upper Atmospheric Research
archives. Monthly mean values of gatellite (UARS) data of zonally averaged monthly temperature
tropospheric temperatures and monthly and ozone volume mixing ratio (VMR) were retrieved over the
total frequency of ionospheric disturbances tropical belt of 0-30N for the period 1991-2004. A
were calculated for each month and for mylti-functional regression model was used for studying the solar
each station. Constructed time series werecycle responses to temperature and ozone variatiorwj




separating them from other natural respectively near the boundary layer for the latitude range
signals.The annual mean solaesponse 20-30°N. However in most of the troposphere, magnitude of
profiles, thus constructed for temperatureincrease reduced with height and became less than 5% above 10
and ozone during the sunrise and sunsekm. A few hot spots were found where the percentage change
were examined. Results indicated that theshoots p many fold reflecting the high emission regioitie
stratospheric temperature and ozone havevariation was found to be significantly dependent on seasons thereby
intrinsic relationship with the 11-year indicating the role of convection and long-range transport.

solar cycle. Results also indicated positive

solar response of ~0.5-1.0K/ 100sfu in GIS based gridded emission inventory of carbon-
the lower stratosphere and ~0.5K/100sfumonoxide over the Indian region

in the upper stratosphere in the case of

temperature while ozone showed a
response of 2 - % / decade in the
lower - and ~0.5 - 2 % / 100sfu in the
upper-stratosphere, respectively

Chemical simulations in most of the atmospheric chemistry
models require surface emissions in a specific form (gridded),
which are often not available. Simple interpolation of broader
level emissions to obtain gridded data may lead to erroneous
results. Given the importance of CO emissions in 0zone pollution

3-D model simulations of the
influence of anthropogenic
emissions on tropospheric ozone

chemistry over India, an attempt was made to develop a
Geographical Information System (GIS) based methodology for
distributing the CO emissions from a broader (national) level

inventory to finely gridded emission values, considering micro
level details and activity datdhe total CO emissionver India

for 2001 estimated to be and 69.0Tg/year was gridded to
1° x 1°resolutionsThe final esults preided detailed information
with “hot spot$ and the relative contributions of various sectors

in India were differentiated.

and its precursors over Indian
tropical region

An emission inventory of ozone
precursors developed for the year 1991
and 2001 were used in three dimensional
Chemisty-Transpot Model (MOZART) Fg. 38 shavs the gridded CO emissions for the year 2001
with assimilated winds to examine the over Indian geographical region from two major sources viz.,
tropospheric long term trends in ozone pjo-fuel and vehicular traffic (liquid fossil fuel.he CO emission
and its major precursors (NOx and CO) from bio-fuel sources was around 34,282 Gg, which was almost
over the Indian Geographical region.
MOZART model was un with
assimilated meteorological data from the
European Center for Medium Range
Weather Brecasts (ECMWF)The model
considered surface emissions of severe
chemical compounds @@, CH,
NMHCs, CO, NQ, CH,O, and
acetone).The emissions due to fossil fuel
combustion, agricultural burning, bio-
fuel, etc for the Indian region were taken
from the hdian national inventgr M odel
results indicate that the variation in ozone
is of the order of 6-1% per decade near
the surface, which decreases with height L Ut Pradesh 4 Andha Pradech
and becomes around 5-7% in the lower 2 Mahaasira 5. Kerala
troposphere and 3-5% in the upper * TmNa
troposphere.The maximum decadal Fig. 38 : Distribution of CO emissions (2001) obtained after gridding
increase in CO and NOx was found to (a) combined for rural and urban sectors from biofuel source (b) for vehicular

nbe around 10-18% and 20-30% traffic (liquid fossil fuels) source
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50% of total CO emissions, thus TCO data showed three dominant modes of periods 3-7 days
signifying that the lad-fuel specially from  (synoptic), 15-20 days (quasi bi-weeklgbw), 30-60 days

the rural sector is the most important and (Madden dlian oscillation, MJO) similar to that found in the
major contributor for CO emission over Indian SImmer Monsoon rainfall (ISMR)The Snoptic mode
Indian region.The highest contribution was found significant over central and northern part of India,
was found to be from the Southern Indian gbw mode was found significant over northwest and northern
states where several high emission areadndia, while MJO over southern and eastern part of India.

are noticed.The total contribution in CO

emission from fossil-fuel sector was around Twilight photometer obseations

6,285 Gg and was relatively low as

compared to bio-fuel emissions. The automatic and manual twilight photometers were
operated simultaneously and the data were analyzed. It was
Measuement and observed that the profile derived by manual operation looks very
_ smooth while the profile derived by automatic photometer
Monltormg of exhibited fine-scale features due to increase in height resolution.

Atmos:pherlc Minor The variability of stratospheric aerosol layer was studied by

Constituents using the vertical profiles obtained with the twilight photometer
at Rune during 2001-2003The stratospheric aerosol loading

(D.B. dhay A.L. Londhe, C.S. Bosale, was computed by integrating the logarithmic gradient of intensity

G.S. Meena, M B. BRdmakumari, profiles from the tropopause to ~30 kifhe time variation of

A.L. Sagar H.K. Trimbake, S. Kilkarni) monthly mean stratospheric aerosol loading showed the annual
cycle with a maximum in winter months and minimum in spring

Intra-seasonal variability in total and summer months. No significant trend was observed in the

column ozone variations background aerosol.

Twilight photomety obsevations were carried out in the
month of April, 2004 and again frolovembey 2004 to Mrch,
2005 manuallyIn order to obsere the effect of Germinid meteor
shaver, the morning twilight (stding at 5.30 a.m.) obseations
were carried out on 14 and 15 Decemiid04.

Intra-seasonal variability of daily
total column ozone (TCO) over 13
Indian stations was studielOMS (Total
Ozone Mapping Spectrometer) daily data
from dune to &ptember for the periods
1979-1992 and 1997-2000 were utilized
in the study Using the daily data,
monthly time series ofTCO was
prepared.The technique of Singular
Spectrum Analysis (SSA) used to obtain
the TCO variability on the seasonal scale 1
suggested that the variance associated witQ:
the seasonal cycle varies from 1.67% to
7.86% over Ihdian region. The
association between filtered monthly
TCO and monthly rainfall during

Energetics in the middle atmosphere in association with
monsoon and ozone variability

The global grid point monthly data (2.5° x 2.5°) of
temperature, zonal and meridional wind for 200, 100, 50, 30,
0 hR levels during uhe-&ptember were analysed for the two
ontrasting monsooneprs 1987 and 1988.he mean kinetic
energy for the tropopause level (200-100ahRnd at the
stratospheric levels (100-10 &@Pwas obtained for the monsoon
months (une-®ptember)The total kinetic energy at tropopause
o level (200-100 h&) in the equatorial belt 0-30°N, was more in
extreme monsoon years (deficient and 19gg than in 1987. In mid latitudes of northern hemisphere, it
excess) was examinedihe relation a5 nearly same during summer of 1987 and 1988. In the
between two was found statistically gqthem hemisphere, the mean kinetic energy was more in 1987

significant. It is observed that during han in 1988 during the summer periatiire-$ptember) in
excess monsoon years ozone values Wergne region between 15°S and 75°S.

found to be decreased and opposite
happens in the deficient monsoon years. The mean kinetic energy at the stratospheric levels from
The power spectrum analysis of daily 100-10 hR was found increasing from 15°S, peaking aﬁ




and decreasing thereafter up to 60°N in the year 1988. In theompared with spectroscopic observations
stratosphere of southern hemisphere, it was increasing from 15°@&)d good correlation was observed
peaking at 55°S and decreasing thereafter for the summer bétween themThe VCDs of NQ were
1988. Similar variations were found in 1987 as observed in 198&ound to have strong seasonal and diurnal
The mean kinetic energy was more in 1988 summer months ariation with maxima in summer months
the region 15°S-60°N than in 1987 while in southern hemispheréMay and dne) at sunset and minima in
it was less during 1988 than in 1987 in the region 15°-75°S. winter months (December and January)
at sunrise.

Vettical profiles of NQ and Q

The NQ, density in the evening was

Vertical profiles of Q and NQ wee retrievedfrom their ~ 0PServed more compared to morning. It
slant column density measured over a range of 87°-91.50 SZ#@s also noticed that evening N@lues
by the Chahine iteration method for the period 2002-2003Weré almost double of morning NO
From these profiles, the stratospheric and tropospheric colum\‘lalues in the month of Octobdihe high

densities of Q and NQ were derived and were found to be valges cif N(? N tré)e evening qppe?‘red
maximum in summer and minimum in winter 1o be related to NO-Nfconversion that
occurred in evening twilight period.

Ozone variability over Indian region during El Nino '”Cre_zlse Oiln NtQ‘?'e”S"y s “I‘I"fd tg be
. possipble due 1o InCreasedad pollution auring
and La Nino events day time, which was reflected in the

Monthly mean total column ozone (TCO) over the Indian €V€N'N9 twilight hours.n summey the

region for the years 1982, 1983, 1987, 1988 and 1997 for 1§urat|on .Of sunlight ho.urs leads to further
Indian stations wasutilized to study tR€O distribution during photquSIS of NO, which causes hlgher
El Nino and La Nha years. Comparison @fCO distribution density of NQ as compared to winter
during EI Nino and La Nina years suggested that ozone valuevs"’llues'

are higher during El Nino years than those in La Nina years,

which is considered to be due to suggsed convectiorThe

difference inTCO during monsoon months of Elind and La

Nina years was found statistically significant at 5% level of

confidence for all stations egpt Dumdum. The monthly

outgoing long-wave radiation (OLR) data were considered as

measure of convection and association between seasonal mean

OLR and seasonal med@iCO was examinedt was noticed that

this relationship holds good only during the Indian summer

monsoon months as convection is stronger during these months

than remaining months of the year

Study of diurnal and seasonal variation of NQ@,,
H,O and Q

Daily twilight zenith scattered light observations were made
for the study of atmospheric minor species by-u$ible
spectrometerData for the period 2000-2004 rgeanalyzed with
Differential Optical Absorption Spectroscopy (DOAS) method.
With this method vertical column density (VCDs) of N@,,

H,O and Q were derived simultaneousliurnal and seasonal

variations of NQ and Q were studied. &r comparison of Q

Dobson spectrophotometer obsgion and satellite boriiotal
ﬁOzone Mapping Spectrometer (TOMS) observations were
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Instluments and Bsewational Techniques Wision designs and delops insmments
and techniques for obsations and carries out field and laborgtexperimentsThe
Division conducts its research with the following objectives :

0

To measwr the atmospheric electrical, meiglogical parameters and aepls oer
land, ocean and in clean environments to study the global electric circuit.

To reconstuct lightning channels using acoustic signals.

To deelop instuments for the measements of atmospheric electrical parameters
at Antarctica.

To study the mia-physical pocesses such asaporation, distdion, oscillation,
collision and coalescence of millimeter size water drops in a vertical wind tunnel
in presence and absence of vertical and/or horizontal electric fields.

To study the scanging of aersol paticles ty charged and uncharged wateoms.

D




Simulation techniques for cloud physics Analysis of ARMEX Data

studies a. Shipborne measurements

(A. K. Kamra, R.V. Bhalwankar M. N. Kulkarni and Measurements of the atmospheric

C B. Sailaja) electric conductivity and small-,
intermediate-, and large-ion

Experiments to study the effect of electrical forces on the . ,

: : ._concentrations made at four locations
shape of water drops freely suspended in a small vertical Wln(é the Arabian & onboal ORV Sa
tunnel were carried outhe suspended drops were photographeoover _e rabian onbo gar
with a movie cameraThe data obtained on distion of water ~ Kanyain the pre-monsoon and monsoon
drops of different size, in absence and presence of horizontalSeasons during the Arabian Sea Monsoon
vertical electric field were analyzed and compared with théExperiment (ARMEX) in 2002-03 were
previous results obtained from both theoretical models andnalyzed.The results sheed a threefold
experiments.The results showed that with increasing @iro increase in the daily average value of
o_Iiameter th(_a axis ratio of the drop qlgcreases in gll a_tmbient e'?Ct%nductivity over a period of ~10 days
field (;onQ|t|ons.The extreme positions of osqllatmg drop in preceding the onset of southwest
electric field were determined from the movie photographs tg

. L L monsoon (k. 39). The enhanced values
study the effect of field direction on drop oscillations. . . .
of conductivity were accompanied with

An experiment was conducted in wind tunnel to study thenigher concentration of large ions
effect of chemical impurities in rain water on different microphysical(Fg. 40). Although ion concentrations in
processes such as distortion, evaporation and corona discharge frigncategories exhibited large fluctuations,
water drops in strong horizontal electric fields. Another Iaborator3fhe average concentration levels of small
experiment to study the effect of turbulence on break-up

. . : : . lons decreased and of large ions increased
characteristics of water drops falling at their terminal velocities below ™ _
during the monsoon periodThe

the vertical fall tube was also performed.
enhancement in conductivity associated
Qurface obsarations of atmospheric with the onset of monsoon may be due

. . . to the highly charged large ions produced
electricity and electrical properties of clouds, ' ' "0 T ess at the ar-

(A. K. Kamra, S. D. Bwar V. Gopalakrishnan, R. Latha, S€@ interface caused by the breaking waves
P Murugawel, Deen Mni Lal, Devendraa Siingh, K..Rbhare, during the high wind speed periods over

V. Pant and Ramesh ufnar) the Arabian ®a. The correlation
e e ) .. coefficient between the large ion
Participation in Antarctic Expedition concentration and wind speed measured

Measurements of size distribution of aerosols in the sizé’ﬂ OR/ Sagar Kanyaincreased to 0.56

range 5 - 20,000 nm and various atmospheric electric parametéf4fing the monsoon onset period from
such as concentration of ions in different categories, air-eartd-41, 0.16 and 0.23 found during the
current, atmospheric electric field and Maxwell current were madg@re-monsoon and two monsoon periods
during the 2# Indian Summer Expedition to Antarctica from respectively Enhanced value and the large
6 Decembegr2004 to 27 March, 2005. An ion counter was variability of large ion concentration
designed and fabricated in the institute for the ion measuremenishserved during monsoon season were
Two state—(_)f—arln'_s_tmmen_ts, namelyAerosol Rrticle Analyzer  ¢5nd to be associated with the spatial
and Sca_nnmg lbility Pearticle Szer_were used for measment d temporal heterogeneity ot only

of full size ranges of atmospheric aerosols. Measurements %h . duction but also their dissipati
aerosols were also made near ice-shelf onboard MV Emerald Sex ' Production bu gso €lr dissipation
for a period of ten days during the return cruise from Antarctic? the cloud scavenging processes over the
nto CapeTown, South Africa. Arabian Sea.




Data on ion concentration and
May2e-ane7, 2008 Ll Hiomnate on atmospheric electric conductivity obtained

March 25 - April 6, 2003 —— Large ion

over sea onboard Sagar Kanya during the
W ARMEX period were analyzed to study

e e the climatology of ions over sea near the

lon concentration (m®)
—

? P b /f - . .
P SR : western coastline of India. Seasonally
‘- | et | averaged values of the total as well as polar
Cs w6 ws w % % 8 a4 1i 18 150 182 164 156 158 Conductivity were found much hlgher
’ 29y 1, 202 o1 g, 202 during the monsoon than during the

pre-monsoon season. ugprisingly,
however, the concentration of small ions
was less and that of large and intermediate

lon concentration (M)

No Date ions was more during the monsoon than
- d during the pe-monsoon seasomfi.he
10”;0 T8 184 186 188 190 T2 202 204 206 208 70 20s 214 26 dlurnal Varlatlons Observed durlng the pre_

Julian day Julian day

monsoon season showed that nighttime

small ion concentrations were about an
Fig. 39 : The daily aveage values of the polar and total atmospheric electric order of magnitude higher than their

conductivity in the pre-monsoon, monsoon-onset and the two monsogaytime values. On the contrary the

periods of the ARMEX daytime concentration of intermediate
and large ions was much higher than that
March 25- Api 5, 2003 May 24 June 7, 2003 of nighttime values. No such diurnal
I variations in ion concentration were
obseved in monsoon seasoWariations

in ion concentration of different categories
with distance from the coastline in
different seasons were interpreted in terms
e T e e e e of the ion aerosol attachment process in
21 - August 42002 pre-monsoon obseations. Hwever, such
variations of intermediate and large ion
concentration were explained by
P postulating the generation of highly
charged large ions by bubble breaking
N e process caused by the breaking waves
B o during the strong southwesterly surface

Fa. 40 The dail i h - erediat q winds in monsoon season. lon
9. 40 - The dally aveage concerttions of the small-, Interediate-, and o, ycantrations of different categories were

large- ions in the in the pre-monsoon, monsoon-onset and the two monsQQP<arved to und ergo different types of
periods of the ARMEX

Conductivity x 10™ (S m™)

s o
Onset of monsoon

Conductivity X 10 (S m™)

changes following different types of rainy

. o _ periods such as drizzle, shower and
The ion concentration in all Categorles was of same order Idontinuous rainThese Changes can be

the pre-monsoon season whereas the difference in different categor,ﬁ@rpreted if one considers the changes
of ions was found to increases as the monsoon sets in and the seagobollection efficiency with the sizes of
progresses. In monsoon season, the large ion concentration becomaes and/o drops and the ion production

1 to 2 orders higher than that of small ions. Also, the conductivitgjue to splashing of drops on the sea surface.
and ion concentration values showed large fluctuations during the .

monsoon season. Addition of a new source of large ion productidd Airborne Measurements

by breaking waves at the sea surface and the destruction of ions and sjze distributions of sub-micron
aerosols due to the cloud geaging processes during the monsoonsjzed aerosol particles measured on a
season may be responsible for the observed large quctuatioeroudy day during the ARMEX period

and differences in ion concentrations of different categories. were examined to understand the w




of cloud processes on the aerosol size
evolution. Results showed very high
aerosol concentration of particles in the
size range 240 - 750 nm whenever the
aircraft encountered cloud or
precipitation. Concentration of particles
less than240 nm diameter was similar to |
that of observed on other fair-weather days.

Analysis of Pilot Expedition to the |
Southern Ocean (PESO) Data

Measurements of aerosol size |*
distribution were made onbahrORV :
Sagar Kanya using Aerosolafficle Szer
and Scanning Mbility Particle Szer
Systems in the southern Indian Ocean in
the region 20°S, 57°E to 56°S, 45°E
during Phase - Il and in the region from Minister of Science aritechnology with IITMsinstuments during his visit
20°S, 5°E to 11°N, 73°E during Fealll to Maitri. (From left to Right: Shri R. K. Sethoidt Secetary, DOD;
of PESO fom 23 &nuay, 2004 to Dr. P C. PandeyDirectof NCAOR, Ga; Dr. Harsh Gupta, ®cetary DOD;
31March, 2004The data were analyde Shri Kapil Sbal, Minister for Science an@iechnology; Shri Rajesh Athana,
with respect to the prevailing wind Expedition LeaderShri Sinil M. Sonbawne, DrDevendaa Siingh and
conditions. Shri VimleshPant)

Govt. of India to Maitri, Antatctica

Measurements of electric field,

Thunderstorm electrification studies Instruments installed at Maitri, Antarctica
Maxwell current and point discharge -
current were made below thunderstorms

T
occurring in the pre-monsoon and post-

monsoon seasons for the study of thef
evolution of lightning and other aspects of
the cloud electrification

Two fast-field antennas we  lon Counter
fabricated and installed at thastitutés

Atmospheric Electricity Observatory for

the study of field-changes during

lightning discharges.

Method to determine eddy
diffusion coefficient

d_f%, A -8

Plate antenna for Air-Earth current

A theoretical method was developed
to find eddy diffusion coefficient from
ion-aegosol balance equationsThe
method was improved to include the
effect of coagulation of pticles. \értical
profiles for different values of mixing

marameter were computed. Aaodynamic Rrticle Szer and Scanning bbility Particle Srer




Bounday Layer
and
Land Sirface Pocessest8dies

—

Micrometeonlogical Toner

Sonic Anemometer and

CO,/ H,0 analysers

Boundary Layer and Land Surface Processes Studies Division carries out field and
laboratory experiments relating to the atmospheric boundary layer and land surface
processes.dflowing ae the esearh pogrammes undeaken ly this Dvision :

0 Integration of instruments / observational techniques to study the structure of the
atmospheric boundary layer and related studies.

0 Land surface processes studies to understand and simulate the energy balance over
different vegetation and soil conditions.

0 Study the dynamics of the atmospheric surface layer over land and ocean surface.

D




Investigation and Mdelling of Land B! for wind speeds greater thahmis, Z,
becomes nearly constant and of the order of few

Qurface Pocesses in the tOSPheric s This behavior of 7 was well depicted in

Boundary Layer summ++er and winter period. In monsoon
conditions, Z was low of the order of few mms

(S.Snha, M.N.Ritil, S.ENikam) compared to that of summer and winter
conditions.

Studies on LASPEX _ - .
Fig. 42 shaevs the friction velocity ( )

The wind and temperature observations collectec@Nd temperature scale jTvariation with
during LASPEX at Anand (235’N, 7255’E) were Stability u was high in near neutral conditions
utilized to study the turbulent parameters such as drafZ/L = 0) and it decreasedwhen static stability
coefficient (G), sensible heat flux (H) and aerodynamic increased. T was high in the unstable
roughness length (J. The analysis was carried out for conditions (z/L = - ve).The wind speed
the data @presenting summemonsoon and winter seasons. decreased in highly stable conditions. It was
Z, from wind profile measurements showed that it wasmaximum at z/L = -0.25T, was nearly z® in
greater when the wind speed wasvl;m December1997  stable conditions which indicated that transfer
(Fig. 41). During convective conditions Zreduced of heat and momentum in stable condition was

drastically The resulting values of gand %fOI’ the dominated by the surface wind stress as
monsoon period agreed well with values reported inevidenced by the variation of, in stable

literature over Indian subcontinent for homogeneous grasgonditions. The sensible heat flux was high in
covered sufaces. br V\_/inds less than 2 m/s, Aariation  symmer about 150 WATin the noon hours,
was much more ranging from few mms to few tens of cmyyhile in monsoon and winter climate, sensible

heat flux reduced to about 100 W/m
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Fig.41 : Dependency of Surface roughness length (Zo) on wind spe€ity. 42 : The behaviour of frictional velocity with time
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Experimenta| mdy of E(change Bcesses circulation at coastal sites (NCAOR, Goa;
in the Atmospheric Boundary Layer over SHAR: IGCAR, Kalpakkam) that gives

. q q strong downdrafts at times which is not
Contmental and Marine Environment occurring at inland sites (like Anand).

(S. Sivaramakrishnari,. Dharmaraj, BS. Murthy, SB. Debaje, Scintillometer was set up by Bhabha
Cini Sukumaran) Atomic Research Centre (BAR),

Boundary layer characteristics at west coast station, Go UMl at NCAR, Goa and path-
averaged sensible and momentum fluxes

Doppler mini-sodar of Indira Gandhi Centre for Atomic Wereé measured. Surface fluxes of
Research (IGCAR), Kalpakkam was used at the National Centf@0mentum and sensible heat as measured
for National Centre for Antarctica and Ocean Research (NCAORfy_SqniC anemometer (at 5 m AGL) and
Goa to measure all the three components of wind up to a heigﬁ?'mmomemr (a 1.5 m AGL,
of 500 m AGL with a height resolution of 10 m. Initial scan of pati-length = m) were compared.
the data during 10-24ptember 2004 shwed davn drafts of  Turbulence stuctue of the suace
~ 2-3 m/s in the convective boundary layer in the height rangfayer at NCAOR, Goa
200-500 m (Rg. 43) AGL during the same period sonic
anemometer at 5 m AGL also showed down drafts of 0.3 m/s  Variation of the magnitude of
when the sensible heat flux was about 200m2 This was  Sensible heat and momentum flux as a
unexpected during convective, clear sky conditions. Similafunction of averaging time was
feature was also observed at SHAR where sonic anemometévestigated to find the appropriate
measurements were done at 10 m AGL. Similarly at IGCARAVeraging time required for statistically
also sodar measured vertical velocity showed down drafts dfonsistent flux and vécal velocity The
2-3 mk in ABL during convective conditions. LASPEX sonic shape of the spectra of wind components
anemaneter data at 9.5 m AGL at Anand showed updrafts duringi;n the atmospheric surface layer ar.ld
clear convective day time conditions which was obvious because oF Iated' dynamlpal procgsses 'as a function
thermal plumes rising from the heatedface. The infeence that of static stability was mvesUgateQ‘he
can be drawn from these observations is that there is some Ioga{ftem of plateau (-1 slope) m_ the

spectum ‘S(f) Vs f' of along wind
component (u-component) was observed
O to increase with instability

. Frequency weighted spectra of wind

| i (u, v and w) during unstable, near-neutral
I and stable conditions on a4y, 2002

showed -2/3 slope in the inertial sub-

: : : | e range, zero slope at intermediate
B [ i EEEEED i 2 frequency range (only fon-component)

| ' iR BT e and +1 sbpe at low-frequency range

om | wew gpel | wew  #wo (Fig. 44). The frequency range of the

zero-slope in u-spectrum was found to

increase from stable to near-neutral/

unstable condition.

Fig. 43: Sodar wind vector profiles in ABL oepfember 14, 2004 at
NCACR, Goa




| temperature the 21 day mode showed spectral energy 3 times
: w [ : higher at Anand than at Khandhghe diurnal peak for spectral
':'553 energy of temperature was comparable at these stations showing
large heat exhange taking place in the $ace layer The
e humidity spectrum (1 m) at Khandha showed prominent peaks
s of period 43 day corroborating large scale transport of maritime
T i humid air to the site from the Arabian Sea.
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Studies on COand water vapour at Goa

- e : [ i Study of the variation of COand water vapor in the surface
e layer (5m AGL) at Goa during the Indian summer monsoon
il b shows an inverse relation in the diurnal variation of Efecrease)
i and water vapour (increase) due to sea/land breeze effects exists

P I S St in August, &ptember and Octohe2002.This relationship wais
not clear in the variation of daily averaged values of, @od
[ e water vaparLarge/ synoptic scale oscillations of period 5, 8 days
b :‘I .'.'1.,5'-5-"_.-. for CQ, and 5, 11 days for water vapour occurred with theyl d
s 2 period equally prominent in spectral energy content. Spectral
- . gap existed at the frequency band of about 1-2 cycles per hour
! L where the power spectral energy dropped for, @@d water

_ e vapour Small scale micrometeorological spectra of Gd water
by i T vapor obey the &Blmogora/s -5/3 paver law in the indial sub
range.

Fig. 44 : Spectra of wind for (a) unstable (b) near Studies on surface Ozone
neutal and (c) stable conditions on 2d4ly) 2002

at Goa. The inetial subrange (-2/3 slope), Continuous measurements of ozone, incoming solar radiation
intermediate range (O slope) and low-frequency and relative humidity were being carried out at the institute
range (+ slope) @& shownThe vetical lines  campus, Bne. The study evealed that the incoming solar

indicate the lower and higher endes of the radiation is positively related to ozone concentration, whereas

intermediate frequency range relative humidity is negatively relatedigF45 shas that seasonal
] diurnal variation of surface ozone observed at IITM campus,
Analysis of LASPEX Data suggesting that photochemical production and destruction of
ozone.

Power specim of mean wind frm
Land Surface Processes Experiment
(LASPEX) at Anand (22° 35" N,
72° 55' E) and relative humidity at
Khandha (2° 02' N, 73° 11' E) revealed
the planetary scale (40 day period)
Madden-dlian oscillation in the 1-2 m
AGL of the surface layer (SL). Oscillations
of period: 21, 6-9 daythe diurnal (24
hr) and the semi-diurnal (12 .hwere
prominent in the spectrum of all the
variables. Low frequency peaks (15 and

21 days) showed that the spectral energyFig' 45 : Seasnal diurnal variation of maximum surface ozone concentration

in wind was 2-3 tnes hlghgr at Khandha observed at IITM campus, Pune, suggesting phetoicfal production and
than at Anand whereas in the case of yogyiction of ozone

> §




Measurements on ground-level ozone gases (NOx, VOC, CO and Qiby different sources (such as
(O,) were carried out over three tropical biomass burning) from @bruary to April in the poximity of
rural sites (Bombuhar Tranquebar and these ural coastal sitesthe daily average ((high) appeared to
TR Pattinam) along and across vary between 26.3 + 0.41 ppbv and 22.7 + 0.16 ppliweas
Coromandal coast ofamilnadu, hdia, for O, (low) between 20.9 + 0.15 ppbv and 18.3 + 0.23 ppbv
6 days each in December (2000 and 2002)yespectively at the coastline and at 20 km inland with 1 6
and in Aoril (2001 and 2003)Hg. 46). variations.The measurements of, @haved that average east to
west gradients in Owas about 0.7 ppbv/km which was highest
between coastline to 2 km inland and then it decreased towards
20 km inland.The noth to south gradients in Qroncentration
along the coastline was observed nearly equal to zero.

R S S —— IITM Atmospheric Boundary Layer (ABL) Field Laboratory at the
National Centre for Antarctica and Ocean Research (NCAOR), Goa

Fig. 46 : Variations of aveage ozone

concentrations in April (solid line) and December ) - . _ .
(dotted line) obseed at PombuharTranquebar ~ From L to R Mini-Sodar of Indira Gandhi Centre for Atomic Research

andTR Rattinam.Vatical bars ae 1 6 variations. Labomatory andTower with Meteorological 8nsors of the [ITM

The analysis showed that the average
maximum Qconcentration is 40.3 + 1.13
ppbv (parts per billion by volume)
(34.8 £ 0.90 ppbv) in the afternoon and
minimum 15.8 + 0.63 ppbv
(12.7 £ 0.47 ppbv) with 1 6 variations
during early morning hours in April
(December) at the coastlineThe
corresponding maximum and minimum
O, concentration was 33.9 + 0.49 ppbv
(29 + 1.04 ppbv) and 12.3 £ 1.31 ppbv
(8.7 = 0.74 ppbv) at 20 km inland which
indicated that Q enhancement by
6 ppbv or 19% at the coastline as
compaed inland.Further, the higher Q S | e
about 5 ppbv or 16% in April (summer) -
as compared to that in December
(monsoon) was due to relatively warmer
air temperature and less cloudveo The
increase in Qin April was also attributed
to the higher emission of its precursor

The Micrometeorology Laboratory at the IITM Field Laboratory at NCAOR, GB
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Theoretical Studies Division conducts theoretical studies for understanding
atmospheric and oceanic circulations with special reference to southwest monsoon.
Following ae the esearh pogrammes undaken ly this Division :

o

Development of diagnostic models for the study of (i) Regional energetics in the
grid point domain (ii)Tropical belt energetics in the wawumber and équency
domains and (iii) Global energetics in the spectral domain.

Development of numerical models to diagnose the linear and nonlinear interactions
among diffeent spatial and temporal scales of monsoown.flo

Development of simple reduced gravity as well as thermodynamic ocean circulation
models for understanding dynamics and physics of Indian Ocean circulation and
SST wariability.

Developnent of simple coupled ocean atmosphere model for understanding global
circulation.

Dewelopment of regional three dimensional multi-level ocean model for understanding
surface and sub-surface temperature and circulation of Indian Ocean.

Application of numerical ocean model for studying oceanic response to moving
cyclones in the tropical Indian Ocean.

To promote post graduate academiognrammes in Anospheric Sciences.




Sudies on Dynamical featue exept in April month.The inversions form irthe seas,
head Bay and East equatorial Indian Ocean all move along with

Ocean Mdelling the Rosshy and coastal Kelvin waves.

(PS. Slvekar M.K. Tandon,
C. Gnanaseelan, Prem Singh, A.A. Deo,
D.W. Ganer PR.C. ReddyB. Thompson,
J.S. Chevdary, B.H. Vaid, Medha
Deshpande)

L

Three dimensional multilevel ocean
model studies

Sigma @) coordinate ocean model POM

The three dimensional coordinate
free surface, primitive equation Princeton
Ocean Model (POM) with horizontal
resolution 1° x 1° and 21 levels from
surface to deep ocean (in which 10 levels

are from surface to thermocline layer) was E imulati ¢ int I ) irculation th
used to simulate surface and subsurface or simulation ot Intraseasonally wang circulation the

circulation and temperature of tropical quel was spun up for 20 yea_rs to reqch the quasi st_eady state
Indian Ocean (25°S - 25°N, 35° -115°E). using ECMWF monthly mean cllmatgloglcal surface fprcmgs and
Levitus Climatology for internal forcingd.he model simulated
For simulation of thermodynamic surface currents for all the 12 months after spin up time is shown
features the model was forced by in figure 48.The model successfully simulated fage circulation
QUuickSCAT surface winds and OLR for all the monthsThe westward flowing south equatorial
derived heat fluxes during 1999 to 2004 currents (SEC) between 10° and 20°S were found almost
to understand the Arabian Sea warm pool.throughout the yearDuring boeal winter the winds we
It was found that the surface water in the northeasterly in the north Indian Ocean but the Somali current
warm pool area is less saline, and soalong the Somali coast flew southward as simulated in the
favours the accumulation of heat in the January circulation. An eastward equatorial counter current
upper mixed layer The warmer and less existed in the Southerndrhisphere between 2°S and 8The
saline water acts as a thin stable stratifiedsouthward flowing Somali Current in the winter months
surface layer that inhibits the mixing with (November December and anuay) disappeared in fch.
deeper cooler and high saline watérhis During the spring season (prior to SW monsoon) the surface
strong haline stratification leads to the current along Somali coast s&t flowing nothwaid. The model
formation of subsurface temperature results suggested northward flow north of 5°N in March and
inversions through the formation of a northward along the coast in gil. Further, in April the
stable Brrier Layer The model was able establishment of strong eastward jet within a few degrees of
to simulate successfully the temperature equator in the central and eastern part of the Indian Ocean was
inversions observed in the South Eastfound. As in the case of Somali Current the East India Coastal
Arabian Sa (Fig.47). The westward Current (EICC) also reversed direction twice a year flowing North
propagation of these inversions with the Eastwad from Febmuary until September with a strong peak in
propagation of annual Rossby waves is March-April and southwestward from October to January with
also well simulated by the model. strongest flav in November Large basin wide anticionic gyre
Temperature inversions in the nbr in winter and spring i.e. &ember to Aril was seen in the dy,
Indian Ocean is found to be a permanentwhich agreed very well with available literature. B

Fig. 47 :Time-depth plot of tempature inversions (2000-2001) at
10°N, 75°E
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Fig. 48 : Model simulation of surface circulation for all the months after spun up for 20 years

Z-coodinate ocean genaircirculation model MOM4

The Modular Ocean Model version 4 (MOM4) with the horizontal
resolution of 2 x 1°and25 vertical levels was integrated over the Indian

The model simulated subsurface
temperature was well comparable
with  Simple Ocean Data
Assimilation (SODA) subsurface
temperature in the dipole years.
Subsurface cooling in the eastern
equatorial Indian Ocean of about
5°C at 80m depth was found in
the model during Octobed 994
and November 1997.The model
could simulate the currents in the
Indian Ocean wg well. The
strong currents associated with the
peak phase of negative dipole
mode year and absence \&frtki
jets in the positive dipole mode
year were well simulated. During
November 1997 the eastwdr
equatorial jets were replaced by
westward current. Associated with
the reversal of surface currents,
subsurface also showed a strong
eastwad flow (Fig. 49). The
westward flow in surface and
eastward flow in the subsurface
can lead to a zonal circulation
pattern. Thevertical velocity
analysis showed that western
equatorial Indian Ocean is
characterized by strong down
welling and strong upwelling in
the eastern regiofThese featas
were well evident in the model
simulations. Strong variability in
the circulation of Bay of Bengal
especially during the dipole mode
years was also seen in the model.

Ocean north of 40°S, from the state of rest for a period of 20 years.

Input to the model was obtained from the National Center fo
Atmospheric Research (NCAR) which consists of monthly climatologice
precipitation, daily climatological radiative fluxes of downwelling
shortwave and longwave radiations and 6 hourly climatologies of 10-i
zonal and meridional winds, air temperature, humidity and sea lev
pressure. After spin up, the model was integrated for a perio8 ydats
from 1958-2000 with inter-annually varying all the above mentionec
forcing from NCAR.The model simulated €& $irface Temperature
Anomaly (SSR) showved good agreements with the Obsasr
(HADISST) anomalies during peak phase of Dipole mode year
(e.g. Gctober 1994, October1996 and Wvembey 1997). The model
simulation showed a maximum cooling 6fon the eastern side during
ﬁl\lovember 1997, which was well comparable with the olbagpns.

v

Fig. 49 : Zonal — vertical current vectors
for 1996 (left) and 1997 (right)




Basin scalee@duced gavity model study jet in the positive dipole
years might be due to the

Ocean esponse to nwing tropical cylones using 1 %2 la&y IRG model weak westerly winds in the

, : . equatorial region.The
The IRG (IITM Reduced @avity) Ocean model was suitably modified t0 yqdel lower layer currents

investigate the ocean response to observed cyclones in May 2004, one in & rsed in the direction
Arabian ®a C 01A) and the other ind of Bengal TC 02B). The control  gn4 the magnitude of the
experiments for the obsad tracks offC 01A andTC 02B were pdormed . rents reduced to half of
with %° x %° resolution modelThe model upwlling and cooling indicated {he surface currents in
unusual left bias for th&C 01A due to the erratic motion in the initial stage. hoth the positive and
In the case of C 02B the model fields shed right biasThe model cooling is  npegative dipole years.

3° C and 3.5° C during the passageT@ 01A andTC 02B. The sensitivity

study with fine model resolutions (up to 9km x 9km), indicated the stronggDjagnostic studies
model output for both the clones. krther, the numerical experiments with using in situ and
varying vertical temperature gradient in the mixed layer were carried out a'%%tellite observations
the model cooling thus obtained for fine resolutions was found comparable

with the obsered cooling of 2.5°C on the left of tHeC 01A track and that of
3.5°C on the right of th&C 02B track (fg. 50 ).

Role of intra-seasonal
oscillations in modulating
storm frequencies

(1/2° x 1/2°) Resolution (1/8° x 1/8°) Resolution (1/2° x 1/2°) Resolution (1/8° x 1/8°) Resolution

The modulation of
the frequency of tropical
storms over the southern
tropical Indian Ocean by
o _ the intra-seasonal low
frequency oscillations was
investigated using data for
the period 1981-1995 in
the months November to
April, since the frequency
of the storms was higher
in these months.The
strength of the low
frequency oscillations was

Fig. 50: Tempeature change°C) on the thid day ofTC 01A for the diffent esolutons ~ €stimated by using pentad

(1/12° x 1/12°) Resolution Observed (1/12° x 1/12°) Resolution _ Observed

it

&

compaed with the obsged one. Bsitive values @ shaded OLR data over the region
_ _ (55° -105° E; 5°-10°S).
Study using 2 ¥ layer thermodynamic ocean model Band pass filter was

A 2% layer thermodynamic ocean model was used to simulate inter-ann@Plied to this OLR series
variability in the circulation and SST anomaly ($Tluctuations in the tropical and the variances in the
Indian Ocean using daily NCEP surface forcings for the period 1992-2000W frequency  bands
The warm SSA in the western equatorial Indian Ocean and coldASBTthe (10-20, 20-30, 20-40)
eastern equatorial Indian Ocean during the years 1994 and 1997 (positive diptifé'€ computed.
years) and, opposite S&Tduring the years 1992 and 1996 (negative dipolePreliminary results showed
years), were well simulated by the modBhe model sub-stace temperature that the strength of these
also shaed both positive and negative dipoleusture. The model circulation 0w frequency modes is
showed that the equatorial jet was absent in the year 1994 and weak in iihersely related with the
year 1997, whereas, during negative dipole years 1992 and 1996, the equatdigfiuency of the tropical
jet was found similar to the Climatology of the modéle absence of equatorial Storms. E




Wind driven transport in the Arabian Sea Following the davnwelling signals,
upwelling biannual Rossby waves were
?ormed in dily, 1994 and 1997 in the
east giving a sea saw gradient to the

Mean monthly meridional Ekman and Sverdrup transport
along the Arabian & at 8.5° N were estimated usingikgCAT
winds for the period 2000 to 200Bhere was strong southward _ _ _ _
transport in summer monsoon and northward transport during‘ermOCIIne In Fhe equatorial Indian
winter monsoon. Seasonally reversing winds contributed to thg€€an. These biannual Rossby wave
reversing currents and resultant mass trartspfear the 2000- Signals are triggered by the wind stress
2003 dine and 8ptember mean meridional Eman transpar ~ curl in the eastern boundarhowever
along 8.5° N in the Arabianed wee -17.4 8 and -6.1 §  Strengthened by the arrival of semi annual
respectively Four year mean values fronarduay, 2000 to  Kelvin waves. Based on this relatively short
December 2003 of meridional Ekman transpaand Serdup  record, the westward propagating
transport at southern boundary of AS at 8.5° N were -3.4 Sdownwelling biannual Rossby wave signal
and -4.0 § respectivelywhere as for the summer monsoon periodis hypothesized as a predictor for the
(June to &ptember) mean meridionaki@an transpdrfor four Indian Ocean [pole. These biannual
years was -13\8and Sverdrup transpot was -16.3 & The Rossby waves were also seen in the SODA
maximum meridional Ekman transport was substantially greater ifSimple Ocean Data Assimilation)
the month of une than JJAS and annual mean in most of the yeagpermocline depth.

(3 of 4 years) and the maximumv&drup transpdrwas in aly.

) ) ) Trimestral Kelvin wawes in the mdian
Biannual Rossby waves in the Indian Ocean Ocean

Anomalous downwelling biannual Rossby waves (filtered The anomalous downwelling
from TOPEX / POSEIDON SSHA) staed propagating timestral Kelvin wave propagation during
westwad from the eastern boundain luly/August, of 1993 October 1994 to MNvember/December
and 1996, more than one year prior to the formation of thg g4 terminated the basin-wide coupled
Indian Ocean Dipole (IOD) events in 1994 and 199@. (¥1). process by warming the eastern Indian
The biannual downwelling Rossby wave signals observed in th@cean. Moreover, such devnwelling
east during Jly, 1995, 1998 and 2001 did not shany trimestral Kelvin Véves were found to be
westwad propagationThis strong demwelling signals reaches absent during the 10D events concurrent
the western equatorial Indian Ocean during the peak dipole timg,.\1 the EI Nno (e.g. 1997).This

strengthened the role of surface heat
fluxes in terminating the 10D evenfto
study the role of surface heat fluxes in the
termination of 10D, latent heat fluxes and
rate of change of SST in the eastern 10D
box were analysed. It was observed that
reduction in the latent heat loss led to
the elimination of the coastal SST
anomalies in the east, which was observed

_ to be the cause for termination of the
L T IOD events especially during the 10D
years concurrent with the El Nino.
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anomalies (HSA) were carried out during be the physical and dynamical causes other than the large wind
1993 to 2002 in the tropical Indian variances for the locations of the error maxima shown in the
Ocean TIO). The first CEOF mode of geographical distributions of respective error variance.

T/P SSHA and HSA explained 30.13% o _
and 43.12% respectively of the total The statistical aspect of the &masts were studied by

variance and also showed existence ofcalculating the predictability score (i.e. the ratio of root mean
dipole like stucture.The second CEOF Sduare error and the standard deviation of analysed field of wind
mode of T/P SSHA and HSA explained at each grid point) and thereby estimating the predictability
21.66% and 22.48% respectively of the limit of certain geographical regions over the tropical belt (30°S-
total sea-level variance in thHEO, of  30°N) and the global tropics as a whole. Results indicated that
which spatial pattern clearly showed the root mean square error covers the tropical region after being
dipole stucture. Moreover, phase also generated in the Southern Hemisphere during the boreal winter
showed westward propagation of signalswhereas the same spreads the global tropics after being appeared
in the TIO. The study revealed that the in the Northern Hemisphere during the boreal summer period
significant amount of interannual variability for both the zonal (fig. 52) and meridional windg)(%3. During

is confined to the north of 15°S. the boreal winterthe limit of predictability of thendian region

was found to be up to 2-day forecasts but the South African
region and the northern Australia showed the predictability limit
of 1-day only In the boreal summer the tropical Africa, tinelian

and the Indonesian regions showed the predictability limit of
1-day for both the zonal (fig.52) and meridional winds (fig..53)
As far as the whole tropical region is concerned, the limit of

Sudies on Amospheric
Energdics inWawe Number
and Fequency Dmain

(PS. Salvekar

D.R. Chakrabady,

S.S. [esai, N.K. Agarwal, S.De, S.S. Kali
R.S.K. Singh)

Nonlinear eror enery budget of a
forecast model in medium range
tropical weather forecasts

In order to find out the possible
explanation for the locations of the error
variance maxima in the geographical
distributions of the systematic and
random error of NCEP (MRF) model
using the 850 h& wind forecast up
to 7-days for winter (DJF2000-01) and
summer (JJA, 2001) season with respect
to the places of maxima of the actual wind
variances, the relationship between the
error and the analysed flow were
examined.The systematic and random
error variances were normalized by the
analysed wind variances at each grid point
for each day of forecast. Almost similar
qualitative features of the error variance
and its respective normalized version

establish the nonlinear relation of the
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predictability was found to be 2-day and 1-day in the zonainteractions at the upper troposphere and
(fig.52) and meridional (fig.53) wind respectively during both there exists a temporal down scale cascade

the seasons.
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Fig. 53 : Redictability scoe in meridional 850 h&# wind for winter

(DJF 2000-01) and summedJA, 2001) of NCEP (MRF) model. Szor

greater than 1 is shaded.

Intraseasonal énsients in eneggexchanges

Many lav frequency phenomena such as the Maddéan]

Oscillation (MJO) or the ElI Nino — Southern Oscillations

of APE in the upper troposphere.
Howeve, APE spectra shweed its
maximum on 60 day period.

Diagnostic study for understanding
the onset phase of southwest
monsoon over the Indian region

Onset phase of the southwest
monsoon over Kerala coast and
subsequently its impact on atmospheric
circulation pattern was examined during
the unusual onset phenomena of the
drought year 2002 and abnormal
monsoon year 2004, by using NCEP
reanalysed daily wind, temperature and
humidity data over the region EQ-25°N
and 50°-90°E for the period 15 May —
15 dine throughout in the dposphere.

For the case of vgrearly onset of
2004 (18 May), computations showed a
very strong upward motion in the
southeast Arabian Sea throughout in the
lower and mid-troposphere indicating the
existence of intense mesoscale circulation.
Upward velocity () drastically increased
up to 20 May with a max.
®=-19 x 16 mb s at 700 h& in the
southeast coast of India which supported
the existence of very severe cyclonic storm
during 17-20 May over North Bay of
Bengal. Hbwever, the strong magnitude
of vertical velocity gets reduced when
averaged over synoptic scale region. It

(ENSO) exhibit rapid growth where they appear to be undergoing>eems that the onset over Kerala coast on
a phase locking with other time scales such as the annual cyclgg May was due to strong systems in the
Using ECMWEF reanalysis (ERA 40) data sets for the year Zookrabian Sea and in the Bay of Bengal

an example of phase locking of different time scale was studie
and it was found that during the epochs of phase locking a lar
increase in nonlinear energy exchanges occurs from one time sca|

to the other

‘flhe abnormal intensity in the upward

grﬁotion, particularly in the eastern half

3Ff India and Bay of Bengal region was
found since thirdweek of May. But the

The preliminary study of nonlinear APE (available potentialoverall large scale monsoon development
energy) exchanges in the frequency domain to examine thH&@roughout in the north of equator was
baroclinic mechanism for the maintenance of transientoticed only from 1une. h view of this
disturbances during Indian Summer Monsoon 2004 showed th#t was concluded that large scale
ﬁI\/IJO on 30-60 day time scale looses APE by inter time scaldevelopment of monsoon circulation is




required to finalise the monsoon onset because the occurrencewofticity, ({ = 2 x 10°st) on 12 dine,
convective activity can be due to pre-monsoon systems. 2002. This computation gave indication

h he hori | td ) Ithat though the onset of southwest
For the year 2002, the horizontal extent of dynamica monsoon for the year 2002 was declared

parameters was found to be of mesoscale nature tilln@.J on 29 May based on the rainfall criteria
Thereafter from 9 line onwads, all the parameters shed over Kerala coast. the circulation in the
increase in the horizontal extent i.e. synoptic scale. Strong cyclonjg . |avel was n ot, favourable till 12k
circulation was found in the northwest to southeast belt fro ver the region EQ-25°N & (B-90°E.
north Arabian Sea to southwest Bay of Bengal with maxDuring the abnormal year 2004
{ =5x 10°s*at 850 to 700 h# on 12 une. Atmospheric . . vaticity was seen on lude ’
circulation on southern Indian Ocean was found to be favourablﬁ] the small region. It was seen that
for large scale monsoon system. All the significant features fo@nhanc ement in the vorticity took place
the onset phenomena were noticed from 91%eJThe time near the onset dat@he area averaged
series of area averagedrtioity at 850 hR over the horizontal varticity from suface to 700 h® s found
region surrounding Kerala coast i.e. 5°-15°N, 65°-85°E were als ) be suitable to decide the onset of
obtained for diffeent years as sk in the (kg. 54). For the southwest monsoon for India. In other

year 2002, the vorticity magnitude was found to be Oscnlaﬂn%ords the rainfall criteria at Kerala coast alone
from 1- 8 dine and then it gradually increased with a Maximum,e | < ficient to finalise the onset date.
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Fig. 54 :Time series of the vixity for all the small egions at 850 hde




Climate and ®bal Modelling

¥

Cyclone density computed from the GCM simulation experiments
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Climate and Global Modelling Division conducts global modelling studies to
understand the physical and dynamicabgesses in the climate systefhe curent
research programmes are focused at the following objectives :

0 Comprehensive study of the physical and dynamical processes relating to global
and monsoon climate and their variabilities and change on different time scales.

0 Development andniprovement of physical and mathematical models capable of
simulating climate, its variability and change due to natural and anthropogenic
factors and validation of the results of the climate models.

0 Application of general circulation models for seasonal forecasting of monsoon
rainfall.




Diagnostics and we"mg forced with climatological wind-stress and interannually varying

. heat fluxes.
Studies of LongTerm o _ _
The EXP1 and EXP2 simulations, which were forced with

Trends andvanablllty of interannually varying wind-stress, showed many features of the

Climate or the Indian - observed subsurface variability associated with the 10DZM
: : : evolution (Fkg. 55). On the other hand, the sulface variability
Asia Facific mglons was found negligible in EXP3 due to the lack of ocean dynamical
changes resulting from the absence of interannually varying
wind-stress forcing. Analysis of subsurface variations from the
OGCM simulations indicated that the development of I0DZM
events can be traced back almost one year prior to its mature
Numerical simulation of idian phase. Eastward propagation of heat content anomalies, in the
. equatorial region, can be noticed during the autumn months of
Ocean Dipole / Zonal Mode events Year (-1) which leads to accumulation of heat in the eastern

using Ocean GCM. Indian OceanThe accumulation of warm waters in the eastern

(R. Krishnan, J. R. Kulkarni, A. K. Sahai,
S. K. Mandke, M. Mijumdar .P Gharge,
K.V. Ramesh)

Studies in the recent past have
drawn attention to an ocean-atmosphere
coupled instability in the tropical Indian
Ocean, which is analogous to the
El Nino/Southern Oscillation (ENSO)
phenomenon in theagific Ocean, which
is being referred to as the Indian Ocean
Dipole/Zonal Mode (IODZM). It is
now recognized that the ocean-
atmosphere coupling associated with the
IODZM involves the well-known
Bjerknes feedback mechanism through
which ocean temperature gradients induce| > ——————1—— — T T T T 1
changes in the zonal winds and wEoTer e ”["']E TR EEE o R l0on [d',:_m'E
precipitation; so that the zonal wind -
anomalies in turn influence the ocean
temperatures by altering the thermocline
movements through upwelling/
downwelling variations. i this study the
evolution of subsurface features associated
with the IODZM was investigated using
observed datasets and numerical
simulations from ocean general
circulation model (OGCM)Three sets
of 43-year (1958-2000) simulation
experiments were carried out. In the first T T T T 1 T T T T T
experiment (EXPl), the OGCM was 400 BO*E BL°E CGRRE 120°F 4570 E0°F BOUE 100°E 120°F
forced with monthly observed wind-stress

and heat fluxes. In the second experimentrig 55 :| ongjtude-time section of ocean heat content anomalies in the upper
(EXP2), the OGCM was forced with 300 meters during IODZM everithe anomalies &elatitudinally averaged
interannually varying wind-stress and petween 1% and equator (a) SODA dataset (b) EXP1 (c) EXP2 (d) EXP3.
climatological heat fluxes. In the third The time-axis (0000, 0001, 0002) @spond tirears (-1, 0, +1) espectively
experiment (EXP3), the OGCM was with respect to the IODZM eventYear (0) E
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Indian Ocean is followed by gradual westward propagation ofhe same boundary forcing, starting from
heat content anomalies from the spring season March-April-Madlifferent initial conditions tend to diverge
[MAM (0)] onward. The westwat propagating heat content after a few days. Such variability due to
anomalies are related to off-equatorial Rossby waves forced bypternal dynamics is known to be
anomalous easterly winds. Arouncajdline months, the seasonal substantial over the Indian monsoon
upwelling enhances the cooling in the eastern Indian Oceafiégion. Several sets of experiments were
The dipole pattern of cold anomalies in the east and warrgarried out with a global atmospheric
anomalies in the west can be seen framedilly-August PJA (0) ~ model in order to understand the role of
onwad. The dipole pattern in the SST anomalies and the easterfiternal dynamics in affecting the
wind anomalies intensify during September-October-NovembegXtended range monsoon prediction.
[SON (0)]. Further it was seen that the dipole pattern in the Preliminary results of this study indicated
subsurface temperature anomalies continue beyond SON(0) affgt the variance among the different
the anomalies are found to be very strong during the wintef"Sémble members tends to be small
months Decemberdiuay-Febuary [DIF(0)]. Termination of ~ When the model integrations are initiated
the I0DZM was characterized by eastward propagation of hedf®™M & set of states corresponding to a
content anomalies from the western Indian Ocean. By MAMVeaK monsoon situation. On the other
(+1), the cold anomalies in the eastern Indian Ocean werg@nd: the spread among the members is
dramatically reducedThe findings futher suggested that found to be higher when the integrations
interactions between theagfic Walker cell and theegional east- are started from initial states _that
west circulations over the equatorial Indian Ocean play aﬁorrespond to active monsoon condition.

important role in determining the evolution of the IODZM. Dynamical prediction of summer

Additionally, a suite of simulation experiments was carriedMonsoon 2004 using AGCM
out using a regional Indian Ocean General Circulation Model
in order to understand the influence of the Southwest monsoon ~Monsoon seasonal prediction
circulation on the evolution of oceanic anomalies associated witBXperiments were carried out using two
the IODZM eventsThe results indicated that an enhancementitmospheric general circulation models
of easterly winds, associated with strong monsoon cross-equatorffdGCMs) for the monsoon season of
flow, plays a aucial role in inducing upelling cold waters in 2004. The two AGCMs used for this
the easternndian OceanThe intensified upelling elevates the Purpose wre (1) COLA T30L18
thermocline, so that the cold anomalies in the eastern Indiat®) PortableUnified Mode (PUM) \ér.4.5
Ocean are maintained by ocean dynamical proceStesstudy ~ 9rid-point GCM from UKMO.The latest
highlighted that the forcing from the Southwest monsoon is afPserved SST anomalies of May 2004

important factor in the evolution of the oceanic sub-surfacéVeéré superposed on the monthly
anomalies during I0DZM events. climatological SST and used as boundary

condition for the GCM experiments. In
Feasibility of extendedange monsoon ediction using the case of the COLA AGCM, four
dynamical models member ensemble runs were carried out

starting from different observed initial

Numerical experiments were conducted using a globafonditions. In case of the PUM AGCM,
atmospheric model to investigate the feasibility of extended rangéiX member ensemble runs were carried
monsoon predictionThe basis for seasonal scale predictability®Ut: The results from the COA
of the atmosphere is that bottom boundary forcings like se@imulation showed deficient monsoon
surface temperature (SST), soil moisture, etc. vary slowly a&infall (-16 % departure from the
compared to the atmospheric anomalieswéber the problem hormal) over the Indian region for 2004.
of the extended range prediction (timescale ~ 2-3 weeks) involveshe PUM simulation also showed a
not only the effect of slowly varying boundary conditions ondecrease in the monsoon rainfall (-3.0 %
the atmosphere, but also the impact from the atmospheric initifléparture from normal) over the Indian

wonditions. Numerical integrations of atmospheric model, with€gion during 2004.




Tropical cylones @er Northwest central Rcific; while the meement of the tropical cjones is
Pacific and its linkage with the associated with anomalies of upper-tropospheric steering currents.

Southwest monsoon circulation R
i~ \‘fj

Several studies in the past have |z
examined the variability of the Indian FHH-\\_E
summer monsoon in relation to typhoon o |
activity over the Mrthwest Rcific. It has 1
been knwn that “beak$ (dry periods) ' /

(a)

in the monsoon rainfall over India are 1 A

generally associated with northward | gJ/ - .
moving tropica| Cyc|0nes over the A0E {'u'fl': "‘ISI'_ 1005 120E T4DE 16DE 18D TEOW 140W
Northwest Rcific. The recent monsoon e
drought during 2002 is an excellent s A R T
example to illustrate this poinfThe

fig. 56 and 57 show that as many as 7

(b)

tropical storms formed duringuly, 2002 50N+
and most of them moved northward
causing heavy rainfall over the 40N 1
Philippines-Taiwan region (k.56 ).

During this period, the Indian 301
subcontinent experienced an intense and
prolonged monsoon break. An 20N

investigation of the dynamical association
between the southwest monsoon 10K 5
circulation and the tropical cyclone
activity over Racific was carried out using
long-term data of the observed typhoon
tracks and daily global winds for 55-years Fig. 56 : (a) Spa.tial dist.ribution of rainfall anomgly (mm pe.r day) during
(1948-2003).The findings from this July, 2002.The grlddedalpf_all _data ar;? frqm the Cl|mate|1éd|ct|pn anter
Merged Analysis of Precipitation, which is a product of merging rain gauge
Iobservations and precipitation estimates from satellites (b) Observed cyclone
tracks oer tropical Racific during 2002. Diffeznt colours indicate thedrks
during the monsoon months [June (Red); July (Green); August (Blue);
September (Purple)]
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study revealed that large-scale circulation
anomalies associated with the interannua
variability of the Indian monsoon play an

important role in influencing the tropical

cyclone activity @er the west &ific. The

cyclogenesis over the tropical west-central - _ _ .
Pacific was found to be about 1.33 times Additionally, several sets of numerical simulation

higher during weak monsoon years as experiments were conducted using an atmospheric GCM in order
compared to strong monsoon years. Also,t0 study the monsoon drought of 200he moderate IENino

there was greater tendency for treeific ~ conditions prevailed during the summer of 2002. Model
cyclones to move northward and recurve experiments that were forced with thedHic sea-sulace

(to the north of 2eN) during weak teémperature (SST) anomalies of 2002 indicated weakening of
monsoon  years. The enhanced the Southwest monsoon circulation and decrease in rainfall over
cyclogenesis during weak monsoon yearsthe Indian region. In addition, the anomalous response of the
is found to be associated with enrichment large-scale cinglation to the El Nino forcing in the model was
of low-level cyclonic vorticity anomalies found to alter the tropical cipne activity over the dithwest Rcific.

over a wide-region of the sub-tropical The GCM simulations showed a general increase in the tropical
Pacific extending from the Chinaes, cyclones oer Northwest Rcific when forced with the warm SST

Taiwan and Philippines region to the anomalies in thedeific associated with thel Bino (Hg. 57 ) p




ensemble spread varies among six
monsoon seasons with minimum
(maximum) in monsoon 2000 (2003).
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Fig. 58 : Standardized spread among 12 ensemble
members for Indian summer monsoon
precipitation simulated by model with May SST
anomaly persistent

I

9 : F oiRar [ H
a0E 10%E 120E 135f 150F 9BRE 1BD  165W The Welghted ensemble mean
(WEM) method gives more (less) weight
=" | .- .
U1 Z35 456 7B 810111213 to ensemble members for which the sum

_ _ _ _ ~of the distance between daily anomalies
Fig. 57: Cyclone density computed from the GCM simulation experiments,m, rest of the ensemble members is less

(a) Experiment forced by climatological SST (b) Experiment forced by S%Fn ore). The WEM may capture the
of 2002 (c) Experiment forced by SST of 2002 only for abidOcean; )

elsewhere by climatological SST (d) Experiment forced by SST of 2002 o . ;
T r in he noi from
for the hdian Ocean; elsewreiby climatological SSThe esults ae based t.)y ed.uc g the (.) S€ 0
. ) . unpredictable internal dynamics.
on 10-member ensemble integrations carried out for each of the four
experiments Comparison of percentage departure
of summer monsoon precipitation

General Ciculation Mbdel §stematic for  averaged over Indian land region
Correction and 8asonal fediction Wsing ~ S/Mu/ated by the mode] in twelve-

member ensemble mean (EM) and WEM

g nal resulting from boundary forcing of

Artificial Neural Netwoik with corresponding CMAP observations
is shown in (fig. 59). It is clearly seen
(A. K. Sahai, J. R. Kulkarni) from the figure that WEM improves the

) . . precipitation forecast except that for the
Dynamical seasonal prediction of recent monsoons usiR@ar 2000.

weighted ensemble mean method

OFsi OhTs W

An assessment axperimentaldynamical ensemble seasonal | [
prediction of recent six Indian summer monsoons was made wi
weighted ensemble mean methddvelve-member ensemble |i 'D_[‘—F L] 5
integrations for six-monsoon seasons (1999-2004) were ma| - . ]
with Portable Uhified Model (PUM) version 4.5 GCM specified : e
with May SST anomaly persistent as boundéorcing. The h
Indian summer monsoon precipitation simulation by models is
sensitive to small changes in initial conditions causing largeg 59 : Recentage depaure of summer
intraensemble spread.he standatised spread among 12 monsoon precipitation over India in 12 member
members ensemble of the model for summer monsooBnsemble mean (EM), weighted ensemble mean

ﬁprecipitation over India is shown in (fig. 58). It is seen that thqgWEM), Observations (CMAP)

Ry p———




Spatial distribution of precipitation anomalies over The percentage departure monsoon
30°-150E; 20°S-40°N in EM and WEM were also compared of precipitation over India in 2003
with corresponding CMAP anomalies for all the six monsoons(2004) in majority of ensemble members
Results showed that the precipitation anomalies from WEM ares positive (negative) in spite of presence
closer to the obseations than the EMThe precipitation of La Nina in the month of May of both
anomalies for summer monsoon of 2002 and 2003 for EM angears, implying that the S&Tof ocean
WEM are shwn in (fig. 60) (a, b andl, e respectively).The basins other than Nino3, play a role in
corresponding observed precipitation anomalies from CMARhe monsoon interannual variability
(CDC merged analysis of precipitation) are also showifiin
60) (c and f for 2002 and 2003 respectively). Improvement
with weighted ensemble mean method is seen clear from the
figure.
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Fig. 60 : Precipitation anomalies (a) 12-member ensemble mean (b) weighted ensemble i (c) C
observations for summer monsoon 20023emember ensemble mean (e) weighted ensemble mean
(f) CMAP obserations for summer monsoon 2003
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ENVIS-Center
(Acid Rain and Amospheric Bllution)

ENVIS Canter
ACID RAIN AHND ATHOFHERIC POLLUTIGN MODELING
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The broad objective of the center is to furnish and disseminate information on the
subject aga ‘Acid rain and Amospheric Bllutant$ and to enrich the ailable database
for India with the following goals :

0 To dewlop qualitatie as well as quantitatie¢ database for primyras vell as
secondary data sets related to all the atmospheric pollutants viz. Carbon Mono-
Oxide (CO), Oxides of Nrogen (NQ), Ozone (Q), and Sispended &ticulate
Matters, etc. and acid rain records in terms of acidification index.

0 To classify the database on the basis of type, quality and acquisition amstite pr
web linking of the database to serve the purpose of obtaining all the data at one
site.

0 To encourage the dissemination of emtr knavledge on the subject ea and
related information thaugh periodic nesletter papers in journalsgpots, etc.

0 To make society awarabout the subjectea, visits /open house for common public
and provide voluntary consultation services to educate and create awareness about
the subject aa to fulfil the need of the bottom end user




registered with popular web search engines bkegle.com
altavista.com andkhoj.comwhere the link of ENVIS web site

Establishment of the

ENVIS Centre appears as a first option when used wiitid Rain and @llutant
Modelling as a key wai. The animated/CDs with the related
(G.B. Rant, G. Beig, and S. Gunthe) subject areas are available for the visualization. In addition, Kids

The ENVIS center on the subject corner Bibliography and a feedback gyesession is set-up

area Acid Rain and Atmospheric : f ol
Pollution” at the Indian Institute of Atmosp_herlc BIIUta_ntS and Eission
Tropical Meteorology Pune has been | INventories: Information and Database
established in ébuary, 2005 to build up

repositories and dissemination center in Creating and disseminating the database for various
the subject areas of acid rain and pollutants for hdia is a major objective of the cent&o fulfil
atmospheric pollutantsThe storage, this objective the database related with following pollutants have
retrieval and dissemination capabilities, been developed:

with the ultimate objective of
disseminating information speedily to the *
users have been madéne ENVIS Center
has developed and maintaining an. carbon Mono-oxide (CO) : Emitted from combustion
information base that includes both process.

descriptive information as well as

numerical data. Descriptive information * Nitrogen Doxide (NQ) : From the fossil fuel combustion.
in the form of publications, reports,
reprints and abstracts on Atmospheric
Pollution is stored for dissemination. Data related with the above pollutants have been created
Numerical data on the subject are and maintained for the various major citiesridia. The database
collected, compiled, processed and developed is normalized to eliminate maximum amount of
analysed for the purpose of dissemination. redundant data to ensure that data are logicallgcortbwever,
Documentation in the form of guidelines for the data normalization may differ for different
publications and reports are periodically aspectsThe online database comprises a visual fater with
issued.The whole information thus the measurements of atmospheric pollutants (viz. ozone, NOX,
compiled is made available on the website CO, Volatile organic compounds), which is an ongoing activity
launched.The ENVIS web site was of the Institute. A reliable Data Acquisition System (DAS) have
launched on 10 Febuary, 2003 when peen developed to acquire data on a real time doe Rity The

it was a nodeThe current ENVIS website  value of minimum and maximum ozone at the Institute premises
at IITM has a public domain IP address. in Pune has been found to be around 10 ppb and 105 ppb
It comprises the interlinking with other respectively over the year which varies within the above limit.
ENVIS nodes and center resources, The link given to this database enables the online visualization
sustainable operation and management orof this database in graphical form@he secondar data have
system reliability and availability been included either by web links or directly form the generating
adequate fail-safe operations, backup,agencies like CPCB, NEERI and other institutes.

recovery provisions etc. It includes some _ o
initial basic information containing the The database generated for the geographical distribution of

various narrative sub-topics and pollutant emissions from various sources in several layers using
diversified fundamental aspects related to the GIS software are displayed offline in website. A record of the
subject.Web site has been designed in estimated amount of pollutants (commonly in Ibs or tons)
such a way that all the links will appear emitted from mobile and stationary sources into the atmosphere
on a same domain frame while surfing. OVer & specific period such as a day or a year for a particular
To provide information about the topics location forms the basis of emission inventories. Further

covered in the website. it has been development of database for emission inventories in Inw

Sulfur Dioxide (SQ) : Mainly due to fossil fuel and
industries.

Ozone (Q) : A secondary pollutant.




been unddgaken. Br this purpose, data any sign of acidification of rainwatefhe pH values of rainwater
related with NQ, CO, CH, and black found to be of the range of 6.2 to 6.8 and 6.68 to 7.21 for
carbon emitted from various sectors like Mumbai and Klkata respectivelylt has been concluded fro
Transpot, Energy and B-mass burning the observations taken, that (a) monsoon rainwater is neutral
etc. has been maintainetihis database under local condition and (b) rain water dissolves little carbon
has been categorized in three categoriedioxide and the dissolved gas is not in equilibrium with
(i) emissions for India, (ii) for different atmospheric carbon dioxide. Acid rain has a variety of effects
states and (iii) for different locations including damage to forests and soils, fish and other living things
having particular emission source within and human health. In some part of the world an effect called
the states. IBm the database emission of “Visibility Reductiori due to acid rain has been repsd.

CO from fossil fuel over Maharashtra has However, such acid rain episodes india are found to be we
been found to be of the order of 2857.3 low and sparse.

Gg. Further database has been downscaled

for emissions from power plants. In ' Carbon — Mnaxide Bmission fom

Maharashtra the emissions of CC5Q e . c
and NO are found to be 0.956. 0006 Bio-fuel Sources over the Indian Region

and 0.007 mass/KWH respectively for
Parali Pbwer Plant.This entire database
has an interface/link for the online
visualization.

The issues related to emissions of atmospheric pollutants
are the key to understand the air pollution problefosaddress
the emission related issuesnited Nations Famework
Convention on Climate Change (UNFCCC) has also initiated
Data Bank for Acid Rain an effot. The immediate requement was to @pare national

inventories of Greenhouse Gases (GHG) emissions and sink using

The amount of data available in India cOmparable methodologies. National level inventories not only
related to acid rain parameters are limited. Improve global emission estimates and consequent impacts but
Effort is being made to compile maximum also provide a base line from which nation may develop their
information available on this subject area future emission strategies to streamline the anthropogenic
for dissemination through IITM-ENVIS activities. The Indian subcontinent is a rich source for ozone
web link. The rainwater has been classified PrecursorsThe predominant circulation pattern can ypatie
on the basis of pH scale either into acidic pollutants from one place to other regions depending on the
or basic categories. Seven is considereddirection of the flaw. The concerned world scientific community
neutral and measurements below sevenlS focusing attention to explore chemical weather related to
pollution which is mostly influenced by local or regional factors
or alkaline. Rain is naturally acidic rather than global where Indian subcontinent is going to play a
because carbon dioxide, found normally major role. Bio-fuels are the main source of energy for cooking
in the eath's atmosphere, reacts with and other household use in rural areas and even many urban/
water to form carbonic acidVhile “pure S(_emi—urban aregﬂ'.he congum_ptiop and compositi_on ob_@els
rair's acidity is pH 5.6-5.7, actual pH differs from region to region imdia. The combustion efficiency
and hence emission of CO will also differ based on composition
of the bio-fuel and the stoveshullahs (open stoves) used for
cooking. There will thus be a marked difference between
contribution to bio-fuel) CO from wral and urban area3o
relate the CO emissions to the rural or urban population, it was
necessary to first determine the relative contribution by the rural
and urban sectors. An estimate of the relative bio-fuel
consumption by rural and urban population can be obtained
from the Census ofntia (2001).The household data released
till date gives the number of rural as well as urban households
utilizing various fuels as a main energy source for cooking.

are acidic while those above it are basic

readings vary from place to place
depending upon the type and amount of
other gases present in the,auch as
sulphur oxide and nitrogen oxides.
Sulphur dioxide and nitrogen oxides are
the main pollutants that cause acid rain.
These pollutants are emitted largely by
the combustion of fossil fuels. It can be
stated from the available database for the
acid rain that for the two major cities like
Mumbai and Klkata it does not sho




The energy sources considered for Census survey wefigures are then applied to the district-
firewood, crop residue, cow-dung cake, coal (including ligniteJevel population from the respective states,
charcoal), kerosene, LPG, electricitypiogas and others. thus allocating the bio-fuel CO emissions
Households using firewood, crop residue and cow dung shoulitom state to district levelTotal CO
be considered as those consuming bio-fuels. As per the Censeimission from all the sources over the
figures, out of the 192 million households in India, nearlyindian geographical region for 2001 was
139 million use bio-fuel as main source of cooking, and nearlyestimated to be around 69,376 Qdne
90% of these are from the rural area. Based on the number GO emission from bio-fuel sources was
(rural/ urban) households using bio-fuels in a given state, tharound 34,282 Gg for the same year
number of rural and urban persons depending upon bio-fuelghich is almost 50% of total CO
can be determinedhe propotion of this wral/ urban population  emissions, thus signifying that the bio-
is applied to the state-level bio-fuel CO value to determine théuel from the rural sector is the most
contribution from rural and urban sector to CO emission fromimportant and major contributor for CO
that state. Based on the respective population and C@mission ger Indian region. Fure 61
contribution, the per capita emission of CO (separately for rurathows the distribution of bio-fuel
and urban) is determined for each statee interstate difference CO-emission from the rural, urban and
in per capita CO emission thus obtained can be said to represgfifm of both rural and urban sectors
the differences in proportion of population using bio-fuels,respectively for 2001 over the Indian
composition of bio-fuels used, types of stoves / combustionegion.
efficiency, etc. between the stateBhese per capita emission
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Fig.61 : Geogaphical distribution of © emissions (Gg/year) from bio-fuel stes in 2001 wer India (a) Rual Sectar (b) Urban
Sector and (c¢) Sum of rural and urban sectors
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Sonsoed Reseath Rojects

In addition to the on-going research programmes the Institute undertakes sponsored projects for specific
studies.The details of the sponsored projects operational during the year are given below

Grant

S. . Principal . ; Funding
Title : Period (Rs.in
. : Department
No Investigator lakhs) p
1. Atmospheric Aerosol Loading fromDr. PC. S. Devara 1997-2006 8.20 Space Applications Centre,
IRS-FB MOS Sensors Data Indian Space Research
Organisation

2. Management é?spectives to SeasonaDr. K. Krishna 2000-2005 7.02 Global Change System for

Climate Forecasts in Mixed Cropping<umar Analysis, Rsearch antraining
System of Southern Indg@aSemiarid / Asia Racific Network
Tropics

3. Aerosol Optical Characterization andr. G. Rindithurai  2001-2004  3.62 Department of Science and

Investigation of Aerosol Radiative Technology Govt. of India /
Forcing at the 8rface andlop of the National Science Foundation,
Atmosphere USA

4. Impact of Climate Change divater Dr. G. B. Rnt 2001-2004 9.50 Ministry of Environment &
Resources Forests, Govt. of India/ Dept. of
Environment, Food and Rural
Affairs, Govt. of U.K.

5. Indian Climate Change Scenario fobr. K. Rupa Kimar 2001- 2004 48.50 Ministry of Environment &
Impact Assessment Forests, Govt. of India/ Dept. of
Environment, Food and Rural
Affairs, Govt. of U.K.

6. Sensitivity of the Indian SummerDr. K. Rupa Kimar 2001-2004 6.20 Indo French Centre
Monsoon to Anthropogenic Climate

Change
7. Non-linear Scale Interactions in theshri D. R. 2001-2004 7.85 Department of Science and
Energetics of Mnsoon inWavenumbey  Chakraborty Technology Gort. of India

Frequency Domain

8. Observational Study of Aerosol Radiativédr. R. S. Maheskum&001-2004  9.36 Department of Science and
Forcings on the Surface Reaching Solar TechnologyGout. of India
Flux (FastTrack Scheme folYoung
Scientists)

9. Sudies of Atmospheric Aerosolsiace Dr. PS. P Rao 2001-2004 16.57 Department of Science and
Gases and Precipitation Chemistry in Technology Gort. of India
Different Environments




Grant

S. . Principal . . Funding
Title : Period (Rs.in
No. Investigator lakhs) Department
10. Surface Climatology ofWestern Dr. K. RupaKuimar 2001-2005 9.90 Snhow and Avalanche 8idy
Himalaya Establishment, Defence
Research & Development
Organisation, Govt. of India
11. Numerical Modelling of the Upper Dr. C. Ghanaseelan 2001-2005 7.764 Department of Science and
Ocean Mixed Layer over Indian Ocean Technology Govt. of India
Region using Satellite Data
12. Atlas of Spatial Features of MoistureDr. N. Singh 2001-2005 20.71 Department of Science and
Regimes and Rainfall of India during Technology Govt. of India
19" and 2@ Centuries
13. Experimental and’heoretical 8idies Dr. D. B. dhav 2001-2005 29.65 Department of Science and
of Seconday Pollutants and Ozone for Technology Govt. of India
Chemical Forecasting
14. Climate Change Projection for IndiaDr. K. Rupa Kimar 2002-2004 18.00 National Communication
and Assessment of the Associated (NATCOM), Ministry of
Agricultural and Human Health Environment and Forests, Govt.
Impact of India
15. Composition of Acid Deposition Dr. PS. PRao 2002-2004 0.90 Depatment of Meteorology
(CAD) Sockholm Lhiversity Sveden
16. Dendroglaciological Studies of HighDr. H. PBorgaonkar 2002- 2005 4.92 Show and Avalanche 8idy
Altitude Glacier $tes of Western Establishment, Defence
Himalaya Research & Development
Organisation, Govt. of India
17. Studies of Lightning Discharges DuringDr. (Snt.) S.S. 2002-2005 6.36 Department of Science and
Pre-monsoon and d3t- Monsoon Kandalgaonkar Technology Got. of India
Thunderstorms over Pune
18. Lidar Sounding of Aerosols in theDr. G. Randithurai  2002-2005  7.44 Department of Science and
Lower Atmosphere and their Impact on Technology Govt. of India
Local Climate and Environmentdst
Track Scheme fofoung Scientists)
19. Establishment of Wind Profiler DataDr. G. B. Rint 2002-2005 22.43 Department of Science and
Archival and Utilization Centre at [ITM Technology Gout. of India
for Wind Profiler/Radio Acoustic
Sounding System
20. Air-Sea Interactions in the IndianDr. R. Krishnan 2002-2007 106.80 Department of Ocean

Ocean Region (DOD / INDOMOD
10" plan programme)

Development, Govt. of India

D




Grant

. . Principal . h Funding
Title . Period (Rs.in
. ; D rimen

No Investigator lakhs) epartment

21. Data Assimilative Sigma Coordinat®r. C. Ghanaseelan 2002-2007 41.75 Department of Ocean
Numerical Model for the North Indian Development, Govt. of India
Ocean (DOD / INDOMOD 10plan
programme)

22. Influence of Columnar Aerosol, OzonBr. PE. Raj 2003-2004 10.08 Department of Science and
and Water \apouron the Bolution of TechnologyGout. of India
Warm Rol over the Southern Arabian Sea

23. Environmental Information SystemDr. G. Beig 2003-2004 11.46 Ministry of Environment and
(ENVIS) Node on Acid Rain and Forest, Govwt. of India.
Atmospheric Bllutants Modelling

24. Estimation of Standard Project Stori@hri B. N. Mandal 2003-2004 6.00 National Thermal Power
(SPS), Probable Maximum Precipitation Corporation (NTPC), Noida
(PMP) andTime Distribution @er the
Bhagirathi Catchment up to
Loharinagpala & Dhauliganga
Catchment up tdapovan

25. Monitoring of Pllutant $ecies in Rain Dr. S.Tiwari 2003-2005 11.16 Department of Science and
Water / Dust Bll in Different TechnologyGout. of India
Environments around the National
Capital Region of Delhi

26. Atmospheric Boundary Layer over the Dr. (Snt.) S. B. 2003-2005 2.88 Department of Science and
Arabian Sea during ARMEX Morwal TechnologyGout. of India
Thermodynamic Aspects

27. Application of Satellite Data to Climatédr. G. B. Rnt 2003-2005 15.50 Indian Space Research
Research Organisation (ISRO), Govt. of

India

28. Optical Remote Sensing Studies of tiizr. PC. S. Devara 2003-2005 1.31 DST (Indo-Bulgarian Inter-
Atmospheric  Boundary Layer Governmental Program of
Characteristics Using Laser Radar Co-operation in Science and

Technology)

29. Role of Aerosols and Black Carbon iBr. R D. Safai 2003-2006 33.94 Indian Space Research

Atmospheric Radiation Budget Studies Organisation (ISRO), Govt. of
India
30. Modelling ofTropical Aerosol RadiativeDr. G. Rwindithurai  2003-2006 9.62

Forcing Using Satellite, Lidar and
Radiometric Aerosol Database and

Surface Radiation Measurements

Indian Space Research
Organisation (ISRO), Govt. of
India




Grant

. . Principal . h Funding
Title . Period (Rs.in

No. Investigator lakhs) Department

31. Multi-Site Characterization dfropical Dr. PC. S. Devara 2003-2006 42.40 Indian Space Research
Aerosol Direct Radiative Forcing Using Organisation (ISRO), Govt. of
Measurements India

32. Acid Rain and AtmospherioRution Dr. G. Beig duly, 2004- 5.27 Ministry of Environment and

March, 2005 Forests, Govt. of India
33. Science of Climate Change Dr. K. Rupa Kimar 2004-2005 5.50 British High Commission,
New Delhi

34. Preparation of Generalized PMP Atlasd3r. G. B. Rint 2004-2006 42.00 Central Water Commission
for the Krishna and the Indus River (CWC), New Delhi
Basins

35. Monsoon \ariability Sudies with Dr. G. B. Rnt 2004-2007 16.00 Space Applications Centre,
Regional Climate Models using Satellite Ahmedabad
Derived Sirface Rrametersvalidation
and Application

36. Direct Radiative Forcing due to AerosdDr. PC. S. Devara 2004-2007 42.25 Department of Ocean
and Precursor Gases over Antarctic Development, Govt. of India
Region

37. Atmospheric Bllutants and ChemicalDr. G. Beig 2005-2008 31.98 Department of Science and
Weather under ifferent Environments Technology Gort. of India

38. Impact of Longlerm SlarVariability Dr. G. Beig March, 2005- 6.73 Climate and/NVeather of the
on the Middle Atmosphere Chemical March, 2008 Eatth System (CAVSES), hdian

Climate using Satellite Data and Model

Simulation

Space Research Organisation




Other ecial Brents and Ativities

Visit of Minister of Sate for Science and Editorial Board of the Indian Journal of
Radio and Space Physics for the period

TeChnOIOQy and Cean [b\elopment Januay, 2005 - December2007 and a
_ L . _ Member of the National Organizing

T e o ot Comiee of the Asan Actoso
oS . ' ' Conference (AAC-2005). He has been

New Delhi visited the mstitute on 7 8ptember2004. re-elected as (Mnber Gw;rning Council

0 o . . of the Instrument Society of India (ISOI),
Visit of Fb.rllamentay Committee Bangalore for the period 2004-2006.

Second &b-Committee of Committee ofaFiament on Dr. K. Rupa Kumar has been invited
Official Language consisting of fivélembers viz., R Laxmi to act as the Co-Chair of Asian-Australian
Narayan Bndey Dr. Prasanna Kimar Rtsani, Shri Wya Nvas Monsoon Bnel (AAMP) (2005-2008) of
Mishra, Shri Uday Pratap Singh and Shri Laxmi Narayan Sharmghe Scientific Steering Group for the
visited the hstitute on 8 dnuay, 2005 along with four officials  Climate Variability and Pedictability
for inspection of use of Hindi. While expressing the overall(cLIVAR) project of theworld Climate
satisfaction of the work of Official Language at the Institute,Research Programme (WCRP). He has
Committee suggested that some additional work as per the targ§len invited by the Co-Chairs of the
fixed by the Government of India in this behalf could belntergovernmental Bnel on Climate
undertaken by the Institute and for this the additional staff, a&hange (IPCCWorking Group |, to act
laid down in the norms of Government of India, could be aske%s a Lead Athor for the IPCOWorking

for. Group | Fourth Assessment é€pott
H (WG1-AR4), for Chapter 11 on “Regional
onours Climate Rojections. WG1-AR4 is

_ expected to be completed in early 2007.
Dr. G.B. Rint has been nominated as &rber of the

Frst Boad of Governors of Gaernment College of Engineering Dr. G. Beig has been nominated as
(Pune hstitute of Engineering an@iechnology), Bne. Member Scientific Committee of the

. . Working Group 4.4, on ¢nosphere and
Dr. A.K. Kamra has been nominated by thérdator Upper-Atmosphere Afiability. He has

General, Council for Scientific and Industrial Research (CSIR) :
as a Member of the Physical Sciences Research Committee aliS 0 begn nominated as a Cpnygner of the
the CSIR. D. Kamra has also been nominated by the Counci posium on Bon-term \ariability and

of Indian National Science Academy as a member of the Sectionhf)_ng'term Changes in the Lower and
Committee-V He has also been nominated a member of thé\/“dd'e Atmosphere to be held at
Scientific Team for Coherent Radamkging (CRI)/atial  oulouse, Fance.

Domain Interferometery (SDI) project of National MST Radar Dr. G.B. Rant, Dr. A.K. Kamra,
Facility from 2004 and a Ember of the Miltidisciplinary Dr. P.C.S. Devara, Dr K. Rupa Kumar
Committee for Engineering and Applied Sciences (M2) of Indian, (Smt.) PS. Silvekar Shri J.R. Kulkarni,

National Science Academy for the year 2005. Dr. PN. Mahajan, D. G. Beig,
Dr. PC.S. Devara has been electedvie-Resident of the ~Dr. (Smt.) AA. Kulkami and #it. A.A.
‘Indian Aerosol Science artechnology Association (IASYy.  Deo were bestoed with the title Adjunct

He has been nominated aseMber Technical Pogram  Professor’ of the Department of Physics,
Committee of the ¥ International Aerosol Conference University of Rine, Rine for the Academic
u(IAC-ZOOG). D. Devara, has also been nominated asmider  Year 2004-2005.




Awads Excellent Riformance Avards

Snt. Shanti P lyer, Shri Y.S. Belgude andisi S.M. &dhav
received the Eoellent Rrformance Avard for the year 2003 for
the Administrative, Technical and Nn-Technical Maintenance
categoy of Emplojees respectivelyThe Awards were presented
on Institutés 43rd Foundation Ry function on I Novembey
2004.

Intemational Avard

Dr. G. Beig and &t. S. S. Bdnavis
along with other seventeen authors from
around the world have been selected for
the Nobet-Gerbier Mumm International
Award for the year 2005 for their paper
entitled, ‘Review of Mesospheric
Temperature Trends published in L . .
Reviavs of Geophygic& Decembe&t003. SCIentIﬁC EXpedltlon to Antarctica

The Award has been instituted by the _ _ _
World Meteorological Organisation. Dr. Devendraa ithgh, Shri S.M. 8nbawne andI8i V. Pant

participated in the 2%Indian Scientific Expedition to Antarctica

The paper entitled, “Long-term from 6 December2004 to 27 Mrch, 2005 for measaments
Variations in the @formance of Climate  of aerosols, atmospheric electric and other parameters and trace
Model$ by Grimm A. M., Sahai A. K. gases at Maitri, Indian Station in Antarctic and onboard ship
and Ropelaiski C. F, presented at the during the journeyExtensive obseations of aerosol optical
3rd Brazilian Symposium of Atmospheric depth, size distribution, ozone, precipitable water content and
Modelling received the Bestaper Avad  gown-dwelling short wave radiation flux were carried out on
in the 13th Brazilian Congress of 31 cpud-free days during 2laduay - 5 Febuar,, 2005.The
Meteoology held at Brialeza, Ceara, Bzl g rface-level and height profiles of atmospheric state parameters
during 30 Aigust - 3 Bptember 2004. including ozone at the Indian Antarctic station (Maitri) were
archived. En-route observations over marine and ice-shelf
environments were also carried out.

Participation in hternational Pbgrammes

National Avard

Kum. Rohini Bhawar IITM
Research €llow won the ‘Best per
Award’ for her poster msentation entitled
“Ground-based Radiometric Measurements

Regional Coordination Centre

The Institute has been identified as a Regional Coordination
of Aerosols and Pre-cursor Gases oVerCentre. for the application Qf rggional cIimat(? modelling system
Pune andTheir Comparison Wit OMS for climate change studies in South Asia, as part of the
and MODIS @tellite Dat3 delivered at collaborative framework with the Hadley Centre for Climate
the IASTA Meeting and nternational  Prediction and Bsearh, UK. Dr. David Giggs, Orector Hadley
Conference on Aerosols, Clouds and Centre along with officials of British Council paid a visit to the
Indian Monsoofi, held at Indian hstitute Institute.

of Technology Kanpur during
15-17 November 2004. 27th JSC / WCRP Meeting to be held at IITM :

March, 2006

Shri B.C. Morwal has been awarded
Second Prize for his paper entitled
‘Suchana sanchar aur suchi ki pragati‘ (in
Hindi) presented at the #%eminar and

Dr. G.B.Rant, Drector has been a é&mber of the dint
Scientific Committee JSC) of theWorld Climate Research
Hindi Workshop on Official Language Programme (WCRP). He participated in thé" &ssion of JSC
Management, dlicy Implementation, of the WCRP held at Guayaquil, Ecuador during 14-18 March,
Conducting Wrkshops, Information 2005. Next Meeting of the JSC along with IGBP Scientific
Technology and Computerization, held at Steering Committee Meeting will be held in India at the Indian
Nainital, 6-8 October2004. Institute of Tropical Meteorology Pune. E




Jatial Features of Misture Regions ad

Atmospherlc Boundqr Layer Held Rainfall of India during 19 and 20

Laboratory of the IITM Centuries were held at the Institute
during 9-11 $ptember 2004. About 15
An IITM Atmospheric Boundar Layer Feld Laboratoy at scientists participated in the Meeting.

National Centre for Antarctic and Ocean Research (NCAOR), A0 in-house Short Term TFaining
Goa has been modernized and inaugurated byRPD. Randey  course on Computational Methods for

Director NCAOR on 10 $ptember2004. the IITM Research &llows / Associates /

. . . Project Rersonnel etc. was arranged at the
Organisation ofWorkshops / Metings / institute during 14 October -
Seminars etc. 4 November 2004. Rrticipants were

provided full fledged knowledge to start
research in meteorology through the well
organized éctures on different topics of the

A World Meteorological Organization /IGbal Climate —Nnumerical, statistical and computational
Obsewing §/stem (GCOS / WMO)riternationalWorkshop on ~ Methods. Lectures were delivered by the
Enhancing South and Central Asian Climate Change Monitorin%1CUItles from the ristitute, University of
and Indices was organized at the Institute duringPune and National Centre for Medium
14-19 Fbruary, 2005. About 30 scientists frorvarious Asian Range VeatherForecasting.
cquntries like Ch.ina, d&Kistan, Blu'_[an, "B.a.ngladesh, Qpal, First Prof. R. Ananthakrishnan
Si Lan.ka, Mongolia, Krgyz Repl_Jbllc,Tajlklsta_n, sze_klstan, Memorial Conference on Atmospheric
Afghanlstan, Kazakhstar_T,urkmemstan andndia paticipated  ggjence,  Climate Change and
in the \_/\brkshop Smior scientists from USA, UKThe Netherlands  Epvironmental Studies was organized at
and hdia delivered lectures on the theme of \flarkshop the Institute during 18 - 19ahuay,

A Training Workshop for the benefit ofdsith Asian Rgional ~ 2005. The Conference was orgaed
Scientists involved in the Regional Climate Modelling and €xclusively by the students and for the
Related Felds was organized at thendtitute during Students. DrKk. K. Padaiyya, Drector
24-28 anuary, 2005. Aout 20 paticipants from South Asian D&ccan College a5t Gaduate Rseach

countries and two experts from Hadley Centre, U.K. participatetjinSt'tUte’ Pune |r_1augurate_d the
in the Workshop Conference. On this occasion, an

Extended Abstract¥/olume was released
National at the hands of Prof. G.C. Asnani. About
100 delegates comprising scientists, post-

First Technical Alvisory and Reviev Committee TARC) ~ graduate and post-doctoral students,
Meeting for a CentraWater Commission (C\W) sponsoré  Research &lows / Associates and many
project entitled ‘Preparation of generalized PMP atlas for thd¥oject Rersonnel from various universities
Krishna and thendus river basinswas held at thenititute on ~ participated in the Conference and
29 May, 2004. About 15 persons includiftARC members, presented their research papers. Prizes to

principal investigator and special invitees participated in the Meetinghe students for Best Oral andsd®er
Presentations were awarded in the form
First Meeting of Expdar Committee to &idy the Hect of  of hooks.

Windmills on Rainfall was held at the Institute during

3-4 ding 2004 under the Chairmanship of.[5.B. Rnt, Drector Annual MonsoonWorkshop - 2004
of the Indian Meteorological Society

First Meeting of the Bsearch Avisory Committee of the  (Pune Chapter) was jointly organized with
Institute under the Chairmanship of. 2C. Randey was held the India Meteorological Department on
on 9-10 dne, 2004. 4 March, 2005.

International

Sixth Meeting of the Programme Advisory and Monitoring First WP/RASSTraining/ Workshop
Committee (RMC) on World Climate Research gramme and on Meteorology and Atmospheric Science
ua Sub-group Meeting for a sponsored gject entitled Atlas of ~ was organized at the Institute during




7-11 March, 2005 under the DST regions of Andhra Rdesh fate during Sptember - Bvembey
sponsored project “Establishment of wind 2003 was submitted to the Government of Andhra Pradesh.
profiler data archival and utilization centre
at [ITM for Wind Profiler/Radio Acoustic
Sounding Systeh The Workshop was
inaugurated by Shri D.R. Sikka,
Formea Director IITM and Chairman,
Indian Climate Research Programme of
the Department of Science and
Technology New Delhi. Dr. Shravan

Kumar Additional Director General of P F
Meteorology (LACD), Pune was the Chief S)emal feld Cbsewational Pogrammes

Guest. About 31 participants from various In collaboration with Indira Gandhi Centre for Atomic
Institutes and biversities paticipated in Researh and Bhabha Atomic Rsearch Cergr a dint Feld
the workshop Volume of Lecture Mtes  campaign was arranged to study the wind and thermal structure of
was released at the hands of Shri Sikka. he coastal atmospheric boundary layer at the National Centre for
. Antarctic and Oceand’eath, Goa during 10-24eptember2004.
Collaborative Rogrammes
Field Expeditions were arranged tataranchal during
As a part of the IITM-SAC 24 September-15 OctobeR004 for tee-ring sample collection
collaborative project entitted Mapping of under the Dendroglaciological project afd® and Avalanche fidy
aerosol characteristics from remote sensingEstablishment, Chandigarh and to Chattisgarh during 28 October
data, Special field campaign experiments - 9 Novembey 2004 for teak and tree-ring sample collection under
were conducted along the Pune-Daund-the collaborative activity on South - Asian Dendroclimatic studies
Pune sector during gril and May, 2004  between IITM andTree - ring Laboratgy Lamont-Dbhety Eath
and at a remote place which is about Obsewatory, Columbia Uiversity New York, U.S.A.

60 km away from Pune during January-
March, 2005, in synchronization with

A monograph on CD containing the vertical profiles of
thermodynamic parameters (pictorial form and data form)
computed utilizing the whole data (over land) collected during
the Phase-l of the Arabian Sea Monsoon Experiment-2002 was
prepared and disseminated to different scientists working in
different Scientific and Academic Institutions / organizations to
facilitate their scientists to undertake related research studies.

Extensive observations of physical, chemical and radiative
the IRS-P4/P6 satellite overhead passescharacteristics of aerosols using CIMEuUrSsky radiometer
employing the multi-channel solar MICROTOPS-II, Andersen sampl,eHigh-vqume sampler
radiometer (MICROTOPS-II) and Aethalometer PM, . sampley Dry and Wet deposition and dg
weather monitar Obsewations of Water collectors were carried out at New Delhi and also at the
columnar aerosol optical depth, ozone and Day_albagh Educational Insti_tute (DEI), Agra, as a part of the
precipitable water vapaunear-suface by Nation-wide Land Qampalgn Program, or.ganlzgd by the
meteorological parameters were carried 'SRO-GBP/ARBS during 1-31 Decembe2004, in conjunction
out. Near-similar MICROTOPS-II was with such observations carried out simultaneously by other
also operated ahe Institute, representing ©rganizations, in a network mode, along the Indo - Gangetic
the urban environmenihe aerosol and Plain, to investigate aerosol transport and transformation processes
precursor gaseous optical depths wereduring the study period. Before the Campaign, inter-comparison
obtained for comparison with those obtained Of the performance of various instruments pertaining to [ITM
over the satelite overhead pass regions. ~ With similar instruments of other Institutes was carried out at
. . ) the National Physical Laboratory (NPL), New Delhi on 28 and
The Institute provided assistance 10 59 Noyember 2004 in order to @move the bias between

Andhra Pradesh State Government intnctioning of similar instruments deployed in the major
their cloud seeding operations carried out experiments of the Campaign.

during 2003. A report on ‘Cloud seeding
operations in Andhra Pradesh during An extensive [eld Campaign was arranged with an objective

19 September - 17 Bvember 2003’, to monitor the levels of ozone and its precursors,(NCD and
delineating the scientific, technical , NMHCs) in the vicinity of the sugar factories during the period
operational and administrative aspects24 Anuay - 6 Febuary, 2005 at the Bima Ritas Co-operative
related to the cloud seeding activities that Sugar Factoy Ltd., Ratas;Yashwant Co-operativeu§ar factoy Ltd.,
have been carried out over some selectedTheur and 8nt Tukaram Co-operativeuBar Rctoy Ltd., Kasar&aip




Foundation @y Celebration Vigilance AvarenessWeek

Celebration
The Institute celebrated its #3Foundation Day on

17 Novembey 2004 at its premises aaghan. @ N.K. Dadhich, The Institute observed Vigilance
Director Inter-University Centre for Astronomy and Astrophysics AwarenessiVeek during 1-6 Kvembey
(IUCAA) Pune was the Chief Guest of the function.2004. The programme began with the
Dr. R.R. Kekar, Ex. Director General of Mteoology was the pledge. On this occasion a lecture on
Chairman of the function. DIO.N. Dhar Emeritus Scientist of ~ Vigilance of mind for better efﬁcienby_
the Institute was the Guest ofohour The function included by Dr. l_JIhas Luktuke was arranged in
. . the Institute on 5 Bvembey 2004. An
presentation of the Eellent Rrformance Avard specially " .

) ] ) o i i essay competition was also organized for
established by thenstitute for its Aministrative,Technical and 4,4 employees of the Institute on the topic
Non-Technical Mintenance staffand Annual Borts Awards t0  “|mpact of corrupt practices on day to
the emplgees. A scientific lecteron ‘Eath Climate: Rst, Pesent  day life of citizen$ and prizes to the
and Ruturé by Dr. R.R. Kelkar was also arranged. On thiswinners were given away at the hands of
occasion, the renovated Canteen building of the Institute wdar. Luktuke.
inaugurated at the hands of.IN.K. Dadhich. h addition to
the main function, an exhibition on scientific activities of the ComPUter and Data
Institute and important events in the Institute was arranged.DiViSion
Heads of various Institutions, important dignitaries and
ex-employees of theristitute paticipated in the functionThe  Computing Ecilities

function was concluded in the evening with a cultural programme. _
Most of the research projects and

A A A other supporting functions of the Institute
Science Bpularlsatlon Fbgra'mmes are computer based and realizing this, the

. , . Institute has been enhancing its computer
The Institute celebrated National Science Day Onpower from time to time bygacquiring a

28 February, 2005 andWorld Meteorological Day on umber of PCs high end workstations
23 March, 2005 at thenistitutes premises in a befitting manner gnd accessories.
On these occasions Scientific Exhibition, ScientifitnFShow, o
Open Day for general public and visit of students from schools/ | Ne Computer and Data Division
o . provides centralized computing services to

colleges wee arranged. épular scientific lectures viz., e of o

. : . o the scientists, research fellows, students
Teachers in SciencedHcation by Prof. V.K. Wagh, Rincipal, and other employees of the Institute
Fergusson College,uhe and ‘Climate Changesdues for through HP-9000/735, Linux based
Qstainable Developmérﬂ)y Dr. K. Rupa Kumar scientist ‘F, e_ma”’ Website and dternet. The
[ITM were arranged on the occasion of National Science Dapivision arranges acquisition of PCs,

and World MeteorologicalDay respectively workstations and accessories such as

_ _ o printers, scanners, data storage systems
As a part of the science promotion activities of thegtc. and provides to different Divisions

Government of India for nurturing scientific talent and promotingas per the requiremernthe Division also
scientific research attitude in the young students Navodayarranges regular maintenance of all these
Vidyalaya &miti organized Childmés Science Congss in Bne ~ equipment. Thepresentcomputational
during 14-19 Nvembey 2004. D. G.B. Rant, Director IITM  faciliies available in the Institute are 165
inaugurated the Congress and delivered the inaugural addreB&S With requisite softwares and
The paticipating students visited the Institute on 18vémber accessories, 18 serversiworkstations, a few

. . . ) laptops, a terrestrial leased line internet
2004, seen its laboratories, computers, satellite pictures and d%rcgmectivity of 512 KBB bandwidth and

nreceiving centre, librgr etc. intranet in the Instituts office campus.




The Division has
Web-based e-mail facility so that e-mails
of the Institute can be accessed from

installed a Data Archival

Different data sets were procured from the India

anywhere in the world by logging-in Meteorological Department and provided to the users by
through Internet, by opening the website changing their formats as per useequest using FORRAN

‘mail.tropmet.es.in

Web Srver of the hstitute has been

programs.

Under the project, Establishment ofiMd Profiler data

upgraded with latest operating system andarchival and Utilization Centre at IITM for Wind Profiler/Radio

web-pages for different scientific activities
and events were createdhe latest
information like advertisements for
recruitments of hstitutés various posts
and Researchelowships, tender notices
etc. were uploaded on the website from
time to time.

Security of the network has been
increased by upgrading all the Window
based PCs to the latest available securityI
updates and the anti-uis softwareThe
Internet access has continuously been
monitored to ensure its smooth operation.
Mail/DNS sewer and Véb sever wee
upgraded to RH Linux 9.0 and were
configured with services and security
restrictions.

Website of the dstitute has been
upgraded and updated periodically few
bi-lingual web-pages have also been,
created.

Training on installation and working
with Linux and on GrADS was provided g
to the Research Ellows and project
personnel of the Institute.

Hindi word processing software o
‘Akshaf has been procured for the
Institute and installed on PCs of various
Divisions and a suitable training for its f
use was also arranged.

State of art well equipped Pisharoty
Conference Hall andVarahamihira
Seminar Hall of the Institute have been
well maintained and kept ready for
organization of meetings, lectures,
Seminars, symposia, workshops etc.

Acoustic Sounding System, observations for wind and
temperaturewere generated from the wind profiler froma
2003. Data were processed through offline software to calculate
u, v ws and wd from raw data, and stored on 40 x 6 GH DA
as well as on CDs.

Software Development

Computer programmes were made for preparation of various

forms in Accounts &ction for pay-roll, Income ax, GPF/ EPF/
reimbursement of tuitions fee$A and medical claims of the
nstitutés emplo/ees. Assistance was pided to Rirchase and
Stores for updating databases for technical items, dead stock items
and written off items.

Library, Information and &blications

The Institute has developed a comprehensive Information

System in Meteorology and Atmospheric Sciencéle Institutes
Library, Information and Bblications Dvision sewes as the
Information System with the following objectives :

Collection, organisation and dissemination of information
pertinent to the present and anticipated research needs of
the Institute.

Providing technical sesices like libray, documentation,
information, publications, drawing, drafting, micrography
and photography to scientists of the Institute.

Providing facilities for the retrieval and use of information
resources.

Preparing, publishing and presenting various scientific
research reports and allied material on the activities of the
Institute and keeping liaison with other scientific
organisations and universities in India and abroad.

Development of resource sharing network with libraries in
India and abroad.

The Library has built an information base of about 28000

publications consisting of books, monographs, back voluw




journals, scientific / technical reports, seminars / symposia Sgjence Bpu|arization
Programmes

proceedings, reprints, abstracts, bibliographies, global
meteorological data, geophysical data, maps, atlases, theses etc.
and national / international current journals covering a wide
range of subjects in Atmospheric Sciences.

During the year 181 books and reports in Meteorology
and allied subjects were added. 9@riBdicals of national/
international origin were subscribed to. Reprints of 68 paper;
authored by thenikstitutés scientists wee also acquired. eSeral
scientific and technical reports were received from the otheg
National and the International Organisations on complimentar
and exchange basis.

The scientists of the Institute are kept abreast of the lates
development in their research areas by rendering Informatio
Dissemination Services through the Selective Dissemination O&
Information on different ongoing research projects of the. :
Institute. On request, supply of photocopies of articles of intere
from the publications of the Institute library were arranged tof,
scientists, academicians and students of other organizations.

The library has been listed in the Directory of Special and
Research Libraries inntiia, World Guide to Libraries and the
Union Catalogue of &ials and Eriodicals.The Libray has also
been an active member- participant of the Resource Sharin
Group and Network of Libraries in Pune Metropolitan area
(PUNE-NET). :

The Division has maintained liaison with Institutions,
Universities and Ministries. A number cépots on the research
activities and plan schemes of the Institute were prepared a
sent to the Depament of Science andechnology India
Meteorological Depament, Uhiversities and Bsearch ristitutes. ﬁ

Technical serices like photocopying, micrography p=
photography drafting, drawing, printing and binding were .
provided. i

Programmes for popularisation of meteorology among
students and public by organising open day and scientifig
exhibitions depicting research activities of the Institute on the
occasion of important events, such as visit of Scientific
Committees, celebration of dlional Science DayWorld
Meteorological Day Institutés Foundation Day etc. were
arranged. Students and trainees visiting the Institute under the
study tour programmes were taken round the Institute to see i
laboratories, computers, library and satellite pictures

ﬁrecéving centre.




- other organisations working in the field ofetkorology
Academic Cell particularly with the India Meteorological Department (IMD),
National Centre for Mdium RangeWeather Brecasting
h(NCMRWF), Indian ace Research Organisation (SR
Indian hstitutes ofTechnology Universities and other scientific
organisations associated with academic and research work in
Atmospheric and Oceanic Sciences.

Keeping in view the highly
specialized nature of atmospheric researc
the Institute has signed a Memorandum
of Understanding (MU) with the
University of Rine, for the development
of human resources.nder this MU the
Institute has been conducting Mch.

(Atmospheric Physics) degree course of o ) i
the Uhiversity of Rine in collaboration The Administration provides support for the persann

with the Department of Physics. Courses Management, finance, purchase, stores, camitaks and
for 17" batch have been started and Maintenance of buildings and campus.

facilities for internship and research
guidance are being provided to the
students of 1% batch.The Institute has

also been providing research facilities to
M.Sc. and M.E&ch. students of other

Administration

Personnel Pofile

As on 31 March, 2005 the Institute had its staff under
different categories as shown below :

Universities. Aademic Cell of the Research | 79
Ins_tl_t_ute coordinates the academic Research |- A 50
activities of the Bst-graduate, Ph.D. and Technical 34
Post-Doctoral students from various ec .nl_ca _
Indian Uhiversities. All the activities and Administrative 46
formalities related to admissions for Non-Technical Miintenance 42
M.Tech. (Amospheric Physics) and - 251
registration of hstitutés Research &llows OE
and scientists for Ph. D. are dealt with

Staff changes

by the Academic Cell. D (Snt.) PS.
Salvekar has been the coordinator of the

) Six employees under different categories left the Institute
Academic Cell. ploy g

during the year as shown below:

Management Retirement on Superannuation

Shri N.S. Ramakrishnan 30 April, 2004

The Insti function n ; i
e Institute functions as a Section Officer

autonomous organisation under the
Depatment of Science andlechnology ~ 9mt. A.H.Mullan 31 October 2004
(DST), Government of India.The Scientist C

management of the Institute vests with
its Governing Council at the apex level.
The Governing Council is constituted by

the DST every two years and consists of kym. J.S. Bthkar 31 December 2004
five ex-officio members and four scientist Scientist B

members.The scientist members of the .

G.C. are nominated by the DSThe Shr'lASKS.i\é.taEtamachandran 31 December 2004

Director General of Meteorology is the

Ex-officio Chairman of the CouncilThe Resignation

Governing Council held its meeting on

2 August, 2004The Institute maintains Shri S.Rana 18 March, D05

close collaboration and interaction with ~ Junior TechnicalOfficer B

Shri D.R.Talwalkar 31 October 2004
Scientist C




Status of SC / ST / OBC Reservations Staff Council

The status of filled positions for SC / ST / OBC The Staff Council is an elected body representing
as on 31 March. 2005 is as follows : employees of the Institute in different categories and

acts as a forum for discussion on matters of common

SC ST OBC Total interest to the empiges and for increasing efficiency
Research | 12 5 5 22 Academic Council
Research |-A 9 4 3 16 The Academic Council is a body consisting of
' scientists in the grade of Scientist ‘D’and above. It
Technical 6 2 1 9 considers all the miars relating to scientific projects

of the Institute and ensures team work and team spirit
in the Institute for achieving its aims and objectives.
Non-Technical 12 2 2 16 Eight meetings of the council were held during the.year

Maintenance

Administrative 6 6 - 12

Advisory Committee
Total 45 19 11 75 The Advisory Committee consisting of the
. Heads of the Divisions considers policy matters of
Employment of Ex-servicemen the Institute. During the year five meetings of the

Reservation for the ex-servicemen was made afommittee were held.

10% in Group ‘C’ and ‘D’ posts of the Institute.
The pecentage of ex- servicemen at the Institute vis-z‘;t—'b‘rmecl ferce Hag Day

vis total number of employees in Group ‘D’ was 2.3%. Armed Forces Fag Day was celebrated on
7 December2004.

Hnance

The Rnance Committee of thenstitute constituted by Gerning Council met on 12 ¢@ober 2004
and 28 Ebwuary, 2005.

Budget

The main funding agency for the Institute is the Dapant of Science andlechnology The budget
estimates and the actual expenditure for the period 2004 - 05 are as follows :

(Rs. in Lakhs)

Opening Other Grant Total Actual

Balance Income Received Expenditure
Plan 129.00 24.00 550.00 703.00 766.00
Non-Plan - - 248.00 248.00 248.00
Sponsored Projects 115.00 - 130.00 245.00 172.00
Total 244.00 24.00 928.00 1196.00 1186.00

The Auditors appointed by the Governing Council M/s M.S. Godbole and Associates, Chartered
Accountants, Bhe conducted the audit for the year 2004-Di%e abstract of the repois enclosed at the
end of this report.

= §




Purchase andtiSres IITM Recreation Club

The Institute acquired scientific equipment and The Recreation Club continued to provide
accessories, data acquisition and storage systemsports and library facilities to the members, which
personal computers, work stations, enhancing systemisaclude the employees, research assistants, research
and accessories to the existing computer systems argtholars and project associates.

office furniture items. ] ]
The Club awarded prizes to the children of the

During the period the following purchases were made i nstitutés emplo/ees who had exhibited excellent
_ performance in S.S.C., H.S.C., Diploma, Graduation
o Equipment : Rs 12502 lakhs and Rst-Graduation Examinations held in the
o Dead Stock : Rs 2.17 lakhs AcademicYear 2004-2005 under diffamt disciplines.
o Consumables  Rs. 14.23 lakhs Prizes were also given to the employees who acquired
Official Language Implementation higher academic qualifications during the year
Annual $orts Tournaments were organised. Avfe
Hindi Cell works under Administrative Wing lectures by the eminent personalities were arranged

of the Institute as per rules and directives regardingUring the yearThe Recreation Club stad several
Official Language Implementation. All general new activities for the benefit of theadtitutes employees,

circulars and office orders were issued in biIingualSUCh as gotball Coaching &eility, Cultural programmes,

. i . etc. The Institutés emploees pdicipated in various
format. With the guidance of Official Language tournaments organised by the Central Government

Implementation Committee, Hindi Cell looks after EmployeesWelfare Ceordination Committee, ihe and
Hindi translation and arrangesirtdi Training for  won prizes and honour3hey were felicitated on the
officers and emplygees in diffeent cadres. ive  occasion of the 43Foundation Day Celebration of the
employees were nominated forpfabodh and  Institute held on 17 dvember 2005. Emplgees
“Pragnyd course held by khdi Teaching Scheme retiring from the service were felicitated with a silver
during the yearAll the five candidates successfully COIN on behalf of the recreation club.

completed the course. :
P Garden Committee
In addition to the regular use in administrative

work, the use of Hindi is being promoted in scientific ~ The Garden Committee took special efforts in
work. Scientists of the Institute presented theirmaintaining ecological balance, cleanliness, upkeep and

scientific work in Hindi at various seminars and modernization of the gden. Various seasonal, annual
and perennial plants were planted throughout the year

Soecial Tree Plantation l®grammes by the dirble

Minister Shri Kapil Sibal on 7 September and by other

dignitaries on 17 bBlrember 2004 were also organized.

25-30 September 2004. On this occasion, Beautiful gardens, landscaped _surroundings, mani_Cl_Jred

competitions in Hindi were organised. Major General lawns and a plethora of rowgnng ShrUb.S and enticing
] trees make up an ideal setting for serious study and

S.S. Sharma was the Chief Guest. A lecture by, rounded research for the employees and the

Dr. Malati Sharma, a renoned writer was also  yesearchers of the institufEne sprawling campus with

arranged. The prizes to the winners of the its amazing flora makes the ambience very pleasant.

competitions were given away by the Chief Guest. 0

On this occasion, second issue of thediadhanush

a Hindi Magazine of the Institute was also released

at the hands of the Chiefust. Dr G.B. Rnt,

Director of the Institute presided over the function. E

workshops. They also attended the seminars/
workshops held in Hindi.

The Institute celebrated iHdi Week during




Publications

Papers Bblished in durnals Kripalani R.H., Kulkarni A.A., Sabade S.S.,
Revadekar J.\V RPatwadhan S.K.and Kulkarni
Numerical Weather Pediction Reseach and J.R., Intra-seasonal oscnlatlons. during Monsoon
Mesoscale Modellin 2002 and 2003, Current Science, 87, 2004,
9 325-331.
Badyopadhyay Aand Mahapatra S.Jmpact of  Kripalani R.H. and Pankaj Kumag North-east
recursive digital filtering initialization on the monsoon rainfall variability ver south Bninsular

forecast performance of a limited area model over vis-a-vis Indian Ocean dipole mode, International

Indian region, Journal of Indian Geophysical Jurnal of Climatology 24, 2004, 1267-1282.
Union, 9, 2005, 29-40.

Krishnamuti T.N., Sanjay J.,Mitra A.K. andVijaya Satellite Meteopblogy and

Kumar T.S.V,, Determination of forecast errors App"C&tiOﬂ Of Satellite Data in
arising from different components of model

physics and dynamics, dithly Weather Rview, Weather ErecaSting

132, 2004, 2570-2594.
Khaladkar R.M., Mhajan M., Nakhedkar S.G.,

Krishnamuti T.N., Sanjay J.,Vijaya KumarT.S.V,_ Nair S, Pal PK. and &shi PC. Oceansat-1
O'shay A.J. and &ch R.J., On the weakening  gerived met-ocean parameters during various

of hurricane Lili, October2002, Tellus, 57, stages of monsoon depression ohd, 1999
2005, 65-83. along Orissa coastline, cast coast of India. Indian

Mahapatra Sand Bandyopadhyay A_Numerica| Journal of Marine SCienceS, 33, 2004, 113-121.

S|mglat|on_ ofathgnderstorm event over an Ind'anMahajan M., Khaladkar R.M., Nikhedkar S.G..
station using a high-resolution mesoscale model, Nair S. Joshi FC. and. Bl PK. A deicti
Vatavaran, 28, 2004, 38-51. air S, Joshi FC. and. K., Proper depiction
of monsoon depression through IRS-P4 MSMR,
Mukhopadhyay PR Idealized simulation of a Proc. Indian Academy of Sciences (Earth and
thunderstorm over Kolkata using RAMS, Journal Planetary Sciences), 113, 2004, 223-233.

of Indian Geophysical tlon, 8, 2004, 253-266.
Mahakur M., Narkhedkar S. G., Sinha S. #d

Vaidya S.S., Mkhopadhyay .PTrivedi D.K., @njay J. Mahajan P N., Objective analysis of daily
and Singh S.S.Predction of tropical systems over extreme temperatures over Indian region,
Indian region using mesoscale model, Meteorology  Atmosfera, 17, 2004, 207-223.
and Atmospheric Physics, 86, 2004, 63-72.

Nakhedkar S.G., Mhajan M., Khaladkar R.M.,
Extended Rang@&/eather Nair S, Joshi PC. and Rl PK., Orrisa super

P cyclone of October-1999 as revealed by IRS-P4
Prediction Researh satellite data, Indian Journal of Radio and Space

Bansod S.S.Qut-going long-wave radiation over Physics, 33, 2004, 35-42.
tropical Rucific and Atlantic Ocean and thedian . . . ;
summer monsoon rainfalTheoretical and All-Sea hteractions |nTrop|caI

Applied Climatology 77, 2004, 185-193. Monsoons

Dugam S.Sand Kakade S.B.Antarctica sea ice and )
monsoon variabilityIndian durnal of Radio and Chinthalu G.R., Mgar S.G.and Seetaramayya.pP
Space Physics, 33, 2004, 306-309. Air sea interaction properties in the eastern

) ) ) _ Arabian Sea during active phase of off-shore
Krlpalanl R.H., Kulkarni A.A.and Kim B.J., Response trough (IOP 7.9 August ARMEX 2002)

of rainfall variability over south and east Asia to Mausam, 56, 2005, 65-72.
ﬁ Eurasian sne, Vayu Mandal, 31, 2001, 76-80.




Chinthalu G.R., Betaramayya.Rand Nagar S.G., Dhar O.N.andNandargi S.S.Rainfall distribution
Role of heat, moisture and momentum transport  over Arunachal Padesh Hmalayas,Weathey
across the air-sea interface in the off-shore trough 59, 2004, 155-157.
over the eastern Arabian Sea during (IOP
22 July - 4August) ARMEX-2002, durnal of Mandal B.N., Deshpande N.R., Kulkarni B.D.,

Indian Geophysical hlon, 8, 2004, 273-282. Nandargi S.S., &hgam R.B., Mlye S.S.and
Pethkar J.S, Design storm studiesver the

Reglonal Aspects of Global Climate Bhagirathi and the Dhauli Ganga river catchments
in Uttaranchal fte, hdian éurnal of Bwer and

Change an¥ariability River Valley Development, 552005, 11-20.

Pant G.B., Borgaonkar H.Rnd Rupa Kumar K, Mandal B.N., Deshpande N.R., Nandargi S.S., Kulkarni
Climate variability @er Western Hmalaya since B.D., Sangam R.Band Mulye SS. Estimation of
the Little Ice Age: Dendroclimatic implications, design storm rain-depths over the Siang basin in
Jalvigyan Sameeksha, 18, 2003, 111-121. northeast dia, Indian durnal of Pwer and Rive

Yadava M.G.. Ramesh R. arfant G.B. Pagt Valley Development, 54, 2004, 167-174.

monsoon rainfall variations in peninsular India . . .
recorded in a 331-year old speleothem, Holocene, PhYSICS and Dynamlcs dffOpIC&'

14, 2004, 517-524. Clouds

Climate Applications Agriculture, Kandalgaonkar S.STinmaker M.LR., Nth A.S.,

Water Esouces and %Iic I_balth Kulkarni M.K. and Trimbake H.K.,sUdy of
thunderstorm and rainfall activity over the Indian
Krishna Kumar K., Rupa Kumar KAshrit R.G, region, Atmosfera, 18, 2005, 91-101.

Deshpande N.Rand Hansen J.W Climate .
impacts on Indian agriculture, International Morwal S.B., ABL during ARMEX — 2002 at

Journal of Climatology 24, 2004, 1375-1393. stationay perception — comparative study
Mausam, 56, 2005, 221-232.

Singhrattna N., Rajagopalan B., Clark M. and

Krishna Kumar K, Forecasting Thailandummer ' Remote Sensing of the Atmosphere
monsoon rainfall, International Journal of - .
Climatology 25, 2005, 649-664. Using Lidar and @her Gound

: : Basedl'echniques
Hydrometeoological Sudies of

River Basins for Applications in Dewra PC.S., Raj P E., Pandithurai G.,
Maheskumar R.Sand Dani K.K., Climate

Water and Bwer Resouce POJECtS change and monsoon activity using long-term
lidar aerosol obseational profiles,Vayu Mandal,

Dhar O.N, Hydrometeorological studies in India - 31, 2001, 8-13.

need for removal of deficiencies and drawbacks,

Indian durnal of Rwer and RiverValley  pandithurai G.pPinker R.T, Takamural. and Devara
Development, 54, 2004, 111-112 and 136. PC.S., Axrosol radiative forcing wer a tropical

Dhar O.N.and Nandargi S.Co-existence of severe urban site in India, Geophysical Research Letters,
drought in India and extreme floods in 31, 2004, L12107, doi: 10.1029/
Bangladesh during 1987 monsoon season, 2004GL019702, 20.

Jo | of Met | 29, 2004, 161-167. i . .
urnat-o eorology Pinker R.T, Pandithurai G, Holben B.N., Keefer

Dhar O.N. and Nandargi S.S.Distribution of T.0. and ®odrich D., Aerosol radiative
precipitation over the Himalayas, Journal of propeties in the semi arid westermited Sates,
Meteorology 30, 2005, 83-91. Atmospheric Research, 71, 2004, 243-252.E




Raj P E., Devara PC.S., Maheskumar R.S., the characteristics of aerosols at traffic junctions
Pandithurai G., @ni K.K., Saha S.K., in Pune City Indian &urnal of Radio and fce
Sonbawne S.MandTiwari Y.K., Results of sun- Physics, 33, 2004, 260-266.
photometer - derived precipitable water content

over a tropical Indian station, Journal of Applied 9 - o
Meteorology 43, 2004, 1452-1459, AtmOSphe"(_: Chemistr Modelling
and Dynamics

Raj P E., Devara PC.S., Rndithurai G.,

Maheskumar R.S., Dani KK., Saha S.d Fadnavis S.and Beig G.,Long term trends in the

Sonbawne S.M.Variability in sun photometer- thermal structure of the middle atmosphere

derived total ozone over atmosphere tropical urban  jyained from satellite observations over India,
station, Journal of Geophysical Research, 109, \1ausam. 55 2004. 691-695.

2004, D08309 do0i:101029/2003JD004195.
Fadnavis S.and Beig G, Mesospheric temperature

Studies in Air Pllution and inversions over the Indian tropical region, Annales
. e s . Geophysicae, 22, 2004, 3375-3382.
Precipitation Chemistr
Saraf N. and Beig G., Long-term trends in

Ali K., Momin G.A., $fai PD., Chate D.M.and tropospheric ozone over the Indian tropical
Rao PS.P, Surface ozone measurementgen region, Geophysical Research Letters, 31, 2004,
Himalayan region and Delhi, North India, L05101, doi: 10.1029 /2003 GL018516.

Indian Journal of Radio and Space Physics, 33; o
2004, 391-398. Measuement and Mnitoring of

Ali K., Momin G.A.,Tiwari S., Chate D.M., &fai Atmospheric Minor Constituents

PD. and Rao PS.P, Fog and precipitation
Chem|stry at De|h|, north |nd|a1 Atmosphenc Bhosale CS, Meena G.S, Londhe AL, Jadhav

Environment, 38, 2004, 4215-4222. D.B., Puentedura O. andilGM., Variations of
O,, NO, and Q densities in association with
Chate D.M.and Praneshar.S., Feld measurements NAO indices during winter / spring of 1993 /

of sub-micron concentrations during cold season 94 and 1994 /95 at sub-arctic station, Indian
in India, Current Science, 86, 2004, 1610-1613. Journal of Radio and Space Physics, 33, 2004,

104-114.
Chate D. M.and Praneshal. S., Feld studies of
scavenging of aerosols by rain events, Journal oMeena G.S., Bhosale C.%nd Jadhav D.B.,

Aerosol Science, 35, 2004, 695-706 Influences of tropospheric clouds on ground-based
measurements of stratospheric trace gases at
Chate D. M., Rao.Fs. P, Momin G. A,, &fai P tropical station, Pune, Atmospheric Environment,
D., Ali K., Tiwari S.andPraween PS, Variations 38, 2004, 3459-3468.

in the concentrations of ionic species in rain ) ]
events at Pune, Indian Journal of Radio and SpacEadma Kimari B., Londhe A.L.Jrimbake H.K.and

Physics, 33, 2004, 185-188. Jadhav D.B.,Comparison of aerosol vertical
profiles derived by passive and active remote
Praveen B5., Rao B., &fai PD., Chate D.M., A sensing technique — a case studymospheric
K. andMomin G.A., Transpot of Ca and SQ Environment, 38, 2004, 6679-6685.

aerosols from North America and Gulf countries

towards India, Mausam, 56, 2005, 315-320. Smulatlon Technlques for Cloud

Rao FS.P, Rawen FS., Chate D.M., Ali K., &fai Physics 8udies
PD. and Momin G.A., Physical and chemical
characteristics of aerosols over Arabian Sea durinddhalawankar R.V Sathe A.B.and Kamra A.K.,
ARMEX 2002-2003, Mausam, 56, 2005, 293-300. Evaporation of the charged and uncharged water
. . . drops suspended in a wind tunnel, Proc. Indian
Safai PD., Rao F5.P, Momin G.A., Ali K., Chate Academy of Sciences (Earth and Planetary

q D.M. and Praveen BS., $me obserations on Sciences), 113, 2004, 129-138.




Surface (bsewations of Murthy B.S.and Svaramakrishnan SSurface fluwes
. . e at Goa during ARMEX (Phase | and Il),
Atmo_spherlc_ Electricity and Mausam. 56, 2005, 251.256.
Electric Ropeties of Clouds _ _
Studies on Dynamical €ean
Deshpande C.Gand Kamra A.K., Atmospheric :
electric conductivity and the aerosol MOde"mg

measuremgnts during fog over the Indian OceanChcwdaIy J.S., Ganaseelan CThompson B., Bha
Atmospheric Research, 70, 2004, 77-87. S.K. ad Salvekar ES., Response of Arabianes

Murugael P, GopalakrishnarV. and Kamra A.K., to the local forcing during 2003 premonsoon
Airborne measurements of the size distribution ~ Warming phase, Mausam, 56, 2005, 175-186.

of submicron aerosols over the Arabian Sea duringheg A. A., Ganer D.W and Salvekar ES., Behaviour
ARMEX-Phase |, Mausam, 56, 2005, 301-314.  f the upper ocean in response to an idealized

symmetric and asymmetric Indian Ocean cyclone
in opposite hemisphere, Journal of Indian
Geophysical Wion, 8, 2004, 211-223.

Sngh D.K., Sngh R. PandKamra A.K., Electrical
envionment of the Eain's atmosphere: a revie
Space Science Reviews, 113, 2004, 375-408.

Ganer D.W, Deo A. A. and Salvekar PS.,

. . Investigation of upper ocean temperature in

PN., Sngh R.,Go:)allakrlshnam/. a_nd Smglh, response to cyclonic circulations over tropical

A. K., Review 0, electromagnetic coupling Indian Ocean using satellite winds, Journal of

between the E#n's atmosphere and the space Indian Geophysical tlon, 8, 2004, 283-291.

environment, Journal of Atmospheric and Solar

Singh Dewendraa,Sngh R.P, Kamra A.K., Gupta

Terrestrial Physics, 67, 2005, 1364-1386. Gnanaseelan C., Chowdary J.8lishra A.K. and
Salvekar BS., Indian Ocean dipole mode events
|nvestigation and Mde"ing of in a simple mixed layer ocean model, Indian

Land Sjrface Rocesses in the Journal of Marine Sciences, 32, 2003, 294-304.

i GnanaseelarC., Thompson B., Chaedary J.S.and
Atmospherlc Boundary Layer Salvekar BS., Evolution and collapse of the Arabian

Sea warm pool during two contrasting monsoon

Patil M.N., Murthy B.S.and Snha S. Characteristics 2002 and 2003, Mausam, 56, 2005, 187-200.

of mixed layer over Arabian Sea during summer
monsoon-256,002, Mausam, 2005, 243-250. Mishra A.K.,Gnanaseelan C. ande&aramayya.pP

; Sudy of rainfall along the west coast of India in

Experlmental dey of Exchange relation to low evolution and collapse of the Arabian

Processes in the tmospheric Sea warm pool during two contrasting monsoon

. 2002 and 2003, Mausam, 56, 2005, 187-200.
Boundary Layer over Continental i AK. G o C. el p
. . ishra A.K., Gnanaseelan C. ande&aramayya.
and Marine Environment Study of rainfall along the west coast of India in
relation to low level jet and air-sea interactions

Sukumaran C.,Rajitha M.PT., DharmarajT. : :
! K 4 over the Arabian Sea, Current Science, 87, 2004,
Murthy B.S.and Svaramakrishnan S)ariation 4\; 5-485 I - !

of water vapour and CGat Goa during ARMEX
phase-l and Il, Mausam, 56, 2005, 213-220. Reddy PR.C. ad Salvekar PS., Relationship

Murthy B.S., Rrasnis S.Sand Mchael E., bet¥veentthe equtatorlal Zalstdl_ndlan Ocearl1 se(ajl
Interactions of the land - surface with the surface temperature and indian seasonal an

atmospheric boundary layer: case studies from annual rainfall, durnal of Meteorology 29,
LASPEX, Current Science, 86, 2004, 1128-1134. 2004, 191-195. E




Papers Bblished in RBblications
other than durnals

Sudies on Amospheric Bergetics
in Wavenumber and féquency

Domain Numerical Weather Pediction

De S.and Chakraboty D.R., Tropical systematic Researh and Mesoscale Mdelllng

and random error energetics based on NCEP

(MRF) analysis-forecast system — a barotropicBadyopadhyay Aand Mahapatra S.Impact of

approach, &t I: in physical domain, 1c. Indian
Academy of Sciences (Earth and Planetary
Sciences), 113, 2004, 151-166.

De S.and Chakraboty D.R., Tropical systematic

(MRF) analysis-forecast system — a barotropic
approach, &t Il: in wavenumber domain, rBc.

Indian Academy of Sciences (Earth and Planetary

Sciences), 113, 2004, 167-195.

Naik S.S., @orge L.and Salvekar BS., Interannual
variability in the dynamics and physics of the
mean onset date of monsoon over Indian region,
Indian Journal of Radio and Space Physics, 33,
2004, 241-251.

recursive digital filtering initialization on
controlling high frequency noise from numerical
forecast, Leeward News, Indian Meteorological
Society Fune ChapterlX, 2004, 7-9.

Bandyopahyay Aand Mahapatra S.)nitialization
and random error energetics based on NCEP

experiments over Indian region with a limited
area model using recursive digital filters,
Contributions from 1ITM, Research Report
No. RR - 104.

Mukhopadhyay .P Impact of suiace meteorological

observations on RAMS forecast of monsoon
weather systems over Indian region, Predicting
Meteorological Events: Mathematical Approach,
N.C. Mahanti, Ed., Narosa Publishing House,
New Delhi, 2004, 18-32.

Mukhopadhyay .PImpact of topographyesolution

Diagnostics and Bdelling Sudies
of LongTermTrends and/ariability
of Climate over the Indian-Asia
Pacific Regions

Vinay Kumarand Krishnan R.,On the association
between the Indian summer monsoon and the
tropical cylone activity @er nothwest Rcific,
Current Science, 88, 2005, 602-612.

Computer and Data Archival

Pant G.B., dshi R.R., imle S.H.Deshpande S.M.,
Sngh N, Vashistha R.D., 8ekhra P Chande J.Y

and upper air data on real data thunderstorm
simulation using RAMS, Proc. T4international
conference on Clouds and Precipitation (ICCP),
Bologna, taly, 19 - 23 dly, 2004, 1822-1824.

Vaidya S.S., agh U.K., Mukhopadhyay .Pand

Trivedi D.K., Approach to study stages of
monsoon dpression over Indian region using
INSAT data, PPedicting Meteoplogical Brents:
Mathematical Approach, N.C. Mahanti, Ed.,
Narosa Publishing House, New Delhi, 2004,
66-76.

Extended Rang@eather
Prediction Reseath

Kulkarni A.A. and Pillai J.S., Wind profiler and radio Bawiskar S.M., Chipade M.Dand Singh S.S.

acoustic sounding system at India Meteorological
Department, New Delhi, Pune: some preliminary
results, Current Science, 2005, 761-769.

Depressions / cyclonic storms in the Bay of
Bengal and kinetic energy of wave number 1,
Proc. National §mposium on Brecasting and
Mitigation of Meteorological Basters:Tropical
Cyclones, Foods and Boughts TROPMET-2002),
Bhubaneshwarll1-12 Ebwuary, 2002, 3-9.




Dugam S.S.Break in Indian summer monsoon and Satellite thGOD'OQY and
its relationship with North Atlantic Oscillation

and Madden dlian oscillation, hternational App“C&tiOﬂ Of Sate"ite Data in

Conference on MONEX and its Legadyabitat | \Neather Erecasting

Centre, Nw Delhi, 3-7 Fbwuary, 2005, 32-37.

Mahajan M., Impacts of satellite inputs for better
analysis and prediction of monsoon systems
during Monex-79, International Conference on
MONEX and its LegacyHabitat Cent, New
Delhi, 3-7 Febuary, 2005, 178-182.

Dugam S.Sand KakadeSSHB.Role of North Atlantic
Oscillation in seasonal prediction of monsoon
rainfall, Predcting Meteorological Events:
Mathematical Approach, N.C. Mahanti, Ed.,
Narosa Publishing House, New Delhi, 2004,
57-65. Mahajan M., Sgnal of weakening of tropical cione

through multiple satellite approach, Proc.

National §mposium on Brecasting and

Mitigation of Meteorological kasters:Tropical

Cyclones, Foods and DBoughts TROPMET

2002), Bhubaneshwarl1-12 Rbuary, 2002,

Kripalani R.H., Kulkarni A.A.,and Sabade S.SAre 67-72.
intraseasonal oscillationspeed breakergo . . . .
seasonal predictions?, CLAR Exchanges, Air-Sea hteractions |nTr0P|C3-|

10, 2005, 27-29. Monsoons

Kripalani R.H., Kulkarni A.A.and Sabade S.S.
Assessing the impacts of ENSO- related droughts'\k"gl:";lr i’frﬁ'pzngsﬁti?;ieressﬁ?];::t?)ggzgz

and floods over India, Proc. National Symposium :
ymp over the east central Arabian Sea at onset phases

on Forecasting and Mitigation of Bteorological of monsoons: MONEX-79 and ARMEX-2003,

BIri?ftﬁtrss:JE?ECGIET%BISQ)ES%E?)Z?}Sesﬁvcdr International Conference on MONEX and its
9 ’ A Legacy Habitat Centre, 8w Delhi,

11-12 Fbruary, 2002, 233-240. 3-7 Febuay, 2005, 60-64.

Kripalani R.H, Monsoon variability and
predictability over south and east Asia, Proé. 3
International workshop on Monsoons, Hangzhou,
China, 2-6 Nvember 2004, 38-39.

Kullgr ni tA'A". Igrl!palanl SR'Ht'hmg Stabaéi(; Stﬁ tSeetaramayya.PFlalttanaikT. and Gnanaseelan C.,
Imate variability over south, East and Southeas On the air-sea interactions in the central Arabian

Asia as evidenced through observed rainfall Sea at 15.5°N, 61.5°E, Predicting Meteorological

recprgﬁ. FOC'hSAAR;’ Se_mlnar on Climate Events: Mathematical Approach, N.C. Mahanti,
Variability in the Buth Asian Rgion, SAARC Ed., Narosa Publishing House, New Delhi,

Meteorological Research Centre, Dhaka, 2004, 84-101.
Bangladesh, 10-12 Decemp&002, 1-23.
i i VenugopalT., Mahapatra Sand Dhakate A.R.,
Sudies of Mnsoons andropical Tsunami, Leward News, Indian Meteorological

Weather Sstems Society Pune Chapter2005, 22-24.

Bawiskar S.M., Chipade M.D. and Singh S.S. Reglonal Aspects of Global Climate

Depressions / cyclonic storms in the Bay of Change an&'ariability

Bengal and kinetic energy of wave number 1, Proc.
National $§mposium on Brecasting and Borgaonkar H.P Somau Ram, agadeesh Kand

Mitigation of Meteorological [sasters:Tropical Rupa Kumar K. Deciphering climate variability
Cyclones, Foods and DroughtsTROPMET over high altitude and near glaciers of western
2002), Bhubaneshwarl1-12 Rbuary, 2002, Himalaya using instrumental and tree-ring

3.9 records, Proc. International Symposium on SB




Monitoring and Aalanches, ®w and Asalanche
Study Establishment, Manali, 2004, 331-337.

Jadhav S.K.Influence of low pressure systems
forming over the Bay of Bengal on the

approach, Bc. Training minar on 8mmer
Monsoon and Rdiction Techniques,
Kathmandu, Mpal, 17-20 DecembgeR002,
139-148.

performance of monsoon rainfall of Jharkhand, Patwadhan S.K.Climate change and detécation:

Predicting Meteorological Events: Mathematical
Approach, N.C. Mahanti, Ed., Narosa Publishing
House, New Delhi, 2004, 9-17.
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Dugam S.S.and Kakade S.B.,Madden dlian

oscillation and break in Indian summer monsoon,
415 IGU Annual Convention and Meeting on
Inter and Intraplate Seismicity in India- Present
Knowledge and Eture Srategy National
Geophysical Research Institute, Hyderabad,
29 - 31 December2004.

Dugam S.Sand Kakade S.B.Wavelet analysis for

forecasting Indian monsoon rainfall, International
Conference on Industrial and Applied
Mathematics, Bw Delhi, 4 - 6 December
2004.

Ganer D.W, Deo A,A,and Salvekar BS. ,Smulation

of SST fluctuation and circulation in the
equatorial Indian Ocean, #1GU Annual
Convention and Meeting on Inter and Intraplate
Seismicity in India- Present Knowledge and
Future Srategy National Geophysical &earch

Institute, Hderabad, 29 - 31 Decemb@OOzLE




Ghanekar S.P Chinthalu G.R., &taramayya.P Grimm A. M., Sahai A. K. and Popelavski C. F,

MujumdarV.R. and Bhide U.V, Estimation of latent
heat flux near NIOT Buoy in the Bay of Bengal in
absence of moisturaneasurement, National
Symposium on Half a Century Progress in

Oceanographic Studies of North Indian Ocean since )
Grimm A.M., Alvaro Emilio Leite andSahai A. K.,

Prof. La Fond’'s Contributions, Depament of
Meteorology and Oceanograptyndhra Uhiversity
Visakhapatnam, 23 - 24 Decemh2004.

Gnanaseelan C., Ciwdary J.S.,Thompson B.and
Salvekar PS., Smulation of Arabian 8a
circulation and temperature using POM model,
Space Applications Centre, Ahmedabad,
20 - 21 December2004.

Gnanaseelan CThompson B., Chedary J.S.and
Salvekar BS., Bolution and collapse of Arabian
Sea warm pool and its sensitivity to inter annually
varying sufface focing, Workshop on Indian
Ocean Mdelling, hternational Bcific Research
Center University of Hawaii, tbnolulu, Hawaii,
USA, 29 November 3 December2004.

Gnanaseelan CThomson B., Chedary J. S.and
Salvekar P S., Numerical simulation of
premonsoon warming in the south east Arabian
Sea, Global Ocean Data Assimilation Experiment
(GODAE) International Summer School on
Ocean Modelling (Global Ocean Data
Assimilation Experiment (GODAE)), La Londe-
Les Maures, FFance, 24 8ptember - 1 October
2004.

GopalkrishnanV., Physical propdres of marine

Interdecadal variability and the performance of
climate models, st International CLNAR
Science Conference, NOAA, Baltimore, USA,
21 - 25 dne, 2004.

PREVISAO DE PRECIPTACAO SAZONAL
PARA A BACIA DO RIO PARANAIBA
UTILIZANDO UM MODELO LINEAR, 3rd
Brazilian Symposium of Atmospheric Modelling,
13th Brazilian Congress of kteorology
Fortaleza, Bazil, 30 August - 3 8ptember2004.

Grimm A. M., Sahai A. K.and RPopelevski C. F,

Long-term variations in the performance of
climate models. 8 Brazilian Symposium of
Atmospheric Modelling, 18 Brazilian Congress
of Meteorology Fortaleza, Bazil, 30 August -

3 Sptember 2004.

Gunthe S.and Beig G.,0Ozone weekend effect over

Pune (18°N, 73°E), rdia, Hrst Prof. R.
Ananthakrishnan Memorial Conference on
Atmospheric Science, Climate Change and
Environmental Studies, Indian Institute of
Tropical Meteorology Pune, 18 -19 ahuay, 2005.

Jadhav D.B.,Thunderstorm warning system using

vector electric field mill, International Conference
on Instrumentation (INCON-2004), Pune
Institute of Engineering an@iechnology (FET),
Pune, 19 - 21 Bcember2004.

aerosols, Seminar on Aerosols and Environmentaf@dadeesh K., Borgaonkar H.Rikder A.B. and

Pollution, Sona College ofTechnology Salem,
30 August, 2004.

GopalakrishnarV., Murugawel P andKamra A. K.,
Airborne measurements of aerosol size-
distributions on a cloudy dayASTA Meeting
and International Conference on Aerosols, Clouds
and Indian Monsoon, Indian Institute of
Technology Kanpur 15 - 17 Mvembey 2004.

Grimm A. M. andSattaifA KK, InterdecadaVariations
in AGCM simulation skills 84 American
Meteorological Society Annual Meeting, A.M.S.,
Seattle, Washington, U.S.A., 11 - 15aduay,

ﬁ 2004.

Mulye S.S.,Climate and tree-gmath relationship

of teak (Tectona @andis) from Central hdia,
First Prof. R. Ananthakrishnan kmorial
Conference on Atmospheric Science, Climate
Change and Environmental Studies, Indian
Institute of Tropical Meteorology Pune,

18 - 19 anuay, 2005.

Jaya RaoY., Devara FC.S. ad Shrivastava A. K.

Cirrus clouds and vertical velocity in the vicinity
of tropical topopauseWorkshop on Cirus
Clouds andTheir Supersaturated fironment,
OberpfaffenhofenGermany 11 - 12 October
2004.




Jaya Rady., Devara FC.S., $rivastaa A. K., Bhavani

Kumar Y. and Rao D. N., MST radar and lidar
observations of stratosphere troposphere exchange
over a tropical station imHia, 3 SPARC General
Assembly Victoria, British Columbia, Canada,

1 - 6 August, 2004.

Jaya RaoY., Devara FC.S., $rivastava A.K., Kimar

Y.K. and Rao D.N., Ntrotops obserations of
columnar aerosol optical depth, ozone and water
vapour over
14" International Conference on Clouds and
Precipitation, Bologna,taly, 18 - 23 dly, 2004.

Jaya RaoY., Vinod Kumar P S., Shrivastava A. K.

and Devara BC.S., MST radar obsemtions of
vertical velocity and diabetic heating rates over

Kamala K., Rtwadhan S.K., Rvadekar J.Vand

Rupa Kumar K.Future climate change scenarios
as simulated by PRECIS for the Indian summer
monsoon and its variabilityFirst Prof. R.

Ananthakrishnan Memorial Conference on
Atmospheric Science, Climate Change and
Environmental Studies, Indian Institute of
Tropical Meteorology Fune, 18 - 19 ahuay, 2005.

Gadanki, (13.5°N, 79.2°E), Kamra A.K., Contemporary chaos in the cloud

seeding practices for the rain enhancement
efforts, National Workshop on ®ategies and
Technologies folWeather Mdification and
Cloud Seding, S.V University Tirupati,

29 - 30 ®ptember2004.

Gadanki: possible influence on stratosphereKamra A.K., Salient features of lightning flashes and

troposphere echange, 3 SPARC General
Assembly Victoria, British Columbia, Canada,
1 - 6 August, 2004.

John S.and Vaidya S.S.,Idealized simulation of

thunderstorm event using ARPSysE Rof. R.
Ananthakrishnan Memorial Conference on
Atmospheric Science, Climate Change and
Environmental Studies, Indian Institute of
Tropical Meteorology Pune, 18 - 19 ahuay, 2005.

Joseph S., Mandke S.Knd Sahai A.K.,Study of

Indian summer monsoon break speligstFRof.
R. Ananthakrishnan Memorial Conference on
Atmospheric Science, Climate Change and

lightning protection for floating roof tanks,
Workshop on Lightning ®tection for Roating
Roof Tanks, hdian Oil Corporation, Bv Delhi,
10 Sptember 2004.

Kewat S., Pawen B5., @&fai PD., Rao E5.PR,

Momin G.A., Ali K. and Chate D.M.,Some
characteristics of dry deposition at a hill station
- Sinhagad, kst Prof. R. Ananthakrishnan
Memorial Conference on Atmospheric Science,
Climate Change and Environmental Studies,
Indian Institute of Tropical Meteorology
Pune, 18 -19 Janugr2005.

Environmental Studies, Indian Institute of Krishna Kumar K., Paradx of Indian monsoon

Tropical Meteorology Pune, 18 - 19ahuay, 2005.

Joshi |.and Kurkute S., Association between first

southern hemisphere stratospheric warming and
volcanic aerosols, IASA Meeting and
International Conference on Aerosol, Clouds and
Monsoon, mdian hstitute ofTechnology Kanpur

15 - 17 Nvember 2004.

Joshi S.,Sanjay J.,Rajeevan M. andPant G.B.,

Gridded rainfall data over India for numerical
model validation, kst Fof. R. Ananthakrishnan
Memorial Conference on Atmospheric Science,
Climate Change and Environmental Studies,
Indian hstitute of Tropical Meteoology, Pune,
18 - 19 anuay, 2005.

failure, International Conference on MONEX
and its LegacyHabitat Cente, New Delhi,
3 - 7 Febwaty, 2005 (Leadralk).

Krishnan R.,Air-sea interactions in the tropical

Indian Ocean and monsoon environment, Indian
Ocean Modelling Workshop University of
Hawai, Honolulu, Hawai, USA, 29 November -
3 December2004.

Krishnan R.,Numerical simulation studies using

global ocean GCM, CLIXR Workshop on
Ocean Model Development, Geophysical Fluid
Dynamics Laboratgr Princeton, U.S.A.,

16 - 18 dine, 2004. E




Krishnan R., Mijumdar M., &hai A.K., Mandke

S.K., $iinde M.A., Kulkarni J.R., Garge SP
Vinay Kumar Suchitra S.and Samala B.K.,

Dynamical seasonal prediction experiments of the

Indian summer monsoon at IITM, Brain
Storming Meeting on Modelling and Prediction
over Indian Monsoon Region — Vision 2005,
National Centre for Mdium RangeWNeather
Forecasting, Mw Delhi, 1 - 2 bwuary, 2005.

Krishnan R.and Mujumdar M., Role of Indian

Ocean SST boundary forcing in the monsoon
interannual variability Indian Ocean Mrine
Environment Conference, eRh, Australia,
14 - 18 [ebwuary, 2005.

Krishnan R.and Ramesh K.Y Coupling of mied

layer processes and thermocline variations
associated with the monsoonal flow over the
northern Indian Ocean, Indian Ocean Marine
Environment Conference, eRh, Australia,
14 - 18 bwuary, 2005.

Krishnan R.and Ramesh K.Y Mixed layer and

thermocline interactions associated with the

Mahajan M., Dissipation of vey sevee tropical

cyclone through AMVs over the Indian region,
7" International Wihds Wbrkshop Helsinki,
Fnland, 14 -17 une, 2004.

Mahajan M., Impacts of satellite inputs for better

analysis and prediction of monsoon systems
during Monex-79, International Conference on
MONEX and its Legacy Habitat Centre,
New Delhi, 3 -7 FEbuary, 2005.

Mahajan M., Satellite inputs of the depiction of

longitudinal distribution of deficient rainfall
during initial phase of monsoon 2004, Annual
MonsoonWorkshop — Mbnsoon 2004, Indian
Meteorological 8ciety Pune ChapterPune,

4 March, 2005.

Mahajan AN., Satellite monitored abnormal

bifurcations of India through deficient rainfall
during first phase of monsoon 2004 ,34GU
Annual Convention and Meeting on Inter and
Intraplate Seismicity in India- Present Knowledge
and FRuture Srategy National Geophysical
Researchristitute, Hderabad, 29 - 31 December
2004.

monsoonal forcing over the Arabian Sea,Mahapatra S.Jslam S. andBandyopadhyay A.,

International Conference on MONEX and its
Legacy Habitat Centre, Bwv Delhi,
3 - 7 Febwuary, 2005.

Kulkarni B.D., Mandal B.N., Sangam R.Bnd

Mulye S.S.,Estimation of areal probable

Detection of thunderstorm potential by two
stability indices, 4% IGU Annual Convention
and Meeting on Inter and Intraplate Seismicity
in India- Pesent Knowledge anduture $rategy
National Geophysical Research Institute,
Hyderabad, 29 - 31 Decemb&004.

maximum precipitation (PMP) over SaurasthraMaheskumar R.Ssnd Devara FC.S., Obsewational

and Kutch by grid point transposition,
11" National Symposium on Hydrology with
Focal Theme onWater Quality National hstitute
of Hydrology, Roorkee, 22 - 23 Wvember 2004.

Kulkarni J.R.,Monsoon 2004, Annual Monsoon

Workshop -Monsoon 2004,nidian Meteorological
Society, Pune Chapter4 March, 2005.

Kulkarni S. and Jadhav D.B.,On the capacity of

-

negative ions for cleaning the pollutiorirsE Rrof.

estimation of direct radiative forcing by
atmospheric aerosols, IA&T Meeting and
International Conference on Aerosols, Clouds and
Indian Monsoon, mdian hstitute of Technology
Kanpur 15 - 17 Nvembey 2004.

Mandal B.N.and Deshpande N.R\Vater resowes

- hydrometeorological aspects of SW and NE
monsoon 2004, Annual dhsoonWorkshop -
Monsoon 2004, ridian Meteorological Sciety
Pune ChapterPune, 4 Mach, 2005.

R. Ananthakrishnan Memorial Conference onMandke S.K., Sahai A.Kand Krishnan R.,Role of

Atmospheric Science, Climate Change and
EnvironmentalSudies, hdian hstitute ofTropical
Meteorology Pune, 18 - 19 ahuay, 2005.

Indian and Bcific Ocean on ISM of 1997,
Workshop on Climaté/ariability in 20" Centuy,
Abdus @lam International Cerdrfor Theoretical
Physics, Trieste, taly, 19 - 30 Aoril, 2004.




Mishra S.Rao FS.P, Faween F5. aad Momin G.A,,
Scavenging ratios of ionic pollutants at Pune,
First Prof. R. Ananthakrishnan kmorial
Conference on Atmospheric Science, Climate
Change and Environmental Studies, Indian
Institute of Tropical Meteorology Pune, 18 - 19
Januay, 2005.

Mohile C.M., Rthkar J.S.and Deshpande N.R.,
Climate variability over western Himalaya,
International Symposium on Snow Monitoring
and Avalanche-2004, Mnali, 12 - 16 Auril,
2004.

Morwal B.C., Information, Communication and
Progress of Bibliography (Special Literature
Bibliography) (Computerization), #9Seminar
and Hndi Workshop on Official Language
Management,  dicy Implementation,
Conducting Vdrkshops,Information Technology
and Computerization, &lnital, 7-8 October
2004.

Muhsin M. and Devara EC.S., Characterisation of
the bounday-layer aerosols using LIDAR,irst
Prof. R. Ananthakrishnan Memaorial Conference
on Atmospheric Science, Climate Change and
Environmental Studies, Indian Institute of
Tropical Meteorology Pune, 18 - 19 ahuay, 2005.

Mujumdar M., Dynamics of rainfall eventsver the
Arabian region, General Body Meeting of Indian
Academy of Industrial and Applicable
Mathematics, the, 18 Decembge2004.

Mujumdar M., Krishnan R., @&ai A.K., Mandke
S.K,, Kulkarni J.R., 8inde M.A.,Vinay Kumat
Kripalani R.H.and Sabade S.S\Monsoon 2004
- performance of LRF: global modelling aspects,
Annual MonsoonWorkshop - 2004, ndian
Meteorological Society (Pune Chapter), India
Meteorological Department, Pune, 4 March,
2005.

MujumdarV.R., Bhide U.\,, Bawiskar S.M., Branik
PV., Chipade M.D.andGhanekar S.POn the
development of depressions over Bay of Bengal
during Indian summer monsoon, National
Symposum on Half a Century Progress in

Oceanographic Studies of North Indian Ocean since
Prof. La Fond’'s Contributions, Depament of
Meteorology and Oceanograptiyndhra Uhiversity
Visakhapatnam, 23 - 24 Decemb2004.

Mukhopadhyay P Orissa super @jone 1999 -
dynamical approach, Brain Storming Session on
Modelling Tropical Gyclones with Emphasis on
Super Cyclone 1999, India Meteorological
Department, New Delhi, 21 - 22 March, 2005.

Mukhopadhyay P Thunderstormdocumentation,
simulation and verification overuRe, st Rof.
R. Ananthakrishnan Memorial Conference on
Atmospheric Science, Climate Change and
Environmental Studies, Indian Institute of
Tropical Meteorology Fune, 18 - 19 ahuay, 2005.

Nagar S.G., Dhakate A., Deepad®tdSeetaramayya
P, Comparison of air — sea inface processes
over the east central Arabian Sea at onset phases
of monsoons: MONEX-79 and ARMEX-2003,
International Conference on MONEX and its
Legacy Habitat Centre, Bwv Delhi,
3 -7 Febwary, 2005.

Nagar S.G., hakate A.and Seetaramayya.P
Characteristics of marine atmosphere over the
southeast Arabian Sea during ARMEX-2003,
National Symposium on Half a Century Progress
in Oceanographic Studies of North Indian Ocean
since Pof. La Fond's Contributions, Depament
of Meteorology and ©eanographyAndhra
University Visakhapatnam, 23 - 24 Decempber
2004.

Nikam S.B Ratil M.N. and Snha S.,Evolution of
atmospheric boundwarlayer using doppler sodar
First WP / RASS Training/Wbrkshop on
Meteorology and Atmospheric Science, Indian
Institute of Tropical Meteoology, Pune, 7 - 11
March, 2005.

Padma Kimarii B,, KanawadeV.P, Trimbake H.K.
and Jadhav D.B.,Twilight probing of dust
particles in the middle atmosphere during Leonid
Meteor shwer 2003, IASRA Meeting and
International Conference on Aerosols, Clouds and
Indian Monsoon, hdian hstitute of Technology

Kanpur 15 - 17 Mvember 2004. E




Pandithurai G.Modelling of tropical aerosol radiative Praveen BS., $@ifai PD., Rao B5.P, Chate D.M.,

forcing using satellite, lidar and radiometric
aerosol database and surface
measurements, ISRGBP Working Group
(WG-Il) Meeting, Physical &earch Laboratgr
Ahmedabad, 3 March, 2005.

Pandithurai G.Pinker RT. andDevara EC.S., Agosol

radiative forcing and heating rates during winter
and pre-monsoon seasonsrdune, IASTA Meeting

radiation

Ali K., Momin G.A., Tiwari S. and Devara
P.C.S., Physical and chemical ppeties of
aerosols in urban and semi urban environment,
IASTA Meeting and International Conference on
Aerosols, Clouds and Indian Monsoon,
Indian Institute of Technology Kanpurg

15 - 17 Neembey 2004.

and International Conference on Aerosols, CloudsR@ PE., Aerosol characterization experimentgeo

and Indian Monsoon, Indian Institute of
Technology Kanpur 15 - 17 Mvembey 2004.

Pankaj Kumar Rupa Kumar K., Rajeevan M. and

Sahai A.K.,ENSO and northeast monsoon
rainfall variability over Suth Asia, kst Fof. R.
Ananthakrishnan Memorial Conference on
Atmospheric Science, Climate Change and
Environmental Studies, Indian Institute of
Tropical Meteorology Fune, 18 - 19 ahuay, 2005.

Pant G.B., Tsunami: what happened and why

National Academy of Agricultural Science®" 7
Agricultural Science Congress, College of
Agriculture, Rune, 16 -18 Ebruary, 2005
(Invited Talk).

Patil S.D. and Yadav R.K.,Large-scale changes in

the cloud radiative forcing averaged over the
Indian region, IASA Meeting and riternational
Conference on Aerosols, Clouds and Indian
Monsoon, hdian hstitute ofTechnology Kanpur

15 - 17 Nvember 2004.

Pinkar R.T, Wonsick M., Liu H.,Pandithurai G.,

Devara RC.S. and Bkamura T Aerosol effects

on the surface radiation budget over the Indian
region: possible link to monsoon?, |IAST
Meeting and International Conference on
Aerosols, Clouds and Indian Monsoon,
Indian Institute of Technology Kanpug
15 -17 Novembey 2004.

Prabhu A.A. and Mhajan M., Potential utility of

-4

IRS-P4 MSMR for better depiction of

atmospheric systems and the Antarctic sea ice

extent, frst Rof. R. Ananthakrishnan &morial
Conference on Atmospheric Science, Climate
Change and Environmental Studies,
Indian Institute of Tropical Meteorology
Pune, 18 - 19 anuary, 2005.

Agra and Delhi during Land Campaign IlI:
Preliminary results, Workshop on Land
Campaign-Il Results, Physical Research
Laboratoy, Ahmedabad, 1 - 2 Kich, 2005.

Raj P E., Dani K.K., Saha S.K.andDewara EC.S.,

Aerosol size distributions over the southeast
Arabian sea during pre-monsoon season, KAST
Meeting and International Conference on
Aerosols, Clouds and Indian Monsoon,
Indian Institute of Technology Kanpug
15 - 17 Nvembey 2004.

Ranade A.A.Tiwari S. and Panday A., 8udy of

chemical species in rain water at a rural
environment of Nrtheast India, st Rof. R.
Ananthakrishnan Memorial Conference on
Atmospheric Science, Climate Change and
Environmental Studies, Indian Institute of
Tropical Meteoplogy Rune, 18 - 19ahuay, 2005.

Rao BS.P, Rawen B5., $fai PD., Momin G.A.,

Ali K., Chate D.M., Granat L. and Rodhe H.,
Chemical characteristics of fine and coarse aerosols
at Snhagad - A high altitude location, IAST
Meeting and International Conference on
Aerosols, Clouds and Indian Monsoon,
Indian Institute of Technology Kanpug

15 - 17 MNvember 2004.

Rathoe PK., Raj P E. and Devara PC.S.,

Comparison of precipitable water measured by
sun photometer and that estimated from surface
meteorological parameters,irgt Prof. R.
Ananthakrishnan Memorial Conference on
Atmospheric Science, Climate Change and
Environmental Studies, Indian Institute of
Tropical Meteoology, Rune, 18 - 19 ahuay, 2005.




Rege R., Btdar M.B. andDevara FC.S.,Mapping Shaiju A., Sngh D. and Tiwari S., Chemical
of aerosol properties at 412, 443 and 670 nm  composition of rainwater ataRipat inside NCR
using IRS-P4 OCM-land and ground-based of Delhi, Frst Prof. R. Ananthakrishnan

sunphotometer data, IART Meeting and Memorial Conference on Atmospheric Science,
International Conference on Aerosols, Clouds and  Climate Change and Environmental Studies,
Indian Monsoon, mdian hstitute of Technology Indian Institute ofTropical Meteoology, Pune,
Kanpur 15 -17 Nvembey 2004. 18 - 19 anuay, 2005.

Rupa Kumar K.Application of regional models - Shirsat S.V and Devara EC.S., $udy of aeosol size
High resolution climate change scenarios for India  distribution from emote sensing techniqueiyst
using PRECIS, \&tkshop on Climate Change Prof. R. Ananthakrishnan Memorial Conference

Impacts,Vulnerability and Alaptation, Bienos on Atmospheric Science, Climate Change and
Aires, Argentina, 7 - 8 Decembe2004. Environmental Studies, Indian Institute of
Tropical Meteorology Pune, 18 - 19ahuay, 2005.
Rupa Kumar K.,Climate change and monsoon,
International Conference on MONEX and its Singh N.and Joshi R.R.,Estimation of turbulence

Legacy Habitat Centre, Bv Delhi, parameters using Uhf wind profiler radairst
3 - 7 Febuary, 2005 (hvited Talk). Prof. R. Ananthakrishnan Memorial Conference
on Atmospheric Science, Climate Change and
Rupa Kumar K.,Climate of the future, GCOS / Environmental Studies, Indian Institute of

WMO InternationalWorkshop on Enhancing Tropical Meteoplogy Rune, 18 - 19 ahuay, 2005.

Soth _and Cen-tral Agian C-Iimate C_hangeSngh V. and Beig G., Long term changes in ozone
Monitoring and hdices, hdian Institute offropical pollutants over India: 3-D model simulations

Meteorology Fune, 14 - 19 ébwuary, 2005. First Prof. R. Ananthakrishnan Bmorial
Conference on Atmospheric Science, Climate
Change and Environmental Studies,
Indian Institute of Tropical Meteorology
Pune, 18 - 19 ahuay, 2005.

Safai PD., Preliminaly results of Land Campaign
Project under IS®-GBR ISRO-GBP Working
Group (WG-IlI) Meeting, Physical Research
Laboratoy, Ahmedabad, 1 - 2 Kich, 2005.

. ~ Sontakke N.A.and Singh N.,Climatological time
Safai PD., Role of aerosols and black carbon in geries : construction, analysis and extrapolation,

atmospheric radiation budget studies, CS8BP International Conference on Industrial and
Working Group (WG-1l) Meeting, Physical Applied  Mathematics, = New  Delhi,
Research Laboratgr Ahmedabad, 4 - 6 December2004 (InvitedTalk).

3 March, 2005. . .
Sukumaran C.and Svaramakrishnan Syariation

Safai PD., Rawen BS., Rao 5. P, Momin G.A., of advective fluxes of CQand water vapour over
Ali K. and Chate D.M.,Variation in acidic and Vasco-da-Gama, Goa during monsoon 20@2t F
neutralizing potentials of aerosols at Pune and Prof. R. Ananthakrishnan Memorial Conference
Snhagad after two decades, IASMeeting and on Atmospheric Science, Climate Change and

Environmental Studies, Indian Institute of

International Conference on Aerosols, Clouds and k
Tropical Meteoology, RPune, 18 - 19 ahuay, 2005.

Indian Monsoon, mdian hstitute of Technology
Kanpur 15 - 17 Mvembey 2004. Tarafdar S.and Salvekar BS., Understanding the

Sahai A.K., Mandke S.Kand Shinde M.A., tropical Indian Ocean surface wind stress in the

A ¢ ble d ical | behaviour of Indian southwest monsoorst
ssgssment or ensembie dynamical seasonal  pyof R Ananthakrishnan Memorial Conference
prediction of recent monsoons by an AGCM,

on Atmospheric Science, Climate Change

International Conference on MONEX and its and Environmental  Studies, Indian
Legacy Habitat Centre, By Delhi, Institute of Tropical Meteorology Pune,
3 - 7 Febwuary, 2005. 18 - 19 anuay, 2005.

P o)




Thompson B., Gnanaseelan C., Chowdary &8.

Salvekar PS., Dynamical response ofndlian
Ocean to interannually varying surface forcing
in an OGCM, kst Rof. R. Ananthakrishnan
Memorial Conference on Atmospheric Science,
Climate Change and Environmental Studies,
Indian Institute of Tropical Meteorology
Pune, 18 - 19 ahuay, 2005.

Tiwari S., Momin G.A., Rao B.P, Safai PD., Chate

D.M., Ali K., Rodhe H. and Granat L.,
Rainwater chemistry around national capital
region of Delhi, IASA Meeting and
International Conference on Aerosols, Clouds and
Indian Monsoon, hdian hstitute of Technology
Kanpuy 15 - 17 Mvember 2004.

Trivedi D.K., Impact of initial conditions and

physical processes on tropical cyclone,
International Conference ofropical Gyclone,
Obsewations, Uhderstanding and rBdiction,
Department of Mathematics, Behrampur
University Bhubaneshwar5-6 &nuay, 2005
(Invited Talk).

Vaid B.H., Ghanaseelan Cand Thompson B.,

Satistical analysis offopex / Pseidon altimeir
data with emphasis omdian Ocean dipoles;jrbt
Prof. R. Ananthakrishnan Memorial Conference
on Atmospheric Science, Climate Change and
Environmental Studies, Indian Institute of
Tropical Meteorology Fune, 18 -19 ahuay, 2005.

Vaid B.H., Ghanaseelan C.Thompson B.and

Salvekar ES., hdian Ocean dipoles obsed in
the TOPEX/ POSEIDON altimety data,
41 IGU Annual Convention and Meeting on
Inter and Intraplate Seismicity in India - Present
Knowledge and Eture Srategy National
Geophysical Research Institute, Hyderabad,
29 - 31 December2004.

Vijayakumar R., Kilkarni J.R.,Kolawale H.Y and

Pant G.B.,Monsoon 2004 wer Maharashtra as
rendered by cloud seeding radars, Annual

Monsoon Workshop - 2004, rdian
Meteorological Society (Pune Chapter),
India Meteorological Department, Pune,

4 March, 2005.

Vinay Kumarand Krishnan R.,On the association

between Indian summer monsoon and the
tropical cyclone activity @er the nothwest Rcific,
First Prof. R. Ananthakrishnan BEmorial
Conference on Atmospheric Science, Climate
Change and Environmental Studies,
Indian Institute ofTropical Meteorology Pune,

18 -19 anuay, 2005.

Yadav R.K.and Patil S.D., Upper tropospheric

circulation features during extreme monsoon
years, kst Frof. R. Ananthakrishnan Bmorial
Conference on Atmospheric Science, Climate
Change and Environmental Studies, Indian
Institute of Tropical Meteorology Pune, 18 - 19
Januay, 2005.

YamagataT., Ohba R., @&kuma H., Behera S.,

Mujumdar M. and Chakrabay A., Refinement
of numerical modelling and technology of global
and regional water cycle, 85 American
Meteorological Society Annual Meeting , San
Diego, U.S.A., 9 -13ahuay, 2005.

PAPERS PUBLISHED
Journals .70
Proceedings, Books, Reports etc. : 73

PAPERS PRESENTED

133




Participation in Symposia, Seminars etc.

International Meeting onTree-ring and Climate : DST $onsored BundationTraining Rogramme for

Sharpening the écus, Uhiversity of Arizona, Scientists, Indian Institute of Public
Tucson, U.S.A., 6 - 9 pil, 2004 Administration (A, New  Delhi,
(Dr. H.R Borgaonkar) 4 dly - 3 Ocbber 2004

. _ _ _ _ (Dr. C. Gnanaseelan)
Brain Storming Session for the forthcoming Indian

Children's Science Congress, Ratnagiri, Brain Storming Session on Environment Monitoring
10 - 11 April, 2004 in India, India Habitat Centre, New Delhi,
(Dr. C.G. Deshpande) 6 - 7 dly, 2004

: . o (Dr. K. Rupa Kumar)
International Symposium on Snow Monitoring and

Avalanche 8idy, Show and Avalanche 8idy 22" International Laser Radar Conference

Establishment, Manali, 12 - 16 April, 2004 (ILRC XXII), Matera ltaly, 12 - 16 aly, 2004
(Dr. G.B. Rant, Shri C.M. Mohile) (Dr. PC.S. Deara)

Workshop on Climate &fiability in 20" Centuy, 14" International Conference on Clouds and
Abdus @lam International Centre fdrheoretical Precipitation (ICCP), Bologna, taly,
Physics, Trieste, faly, 19 - 30 Aoril, 2004 18 - 23 aly, 2004
(Smt. S.K. Mandke) (Dr. RC.S. Devara) (Chaired a SessionWwarm

. o _ Cloud Microphysics)
Workshop on Climate ChangedAptation in hdia,

Indo-German Bilateral project, New Delhi, PRECIS Taining Workshop, Thimpu,Bhutan,

12 May, 2004 20 - 24 aly, 2004

(Dr. G.B. Rant) (Dr. K. Rupa Kumar)
Quadrennial Ozone Symposium, Kos, Greece Workshop on mdian Antarctica Bsearch ®gramme:

1 - 8 dine, 2004 Achievements of 28 and Planning for the 24

(Dr. G. Beig) Antarctic Expedition, National Centre for

) Antarctica and Ocean Research, Goa,

3 InternationalWorkshop on LongTerm Changes 19 - 20 dly, 2004

andTrends in the Atmospherep®pol, Builgaria, (Dr. AK. Kamra and Shri S.M.@bawne)

10 -14 dine, 2004

(Dr. G. Beig) INDO-US Climate Change Scienceovshop

New Delhi, 26 - 28 dly, 2004

7" International Vihds Wérkshop Helsinki, Fnland, (Dr. PC.S. Devara and DK. Rupa Kumar)

14 -17 dine, 2004

(Dr. PN. Mahajan) 3@ SPARC General AssemblyVictoria, British
Columbia, Canada, 1 - 6 August, 2004
CLIVAR Work_shop on Ocean Wel Development, (Dr. Y. JayaRao)
Geophysical kiid Dynamics Laboratos
Princeton, U.S.A., 16 - 18ude, 2004 International 2¢ ESA Summer School on Earth
(Dr. R. Krishnan) System Monitoring and Modelling, ESA-ESRIN,

) ) ) (Frascati), Rme, taly, 16 - 26 Aigust, 2004
First International CLIMR Science Conference on (Shri J.S. Chowdary)

Understanding and rBdicting our Climate
System, Bltimore, U.S.A., 21 - 25uhe, 2004 Seminar on Arosols and EnvironmentaloBution,
(Dr. R. Krishnan) Sona College of Technology Salem,

. o 30 August, 2004
Indo US Conference on Space Science, Applications (Shri V. Gopalkrishnan)

and Commerce - Strengthening and Expanding

Cooperation, Indian Space ResearchPre-Antarctic ®ow Ice AcclimatizationTraining for
Organisation, Bngalore, 21 - 25ude, 2004 the 24" Antarctic Expedition, ITBT Camp, Auli,
(Dr. A.K. Kamra, D. RPC.S. Devara and 5 - 20 ®ptember 2004

Dr. PN. Mahajan) (Dr. D.K. Siingh and Bri V. Pant) E




Workshop on Cimas Clouds and heir Supersaturated
Environment, Institute of Physics and
Atmosphere, German Space Operations Centre,
Oberpfaffenhofen, Germangl - 12 October2004
(Dr. Y. JayaRao)

Indo-EU Workshop on Climate Change andhthiral
Disasters, Wiversity of Hiderabad, kderabad,
6-10 Sptember 2004
(Dr. G.B. Rant and DrK. Rupa Kumar)

Workshop on Lightning B®tection for Foating Roof
Tanks, hdian Oil Corporation, B~ Delhi,
10 Sptember 2004
(Dr. A K. Kamra)

Global Climate Observing System (GCOS) Regional
Workshop for ®uth and Suthwest Asia and the
IPCC Lead Authors Meeting, New Delhi,
11 - 13 October 2004

. _ _ _ o _ (Dr. K. Rupa Kumar)
Brainstorming Session on Receding Glaciers in Indian

Himalayan Region (HIR) — Environmental and Third International Wrkshop on Mnsoon (IWM
Social Implications, G.B. Bnt Institute of IIl), Hangzhou, China, 2 - 6 dvember 2004

-

Himalayan Environment and Development,

Kosi-Katarmal, Almora, 11 &tember 2004
(Dr. RC.S. Deara)

One-day Wrkshop on Discover theower and
Flexibility of 64-bit Computing,
13 Sptember 2004
(Snt. J.V Revadekar)

Global Ocean Data Assimilation Experiment

Pune,

(Shri D.R. Chakraborty)

Final Workshop of the dint Indo-UK Rogramme on
Impacts of Climate Change in India, New Delhi,
5 Novembey 2004
(Dr. G.B. Rant, Dr. K. Rupa Kumar and
Shi B.N. Mandal)

Indo-UK workshop on Impact of Climate Change in
India New Delhi, 5 - 6 Nvember 2004
(Dr. G.B. Rant)

(GODAE) International Summer School, La IASTA Meeting and International Conference on

Londe - Les Mwures, Fance, 20 8ptember -
1 October 2004
(Dr. C. Gnanaseelan)

National Workshop on 8ategies andrechnologies
for Weather Mdification and Cloud &eding, S.
V. University Tirupati, 29 - 30 &ptember 2004
(Dr. AK. Kamra)

ADCOS Brain Storming Meeting on Chemical

Modelling for Climate Change and AiolRition
Studies, ISR® Head Quaters, Bangalore,
30 Sptember 2004

(Dr. G. Beig)
Group Monitoring Workshop (GMW on
Atmospheric Science, Physical Research

Laboratoy, Ahmedabad, 5 OctoheR004
(Dr. G. Beig and Shri D.R. Chakralbgy

49" Seminar and khdi Workshop on Official
Langua@ Management, ¢dlicy Implementation,
Conducting V@rkshops,Information Technology
and Computerization, ahital, 6-8 October2004
(Shri B.C. Morwal)

Aerosols, Clouds and Indian Monsoon,
Indian Institute of Technology Kanpug
15 - 17 November 2004

(Dr. RC.S. Dwvara, D. G. Beig, D. (9nt.) |I.
Joshi, Dr. PD. Safai, Dr. S. Tiwari,
Shri V. Gopalkrishnan, Bri S.D. Hatil,
Snt. B. Rdmakumari and Km. R. Brawar)

(Dr. RC.S. Devera deliveretVelcome Aldress

and Chaired a Session on Bio and Radioactive

Aerosols, Nino Rrticles)

Frst NIAS Course on Miti-disciplinary Rerspectives
on Scieme and Technology National hstitute @
Advance fudies, Bingalore, 15 - 27 dNember 2004
(Dr. N. Sngh)

11" National Symposium on ydirology with Focal
Theme onWater Quality National hstitute of
Hydrology Roorkee, 22 - 23 brember 2004
(Dr. B.D. Kulkarni and #&t. N.R. Deshpande)

Indian Ocean Mdelling Workshop International
Pacific Research CentetJniversity of Hawaii,
Honolulu, Hawaii, USA, 29 Nvember -
3 December2004
(Dr. R. Krishnan, D. C. Gnanaseelan and
Dr. P R. C. Redy)




Annual Convention of the Computer Society of India, National Symposium on Half a Century Progress in
Mumbai, 30 Mvember — 3 Decemhe2004 Oceanographic Studies of North Indian Ocean
(Shri O.Abraham) since fPof. La Fond's Contributions (HAC PO),

Depatment of Meteorology and Oceanography

Andhra Lhiversity, Visakhapatnam,

23 - 24 December2004

(Dr. K. Rupa Kumar Smt. S.G. Mgar

Group Monitoring Workshop (GMW2004) on
Monsoon andrropical Climate (MONTLIM),
Agrometeorology and Indian Climate Research

Program (ICRP), Birbal Sahni Institute of Shri V.R. Mujumdar Shri S.P Ghanekar
Palaeobotany (BSIP), Lucknp 1 - 3 December Shri GR. Chinthalu, Shri M.D. Chipade,
2004 Shri J.S. Gowdary and Kum. R. Deepa)

(Dr. G.B. Rant, Dr PRC.S. Dewara, ) ]

Dr. (Snt.) PS. Slvekar Dr. S. Svaramakrishnan, 41% IGU Annual Convention and Meeting on Inter

ant. S.S. Midya, D. N. Sngh, Dr. PS.P Rao and Intraplate seismicity in India- Present
snt. UV  Bhide. D M.N. Patil Knowledge and Bture Srategy National

Shri S.S. Dugam, O. (Smt.) S.B. Norwal, gsgeopglysgal I?)esggcr)zh Institute, Hyderabad,
Dr. S. Tiwari, 9nt. A.A. Shiralkar and ) CemDer 2 .
Dr. (9nt) R.R. dshi) (Dr. BN. Mahajan, 8&ri S.S. Dgam,

' RO Shri S. Mahapatra, ®t. A.A. Deo, Shri D.W

Internatonal Conference on Industrial and Applied ~ Ganer and Shri B.Hvaid )

Mathematics, b Delhi, 4 - 6 Decembe2004 International Conference ofropical Gyclone,

(Dr. (9mt.) N.A. Sontakke, Shri S.S.ugam and
Shri S.B. Kakade)

International Conference on Better Air Qualigra,
6 - 9 December2004
(Dr. G. Beig)

UNFCCA/SBSTA Workshop on Climate Change

Impacts, Mlnerability and Adaptation, ugnos
Aires, Argentina, 7 - 8 Decembe2004
(Dr. K. Rupa Kumar)

Workshop on Economic étorms: Canadian and Indian

Perspective, Bwv Delhi, 9 -11 Decembg2004
(Dr. G.B. Rant)

International Conference on Instrumentation
(INCON 2004), Instrument Society of India,

Pune hstitute of Engineering ant@lechnology
(PIET), Pune, 19 - 21 Decemhe?004
(Dr. RC.S. Deara and 2 D.B. Ahdhav)

Workshop on the Bw ICAR National Roject
‘Impact, Alaptation andvulnerability of hdian

Agriculture to Global Climate Change’, Central
Research Institute for Dryland Agriculture

(CRIDA), Hyderabad, 20 - 21 Decemb&004.
(Dr. K. Rupa Kumar)

Workshop on Alvanced Oceant&te forecast and
Ocean Mdelling, $ace Applications Center
Ahmedabad, 20 - 21 Decemp&004
(Dr. C. Gnanaseelan)

Obsewations, Uderstanding and rBdiction,
Department of Mathematics, Behrampur
University Bhubaneshwar5-6 &nauy 2005

(Shri D.K. Trivedi)

PreWorkshop onWeather Mdification and Cloud

Seading Technologies for RailVater Enhancement
-2005, awaharlal Mhiu Technology Wiversity
Hyderabad, 7 ahuay, 2005

(Dr. R. Vijayakumar)

First RFof. R. Ananathakrishnan Bmorial Conference

on Atmospheric Science, ClimraChange and
Environmental fudies, hdian hstitute ofTropical
Meteorology Fune, 18 -19 ahuay, 2005

(Shri R. ChattopadhyayShri R. K. Yaday
Shri A. K. Verma, $iri B. H. Vaid, S$ri B.K.
Samala, &ri B. Thompson, 8ri D. P Prajapati,
Shri J. S. Clowdary, Shri K. J&gdeesh,
Shri S. H. Kulkarni, $&ri M. Muhsin,
Shri N. Singh, Shri Rnkaj Kumar Shri P K.
Rathore, Shri S. Deshpande, Shri S. Bhandare,
Shri S. Gunthe, Shri S.K. Sahu, Shri S. Kewat,
Shri S. Taraphdar Shri S. K. Mshra,
Shri U. Singh, $ri V.9ngh, Siri Vinay Kumag
Smt. A. A. Prabhu, Smt. A. A. Ranade,
Kum. M. S. Deshpande, Kum. S. Joshi, Kum.
A. Dey, Kum.C. Sikumaran, Kim. K. Kamala,
Kum. P Bhaskar Kum. R. [Dutta,
Kum.R. Bhawar Kum. S. V Shirsat,
Kum. S. Joh, Kum. S.Joseph, Shri S. Augustine,

Shri U. Shinde, Dr R.PC. Reddy) E




Colloguium on hternational Mtwork onTropical =~ Workshop onWomen in Scientific Careers, SNDT

Atmosphere Radars (IMIR 2005), National University Mumbai, 24 Ebwuary, 2005
University Tirupati, 20 - 22 dnuay, 2005 Symposium in Mathematics, S. EBollege, Rne,

(Dr. PC.S. Deara) 27 Febwuary, 2005

International Wrkshopon WeatherM odification and (Dr. (Smt) BS. Salvekar)

Cloud Seedinglechnologies for Raitwater = Workshop on Land CampaigneRults, RBysical
Enhancement — 2005, Jawaharlal Nehru  Research Laboratar Ahmedabad, 1 - 2 Bich,

Technology UWiversity Hyderabad, 27 - 28 2004 . - _
Januay, 2005 (Dr. PE. Raj, D. G. Randithurai, Dr PD. Safai)
(Dr. R. Vijayakumar) IPCC Model Analysis \igrkshop, Honolulu, Hawaii,

U.S.A,, 1 - 4 March, 2005

Brain Storming Meeting on Modelling and Prediction (Or. K. Rupa Kumar)

over Indian Monsoon Region — Vision 2005,
National Centre for Mdium Range Wather Brain Sorming Sminar on the kh Rerformance

Forecasting, Mw Delhi, 1 - 2 Ebuary, 2005 Computing forWeather and Climate &tlelling,
(Dr. K. Rupa Kumar, Dr. R. Krishnan and Indian Institute of Technology New Delhi,
Dr. K. Krishna Kumar) 2 - 4 March, 2005

(Dr. G.B. Rant, Dr. R. Krishnan, D G. Beig
International Conference on MONEX and its Legacy ~ and Smt. S.U. Athale)

Habitat Centre, Bv Delhi, 3 - 7 ebuary, Frst WP / RASSTraining/Workshop on Mteorology

2005 _ and Atmospheric Science, Indian Institute of
(Dr. K. Rupa Kumar Dr. R. Krishnan, DrPN. Tropical Meteorology Pune, 7 - 11 Mrch, 2005
Mahajan, @ K. Krishna Kumag Dr. (Snt.)S.G. (Shri S.D. Rwar Shri S.S. Saha, kn. S.P
Nagar Shri S.S. ugam, &ri S.M. Bawiskar and Nikam, Shri A.R.Dhakate and Smt. A. Prabhu)

Smt. S.K. Mandke . .
) Seminar on Global Climate Change and the Oceans

Indian Ocean Marine Environment Conference, - How India is Responding, Indian Maritime
Perth, Australia, 14 -18 €buary, 2005 Foundation, Bne, 9 March, 2005
(Dr. R. Krishnan) (Dr. (Snt.) PS. SalvekarDr. C. Ghanaseelan and
S Smt. A.A. Deo)

InternationalWorkshop on Enhancingosth Central

. . o , Brain Sorming on #asonal &recasting of 8Bmmer
Asian Climate Change Monitoring and Indices, g g

X 3 i Monsoon - 2005, India Meteorological
Indian hstitute ofTropical Meteoplogy, Pune, Department, New Delhi, 11 March, 2005
14 - 19 febwuary, 2005 (Dr. K. Rupa Kumar)
(Shri A.B. Skder, Snt. N.R. Deshpande andn&. _ _
Workshop on Air Mbdelling, Centre for Development
J.V. Revdekar) )
of Advanced Computing, Pune, 14 - 17 March,
National Academy of Agricultural Science : 2005 _ o _
7t Agricultural Science Congress, College of  (Dr. G. Beig, Kum. S. Rg, Shri Vikas Singh
Agriculture, Rine, 16 -18 &bwuary, 2005 and Shri S. Gunthe)
(Dr. G.B. Rant) Brain Sorming Session on bdelling Tropical

Cyclones with Emphasis on Super Cyclone 1999,
India Meteorological Department, New Delhi,
21 - 22 March, 2005

(Shri B Mukhopadhyay)

SHARP /CSWorkshop on 8stainable Environmental
Management and Livelihood Issues: Indian and
Canadian érspective, Klkata, 19 - 21 €bwua,
2005
(Dr. G.B. Rant)

ﬁ 0




Participation in Meetings

Dr. G.B. Rnt i

0

Selection Committee Meeting of CSIR for Senior
Research €llows and Rsearch Associates,
New Delhi, 5 April, 2004.

Meeting of Augmentation of Ocean Observing i
Network In the Indian Ocean Region,
Department of Ocean Development, New Delhi,
28 April, 2004.

Advisory Committee Meeting, Environmental j
Information System (ENVIS), Ministry of
Environment, Mw Delhi, 13 Mg, 2004.

7" Meeting of Ocean Environmentaifel, Nwval
Research Board, National Institute of Oceano
Technology Chennai, 22 My, 2004.

1st Meeting of the Committee for the
Establishment of Marine Meteorological
Forecasting Centre (MMFCQC), India
Meteorological Department, New Delhi, ©
24 May, 2004.

NNRMS Meteorology Standing Committee
Meeting, Indian Space Research Organisation?
Bangalore, 31 My, 2004.

INSAT 3-D Retrieval and Application éview
Board Meeting, Space Applications Centre,”
Ahmedabad, 1uhe,, 2004.

Scooping Meting of the IPCG’ 4" Assessment
Repott, World Meteorological Organisation,
Geneva, @itzerland, 6 - 8 uly, 2004.

0

Advisory Committee Meeting for developing the f
Centre for Advanced Research on Astrophysics
and Space Science, Bose Institute, Kolkata,
29 dily, 2004.

Meeting with the Minister of Science and g
Technology Depatment of Science and
Technology New Delhi, 1 - 2 Aigust, 2004.

1039 SERC Meeting, Depament of Science and ©
Technology New Delhi, 6 August, 2004.

Organising Committee Meeting of India
European CommunityWorkshop, Uhiversity of 0
Hyderabad, Hyderabad, 16 August, 2004.

Fnal Meeting for the Establishment ofatibnal
Marine Meteorological Brecasting Centrentlia
Meteorological Department, New Delhi,
16-17 August, 2004.

Meeting convened by thee&retay, DST for
setting up of the proposed BIMEHT Centre
on Weather and Climate imdlia, Depatment
of Science andTechnology New Delhi,
18 August, 2004.

Meeting of the Heads of Institutions under the
DST convened by the Secretary on Vigilance
Matters, Depament of Science and@lechnology
New Delhi, 30 August, 2004.

Meeting in the British High Commission with
Mrs. Beckett, Hon. Secretary of State, Govt. of
U.K. regarding Indo - UK collaborative research
work on Climate Change, New Delhi,
5 October 2004.

Programme Advisory Committee Meeting for
SHARP Environmental Projects, New Delhi,
6 October and 9 Decemhe2004.

Meeting for Rund Table Consultation of
Resource Bnelist on Climate Change, British
Council, New Delhi, 9 October2004.

Eighth Research and Development Council
Meeting, Centre foWind EnergyTechnology
Chennai, 11 Octobe004.

Meeting of Burth Assessment Repoof the
IPCC, New Delhi, 15 October2004.

Selection Committee Meeting, Indian Institute
of Technology New Delhi, 19 October2004

Meeting with the Chinese Delegation,
New Delhi, 5-6 Novembey 2004.

First meeting of the Htional Coodinate
Committee on 6recasting Mnsoon (NCCFM)
, New Delhi, 20 Novembey 2004.

Meeting of Project Advisory Committee in the
area of Oceanography New Delhi,
24 Novembey 2004.

Meeting of the Advisory Committee for SHARP
project, New Delhi, 9 December2004. E




Dr.

Meeting of the Expert Committee of Interviews, o
Council for Scientific and Industrial Research,
New Delhi, 22 &anuay, 2005.

Ninth Research and Development Council
Meeting, Centre folWind EnergyTechnology
Bangalore, 12 €bwuary, 2005.

Discussion Meeting called by Prof. J. Shukla,
India International Centre, New Delhi, U
17 Febwuary, 2005.

Programme Advisory and Monitoring Committee
Meeting, Depament of Science an@liechnology
New Delhi, 25 Febuary, 2005.

Finance Committee Meting of the mdian
Institute of Tropical Meteorology Indian U
Institute ofTropical Meteorology Delhi Branch,

New Delhi, 28 Febuary, 2005. .

26" Session of the Joint Scientific Committee
(JSC) Meeting of the Wirld Climate Research
Programme WCRP), Guayaquil, Ecuador @
14 - 18 March, 2005.

A.K. Kamra

Meeting of theTechnical Committee for the
Establishment of National Lightning Information
System, India Meteorological Department,
New Delhi, 12 April, 2004.

70" Annual Meeting of the Indian Academy of ©
Science, Bnaras lhdu University, Varanasi,
15 - 17 Nvember 2004.

70" Anniversary General Meeting of the Indian
National Science éademy National hstitute of
Ocean EBchnology (NIOT), Chennali,
27-28 December2004.

First Meeting of the Physical SciencegdRarch
Committee and Project Monitoring Session of
EMR Schemes of CSIR, Council of Scientific and
Industrial Research, New Delhi, ©
24 A&nuay, 2005.

Meeting of the dint ScienceWorking Group on
Megha Tropique, hdian $ace Rsearch
Organisation, Bngalore, 28 ahuay, 2005.

Meeting of the ISR — Geosphere Bsphere 1
Programme (I-GBP) Wfking Group for
2004-2005, Physical Bsearch Laboratgr
Ahmedabad, 1-2 March, 2005.

Dr.

Second Expert Committee Meeting towards
preparing a Science plan for Severe
Thunderstorms - Observational and Regional
Modelling (STORM), Indian Statistical Institute,
Kolkata, 14 March, 2005.

PC.S. Devara

Meeting of the Instrument Society of India, Pune
Chapter (ISOI-P) in connection with
Organisation of the forthcoming International
Conference (INCON 2004), Pune Institute of
Engineering andrechnology Pune, 2, 9 and
16 April, 2004.

ICCP Commission Metings, Bologna,taly,
18 and 19 uJly, 2004.

Meeting on Land Campaign — Results under the
ISRO-GBP Fogram, Bangalore, 9-12ugust, 2004.

Frst Meeting on Scientific tdies on ace Bised
Navigation Systems, Indian Space Research
Organisation, Bangalore, 18 August, 2004.

Annual General Body Meeting of the Indian
Aerosol Science andechnology Association
(IASTA), Bhabha Atomic Rseach Centre,
Mumbai, 23 Aigust, 2004.

Planning Meeting on Land Campaign-1l under
ISRO- Geosphere iBsphere Rogramme (I-GBP),
Physical Research Laboraigr Ahmedabad,
28-29 October2004.

Frst Project Monitoring Boad Meeting on the
Development of Hgh-Power Lidar for
Atmospheric Studies over Nainital, Aryabhatta
Research Institute for Observational Sciences
(ARIES), Nainital, 5 November 2004.

Coordinating Committee Meeting for
organization of Inter-comparison experiments in
connection with the Land Campaign Program,
National Physical Laboratgr New Delhi,
28-29 November 2004.

Governing Council and Annual General Body
Meetings of the Indian Society of Instrumentation
(ISOI), Pune Institute of Engineering and
Technology Pune, 19 Decembg2004.




Dr.

0

Dr.

Dr.

D.B. Ahdhav

Meeting of the Instrument Society of India, Pune g
Chapter (ISOI-P) in connection with
Organisation of the forthcoming International
Conference (INCON 2004), Pune Institute of
Engineering andrechnology Pune, 2, 9 and
16 April, 2004. 0

Annual General Body Meetings of the Indian
Society of Instrumentation (ISOI), Pune Institute
of Engineering and Technology Pune,

19 December2004.
il

Selection Committee Meting for the Bst of
Scientific Officer Shivaji Unhiversity Kolhapur
2 - 4 &anuay, 2005.

K. Rupa Kumar

US-India Meeting on Climate Change Science,
Depatment of Science andTechnology

New Delhi, 26 - 28 dly, 2004.
1]
Second Meeting of theTARC for the project on

Preparation of Generalised PMP Atlases for the
Krishna and the Indus River Basins,
Central Water Commission, Bw Delhi,

24 August, 2004.
0

IPCC Workshop Goup | Fourth Assessment
Repot Frst Lead Aithors Meeting, Trieste, taly,

26 - 29 ®ptember 2004.
1]

Meeting in the British High Commission with
Mrs. Beckett, Hon. Secretary of State, Govt. of
U.K. regarding Indo - UK collaborative research
work on Climate Change, New Delhi,
5 October 2004.

Intergovernmental Bnel on Climate Change o
(IPCC) Lead Aithors Meeting, Tata Energy
Research Institute (TERI), New Delhi,
15 October 2004.

Indo Fench Scientific Council Meting, Kolkata,
28 November 2004.

R. Vijayakumar 0

Sate LevelTask Force Committee Meting on
Cloud Seeding constituted by the Govt. of
Andhra Pradesh, Hyderabad, 30 August, 2004.

Dr.

Dr.

Dr.

R. Krishnan

Working Group Meeting on Extended Range
Monsoon Prediction (ERMP) - Models and
Diagnostics, Space Application Centre,
Ahmedabad, 14-16 Octohe2004.

Extended Range Monsoon Prediction (ERMP)

Meeting, Indian Institute ofTechnology
New Delhi, 4 March, 2005.
PE. Raj

Meeting on Land Campaign-Il Results, Physical
Research Laboratgr Ahmedabad, 1-2 bfch,
2005.

ISRO-GBP Wérking Group WG-II) Meeting,
Physical Research LaboratgrAhmedabad,
3 March, 2005.

PN. Mahajan

Ffth Meeting of Advisogy Committee on face
Sciences (ADCOS -1), Indian Space Research
Organisation, Bangalore, 19 August, 2004.

Shri J.R. Kulkarni

Cloud Seeding Experiment - 2004 Meeting of
Government of Maharashtra, Jal Vigyan Bhavan,
Dindori, Nasik, 7-9 My, 2004.

Meeting to Monitor the Cloud Seeding
Operations, Government of Maharashtra,
Directorate of ®und Water Pune, 15 dne,
29 dly and 7 SeptembeR004.

Snt. S.S.Vaidya

Monitoring Committee Meeting of CSIR
sponsored Bv Millennium Indian Technology
Leadership Initiative (NMITLI) Project on
Mesoscale Modelling, National Aeronautical
Laboratoy, Bangalore, 4 @gust, 2004.

Shri B.N. Mandal

Second Meeting of theTARC for the project on
Preparation of Generalised PMP Atlases for the
Krishna and the mdus River Bsins, Central Ater
Commission, New Delhi, 24 August, 2004. E
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Dr.

Dr.

Dr.

Expert Committee Meeting for a DST funded Dr. H.P Borgaonkar

projed proposal presentation on Spatial and
temporal fingerprinting of waters of India using :
stabk isotopes to study seasonal evaluation
interacting geographic controls and climate
forcing, Indian Institute ofTropical Meteorology
Pune, 8 Decembger2004.

G. Beig

VI Meeting of the RMC on Weather and
Climate Research Program (WCRP), Indian
Institute of Tropical Meteorology Pune,
10-11 Sptembey 2004.

0

0

ADCOS Brain Storming Meeting on Chemical
Modelling for Climate Change and AiolRution
Studies, Indian Space Research Organisation

il
Bangalore, 30 Septembhe2004.

International Meting onTree-Ring and Climate:
Sharpening the écus, Wiversity of Arizona,
Tucson, U.S.A., 4 -12 pil, 2004.

Dr. M. N. Ratil

Selection Committee Meeting for Apprentice and
Technical H®aluation Committee, India
Meteorological Department, Pune, 16 - 20
August, 2004.

Shri J. Sanjay

Meeting of the Subprojects under India
Meteorological Department, New Delhi
(INDO - USAID Programme), 10 August, 2004

RCM/ISRO-GBP meeting, @ace Applications
Cente (SAC), Ahmedabad, 28 Octohez004.

Project Advisory Committee on Atmospheric p, . mndithurai

Sciences Meting, Physical &earch Laboratgr
Ahmedabad, 5 Octohe004. 0

AK. Sahai
Extended Range Monsoon Prediction (ERMP),

Meeting, Indian Institute ofTechnology
New Delhi, 4 March, 2005.
PS.P Rao

Meeting on Land Campaign — Results underq
ISRO-GBP Rogram, Bangalore, 9-12 ugust,
2004.

International CAD (Composition of Asian

Deposition) Planning Meeting, National Physical Dr.

Laboratoy, New Delhi, 7-9 October2004.

Planning Meeting on Land Campaign-Il under
ISRO-GBR Physical Research Laboraypr
Ahmedabad, 28-29 Octohe?2004.

Coordinating Committee Meeting for

organization of Inter-comparison experiments inp,

connection with the Land Campaign Program,
National Physical Laboratgr New Delhi, 0
28-29 Nwovember 2004.

Shri D.R. Chakraborty

0

International Committee Review Meeting of the
3 International Wrkshop on NMbnsoon
(IWM-IIl), Hangzhou, China, 4 Kvember 2004.

Meeting on Land Campaign-Il Results, Physical
Research Laboratgr Ahmedabad, 1-2 ktch,
2005.

ISRO-Geosphere Biospheredgramme (I-GBP)
Working Group WG-I1I) Meeting, Physical
Rexearch Laboratgr Ahmedabad, 3 kkch, 2005.

Shri S.D. Rtil

Departmental Promotion Committee Meeting,
India Meteorological Department, Pune,
25 October 8 December2004 and 18ahuay,
2005.

PD. Safai

Meeting on Land Campaign-Il Results, Physical
Research Laboratgr Ahmedabad, 1 - 2 hich,
2005.

ISRO- Geosphere Bsphere Rbgramme (I-GBP)
Working Group WG-II) Meeting, 3 Mrch, 2005.

M. Mujumdar

General Body Meeting of Indian Academy of
Industrial and Applicable Mathematics, Pune,
18 December2004.




Seminars

By Visitors :

Ms. Rajshree RegeSpace Applications Centre,

Dr.

Dr.

Dr.

Dr.

Ahmedabad.

Mapping of aerosol properties over land using

OCM-land data, 5 April, 2004. 0

D.K.Prashar Snow and Avalanche 8idy
Establishment, Chandigarh.
Mitigation of avalanches, 18 & 2004.

V. Ghole, Dept. of Environment @idies,
University of Rine, Rine.

Impact of environmental toxicity on human
health, 1 dne, 2004.

P Satyamuty, Center forWeather Brecasts and
Climate Studies, INPE, Brazil.

Operational and research activities at CPTEC,D
Brazil 15 dine, 2004.

(Ms) Suishma Pasad,Climate Dynamics and Dr
Sediments Goup, Germany

VARVES as high resolution palaeoclimate
archieves: examples from near East and Europe,
2 lly, 2004.

Dr.

Dr.

Dr.

Monitoring microseismicity and microgravity
fluctuations for climate prediction, 10 September
2004.

Andrew Roberston InternationalReseach
Institute (IRI) for Climate Prediction, USA.

Downscaling monsoon rainfall variability over
Brazil and Australia using a hidden Markov
model, 18 Mvember 2004.

Murali Shashtri, Mitional Chemical Laboratgr
Pune.

Introduction to nano-technolog5 Novembey
2004.

Vasubandhu hké$hra, Center for Ocean Land
Atmosphere Studies, USA.

Seasonal simulation of the South American
summer monsoon, 3laduay, 2005.

Development of COLA AGCM V3 for coupled
climate integrations, 1dbmuary, 2005.

. A.K. Gosain, xptt. of Civil Engineering|ndian

Institute of Technology New Delhi.

Climate change impacts over different river basins
of the hdian rivers, 4 €bwuary, 2005.

Dr. David Giggs, Hadley Centre for Climate

Shri S. Kulkarni, India SoftTechnologies (P) Ltd.,

0

Pune.

0
Presentation of MALAB - a mathematical

modeling and simulation package, 28y,J2004.

Prof. A.H. Siddiqi, Department of Mathematical

Dr.

SciencesKing Fahd ULhiversity of Rtroleum and @0
Minerals, Saudi Arabia.

Application of wavelet andr&ctal formalism of
time series @presenting meteorological dateertP
| and Il, 9 and 10 August, 2004.

S. 9meshwarUniversity of Colombia, USA.

Climate application activities at IRI for climate

prediction, 12August, 2004. 0

Dr. M. I. Bhat, Depatment of Geology and
Geophysics, Wiversity of Kashmir Srinagar

Dr.

Dr.

Prediction and Research, UK.
Climate change this centur9 Febwuary, 2005.

Thomas C. eterson,Climate Analysis Banch,
National Climate Data CenteldSA.

Recent developments at the US National Climate
Data Centerl7 Febwuary, 2005.

Philip D. Jones, Climate Research Uit,
University of East Anglia, UK.

Instrumental temperature change since 1850 and
long-term palaeoclimatic data, 1&Mary, 2005.

Prof. V.K. Wagh, Fergusson College,uie.

in science education,

B

Role of teachers
28 February, 2005.

(National Science Day Lecture)




Dr.

0

Dr.

0

S. T. Rao, Atmospheric Sciences ddleling

Division, NOAA, USA.
0

Linking air pollution and health, 16 March,
2005.

S. V. M. Satyanarayana,ntlira Gandhi Centre o
for Atomic research, Kalpakkam.

Turbulent transpdrof passive tracer in the
indoor environment, 23 March, 2005.

By Institute Scientists ’

Dr.

0

H.P Borgaonkar

Tree-ring data networks dfectona gandis (Teak)
from Central and @ninsular hdia and its
dendroclimatic potential, 1 April, 2004. 0

Climatic response of Himalayan conifers growing
at upper tree-line and near glaciers, 1 April,
2004. 0

Shri C.M. Mohile

0

Dr.

0

Dr.

0

Dr.

0

Dr.

Climate variability over western Himalaya, .
1 April, 2004.

G. Beig

3-D ozone pollution modelling and emission o
inventories, 7 April, 2004.

C.G. Deshpanderal Shri V. Pant

Pilot expedition to Buthern Ocean-Oveiew, g
7 April, 2004.

M. Mujumdar
0

Dynamics of rainfall events over the Arabian
region, 30 April, 2004.

PN. Mahajan 0

Signal of dissipation of very severe tropical cyclone
through AMVs wer the hdian region, 18 My,
2004.

Shri B.N. Mandal 0

0

| §

Preparation of generalized PMP Atlas for the
Krishna and the Indus river basins in India, g
21 May, and 24 Aigust, 2004.

Dr.

Dr.

Dr.

Dr. R. Krishnan

Mixed layer and thermocline interactions
associated with the monsoonal flow over the
Arabian ®a, 8 Une, 2004.

Evolution of subsurface anomalies associated with
the tropical Indian ocean dipole/zonal mode,
5 Jnuay, 2005.

P C. S. Bvara

Excimer-Raman DIAL probing of atmospheric
ozone over an urban stationrsE results, 30uhe,
2004.

Wavelet analysis of 14 yedrserosol lidar
obsevations @er Rune, hdia, 30 Udne, 2004.

Polarization-lidar probing of clear and cloudy
atmosphere over Gadanki, a remote continental
station in hdia, 30 Une, 2004.

Microtops observations of columnar aerosol
optical depth, ozone and water vapour over
Gadanki (13.5°N, 79.2°E) , 3Qude, 2004.

Combined ground-based and satellite borne
study of aeosol characteristics during successive
contrasting monsoon season, ldvénbey 2004.

LIRAD remote sensing of industry and
environment monitoring, 15 Decemb&004.

Y. Jaya Rao

Combined lidar and MST radar observations of
stratospheric tropospheric exchanges,uly,J
2004.

Radar and lidar study of cirrus clouds, stable
layers and vertical velocity in UT/LS region,
20 Cctober 2004.

Dynamics of UT/LS region : lidar and radiosonde
observations over tropical and sub-tropical
stations, 7 a@nuay, 2005.

C. Ghanaseelan

Numerical simulation of pre-monsoon warming
in the southeast Arabiare&, 2 udly, 2004.

Developments in ocean observations, modelling
and data assimilation, 27 Octop@004.




o Evolution and collapse of Arabian Sea warm pool Dr. G. Randithurai
and its sensitivity to interannually varying surface

forcing, 7 anuay, 2005, o Aerosol radiative forcing and heating rates during

winter and pre-monsoon seasons over Pune,
Dr. T. Venugopal 9 November 2004.

o Atmospheric boundary layer studies, 2 August, 2004.Dr. P D. Safai

Shri D.R. Chakraborty o Variation in acidic and neutralizing potentials of
_ _ aerosols at Pune and Sinhagad after two decades,
o On the dynamics of phase locking, 22pg&mber 9 November 2004
2004. '

Shri V. Gopalakrishnan
o Current state of research of monsoons, &% dy;,

2005. 1 Airborne measurements of aerosol size-
. . distributions on a cloudy day9 November
Shri S.D. Htil 2004.

o Large-scale changes in the cloud radiative forcingDr K. Rupa Kumar
averaged wer the Indian region, 11 Octoher

2004. o Application of regional models — high resolution
. . climate change scenarios for India using PRECIS,
Shri B.D. Kulkarni 3 December 2004

0 Estimgtic_m of areal probable maximum o Climate of the future, 14dBuar, 2005
precipitation (PMP) over Saurashtra and Kutch

by grid point transposition, 11 dcober 2004. o Climate Change issues for sustainable
development, 23 March, 2005.

Smt. N.R. Deshpande (World Meteorological Day Lecture)

0 !_ow flpw estimation over the Krishna river basin Dr. D.B. hdhav
in India, 11 October2004.
. o Thunderstorm warning system using vector
Dr. R. Vijayakumar electric field mill, 15 Decembge2004.

0 Indo-Rugsian coIIaboration. - visit to Main amt. J.V Revadekar
Geophysical Obsematory, Saint Retersburg,
2-10 August 2004, 15 October2004. o Climate trends in daily weather extremes over
India, 17 Decembgr2004.

_— . . . Shri. K. Madhu Chandra Reddy
o Investigations into relationship between extreme

wet/dry conditions over India and space-based OLRi  Radar studies on atmospheric boundary layer and
obsevation aer global tropics, 19 Octohe2004. precipitation @er a tropical station, 13aduay,

. 2005.
Dr. (Smt.) I. Dbshi

Shri H.N. Singh

. _ _ Shri D. R. Kothawale
o Association between first southern hemisphere

stratospheric warming and volcanic aerosols,n  Surface and Upper air temperature variability over
8 Novembey 2004. India and its influence on the summer monsoon

. rainfall, 9 March, 2005.
Snt. B. ladmakumari

. . . . _ Dr. (9nt.) N. A. Sntakke
o Twilight probing of dust pdicles in the middle

atmosphere during Leonid meteor shower 20035 Indian monsoon in the changing global
8 Novembey 2004. environment, 31 March, 2005. E




By Reseach Fellows / Roject ShriU-K.Singh

Personnel o Role of orography and mesoscale atmospheric
disturbances on rainfall over Indian region,
Shri A. K. Shrivastava 10 March, 2005.

1 MICROTOPS and LIDAR obsemtions of By M.Sc. / M.Tech. mdents

aerosols eer a remote sensing imdia, 7 My,

2004. Kum. R. Deepa

o Diabatic heating rate derived from vertical velocity

: o Role of air-sea interaction processes in the
obseved by hdian MST radarl dily, 2004.

evolution of southeast Arabian Sea warm pool,
Shri K. Jagadeesh 16 April, 2004.

0 Dendroclimatic analysis dfeak [Tectona grandis) Shri K. Mathur

from Bori, Madhya Padesh, 7 Iy, 2004. o A study of winds and turbulence in the vicinity

Shri P S. Raveen of tropopause using ndian MST radar
17 May, 2004.
o Aerosol properties in different environments,
7 May, 2004. Shri S.S.S. Chauhan
Shri S. Gunthe o Study of aerosol size distribution over Pune, as

_ _ , retrieved from sky radiometer observations,
o ENVIS-node of IITM, acid rain and atmospheric 25 May, 2004.

pollutant modeling, 21uhe, 2004.
Shri V. Prasanna

o Climate change projections for India and
assessment of the associated agricultural and
human health impacts, 2Lk, 2004.

Shri R. K. Yadav

o Role of Indian Ocean sea surface temperature in
modulating  northwest Indian  winter
precipitation \ariability, 6 August, 2004.

Shri J. S. Chowdary

o Report on 24 ENVISAT summer school,
20 Cctober 2004.

Kum. R. Bhawar

o Ground-based radiometric measurements of
aerosols and pre-cursor gases over Pune and their
comparison withTOMS and MODIS satellite
data, 8 Nvember 2004.

Kum.C. Sukumaran

o Variation of advective fluxs of CQ and water
vapour oer Vasco-da-Gama, Goa during

a monsoon 2002, 13aduay, 2005.




Academic Activities

Guidance to fidents for Rseath
Projects

Dr. P C. S. evara

o Kum. S. Shirsat, MTech. (Atmospheric Physics),
University of Rine, Rine.

o Shri M. Muhsin, M. Tech.(Atmospheric Science),
Cochin Uhiversity of Science andechnology
Kochi.

Dr. (Smt.) P S. Slvekar

o Shri S. Taraphadar M. Tech. (Atmospheric

Physics), Uiversity of Rine, Rine.
Dr. R. Krishnan

o Shri S. Banerjee, MTech. (Atmospheric Science),
Cochin Ulhiversity of Science andechnology
Kochi.

Shri P Seetaramayya

o Shri P Desai, M. Sc.(Physics), dMrosjeeWadia
College, Pune.

Snt S. S.Vaidya

o Kum. S. dhn, M.Tech (Atmopsheric Physics),
University of Rine, Rine.

G. Beig

o Smt. S. S. BRdanvis, M.Tech.(Atmospheric
Physics), Wiversity of Rine, Rine.

Dr.

Dr. A. K. Sahai

o Shri R.ChattopadhyayM. Tech.(Atmospheric
Physics), Wiversity of Rine, Rine.

Dr. P S. PRao

o Kum. C. Manimegalai, M.Phil. (Energy and

Environment), Devi Ahilya Vishwavidhyalaya,
Indore.

o Shri S. K. Mishra, M. Tech.(Atmospheric
Physics), Uiversity of Rine, Rine.

o Shri A. K. Singh, M.Sc. (Space Science), g

University of Rine, Rine.

Dr. (9mt.) I. S. dshi

o Shri V. P Rao, M. Sc. (Bace Physics), Andhra
University Visakhapatnam.

o Shri S. A. Kurkute, M.Sc. (Space Science),
University of Rine, Rine.

o Kum. N.N. &dhay M.Sc. (Physics), érgusson
College, Pune.

o Kum. A.G. Landge, M.Sc. (Physics)niersity
of Pune, Pune.

(Smt.) N. A. Dntakke

o Kum. PT. Sumeja, M.Sc. (Physics), dMrosjee
Wadia College, &ne.

A. L. Londhe

o Kum. R. L. Sonone, B.Sc.
Sir Parshurambhau College,uRe.

A. A. Munot

o Shri Y. V. Kumkar M. Sc. (Physics), dlvrosjee
Wadia College, @ne.

Dr.

Dr.
(Physics),

Dr.

Dr. H. P Borgaonkar

o Shri A.B. Dhule, M. Sc. (Space Science),
University of Rine, Rine.

o Shri K.R. PhulsundarM. Sc. (Pace Science),
University of Rine, Rine.

o Shri N.D. Sabale, M. Sc. (Space Science),

University of Rine, Rine.
Dr. Y. ;aya Rao

0 Kum. R. Datta, M.Tech.(Atmospheric Physics),
University of Rine, Rine.

Shri S. D. Rwar

Kum. S. J. V@kchaure, M. Sc.(Physics),
NowrosjeeWadia College, &ne.

0 Kum. J. R. Bwar M. Sc.(Physics), Mwrosjee
Wadia College, me.

Dr. (9mt.) S. B. Mrwal
Kum. S. A. imbhar M. Sc. (Pace Science),

University of Rine, Rine. E




Shri S. S. Dugam Dr. P D. Safai

0

Shri V. Gopalakrishnan

0

Dr.

Dr.

Kum.. Y. B. Dumbre, M. Sc.(Physics), Mrosiee  ; Shri S. Kewat, M.Phil. (Energy and
Wadia College, #ne. Environment), Devi Ahilya Vishwavidhyalaya,
Kum. M. V. Gawande, M.Sc.(Physics)ohrosjee Indore.

Wadia College, #he. Smt. B. Ridma Kimari

o Kum. S. D. &irasker B.Sc. (Physics),
Kum. A. Ntave, B.E., D.Y Patil College of Sr Parshurambhau Collegeufe.
Engineering andlechnology Pune.

Kum. D. Mane, B.E., D.Y Patil College of
Engineering andrechnology Pune. 0 Kum. P Pandey M.Sc.(Tech.), Banaras iHdu
University Varanasi.

Shri B Mukhopadhyay

Kum. P Rane, B.E., D.Y Patil College of

Engineering andlrechnology Pune. Smt. R. Bhalawankar

C. Granaseelan o Kum. R. Dixit, M. Sc.(Physics), Abasaheb
Kum. A. De, M.Tech.(Atmospheric Physics), Garware College, Pune.

University of Rine, Rine. o Shri A. Lale, M. Sc.(Physics), Abasaheb Garware
S. B. Debaje College, Pune.

Kum. N. A. Chavan, M. Sc.(Physics), Nowrosjee Dr. (9nt.) R.R. dshi

Wadia College, &ne. _ _ _ _
o Shri M. Das, M. Sc.(Physics), iversity of
Kum. V. Vaishnavi, M. Sc.(Physics), basaheb Hyderabad, Hyderabad.

Garware College, Pune.

i
Kum. S. R. Gholap, M. Sc.(Physics), Abasaheb
Garware College, Pune.

Kum. M. S. Kobule, M. Sc.(Physics), Abasaheb Expeltise RPovided
Garware College, Pune.

Shri Pramod Kumar M. Sc.(Physics), hlversity
of Hyderabad, Hyderabad.

Shri H. L. Mohol, M. Sc.(Physics), Abasaheb Dr. RC.S. Devara and Bri J. R. Kilkarni

Garware College, Pune. o Advance Refresher Course on Environmental

Shri S. Mahapatra Meteorology India Meteorological Bpatment,

0

Pune, April - May, 2004.
Shri Rahul Hiwale, M.Sc. (Space Science),
University of mnE, Rine. Dr. RC.S. [bval’a, 8]” B. N. Mandal,

_ Dr.H.PBorgaonkar and rt.S.K.Ritwadhan
Kum.PPandey M.Sc.(Tech.), Banaras iddu

University Varanasi. o Met. G.ll Training Course, Batch &N 17, India
Smt. R. Latha g/loegiorological Depament, Rine, May - dine,

0

Kum. T. Bhatia, B.E.,Vishwakarma nstitute of

Technology Pune. Dr. P. C. S. »wara, %ri J. R. Kilkarni, $iri M. C.

Reddy shri P MukhopadhyayDr. (Snt.) R. R. dshi
Kum. S. Raina, B.E., Vishwakarma Institute of
Technology Pune. o First WP / RASSTraining / Workshop on

, , Meteorology and Atmospheric Science, Indian
Shri V. A. D(re]shlpande, B.E.Vishwakarma Institute of Tropical Meteorology Pune,
Institute of Technology Rune. 7 - 11 March, 2005.




Dr. K. Rupa Kumar Snt. N. R. Deshpande,
Snt. J.V. Revadekar

i WMO/GCOS Workshop on Bhancing South

and Central Asian Climate Change Monitoring

and Indices, hdian Institute of Tropical
Meteorology Pune, 14 -19 €bmuary, 2005.

Dr. N. Sngh

o Training course on Pplication of RS-GIS in
Water &ctor National Water Academy Pune,
1 February, 2005.

Dr. R. Krishnan, Bri J. R. Klkarni, Dr. A. K.

Sahai, &iri M. K. Tandon, &ri. M. Y. Totagi,

Shri A. Bandyopadhyay Dr. C. Gnhanaseelan,
Dr. (Smt.) A. A. Kulkarni, $ri S. Mahapatra, @t.

S. K. Mandke, D. M. Mujumdar Smt. S. S.
Fadnavis, 8it. S. U. Ahale and 8it. V. V. Sape

o Short Training Course on Computational
Methodsfor IITM Research &llows / Associate /
Personnel, ndian hstitute ofTropical Meteorology
Pune, 14 October - 4 dvembey 2004.

Dr. R. H. Kripalani

o UN-Affiliated course on Satellite Meteorology and
Global Climate, $ace AMplication Center
Ahmedabad, 23 - 27 August, 2004.

Dr. A. K. Sahai

o Training Course on Aificial Neural Networks

to students of K. Banerjee Centre of Atmosphere

and Ocean tadies, Uhiversity of Allahabad,
Indian Institute ofTropical Meteoology, Pune,
1-9 dine, 2004.

o Practical Training on Atificial Neural Network,

K. Banerjee Centre of Atmospheric and Ocean

Sudies, Allahabad, 8 -19 Decemp&004.

Shri B. N. Mandal, D. H.P BorgaonkarSnt. S.K.
Patawadhan

o Met. G.ll Training Course Btch No. 118 and

119, India Meteorological Department, Pune,

Januay, 2005.
Dr. A. L. Londhe, $ri S. S. ugam

o Refresher Course for the Lecturers of Physics,

Dr. Babasaheb Ambedkardvhthwada Wiversity
Aurangabad, 19 - 20 March, 2005.

Shri J. Sanjay

AdvancedTraining School orilropical Gyclones,
Depatment of Meteorology and Oceanography
Andhra Uhiversity Visakhapatnam,2Novembey

- 24 December 2004.

. M. Mujumdar

Training Workshop on $8stems Aproach for
Climatic Risk Management, Department of
Agricultural Meteorology Tamil Nadu
Agricultural University Coimbatoe, 30 Aigust -

8 September 2004.

Lectures Delivered Outside

Dr. G. B. Rnt

Global and regional climate change, G.E&anP
Institute of Himalayan Environment, Almora,
5 May, 2004.

wWind and wind energyVasundharaTrust
sponsored programme on Childie®cience
Movement, hdian Institute of Tropical
Meteorology Pune, 28 dnuay, 2005.

Dr. A. K. Kamra

Salient features of lightning flashes and lightning
protection for floating roof tanks, Indian Oil
Corporation, Mw Delhi, 10 $ptember 2004.

Contemporary chaos in the cloud seeding
practices for the rain enhancement efforts,
S.\V. University, Tirupati, 20 &ptember 2004.

Techrology in lightning research, Atomotive
Research Association ohdlia, Rine, 11 My,
2004.

. PC.S. Devara

Lidar sounding of aerosols and pre-cursor gases
at Pune, a tropical urban station in India,
Institute of Electronics, Bulgarian Academy of
Sciences, &fia, Bulgaria, 20 October2004.

. K. Rupa Kumar

Monsoon variability implication on drought,
College of Agriculture, Pune, 23 March, 20%




Dr.

0

Dr.

Dr.

Dr.

Dr.

S. Svaramakrishnan

Some aspects of wind profiles in the atmospheria
boundary layer over coastal and inland stations,
Centre forwind EnergyTechnology Chennai,

25 August, 2004.

N. Sngh 0

Utility of satellite remote sensing for better
monitoring of monsoon system over the Indian
regions, Mtional Water Academy Pune,
14 October 2004 and 1 ébwary, 2005.

Dr. C. anaseelan

Interannual variability in the surface and
subsurface temperature over the tropical Indian
Ocean, Mtional Institute of Oceanograph@oa,

11 May, 2004.

Response of Arabian Sea to two contrasting
monsoons 2002 and 2003, Indian Institute of
Science, Bngalore, 14 My, 2004.

Training Lhdergone

GIS supported spatial analysis of rainfall variations Shri D. M. Chate and Shri S. Saha

over India —an assessment of role of meteorological
factors caused river channel changes over thd
Great Indo-Gangetic plains from mythology to
modern, Indian Institute of Remote Sensing,
Dehradun, 22 uly, 2004.

R. Krishnan 0

Mixed layer and thermohaline interactions
associated with the monsoonal flow over the
Arabian ®a, hternational Bcific Research
Centre, Hawaii, Honolulu, U.S.A,,
30 dine, 2004.

Extended range monsoon prediction (ERMP) P
models and diagnostics, Space Applications
Centre, Ahmedabad, 16 Octop@004.

R. H. Kripalani

Dr.

Advance Refresher Course on Environmental
Meteorology India Meteorological @patment,
Pune, 17 - 21 My, 2004.

Shri S. Bhandare

Introduction to Geographic Information System
(GIS) and its Application, National Remote
Sensing AgencyHyderabad, 24 gy - 18 dine,
2004.

C. anaseelan andrDG. Randithurai

FoundationTraining Rogramme for Scientists and
Technologists sponsored Hyepatment of
Science andrechnology conducted byndliian
Institute of Public Administration, New Delhi,
5 dly - 24 Sptember 2004.

Monsoon variability during 2002 and 2003: role Smt. S. U. Athale

of intra-seasonal oscillations, Space Application
Centre, Ahmedabad, 24 August, 2004. 0

G. Beig

Global change signals in the middle atmosphere,

Training Course on Linux SystenmdAinistration,
Centre for Development of Advanced
Computing, (C-DAC), Pune, 9 -13 August,
2004.

Institute for Chemistry and Dynamics of the ghri s. S®nbawne, D. Devendraa 8ngh and
Geosphere | (ICG-1), Research Center Julich,gni v. Pant

Germany 2 dly, 2004.

il
Global change signals in the mesospheric

temperature: model versus observations, Max
Plank Institute of Meteorology Hamburg,
Germany 21 dly, 2004.

Greenhouse cooling of the atmosphere, Indian
Meteorological Sciety Pune Chapter (IMS-P),
Pune, 2 Novembey 2004.

Pre-AntarcticaTraining: ke Acclimatization and
Medical Examination, New Delhi and Auli,
1 - 22 September2004.

Smt. S. R. Inamdar

Advanced Mteorological Training, India
Meteorological Depament, Rine, Qctober
2004 - &ptember 2005.




Shri S. P Gharge and I&i B. Thompson o Lead Author, IPCC Working Group-l Fourth
Assessment Report (WGl — AR4) for Chapter

o IntensiveTraining cumWorkshop on Large Scale 11 on Regional Climate Projections

Ocean Modelling, Centre for Mathematical
Modelling and Computer Simulation, Bangalore, 1 Co-Chair CLIVAR Asian Australian Mbnsoon

4 -14 October2004. Panel (hternational Bnel of Monsoon Expés).
Snt. V. V. Sape Dr. (Snt.) P S. Silvekar
o Advanced Dploma in Web Multimedia, Keeti o Committee for Vdmen ScientistsWOS) A.,
Computers, Bne 1 November 2004 - 31 Depatment of Science and@iechnology
Januay, 2005.
1]

Smt. M. S. Deshpande and Kum. K. Kamala

o AdvancedTraining School orilropical Gyclones,
Andhra Uhiversity Visakhapatnam, 29 dNember
- 24 December 2004.

Shri J. S. Chwdary, Kum. K. Kamala,
Kum. P Bhaskar and &i R. K. Yadav

o Short Course on Fluid Dynamics, Remote
Sensing, Atmosphere and Ocean Modelling,
University of Hyderabad, HKderabad,
7-12 February, 2005.

Shri H. N. Singh

o Four Week Course on Introduction to GIS and
its Application, National Remote &ising Agency
Hyderabad, 14 ébuary — 12 March, 2005.

Membership of Scientific
Committees

Dr. A. K. Kamra

o Physical Sciences Research Committee of the
Council of Scientific and Industrial Research.

o Scientific Team for Coherent Radamhging
(CRI)/Spatial Domain Interferometry (SDI)
Project of National MST Radar &cility.

o Multi-disciplinaty Committee for Engineering
and Applied Sciences (M2) of Indian National
Science Association (INSA) for 2005-2007.

0 Sectional Committee-V of INSA 2005 -2008.
Dr. K. Rupa Kumar

o Intergvernmental Bnel on Climate Change

(IPCC) Working Group-I. E




Ph.D. and
Post-Graduate Programme

Awad of Fh.D. by the Lhiversity  shri. K. V. Ramesh

of Pune, RIne o Numerical modelling of air-sea interactions in the
Indo-Racific region
Shri D. R. Kothawale (Guide: Dr. R. Krishnan)

o Surface and upper air temperature variability over IndiaS'nt B. Rdmakumari

and its influence on the summer monsoon rainfall
. o Study of stratospheric aerosols by passive remote
(Guide : Dr K. Rupa Kumar)

sensing technique

Shri P R. C. Rddy (Guide: Dt D. B. &dhav)
o Role of satellite data in understanding the Shri G. S. Meena

circulation and the SST field over the Indian seas
) o Study of atmospheric constituents by visible
(Guide : D (Snt.) PS. Qilvekar)

spectroscopy (@de: Dr D.B. &dhav)

Awad of M.Tech. (Amospheric  Recognition as Research Guide
Physics) ly the Lhiversity of Rine,

Dr. S. Svaramakrishnan, D P S. P Rao,

Pune Dr. K. Krishna Kumar Dr. A. L. Londhe and
amt. S. S. Bdanvis Dr. Y. Jaya Rao have been recognized as guides
for Ph.D. and Bst-Gaduate degrees inp&ce
o Study on middle atmospheric long term Science B the Lhiversity of Rine, Rine.
temperature and ozone trends
(Guide : . G. Beig) Teaching and &seath Suppot to
Universities

Awad of M.Tech. ly the Andhra
University Visakhapatnam

Shri H. N. Singh

Lectures deliveed for M.Sc./M.®€ch. $udents.
Dr. P C. S. vara

o _ _ _ o Modern obserational techniques, MTech.
o Investigations into relationship between wet/dry (Atmospheric Bysics), Wiiversity of Rine, Rine
conditions over India and space-based OLR

observation over global tropics

(Guides: Dr. N. Sngh, IITM and D. C. M.
Kishtawal, Space Applications Centre,

o Lidars and their application to environmental
pollution, M.Tech. (Lasers and Electro-optics),
Institute of Armamentechnology Pune

Ahmedabad) Dr. K. Rupa Kumar
Thesis 8bmitted for B.D. DEJEE sy ey of e e
to the Uhiversity of Rine, Rine Dr. (Smt) P S. Sivekar
Shri P Mukhopadhyay o Advanced dynamic meteorologyM. Tech.
o Prediction of thunderstorms and heavy (Atmospheric Rysics), Wiversity of Rine, Rine
precipitation events over Indian region o Monsoon meteorologyM. Tech. (Atmospheric
(Guide : Dr S.S. $hgh) Physics), Wiversity of Rine, Rine

&




Shri J. R. Kulkarni

0

Dr.

Dr.

Dr.

Shri Prem Singh

0

Dr.

0

Shri S. Mahapatra

0

Fluid mechanics, MTech. (Atmospheric Physics),
University of Rine, Rine

Nomindions as Eternal Ekaminer/
Paper ®tter

Dr. G. B. Rnt

Advanced dynamic meteorologyM. Tech.
(Atmospheric Rysics), Uiversity of Rine, Rine

Ph.D., hdian Institute offechnology New Delhi

Dr. A. K. Kamra

P N. Mahajan

Satellite meteaology, M. Tech. (Amospheric
Physics), Wiversity of Rine, Rine

G. Beig .
Atmospheric chemisyr M. Tech. (Atmospheric
Physics), Wiversity of Rine, Rine

(9mt.) I. S. dshi

Association between southern ionospheric’
disturbances and tropospheric temperatures,
M. Tech. (Sace Physics), Andhrariilersity
Visakhapatnam 0

0

Numerical methods, MTech. (Amospheric |
Physics), Wiversity of Rine, Rine

(Snt.) A. A. Kulkarni

Satistical theoy, M. Tech. (Amospheric
Physics), Wiversity of Rine, Rine

0

0

Dr.

Dr.

Ph.D.(Physics), Mhanlal $ikhadia Uhiversity,
Udaipur

P C. S. kvara

M. Tech. (Atmospheric Physics),nibersity of
Pune, Pune

M. Tech.(Lasers andléctro-Optics), hstitute of
Armament €chnology Pune

(Snt.) P S. Sivekar

M. Tech.(Atmospheric Rysics), Lniversity of
Pune, Pune

Dr. S. Svaramakrishnan

M.Sc. / M.Tech. (Atmospheric Boundar_ayer),
Cochin Lniversity of Science aritechnology Kochi

Shri J. R. Kulkarni

M. Sc. (Pace Science), hiversity of Rine, Rine
M. Tech. (Atmospheric Physics),niversity of
Pune, Pune

M.Tech. (Mbdelling and 8nulation), hstitute
of ArmamentTechnology Pune

Dr. RE. Raj

Fectral methods and spectral models, Tdch.
(Atmospheric Rysics), Wiversity of Rine, Rine 0

Smt. A. A. Deo

0

Dr.

0

Smt. S. Nair

0

Dr.

0

M. Sc. (pace Science), tiversity of Rine, Rine

Dr. G. Beig

M. Tech. (Atmospheric Physics),nersity of
Pune, Pune

Dr. PS.P Rao

Physical and dynamic oceanograpiy. Tech.
(Atmospheric Rysics), University of Rine, Rine

K. Ali

Aerosol and air pollution, MTech. (Atmospheric
Physics), Wiversity of Rine, Rine 0

Objective analysis, MTech. (Amospheric
Physics), Wiversity of Rine, Rine

Dewendraa fingh

Mathematical methods, Miech. (Atmospheric ¢
Physics), Wiversity of Rine, Rine

M. Sc. (ace Science), iversity of Rine, Rine

M. Tech. (Atmospheric Physics),niversity of
Pune, Pune

Dr. (9mt.) I. S. dshi

M. Sc. ($ace Science), iversity of Rine, Rine

Dr. S. K. $nha

Ph.D. (Science), atlavpur Wiversity Kolkata

Dr. G. Randithurai

M. Sc. (ace Science), hiversity of Rine, Rine

Dr. Y. laya Rao

M. Sc. (ace Science), iversity of Rine, Rine

B




Dr.

0

Dr.

Dr.

G.B. Rnt
Participation in the Scoping Meting of the

IPCC's 4" Assessment &ooit, World
Meteorological Organisation, Geneva,
Switzerland

(4 -11 dly, 2004)

Participation in the 28 Session of the qint
Scientific Committee JSC) Meeting of théworld
Climate Research Programme (WCRP),EI
Guayaquil,Ecuador

(11 - 18 March, 2005)

PC.S. Devara

Participation in the 22 International Laser Radar
Conference (ILRE XXII), Matera and
14™ International Conference on Clouds and
Precipitation (ICCP), Bologndtaly

(11 - 26 aly, 2004)

Collaborative research work under the Indo-
Bulgarian Cooperative Research Program on the
joint project entitled ‘Optical Remote Sensing
Studies of the Atmospheric Boundary Layer
Characteristics using Laser Radar’, Laser Research
Laboratoy, Institute of Hectronics, Bulgarian
Academy of Sciences, SofBulgaria

(2 - 24 October2004)

K. Rupa Kumar

Participation in the PRECISraining Workshop
organized by Hadley Centre for Climate
Prediction and RsearchThimpu, Bhutan ’
(18 - 26 aly, 2004)

Participation in the IPCCWorking Group-I
Fourth Assessment RepoFirst Lead Aithor
Meeting, Tieste,Italy

(24 Sptember - 1 Octobef004)

Participation in the UNFCCC/SBSY Workshop
on Climate Changenipacts,Vulnerability and
Adaptation, Buenous Airedrgentina

(6 -11 December2004)

Participation in the IPCC Mdel Analysis
Workshop and IPCONorking Group 1 AR4 °
Chapter 11 Lead éthors Meeting, Honolulu,
Hawaii, U.S.A.

(26 Febmary - 8 March, 2005)

Dr.

Dr.

Dr.

Deputation Abroad

Dr. R. Vijayakumar

Visit, on invitation by the Department of
Scientific Cooperation, to Main Geophysical
Obsewatory and Vaiikov Research rstitute,
St. Retersburg, RSHYDROMET, Moscow
Russia

(29 dly - 11 August, 2004)

R. Krishnan

Participation in the CLNAR Workshop on Ocean
Model Development, Geophysical Fluid
Dynamics Laboratgt Princeton, 16-18 une,
2004 and Fst International CLIMR Science
Conference on hberstanding andr@dicting our
Climate §stem, Bltimore, 21-25 uJne, 2004.
Also visit to Center for Ocean Land Atmosphere
Studies, Maryland and hternational Bcific
Research CentetHonolulu, Hawaii,U.S.A.

(14 ane - 4 dly, 2004)

Participation in the hdian Ocean Mdeling
Workshop Internatiponal Bcific Research
Center University of Hawaii, Hnolulu, Hawaii,
U.S.A.

(28 November - 8 [@cember2004)

Participation in the hdian Ocean Mrine
Environment Conferenceefth, Australia
(12 - 20 FEebwuary, 2005)

PN. Mahajan

Participation in the 7 International Whds
Workshop Helsinki, Finland
(14 - 17 ane, 2004)

G. Beig

Guest Scientist, Max-Plank Institute for
Meteorology Hamburg,Germany

(2 May - 31 aly, 2004)

Participation in Quadrennial Ozoney®@posium,
Kos, Greece
(1 - 8 dine, 2004)

3 InternationalWorkshop on LongTerm
Changes andrends in the Atmosphere, Sozopol,
Bulgaria

(10 - 14 dne, 2004)




Shri D.R. Chakraborty

Patticipation in the 3 International Vdrkshop
on Monsoons (IWM-III) as a Member of

International Organising Committee , Hangzhou,

China
(31 October - 8 BMvembey 2004)

Shri G.A. Momin

o In connection with the on-going Indo-Swedish
Collaborative Poject, Sockholm Uhiversity,
Stockholm,Sweden
(31 August -14 8ptember 2004

Dr. H.P Borgaonkar

o Participation in the hternational Meting on
Tree-Ring and Climate: Harpening the écus,
University of Arizona,Tucson,U.S.A.

(6 -9 April, 2004).

Dr. C. Ganaseelan

o Participation in the Global Ocean Data
Assimilation Experiment (GODAE) International
Summer School, La Londe-Lesadies, France
(18 September - 3 Octobe004)

o Participation in the hdian Ocean Mdeling
Workshop and visit to thenternational Bcific
Research Centre (IRR, University of Hawaii,
Honolulu, Hawaii,U.S.A.

(27 November - 9 DecemheP004)

Smt. S.K. Mandke

o Participation in the Workshop on Climate
Variability in 20" Century, Abdus Slam
International Cent for Theoretical Physics,
Trieste, Italy
(18 April — 2 May, 2004)

Dr. Y. laya Rao

o Paticipation in the 8 SPARC GeneralAssembly
Victoria, British Columbia,Canada
(30 dly - 8 August, 2004)

o Participation in theWorkshop on Cimis Clouds
and Their Supersaturated Environment, Institute

o Visiting Scientist to work with Prof. J.B. Nee,
Department of Physics, National Central
University Chung-Li, Taiwan
(24 October - 29 Decemhe2004)

Dr. C.G. Deshpande

o To work under the &st-Doctoral Fellowship,
Institute of Environmental Engineering, National
Chiao Ting University Taiwan
(2 August, 2004 - 29uly, 2005)

Shri S.M. Snbawne, 2 Devendraa Engh and &ri

V. Pant

o Participation in the 24 Indian Scientific
Expedition to AntarcticaAntarctica
(5 December2004 — 27 Mrch, 2005)

Dr. P R. C. Rddy

o Participation in the hdian Ocean Mdeling
Workshop and visit to thenternational Bcific
Research Centre (IRR, University of Hawaii
Honolulu, Hawaii,U.S.A.

(28 November - 17 DecemheR004)

Shri J. S. Chowdary

o Participation in the hternational 2 ESA
Summer School on Earth System Monitoring and
Modelling, ESA-ESRIN, (Fscati), Rme, Italy
(14 — 28 August, 2004)

1]

of Physics, German Space Operations Centre,

OberpfaffenhofenGermany
(9 - 15 October2004)




Visitors

International Dr. Thomas C. Bterson
Climate Analysis Branch

National Climate Data Centre
U.S.A.
17 Febwuary, 2005

Dr. Rakki Satyamuty
National Institute of Educational Studies and Research
Climatic Centre for Brecast ofTime and 8udies

Brazil Dr. Philp D. bnes
12-17 dine, 2004 Climate Research Wit
University of East Anglia

Dr. (Ms) Sishma Pasad U.K.

Climate Dynamics and Sediments Group 18 Febwuary, 2005

Geoforschungs Zentrum Dr. S.T Rao

Germany Atmospheric Sciences Modeling Division

29 dine - 2 dly, 2004 National Oceanic and

e Atmospheric Administration (NOAA)

Prof. A. H. Siddiqi U.S.A.

Department of Mathematical Sciences 17 March. 2005

King Fahd Uhiversity of Rtroleum and Nherals ’

Saudi Arabia National

9 -11 August, 2004

Naval Met. Observers (I Class) Sailors

Dr. S. Smeshwar School of Naval Oceanology and Meteorology

University of Columbia

U.S.A. o Garuda
12 August, 2004 7 April, 2004
Dr. Brendon M. Rickley Dr. M.B. Potdar
Dr. William Wright and Scientist SG and
Mr. Benjamin PCook Kum. R. Rege
Lamont—DOhel‘ty Earth Observatory Space Applications Centre
U.S.A. Ahmedabad
24-28 October2004 29 April - 1 May, 2004
Dr. Andrew Roberston Dr. Kolawale
International Research Institute for Climate Prediction  Chief Engineer
U.S.A. Hydrology Project
18 Novembey 2004 Government of Maharashtra
Nasik
Mr. M. Saho 20 May, 2004

Chief, Fellowship Dvision
Education andTraining Depatment
World Meteorological Organisation

Participants of the Alvance Refresher Course on
Environmental Meteorology
India Meteorological Department

Switzerland Pune
25 Anuay, 2005 20 May, 2004

Dr. Vasubandhu hkdhra Senior N; vel fMetH s
Centre for Ocean Land Atmosphere Studies ﬁ]%\ilgnl(\:/leetes(raorlgaceazl %O:gz‘?tment
U.S.A.
1 Febmuary, 2005 ;g nl\?lay 2004

Dr. David Qiggs i ’ r
Hadley Centre for Climate Prediction and Sh”DSem:[ngae:eral Manager
Research National ThermalPower Corporation
U.K. Noida

a 8-9 Febwary, 2005 4 line, 2004




Dr.

Dr.

Dr.

Dr.
Dr.
Dr.

M. Rajendran
Senior Lecturer
Annamalai Uhiversity
Annamalainagar
14-18 dine, 2004

Vyas Rndey

Professor

Anand Agricultural Wiversity
Anand

23-25 dine, 2004

(Smt.) FRammy Manchanda
Department of Mathematics
Guru NanakDev University
Amritsar

9-11 August, 2004

Ashok Kaushal

Sandeep fBvastaa and

Manoj Khae

Centre for Developing Advanced Computing
(C-DAC)

Pune

26 August, 2004 and

6 December2004

Shri Rajeev Baboota

S. Manager (Kdrology) and

Shri S.D. Shukla

Dr.

Engineer (Civil)

National Hydroelectric Pwer Corporation
Faridabad

30 - 31 August, 2004

M.1. Bhat

Department of Geology and Geophysics
University of Kashmir

Srinagar

10 Sptember 2004

Postgraduate Doctors (M.D.)

Dr.
Dr.

Department of Preventive and Social Medicine
B.J. Medical College

Pune

10 November 2004

J.P Dudeja Dr. K.K. Sharma ad

P Raghu

Senior Scientists, Laser Science

and EchnologyCentre

Defence Research and Development
Organisation

New Delhi

6-8 December2004

Dr. P Pant, $iri A. Tawre
T.S. KumarandT. Bangia
Aryabhatta Research Institute of
Observational 8ences
Nainital
19 - 23 December2004

Trainees of Agricultural Mteorology for
Teaching Gaduate Courses
College of Agriculture
Pune
21 December2004

Participants of the International Conference on
Instrumentation (INCON 2004)
Pune Institute of Engineering anikchnology
Pune
21 December2004

Trainees of th@raining Rogramme for ln-Technical
Saff of the Depament of Science &echnology
Indian Institute of Public Administration
New Delhi
6 Jnuay, 2005

Dr. Ved Rakash &ndlas
Distinguished Scientist,
Chief Controlley Research and Development,
Defence Research and Development
Organisation (DRDO), Govt. of India
13 Anuay, 2005

M.Sc. (Tech) Sudents andleachers
Banaras lhdu University
Varanasi
17 and 18 dnuay, 2005

M.Sc. Sudents andleachers
University of Kashmir
Srinagar
2 Febmuary, 2005

Dr. A.K. Gosain
Professor
Department of Civil Engineering
Indian hstitute ofTechnology
New Delhi
4 Febwuary, 2005

Trainees of the 40unior ForecastefsCourse
Air Force Administrative College
Coimbatore
7 March, 2005

Dr. S.V M. Satyanarayan
Scientist
Indira Gandhi Centre for Atomic Research

Kalpakkam
S

22 - 24 March, 2005




Academic Faculty

Academic

Name Specialisation E-mail Address Qualifications

Dr. G.B. Rint Climate, Climatic Change, gbpant@tropmet.res.in  M.Sc., Ph.D.
Palaeoclimatology MonsoonVariability
and Prediction

Dr. AK. Kamra Atmospheric Ectricity, Cloud Physics kamra@tropmet.res.in  M.Sc., Ph.D.

Dr. RC.S. Devara Atmospheric Optics, Remote Sensing of devara@tropmet.res.in M.Sc., Ph.D.
Atmospheric Aerosols antrace Gases,
Aerosol-Climate Interactions

Dr. D.B. &dhav Sectometric Techniques for Atmospheric dbj@tropmet.res.in M.Sc., Ph.D.
Chemisty, Radiation, Atmospheric
Electricity

Dr. K. Rupa Kumar Climate Change, BhsoonVariability and  kolli@tropmet.res.in M.Sc., Ph.D.
Prediction, DendroclimatologyClimate
Impact Studies

Dr. (Smt.) PS. Salvekar Monsoon Disturbances, Simulation of pss@tropmet.res.in M.A., Ph.D.
Atmospheric and Oceanic Circulation,
Human Resource Development for
Atmospheric Sciences

Dr. V. Satyan Climate Modelling satyan@tropmet.res.in  M.Sc., Ph.D.

Shri S. Sinha Theoretical and Experimental Atmosphericssinha@tropmet.res.in  M.Sc.
Boundary Layer Studies

Dr. R. Vijayakumar Cloud Physics, Numerical Modelling of  vijay@tropmet.res.in M.Sc., Ph.D.

Clouds
Dr. S. Atmospheric BoundagrLayer Wind Tunnel siva@tropmet.res.in M.Sc., Ph.D.
Sivaramakrishnan Simulations
Dr. Nityanand $gh Hydrometeorological Studies, Rainfall nsingh@tropmet.res.in  M.Sc., Ph.D.
Prediction on 8orter $atial andTemporal
Scales
Dr. R. Krishnan Climate Modelling krish@tropmet.res.in M.Sc., Ph.D.
Shri P Seetaramayya  Oceanography seetar@tropmet.res.in - M.Sc. (Tech.)
Dr. PE. Raj Optical and Radio Remote Sensing of the ernest@tropmet.res.in  M.Sc., Ph.D.

Atmosphere, Environmental Studies,
Aerosol-Climate Interactions

Dr. PN. Mahajan Satellite Data Applications forWeather mahajan@tropmet.res.inM.Sc., Ph.D.
Forecasting

Shri J.R. Kulkarni MonsoonVariability and FPediction,
Nonlinear Dynamics and Chaos, jrksup@tropmet.res.in M.Sc.

Climate Modelling

9nt. S.S.Vaidya Numerical Weather Rediction with Pecial ssvady@tropmet.res.in M.Sc.

ﬁ Emphasis on the Physical Processes




Academic

Name Specialisation E-mail Address Qualifications

Dr. R. H. Kripalani Asian Monsoon and Climate krip@tropmet.res.in M.Sc., Ph.D.
Variability

Dr. L.S. Hngane Climate Change Studies hingane@tropmet.res.in M.Sc., Ph.D.

Shri B.N. Mandal Hydrometeorological Studies for mandal@tropmet.res.in B.Sc.

Different River Basins and Regions
Dr. G. Beig Atmospheric Chemisyy Ozone beig@tropmet.res.in M.Sc., Ph.D.
Pollution, Greenhouse Gases-3D
Chemical — Climate Modelling, Air
Pollution Modelling
Dr. A.K. Sahai Climate \ariability sahai@tropmet.res.in  M.Sc., Ph.D.

Dr. RS.P Rao Air Pollution, Pecipitation Chemisyr psprao@tropmet.res.in  M.Sc., Ph.D.

Dr. (9nt.) L.S. dshi Upper Atmosphere, lonosphere andindira@tropmet.res.in  M.Sc., Ph.D.
Environmental Sciences

Dr. K. Krishna Kimar  MonsoonVariability and Pediction, krishna@tropmet.res.in M.Sc., Ph.D.
Global Teleconnections and Climate
Application

Dr. (9nt.) N.A. SontakkeClimate Variability and Rediction sontakke@tropmet.res.inM.Sc., Ph.D.
with Special Reference to Indian
Monsoon

Shri M.K. Tandon Development of Scientific Computingandon@tropmet.res.in  M.Sc.
Techniques for Atmospheric Sciences

Dr. T. Venugopal Boundary-Layer Meteorology and Airtvgopal@tropmet.res.in M.Sc., Ph.D.
sea Interaction Process

Dr. S.K. Snha Objective Analysis including Satellite sinha@tropmet.res.in  M.Sc., Ph.D. Ph.D.
Input for NWP

9nt. U.V. Bhide Sudies on Mnsoon andropical bhide@tropmet.res.in  M.Sc.
Weather $stem

Shri C.M. Mohile Climate Change, rEquency offropical mohile@tropmet.res.in M.Sc.
Cyclones, Climate Database Mgmt.

Dr. (Kum.) FL. Kulkarni Objective Analysis including Satellite plk@tropmet.res.in M.Sc., Ph.D.
Input for NWP

Shri M.Y. Totagi Monsoon Energetics frdmail@tropmet.res.in  M.Sc.

Dr. (9nt.) S.G. Mgar  Boundary-Layer Meteorology and Airnagar@tropmet.res.in  M.Sc., Ph.D.
sea Interaction Process

Shri D.R. Chakraborty Atmospheric Energetics in the drc@tropmet.res.in M.Sc.
Wavenumber and réquency Domain

Shri A. Bandyopadhyay NWP Modelling and Model bandop@tropmet.res.in M.Sc., DIIT

Diagnostics E




Name

Academic

Dr. A.L. Londhe
Shri. C.S. Bhosale
Dr. (9mt.) S.S.
Kandalgaonkar
Shri T. Dharmaraj

Dr. AAA. Munot

Dr. H.P Borgaonkar

Smt. N.R. Deshpande
Snt. S.K. Rtwadhan
Dr. B.D. Kulkarni

Shri R.B. Sangam

Dr. Y. JayaRao

Shri S. D. Rwar
Dr. M.N. Patil

Dr. B.S. Murthy

Dr. (Snt.) S.B. Morwal
Shri A.B. Sikder

Shri D.M. Chate

Shri S.S. Dugam

Shri V. Gopalakrishnan
Shri Prem Singh

&

Specialisation E-mail Address Qualifications
Monitoring of Atmospheric Constituents, londhe@tropmet.res.in M.Sc., Ph.D.
Twilight Spectroscopy
Monitoring of Atmospheric Constituents, bhosale@tropmet.res.in M.Sc.
Twilight Spectroscopy
Thunderstorm Climatology and Related sskandal@tropmet.res.inM.Sc., Ph.D.
Meteorological Brameters
Atmospheric Boundar Layer dharam@tropmet.res.in B.E.
Instrumentation
Monsoon RainfalVariability, munot@tropmet.res.in  M.Sc., Ph.D.
Teleconnection andré&diction
Long-term ClimateVariability over hemant@tropmet.res.in M.Sc., Ph.D.
Monsoon Asia, Dendroclimatology
Palaeoclimatology
Hydrometeorological Studies for Differentnrdesh@tropmet.res.in  M.Sc., M.Phil.
River Basins and Regions
Climate Change, BhsoonVariability and patwar@tropmet.res.in  M.Sc.
Teleconnections
Hydrometeorological Studies for Differentbdkul@tropmet.res.in  M.Sc., Ph.D.
River Basins and Regions
Hydrometeorological Studies for Differentsangam@tropmet.res.in B.Sc.
River Basins and Regions
Optical and Radio Remote Sensing of thgrao@tropmet.res.in M.Sc., M.Tech.,
Atmosphere Ph.D.
Atmospheric ElectricityAerosol Physics pawar@tropmet.res.in = M.Sc.
Land Surface-Atmosphere Interactions patil@tropmet.res.in M.Sc., Ph.D.
Theoretical and Experimental Studies of murthy@tropmet.res.in M.Sc., Ph.D.
Atmospheric Boundary Layer
Atmospheric Boundary Layer morwal@tropmet.res.in  M.Sc., Ph.D.
Long-term ClimateVariability over sikder@tropmet.res.in  B.Sc., B.A.,
Monsoon Asia, Dendroclimatology M.Sc.,
Palaeoclimatology
Air Pollution Sudies chate@tropmet.res.in  M.Sc.
MonsoonVariability and Pediction with  dugam@tropmet.res.in  M.Sc.
NAO and ENSO
Cloud Physics, Atmospheric Electricity gopal@tropmet.res.in M.Sc.
Ocean Modelling and Simulation Studies psg@tropmet.res.in M.Sc., M.Phil.




Academic

Name Specialisation E-mail Address Qualifications

Shri S.D. Bansod Monsoon \driability and Teleconnection erp@tropmet.res.in M.Sc.

Dr. C. Ghanaseelan  Ocean Modelling and Data Assimilationseelan@tropmet.res.in II\DAhSS M.%ech.,

Smt. S.K. Mandke Climate Modelling amin@tropmet.res.in M.Sc., M.Tech.

Shri N.K. Agarwal Atmospheric Energetics iavenumber nka@tropmet.res.in M.Sc., M.Phil.,
Frequency Dmain PGDCA

Dr.(Smt.) A.A. Kulkarni

Dr. S.B. Debaje

Shri J. Sanjay

Dr. G. Randithurai

Shri S.S. Milye

Shri S. Mahapatra

Shri G.A. Momin

Smt. A.A. Kulkarni

Shri R.M. Khaladkar

Smt. S.S. Desai

Shri V.R. Mujumdar
Shri PV. Puranik

Dr. S.M. Bawiskar

Shri S.K. Jadhav

Monsoon Mriability and Teleconnections ashwini@tropmet.res.in M.Sc., Ph.D.

Studies on Surface Ozone and debaje@tropmet.res.in  M.Sc., Ph.D.
Atmospheric Chemistry

Numerical WatherPrediction sanjay@tropmet.res.in  M.Sc.
with Special Emphasis to Mesoscale
Modelling and Boundary Layer Processes

Atmospheric Aerosols and pandit@tropmet.res.in  M.Sc., PGDCA,
Remote Sensing Ph.D.
Hydrometeorological Studies mulye@tropmet.res.in  B.Sc.

for Different River Basins and Regions

Numerical \atherPrediction, Regional mahap@tropmet.res.in  M.Sc. (Tech.),

and Mesoscale Modelling, Initialization M. Tech.
Techniques

Air Pollution Sudies momin@tropmet.res.in M.Sc.

Monsoon 8idies and &recasting aakulkarni@tropmet.res.iM.Sc.

Satellite Meteorology Weather khaldkr@tropmet.res.in M.Sc., M.ech.,PGD
Forecasting Atmospheric Dynamics, ssd@tropmet.res.in M.Sc.

Global Spectral Energetics

Indian Monsoon vrmujumdar@hotmail.corB.Sc.

Studies of Monsoons and monsoon@tropmet.res.irB.Sc.

Tropical WeatherSystems

Studies of Monsoons and monsoon@tropmet. res.iM.Sc., Ph.D.
Tropical WeatherSystems

Studies on Low Pressure Systems over shkgdtropmet.res.in B.Sc.
Indian Region

Snt. N. V. PanchawaghExtended Range Prediction panchwag@tropmet. res.M.Sc.

Shri D.K. Trivedi

Smt. A. A. Deo

Numerical VatherPrediction, Tropical trivedi@tropmet.res.in  M.Sc.
Cyclone Modelling

Application of Ocean modeling, aad@tropmet.res.in M.Sc., M.Phil.
Studies of Upper Oceanic Processes in

Different Time and Pace Series E




Name

Specialisation

Academic

E-mail Address Qualifications

Dr. K. Ali
Dr. D. R. Kothawale
Shri S.D. Ratil

Smt. M.K. Kulkarni
Smt. Latha R.
Shri G.S. Meena

Shri S.B. Kakade
Shri S.P Ghanekar
Shri S.G. Narkhedkar

Shri S.S. Sabade
Dr. C. G. Deshpande

Smt. Sathy Nair
Dr. PD. Sifai

Dr. M.S. Mujumdar

Shri K.K. Dani
Shri M.Mahakur

Smt. M.N. Kulkarni
Snt. Padma Kimari
Shri S.Tiwari

Shri R Muruganel
Smt. S.R.Inamdar

Smt. U. lyer

Shri R Mukhopadhyay

&

Cloud Physics and Radardtorology
Air Pollution Sudies

Climate Change, ®hsoonVariability and
Prediction

Climate and Climatic Change, Ozone
Variability

Atmospheric Electricity
Atmospheric Electricity
Atmospheric Minor Constituents

Monsoon Mdriability and
Prediction with NAO and ENSO

Studies of Monsoons and
Tropical WeatherSystems

Objective Analysis, Including
Satellite Data inWeather Brecasting

Monsoon Mdriability and Teleconnections

kaushar@tropmet.res.in M.Sc. (Tech.),

Ph.D.
kotha@tropmet.res.in  M.Sc., Ph.D.
patilsd@tropmet.res.in  M.Sc.
mkk@tropmet.res.in M.Sc.
latha@tropmet.res.in B.Tech.
gsm@tropmet.res.in M.Sc.

kakade@tropmet.res.in M.Sc.

ghanekar@tropmet.res.inVl.Sc.

narkhed@tropmet.res.in M.Sc.

sabade@tropmet.res.in M.Sc.

Aerosol Physics, Atmospheric Electricity cgdesh@tropmet.res.in M.Sc., Ph.D.

Satellite Meteorology and Applications of Sathy1957@hotmail. conB.Sc.

Satellite Data inWeather Brecasting

Surface Ozone, Atmospheric Aerosols arghfai@tropmet.res.in

Precipitation Chemistry

Climate Modelling

M.Sc., Ph.D.

mujum@tropmet.res.in M.Sc., Ph.D.

Remote Sensing of Atmospheric Aerosolkundan@tropmet.res.in B.Sc.

and TaceGases

Applications of &tellite Data inWeather
Forecasting

Atmospheric Electricity

Atmospheric Minor Constituents

Air Pollution, Pecipitation Chemisyr
Atmospheric Electricity Aerosol Physics

Extended Range Prediction

Satellite Meteorology and Applications of usha@tropmet.res.in

Satellite Data inWeather Brecasting

NWP and Meso-scale Modelling of

mmahakur@tropkmet.res.in M.Sc.,

mnkulk@tropmet.res.in  M.Sc.
padma@tropmet.res.in M. Sc., M. Tech.
mbtiwari.yahoo.com M.Sc., Ph.D.
pmvelu@tropmet.res.in  B.E.
srinam@tropmet.res.in  M.Sc.

M.Sc.

mpartha@tropmet.res.in M.Sc.

Thunderstorms, Heavy Precipitation Events




Academic

Name Specialisation E-mail Address Qualifications

9nt.J.V. Revdekar ExtremeWeather Eents, Climate Changejvrch@tropmet.res.in B.Sc., B.Sc., M.Sc.
Monsoon Mdriability

Snt.S.S.Rdanvis Atmospheric Chemisjy Ozone Bllution, suvarna@tropmet.res.in B.E., M. Tech.
Greenhouse Gases- 3-D Chemical-Climate
Modelling

Smt.S.S.Nandargi Hydrometeorological Studies for Differenhshobha@tropmet.res.inM.Sc., Ph.D.

River Basins and Regions

Shri K.M.C.Reddy Remote Sensing of Atmospheric Aerosolsnadhucomcom@rediff. com M. <.
and TaceGases

Shri D.M. Lal Cloud Physics dmlal@tropmet.res.in ~ M.Sc., PGDCA
Kum.S.Roy Atmospheric Chemisfy Ozone Bllution, somnporiti@tropmet.res.iM. Sc., ADCA
Greenhouse Gases- 3-D Chemical-Climate
Modelling

Dr. (9nt.) B.P Shukla Regional Climate Modelling, Climate bipasha@tropmet.res.in M.Sc., Ph.D.
Change Studies

Managerial and Technical Support

Administation, Fnance and Brchase& Stores

Shri V.K. Asrani, Administrative Officer Library, Infomation and Bblications
Ms. N.S. Girija, Accounts Officer 9nt. A.A. Shiralkar Head of the Dision
Shri A. Girijavallabhan, FA. to Director 9nt. V.V. Massey
Shri S.R. Nirgude Shri PG. Bhegade (Brecasting Research)
Shri V.G. Bathija Shri A.L. Sagar (Physical Meteorology and Aerology)
Shri V.S. Kulkarni Shri R.P Mali
Shri V.R. Mali Shri B.C. Morwal (Administration)
Shri S.N. Prasad Shri TA. Disale
Shri M.H. Gangawane Shri A. Bhisikar
Shri K.B. Gophane Shri S.C. Rahalkar

Computer and Data Archival Shri V.V. Deodhar

Smt. S.U. Athale, Head of the Division Shri V.H. Sasane

Shri S.P Gharge (Climate and Global ddelling)

Shri O. Abraham Workshop

Smt. A.R. Sheshagiri Shri S.B. Jaunjale

Dr. (9nt.) R.R. &shi O
9nt. V.V. Sapre

Shri PW. Dixit (Purchase & ®res)




Research Fellows and Project Personnel

Name

Project (Funding Agency)

IITM Reseach Fellows
Kum. SuchitraSundaram

Kum. Rohini Bhawar
Shri VimaleshPant
Kum. Cini Sukumaran

Shri B.H. Vaid

Shri SantoshKulkarni

Shri K. Jagdeesh

Smt. Medha$S. Deshpande
Shri P RameshKumar

Shri Vikas Singh

Smt. Ashwini A. Ranade
Kum. K. Kamala

Shri SachinS. Bhandare

Shri P Siva Praveen
Shri Umesh Kimar Singh

Shri PawanKumar Rathore

IITM Research Associates
Dr. P RahulChandReddy
Dr. R.S. Maheskumar

CSIR Rseach Fellows
Shri Bijoy Thompson

Kum. R. Deepa

Kum. SusmitaJoseph

Project Rersonnel

Shri S.H. Damale
(Consultant)

Major Gen.S. S. Sharma
(Consultant)

Shri Jasti Sriranga Chowdary

4

Diagnostics and edelling Sudies of LonglermTrends and/ariability of Climate
over the Indian-Asia &ific Regions.

Aerosol Characterisation using Satellite and in situ measurements.
Surface Observations of Atmospheric Electricity and Electric Properties of Clouds.

Experimental Study of Exchange Processes in the Atmospheric Boundary Layer
over Continental and Marine Environment.

Numerical Modelling of the Upper Ocean Mixed Layer over Indian Ocean Region
using Satellite Data.

Measurements and Monitoring of Atmospheric Minor Constituents.

Regional Aspects of Global Climate Change afadiability.

Studies on Dynamical Ocean Modelling.

Surface Observations of Atmospheric Electricity and Electric Properties of Clouds.
Atmospheric Chemistry Modelling and Dynamics.

Air Pollution and ecipitation Chemisyt

Regional Aspects of Global Climate Change sfadability.

Hydrometeorological tadies of River Basins for Applications Water and Bwer
Resource Projects.

Sudies in Air Bllution and Pecipitation Chemisit

Changes in Rainfall &tern and kdrologic Regimes wer India and their
Relationship to GlobaWarming.

Optical Monitoring of Atmospheric Constituents.

Studies on Dynamical Ocean Modelling.

Obsewational $udy of Drect RadiativeForcing of Atmospheric Aerosols on the
Surface Reaching Solar Flux.

Numerical Modelling of North Indian Ocean using a Wi-level Ocean General
Circulation Model (Council for Scientific and Industrial Research).

Sudy of Evolution of Arabian Se&Varm Bol and OnseVortex in RelationWith
Onset of SouttWest Monsoon(Council for Scientific andidustrial Research).

Monsoon Study using General Circulation Models (Council for Scientific and
Industrial Research).

Establishment of Wind Profiler Data Archival and Utilization Centre at IITM
for Wind Profiler/Radio Acoustic Sounding System (Department of Science and
Technology New Delhi).

Preparation of Generalised PMP Atlases over the Krishna and the Indus River
Basins (CentralWater Commission).

Data Assimilative Sigma Coordinate Numerical Model for the North Indian
Ocean (DOD / INDOMOD 19 plan programme) (Department of Ocean
Development, Govt. of India).




Name

Project (Funding Agency)

Smt. Shally Joshi

Shri SouravTaraphadar

Smt.AmitaA. Prabhu

Shri Ashok Kumar Verma
Shri Dhawal P Prajapati
Shri Vinaykumar

Shri Rajib Chattopadhyay
Shri BasantKumar Samala
Snt. P Svapna

Kum. PreethiBhaskar

Shri Unmesh PShinde

Shri Shailandra Kewat
Shri Pankaj Kumar

Shri Ramesh kKimar Yadav
Shri Sachin Gunthe

Shri SachinS. Deshpande

Shri NarendraSingh

Shri Saroj Kumar Sahu

Shri V. Prasanna

MonsoonVariability Sudies with Regional Climate ddlels (REM) using Satellite
Derived Sirface RrametersValidation and Application (dian $ace Research
Organisation (IS®), Government of India).

MonsoonVariability Sudies with Regional Climate ddlels (REM) using Satellite
Derived Sirface RrametersValidation and Application (dian $ace Research
Organisation (ISR®), Government of India).

Monsoon variability idies with Regional Climate ddlels. (REM) using Satellite
Derived Sirface RrametersValidation and Application fidian $ace Research
Organisation (IS®), Government of India ).

Preparation of Generalized PMP Atlases over the Krishna and the Indus River
Basins (CentraWWater Commission, & Delhi).

Preparation of Generalized PMP Atlases over the Krishna and the Indus River
Basins (CentraWWater Commission, & Delhi).

Air-Sea Interactions in the Indian Ocean Region (DOD/ INDOMOD B@n
Programme, Department of Ocean Development, Govt. of India).

Air-sea interactions in the Indian Ocean region, (DOD /INDOMOD B(an
Programme Department of Ocean Development, Govt. of India).

Air-Sea Interactions in the Indian Ocean Region (DOD/ INDOMOD B&n
Programme, Department of Ocean Development, Govt. of India).

Air-Sea Interactions in the Indian Ocean Region (DOD/ INDOMOD B@n
Programme, Department of Ocean Development, Govt. of India).

Managementé?spectives to Seasonal Climatedeast in Mixed Cropping System
of Southern Indis Semi Arid keld (Global Changey&tem for Analysis, Research
and Training / Asia Rcific Network).

Multi site Characterization ofropical Aerosol Direct RadiativeoFcing using
Measurements (ISRGBP/ARBS) (Indian Sace Research Organisation ((BR
Government of India).

Role of Aeosols and Bick Carbon in Atmospheric Radiation Budgetdies (ISRO-
GBP/ARBS) (Indian Bace Research Organisation (@RGovernment of India).

India Meteorological Department, New Delhi-ITM Collaborative Scheme on
Development of Long-rangeofecasting (India Mteorological Depament).

India Meteorological Department, New Delhi-ITM Collaborative Scheme on
Development of Long-rangeofecasting (India Mteorological Depament).

Experimental andlheoretical Sidies of SecondgrPollutants and Ozone for
Chemical erecasting (Dep#ment of Science ant@iechnology New Delhi).

Establishment of Wind Profiler Data Archival and Utilization Centre at IITM
for Wind Profiler/Radio Acoustic Sounding System (Department of Science and
Technology New Delhi).

Establishment of Wind Profiler Data Archival and Utilization Centre at [ITM
for Wind Profiler/Radio Acoustic Sounding System (Department of Science and
Technology New Delhi).

Application of Satellite Data to Climate Research (Indian Space Research
Organisation (IS®), Government of India).

Climate Change Projection for India and Assessment of the Associated Agricultural
and Huiman Health Impact (Mtional Communication (NECOM), Ministry of
Environment and érests, Gaernment of India).
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M/s M. S. Godbole & Associates
CHARTERED ACCOUNTBRNTS

67/ 2, 4, Uberoi House, Nal Stop, Karve Road, Pune 411 004
Phone : 25435 40, E-mail : mgodbole@vsnl.com

To

The Members,

Indian hstitute of Tropical Meteorology
Homi Bhabha Road,

Pashan,

Pune-411 008.

Qb : Audit Repot for the FnhancialYear ended 31March 2005
Sirs,

We have audited the attachedil&ce 8eet of the Indiannistitute ofTropical Meteorology as on 31st
March 2005 and thentome & Expenditure account as on that date athéxeeta These financial statements
are the responsibility of the management. Our responsibility is to express an opinion on these financial
statements based on our audit.

We have concluded our audit in acdance with auditing stands generally accepted imdia. These
standards require that we plan and perform the audit to obtain reasonable assurance about whether the
financial statements are free of material misstatement. An audit includes examining on a test basis, evidence
supporting the amounts and disclosures in the financial statements. An audit also includes assessing the
accounting principles used and significant estimates made by management, as well as evaluating the overall
financial statements presentatiMie believe that our audit pviles reasonable basis for our opinion.

a We have obtained all the information and explanations, which to the best of our knowledge and
belief were necessary for the purpose of our audit.

b) The Balance Sheet and Income & Expenditure Account dealt with by the report are in agreement
with the books of accounts.

c) We invite your attention to the folaing:

i) In respect of funds received for earmarked projects, no separate investment / bank accounts are
made. As informed this is due to large number of projects. Hence interest income earned on
these funds are not credited to respective projects but is shown as consolidated figure in Income
& Expenditure Account.

d) In our opinion and to the best our information and according to the explanations given to us, the
said Balance Sheet and Income & Expenditure Account read together with significant Accounting
Policies folloved and other obseations give @rue and Bir view:

i) In the case of Balance Sheet, of the state of affairs as at 31st March 2005.
i) In the case of Income & Expenditure Account, of the deficit for the year ended on that date.

For M. S. Godbole & Associates
Chartered Accountants

sd/-
Date : 11 .07.2005 (Mohan S. Godbole)
Place : Pune Partner
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Auditors Repot

Following are our observations based on books, records, and documents produced before us and information and explanatiol
given by the officials of the Institute:

A

B.

Maintenance ofiked Assets Byister:To have proper control ger the assets, it is recommended that the entries in the said
register should be made as soon as the entries are made in the store records.

Physical Verification Repot of Dead $ock: Fhysical verification epot for the year ended 31stekh, 2004 is on

record. Preparation of the physical report for the year ended 2005 is still in progress.

Claims Receivable{Schedule 6 to Balance Sheet) Claims receivable amounting to Rs. 4,64,709.63 pertains to excess
expenditue on some projectShe abwee said amount igceivable from the concerned sponsors of the projects and advances
given to employees.

Land Ospute with Ntional Chemical Laboratpr(NCL), Rune :We have been informed that a high level discussion

with NCL officials had taken place regarding encroachment of the land belonging to IITM. It has been explained that NCL is
getting the land surveyed. However efforts are in progress to get the land in question from NCL as per the demarcation of land
shown by the city survey office.

Arbitration CaseAsper the request letter from CPWD, the Institute has deposited Rs. 3,45,000/- with CPWD to settle the
case with M/s. Naidu & Co. which has given up the work of construction of A, B, C type quarters including water supply
and sanitgr provisions half wayThe case went against CPWD and the amount of deposit is stittrabte from CPWD.

This amount is due since 1992 and in spite of follow-up for recovery by the Institute, no recovery has been possible till date.
We are of the opinion that, given the nagwf advance and the time since which it is outstanding, the advance seems to be
irrecoverable.

AssetdNritten Of: During the year fixed assets to the extent of Rs. 635/- have been written off as gmplthiem passed
by the governing council.

Acknownvledgement We expeess our sincerthanks to DiG.B. Rint, Orector and his officers MV.K. Asrani, Ms. N.S. Girija,

Mr. V.G. Bathija and all the staff members of the Institute for the kindperation extended by them during the course of

the audit. ForM. S. Godbole & Associates
Chartered Accountants
Date : 11.07.2005 sd/-
Place : Pune (Mohan S. Godbole)
Patner

Compliance to Audit Observations

Maintenance of iked The Assets acquired fully (Equipments) are entered in Dead Stock Register maintained by the

Assets [Rgister Purchase and Stores Unit. Also, the same is reflected in the balance sheet of the books of accounts
maintained by the Institute. In addition the fixed assets register is being maintained by the
concened division as per the provision provided under General Fih&udes, which is a part of
requirement of Govt. Auditors. And it has no impact on double entries book keeping system.

Physical Verification A committee has been constituted for physical verification for the financial year 200#5.
Report of Dead Stock. physical verification work is under progress and as soon as the report is ready the same will be
produced to auditors.

Claims Receivable It may be mentioned here that most of the outstanding claims receivable for the financial year
2004-05 have been received and seffled.same will be produced to the audit.

. Land Dispute with The survey of NCL land completed by the City Surveyor Department and as per their report

National = Chemical the land belong to [ITMThe matter is being psently persuaded by [ITM with NCL to
Laboratory (NCL), Pune settle the land dispute as early as possible.

Arbitration Case Since the CPWD, Pune have not responded to our letters regarding settlement of arbitration
case with M/s. didu & Ca The matter was taken up with the Chief Engineer (ChiBst
Zone, CPWD, Nagpur and it is being again pursued to settle the arbitration case for construction
of A, B, C types quarters.

AssetsWritten Off No comments.




SIGNIFICANT ACCOUNTING POLICIES

. BASIS OF ACCOUNTING:

The financial statements are prepared by the Institute on the basis of historical cost convention, unless
otherwise stated and on accrual method of accounting.

FIXED ASSETS

Fixed assets stated in th@l@hce 8eet are at their cost of acquisition inclusive of freight, octroi and other
direct and indirect costs in respect thereof less depreciation. Assets acquired for sponsored projects are
written off as project cost.

. Depreciation

Depreciation is provided on the straight line method at the following rates.

S. No. Partticulars Rate
1 Building, Tube wells & Overhead/aterTank 1.63%
2. Furniture & Fixtures 6.33%
3. Plant & Machiney, Scientific Equipment 4.75%

Office Equipment
4. Computers, \Wtkstations 16.21%
5. Vehicle 9.5%
6 Books 100%

. GOVERNMENT GRANTS :

a. Government grants of the nature of contribution towards capital cost are shown as capital grants in
the Balance Sheet.

b. Grants in respect of specific fixed assets acquired are shown as a deduction from the cost of the related
assets.

c. Government grants are accounted on realization basis.

. RETIREMENT BENEFITS :

1. Retirement benefits to the empkes comprise of payments to gratugyperannuation and pident
fund under the appved schemes of the socieontribution to pension fund for payment of gratuity
is made on adhoc basis and not on the basis of actuarial valuation. No provision is made for encashment
of leave entitlements of employees and same is provided on cash basis.

CONTINGENT LIABILITY :

Commitments given towards purchase of Scientific Equipments
Institute Fund - Rs. 4,87,063.00
Project Fund - Rs. 9,39,696.00

. Previous ar figues hae been egouped wherwer necessgr

ForM. S. Godbole & Associates
Chartered Accountants

Date : 11.07. 2005 sd/-
Place : Pune (Mohan S. Godbole)
Partner
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INCOME AND EXPENDITURE ACCOUNT FORTHE YEAR ENDED 31.03.2004

Schedule Current Year Previous Year
INCOME
Income from Sales / Services
Grants / Subsidies 7 7,36,92,189.17| 6,76,40,634.03
Fees / 8bscriptions _ 0.00 0.00
Income from Investments _ 0.00 0.00
(Income on Invest from earmarked /
endav. Funds transferred tourds)
Income from Royalty Publication etc. 8 0.00 0.00
Interest Earned 9 14,06,368.48 16,76,672.00
Other Income 10 10,12,141.70 9,42,332.16
Increase / (decrease) in stock of _ 0.00 0.00
Finished goods and wks-in-progress
TOTAL (A) 7,61,10,699.35| 7,02,59,638.19
EXPENDITURE
Establishment Expenses 11 7,02,31,041.69( 5,16,77,069.32
Other Administrative Expenses etc. 12 1,56,50,969.46] 1,41,76,518.54
Expenditure on Grants Subsidies etc. 13 0.00 0.00
Interest _ 0.00 0.00
Depreciation during the year 15 36,53,735.76 40,23,518.00
TOTAL (B) 89535746.91| 6,98,77,105.86
Balance being excess of Income over Expendifure __ 0.00 3,82,532.33
(A-B)
Transfer to Becial Reseve (Pecify each) _ 0.00 0.00
Transfer to / fron General Resge _ 0.00 0.00
Previous years depreciation _ 0.00 28,708.00
BALANCE BEING SURPLUS / (DEFICIT) _ 1,34,25,047.56 3,53,824.33
CARRIED TO CORPUS / CAPTAL FUND
dgnificant Accounting Blicies contingent
Liabilities and Notes on Accounts 14

Date : 11 dly, 2005

Place : Pune

Indian Institute offropical Meteorology

sd/-
Director

Pune - 411 008

mNote : Schedules are not enclosed

ForM. S. Godbole & Associates
Chartered Accountants
sd/- sd/-
Accounts Officer (Mohan S. Godbole)

Indian Institute offropical Meteorology Patner
Pune - 411 008




BALANCE SHEET AS A 31.03.2004

CORPUS / CAPTAL FUND AND LIABILITIES Schedule [ Current Year Previous Year
CORPUS / CAPIAL FUND 1 7,48,74,268.23 8,21,91,504.96
RESER/ES AND SURPIUS 2 2,27,88,792.06 2,11,68,677.25
EARMARKED / ENDONMENT FUNDS 3 72,49,065.06| 1,14,58,024.74
SECURED LAANS AND BORROWINGS _ 0.00 0.00
UNSECURED LGNS AND BORROWINGS _ 0.00 0.00
DEFERRED CREDIT LIABILITIES _ 0.00 0.00
CURRENT LIABILITIES AND PROVISIONS 4 18,72,008.63 24,09,724.95

TOTAL 10,67,84,133.98 11,72,27,931.90

ASSETS
FIXED ASSETS 5 7,55,61,379.41 7,32,72,453.52
INVESTMENTS - FROM EARMARKED / _ 0.00 0.00
ENDOWMENT FUNDS
INVESTMENTS - OTHERS _ 0.00 0.00
CURRENT ASSETS LBNS ADVANCES ETC. 6 3,12,22,754.57| 4,39,55,478.38
MISCELLANEOUS EXPENDITURE _ _ _
(TO THE EXTENT NOT WRITTEN OFF
OR ADJUSTED)

TOTAL 10,67,84,133.98 11,72,27,931.90

SIGNIFICANT ACCOUNTING POLICIES 14

CONTINGENT LIABILITIES AND _

NOTES ON ACCOUNTS

Date : 11 dly, 2005
Place : Pune ForM. S. Godbole & Associates
Chartered Accountants
sd/- sd/- sd/-
Director Accounts Officer (Mohan S. Godbole)
Indian Institute offropical Meteorology Indian Institute offropical Meteorology Patne

Pune - 411 008 Pune - 411 008

Note : Schedules are not enclosed
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