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Overview

Director’s Research

ocean-atmosphere interactions in generating IAV of the
MAC have been reviewed and an empirical evidence,
that these air-sea interactions modulate the MAC, has
been produced. In contrast to a large part of the
Tropics where the summer climate is predictable, with
the internal variability being much smaller than the
external one, the limited predictability of the Asian
monsoon appears to be due to the fact that the
contribution from the external IAV over the region is
relatively weak and comparable to that from internal
IAV (Fig. 1). The internal IAV of the MAC is
primarily due to the interaction between the MAC
and the summer intraseasonal oscillations (ISOs).
Two mechanisms through which ISOs lead to
internal IAV of the MAC are unraveled. The
seasonal bias of the ISO anomalies can influence

B. N. Goswami
goswami@tropmet.res.in

Extended Range Prediction and
Predictability of Monsoon

(B.N. Goswami)

Prediction of duration of the Indian summer
monsoon breaks

Prediction of duration of the Indian summer monsoon
breaks is highly desirable. It will help in planning water
resource management, sowing and harvesting. Applicability
of the recently discovered regime transition rules for the
Lorenz model in predicting the duration of monsoon
breaks has been explored. Using several indices of the
observed summer monsoon intraseasonal oscillation (ISO),
it has been shown that the peak anomaly in an active
regime can be used as a predictor for the duration of
the subsequent break spell. It has also been found that
the average growth rate around the threshold to an active
condition can be used as a predictor of the peak anomaly
in the active spell. Average growth around the threshold to
an active condition can give useful prediction of the
duration of the following break, on an average, about
23 days (38 days) in advance of its commencement (end).

Seasonal predictability of the Asian summer
monsoon

Factors responsible for limited predictability of the
Asian summer monsoon (ASM) have been investigated
within a conceptual framework for predictability.
Predictability of the seasonal mean depends on the
interannual variability (IAV) of the monsoon annual cycle
(MAC) and is determined by relative contribution of the
predictable “external” component of IAV compared to the
unpredictable “internal” IAV. Contributions of slow
processes such as those involving air-sea interactions
associated with the ENSO or local warm

Fig. 1: Estimate of predictability for (a) zonal winds
at 850 hPa and (b) precipitation during northern
summer (JJAS). (a) Ratio (F) between total interannual
variability of monthly means during JJAS and internal
variability of zonal winds at 850 hPa based on daily
NCEP–NCAR reanalysis data between 1979 and 2002.
(b) Ratio (F) between total interannual variability of
JJAS seasonal mean precipitation from a five-member
ensemble of 20-yr simulation of LMD GCM and estimate
of internal variability of the seasonal mean.



the seasonal mean if the spatial structure
of the ISO has significant projection on
that of the seasonal mean and if
frequency of occurrence of positive and
negative phases is unequal. In addition, it
was seen that the chaotic summer ISOs
modulated by the annually varying forcing
associated with the “slow annual cycle”
can lead to IAV of the seasonal mean.
It has also been found that the IAV of
ISO activity is related to IAV of the
seasonal mean or MAC. Thus, the Asian
monsoon would remain a difficult system
to predict. To exploit the predictable
signal, however, it is imperative that
systematic bias of the models is improved
and the space–time structure of the
summer ISOs is simulated accurately.

Increasing trend of extreme rain
events over India. The global mean
surface temperature has risen over the
past century, with rapid warming in the
last few decades. However, the seasonal
mean Indian summer monsoon rainfall has
remained stable (Fig. 2). The puzzle of
lack of a trend in seasonal mean
monsoon in the background of global

warming has been studied. Using a new quality controlled daily
rainfall data set; the first evidence of a significant rising trend in
the frequency and intensity of heavy rain events; and decreasing
trend in the frequency of light to moderate rain events over central
India in the monsoon season during 1951-2000 has been produced.
It has been observed that the mean rainfall does not show any
significant trend because contribution from the increasing heavy
events is offset by that from the decreasing light events. The study
suggested a substantial increase in severe rain events and associated
hazards over India in the coming years.

Dependence of simulation of Boreal summer tropical
intraseasonal oscillations on the simulation of seasonal mean

The link between realism in simulation of the seasonal mean
precipitation and summer tropical intraseasonal oscillations and their
dependence on cumulus parameterization schemes has been
investigated using the Florida State University Global Spectral Model
(FSUGSM) Forty-member model ensemble simulations of the northern
summer season were generated for three different cumulus
parameterization schemes [namely, Arakawa–Schubert (Naval
Research Laboratory NRL), Zhang and McFarlane (National Center
for Atmospheric Research (NCAR), and Emanuel (Massachusetts
Institute of Technology (MIT)]. The MIT scheme simulated the
regional pattern of seasonal mean precipitation over the Indian
monsoon region well but had large systematic bias in simulating the
precipitation over the western Pacific and the Maritime Continent.
Although the simulation of details of regional distribution of
precipitation over the Indian monsoon region by the NRL and NCAR
schemes was not accurate, they simulated the spatial pattern of
precipitation over the tropical Indo–Pacific domain closer to the
observation. The NRL scheme seemed to capture the observed
northward and eastward propagation of intra- seasonal precipitation
anomalies realistically (Fig. 3). For better prediction of the seasonal
mean Indian monsoon, the model climatology should have minimum
bias not only over the Indian monsoon region but also over the entire
Indo–Pacific basin.

Fig. 2: Temporal variation (1951 to 2000)
in the number (N) of (A) heavy
(R = 100 mm/day, bold line) and moderate
(5 = R < 100 mm/day, thin line) daily rain
events and (B) very heavy events
(R = 150 mm/day) during the summer
monsoon season over CI.

Fig. 3: Relationship with the simulation of seasonal mean and the ISOs:
(a) spatial correlation between model simulated seasonal mean
precipitation and observed precipitation in the Indo–west Pacific domain
vs ratio between averaged power in the wavenumber–frequency spectral
domain in the intraseasonal time scales for the eastward propagating
component and that for the westward propagating component; (b) as in
(a) but for 850 hPa zonal winds.

(a)
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Forecasting Research

Forecasting Research Division has formulated its
research programmes for understanding of tropical

weather and prediction of the monsoon rainfall on
different time and space scales. Studies are also
undertaken to understand and predict the meso-scale
systems such as tropical cyclones. Following are the
current activities of the Division:

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

u Study of air-sea interaction process and planetary
boundary layer characteristics using ARMEX-2002,
ARMEX-2003 and other experimental and routine
data.

u Application of satellite data in weather forecasting.

u Inter-annual and decadal scale summer monsoon
variability over India and its association with El Nino
Southern Oscillation, North Atlantic Oscillation, Indian
Ocean Dipole, Eurasian Snow and Antarctica Sea ice
and Tele-connections of monsoon variability over South
and East Asia.

u Role of intra-seasonal oscillations in seasonal
monsoon strength.

u Evaluating Asian monsoon variability in WCRP CMIP3
multi-model simulations.

u Study of energetics of waves and wave to wave
interaction.

u Study of secondary heat sources.

P. N. Mahajan
mahajan@tropmet.res.in
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ARPS model was used for the simulation of heavy precipitation
event over Ratnagiri. The model input and lateral boundary condition
at 6 hours interval were obtained from 1o NCEP global analysis.
For simulation of this event three-level one-way nested grids was
used. Fig. 4 shows simulated 24 hours accumulated rainfall during
0300 UTC 30th May - 0300 UTC 31st May, 2006 (Fig. 4a), and
station observations (Fig. 4b). Fig. 8c shows the time evolution of
predicted rainfall at grid point closer to Ratnagiri location. The model
produced 62 cm of rainfall at Ratnagiri which is closer to the
observations. In general, the rainfall distribution at and around
Ratnagiri was well predicted.

Numerical Weather
Prediction Research and
Meso-scale Modelling

(S.S. Vaidya, J. Sanjay, D.K. Trivedi,
P. Mukhopadhyay, S. Joshi, S. Taraphdar)

Study of extreme precipitation
event during onset phase of
monsoon - 2006

Several studies have shown increase
of severe weather events across the
globe. In recent past, some of the
extreme precipitation events occurred
over Indian region e.g. the unprecedented
rainfall over Mumbai on 26 July, 2005.
Numerical models help in understanding
different physical and dynamical
processes responsible for such events by
generating information, uniformly, in
spatial and temporal scales. Extreme
precipitation event witnessed in Monsoon
2006 was studied. The southwest
monsoon onset of 2006 took place on
26th May over Kerala. The early onset
was followed by fast northward
movement of southwest monsoon. In
association with monsoon progression,
some of the extreme precipitation
episodes were reported over different
stations of west coast. One such event
was reported on 30 May, 2006 over
Ratnagiri (16.98oN, 73.33oE) in the west
coast of India. During this period the
off-shore trough was seen along the west
coast. The 24 hour rainfall was reported
to be 64 cm on 0300 UTC of 31 May,
2006. This extreme precipitation event
was attempted with different high
resolution Mesoscale models viz,
Advanced Regional Prediction System
(ARPS) model of Oklahama State
University, USA and Weather Research
Forecast (WRF) model of National
Center for Atmospheric Research
(NCAR), USA.

(b)

(a)

(c)

Fig.4: (a) 24 hrs accumulated predicted rainfall (cm) during 0300 UTC
30 May – 0300 UTC 31 May, 2006, (b)24 hrs accumulated observed
station rainfall (cm) reported on 0300 UTC 31 May, 2006 and (c) Time
evolution of accumulated predicted rainfall (cm) at Ratnagiri location.
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WRF model was used with an aim to see whether
the rainfall was comprised of large scale convective type
or deep convection embedded in the large scale. The
model was run with 30 km horizontal grid resolution for
30 hours initialized with NCEP GFS analysis and the
boundary was updated every six hourly with GFS forecast.
The analysis of model forecast suggested that the rainfall
is dominantly contributed by the microphysics which is
generally not the case in monsoon rain. The time evolution
of cloud parameters showed that maximum cloud ice,
graupel concentration lies in the upper and middle
troposphere (Fig. 5a) whereas the cloud water and rain
water is found to be in the lower troposphere. The time
series of rainfall (Fig. 5b) showed that majority of the rain
was contributed by the microphysics and lesser fraction by

the convective rain. Most of the rain was found
to occur during 0900 to 1500 UTC as per the
TRMM observation (Fig. 5c). The model forecast
(Fig. 5b) could simulate maximum rainfall intensity
during same period with 3 hr lag as compared to
TRMM. Thus it appears that the event was an
outcome of strong meso-scale vortex embedded in
the large scale monsoon current over Ratnagiri. The
24 hour accumulated (gridscale) rain forecast valid
at 0300 UTC of 31 May (Fig. 5d) showed the
amount to be 41 cm around Ratnagiri. The total
24 hr rainfall forecast (gridscale + convective) was
found to be 50 cm at Ratnagiri which appears to be
very close to the reported rainfall value of 64 cm.

Fig. 5: (a) Vertical distribution of forecast cloud parameters, (b) Time evolution of 3 hourly accumulated forecast rainfall
(cm); (blue for convective and red for grid scale), (c) 3 hourly accumulated TRMM observed rain and (d) 24 hrs
accumulated forecast rain (cm) and 850 hPa streamlines.

(a) Time evolution of cloud constituents
(gm/kg) W.R.F. Hor. Res. 30km

(d) Accu gridscale rain (cm) & Wind 850 hPa FCST
ending 03UTC 310506 WRF Hor. Res. 30km

(b) 3 hourly explicit & conv Rainfall FCST (cm)
WRF 30 km Hor. Res.

Accumulated rainfall (mm)(c)



Study of tropical cyclogenesis

The physical processes involved in the
development of a tropical cyclone from a
tropical cloud cluster or disturbance are still
not well understood. The formation of
tropical cyclone from a tropical cloud cluster
has been attributed to both thermodynamic
and dynamical factors such as low level
vorticity, upper level divergence, middle
tropospheric relative humidity etc. The
pre-cyclone cloud clusters and their position
were identified from the three hourly
digitized INSAT IR data. Evolution of deep
convective clouds can be used for detecting
formation of tropical cyclones starting from
disturbance stage. From IR data (gray scale
values), cloud top temperatures and
thereafter the areas covered by deep
cumulus convective clouds (cloud top
temperatures 200, 210 and 220o K) were
computed. Preliminary analyses of the data
showed considerable increase in the area of
deep convective clouds (surge in deep
convection) 1-3 days prior to the disturbance
attaining the cyclonic storm stage. NCEP/
NCAR reanlyses data were utilized to study
the large scale dynamic and thermodynamic
parameters associated with the tropical
cyclone genesis for a number of cases over
the Indian Ocean. Diagnosis of the
meteorological parameters that directly
influence the tropical cyclone genesis was
taken up from the reanalysis data.

Extended Range Weather
Prediction Research

(R.H. Kripalani, S.S. Dugam, S.D. Bansod,
A.A. Kulkarni, N.V. Panchawagh,
S.B. Kakade, S.S. Sabade, S.R. Inamdar)

Asian monsoon variability in WCRP
CMIP3 simulations

The monsoon variability over South
(India) and East Asia (China, Korea, Japan)
were examined from the simulated outputs

Fig. 6: Time series plot of the WCRP CMIP3 multi-model mean summer
monsoon rainfall over South Asia simulated during the 20th century
(black line) and projected during the 21st century for the SRES A1B
(red line), A2 (green line) and the B1 (blue line) scenarios. All the
three scenarios project a monotonic increase in summer precipitation
during the 21st century.

of the World Climate Research Program’s (WCRP) Coupled
Model Inter-comparison Project phase 3 (CMIP3) multi-model
dataset. Projections under the SRES (Special Report on Emission
Scenarios) A1B, A2 and B1 scenarios during the mid and at the
end of the 21st century were also examined. Most of the models
were able to simulate the 20th century monsoon climate over East
Asia well. However, only a set of selected models could simulate
South Asian monsoon climate.The projected increase in
precipitation over South Asia (Fig. 6) could be attributed to the
projected intensification of the heat low over northwest India, the
trough of low pressure over the Indo-Gangetic plains, and the
land-ocean pressure gradient during the establishment phase of
the monsoon.

The intensification of these pressure systems could be
attributed to the decline in winter/spring snowfall. Furthermore,
a decrease of winter snowfall over western Eurasia is also
projected along with an increase of winter snowfall over Siberia/
eastern Eurasia (Fig. 7 and Fig. 8).

This projected dipole snow configuration during winter could
imply changes in mid-latitude circulation conducive to subsequent
summer monsoon precipitation activity.

 The projected precipitation increase over East Asia may be
attributed to the projected intensification of the monsoon
circulation, North Pacific Subtropical High and the
Meiyu-Changma-Baiu frontal zone.
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Results revealed that the 30-60 day

periodicity is dominant during the

deficient monsoons in particular over

west coast and central India. On the

other hand excess monsoons are

characterized by the 10-20 day

oscillations over the monsoon trough

zone. Time variations of these two

periodicities suggested a weakening of

both the oscillations after mid 1970s

(Fig. 9)

Fig. 7: WCRP CMIP3 Multi-model ensemble (MME) winter snow patterns for
the difference between the 20th century simulations and the 21st century
projections for the SRES A1B, A2, B1 scenarios during the mid (upper
panels) and at the end of the 21st century (lower panels). Negative (positive)
anomalies are indicated by blue (red) colors depicting the projected dipole
snow configuration in particular at the end of the 21st century.

Winter Snow MME (2031-2050) - (1981-2000)

Winter Snow MME (2081-2100) - (1981-2000)

Fig. 8: WCRP CMIP3 Multi-model ensemble (MME) Spring snow patterns
for the difference between the 20th century simulations and the 21st century
projections for the SRES A1B, A2, B1 scenarios during the mid (upper panels)
and at the end of the 21st century (lower panels). Negative (positive)
anomalies are indicated by blue (red) colors depicting the projected dipole
snow configuration in particular at the end of the 21st century.

Spring Snow MME (2031 - 2050) - (1981-2000)

Fig.9: Time series plot of the amplitude
of the 30-50 day (red line) and the
10-20 day (green line) low frequency
intra-seasonal oscillations during the
summer monsoon period. After mid
1970s, the amplitudes of both these
oscillations appear damped.

Spring Snow MME (2081 - 2100) - (1981-2000)

Role of intra-seasonal oscillations in seasonal monsoon
strength

The nature and intensity of the low frequency intra-seasonal

oscillations during the excess and deficient Indian monsoons was

examined by utilizing a high-resolution (1o x 1o) rainfall data set for the

period 1951-2003 provided by the India Meteorological Department.

Extreme Indian monsoons and
the dipole mode

The association between the
summer monsoon rainfall over India
and the dipole mode over the Indian
Ocean was examined by computing
lead/lag correlations using data for a
132-year period (1871-2002). Results
revealed that, numerically, the
relationship is stronger following the
monsoon, suggesting that the summer
monsoon has more influence on the
dipole mode during autumn than
vice-versa.



Studies on Monsoon and Tropical Weather
Systems

(M.Y. Totagi, V.R. Mujumdar, P.V. Puranik, S.M. Bawiskar,
S.P. Ghanekar, M.D. Chipade)

Energetics of ultra-long waves and AISMR

Using daily NCEP/NCAR reanalysis global wind (u & v)
data at 850 hPa level from 1 June to 30 September for 33 years
(1971-2003), daily climatology of u and v were prepared and
decomposed into spectrum of zonal waves. Energetics (Kinetic
Energy and Momentum Transport) of first ten waves were
computed. Climatology of daily All India Summer Monsoon
Rainfall (AISMR) was prepared by using a high resolution daily
gridded rainfall data of 33 years (1971-2003) published by India
Meteorological Department. Analysis of the results (Fig. 10)
indicated that there is a significant correlation (0.9) between daily
climatology of all India rainfall and daily climatology of momentum
transport due to waves 1+2 around 10°N at 850 hPa level.

Predicting onset of monsoon

Daily grid-point OLR data derived
from NOAA polar orbiting satellites for the
period June 1974 - April 2006 (except
March- December 1978) were analysed
for the months March to June over Indian
peninsular region. The analysis showed a
characteristic fall in OLR values in a
preferred week (about 5-9 weeks) prior to
the onset of Indian summer monsoon
during the period of study. This
information has been used in the
development of a regression equation to
predict the onset of monsoon well in
advance. The results showed improvement
in reducing the estimation error of the
previously developed technique based on
conventional synoptic observations of
pre-monsoon thunderstorm activity over Kerala.

Advance of monsoon

The advance of monsoon and the
meridional thermal gradient at different
vertical levels over western parts of India
were analysed by utilizing onset and NCEP
temperature data for more than 45 years.
The study suggested that the typical rainfall
associated with the initial advancement of
monsoon sometimes brings out the
anomalies in the normal structure of the
meridional thermal gradient which in turn
affects further progress of the monsoon.

Weak monsoon activity over Northeast
India during 2006

Generally during monsoon season,
northeast Indian region shows upward motion
with heavy rainfall and is characterized as
a source of heat and sink for moisture.
However, during 2006 the rainfall over the
region was deficit by -16.7% of normal.
Daily u, v, T and RH grid point data for
the period 1 May to 31 August, 2006 were
extracted from the global field from
NCEP/NCAR website. Time evolution of
apparent heating rate (q1) (fig. 11a) and
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Fig.10: Climatology (1971-2003) of daily momentum transport of
waves 1   2 and daily All India Monsoon Rainfall.

LRF of AISMR, through energetics of zonal waves

To improve the skill score of the present LRF model, it was
decided to incorporate the energetics of middle (500 hPa) and
upper (200 hPa) tropospheric levels respectively. In view of this,
monthly mean global data for u, v and T were extracted for the
months January to May for the years (1981-2006). The analysis
of the energetics indicated that momentum transport at 500 hPa
level for the month of February shows significant correlation with
the seasonal rainfall over the most of the subdivisions of India
except NE and Peninsular India.
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apparent drying rate (q2) (fig.11b) at 500 hPa along
25°N, indicated that the Northeast India had become
sink of heat (negative heating rate) and the source
of moisture (negative drying rate) during major
monsoon months of June, July and August of 2006.
It was then observed that the Northeastern region
was under the grip of strong subsidence (fig. 11c)
which seems to be the main cause for the weak
monsoon activity over this region.

that region. Now a days, there is an increasing demand
from various public sectors, government offices and
private agencies for accurate short-range forecast of
such extreme weather events. Hence, INSAT-digitized
inputs are used for better depiction of extremely heavy
rainfall events associated with different atmospheric
systems for the years 1999, 2001 and 2005. It is seen
that with high temporal and spatial coverage provided by
the satellites and by processing the data at pixel
resolution, fine mesoscale features can be diagnosed and
tracked. Application of satellite data at pixel-by-pixel
resolution along with the in-situ conventional data helped
in better prediction of extremely heavy rainfall events,
which were associated with mesoscale systems, monsoon
depressions and tropical cyclones over the Indian region.
This kind of information can be provided to models for
nowcasting so that proper measures can be taken in
disaster prone areas. (Fig. 12a and 12b).

Fig. 11: (a) Apparent heating rate (q1), (b) Apparent
drying rate (q2) and (c) Vertical velocity (ω) at 500 hPa
along 25ºN.

Satellite Meteorology and
Applications of Satellite Data in
Weather Forecasting

(P.N. Mahajan, S.K. Sinha, R.M. Khaladkar, S. Nair,
S.G. Narkhedkar, M. Mahakur, A. Prabhu)

INSAT-digitized inputs for extreme weather events

Sometimes, exceptionally heavy rainfall is
recorded at any location over the Indian region. This
becomes a hazardous event for the public staying in

Fig. 12: (a) OLR on 26 July, 2005 at 0900 UTC for 1º x 1º
grid resolution (b) OLR on 26 July, 2005 at 0900 UTC for
pixel-by-pixel grid resolution.

Study of satellite derived rainfall and wind
fields associated with the tropical cyclones

Satellite data retrieved from Tropical Rainfall
Measuring Mission (TRMM) with the sensor onboard
microwave imager (TMI) were used to study the wind
and rainfall fields associated with the two severe
cyclonic storms, 5-9 May, 2004 and 29 September -
2 October, 2004, formed over the Arabian Sea near the
west coast of India. The wind and rainfall fields were
studied in four quadrants of the cyclones. Results
showed that TMI derived maximum wind speeds
associated with these cyclones were about 25 m/s and
22 m/s respectively. The maximum TMI rainfall rate
was 25 mm/hour during their life cycles.
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Satellite inputs and
dynamical aspects for
early onset of monsoon

A study was initiated to
understand the dynamics
involved with the early onset of
summer monsoon over Andaman
Sea and its further advance to
Kerala. Changes in upper air
temperature, production of
kinetic energy (K.E.) by mean
meridional circulation and deep
convection (OLR) over Indian
Ocean and west Pacific for the
month of May were analysed
for two years (1997 and 2004),
with early onset dates 16 and
14 May respectively. Strong
equatorial convection,
140 Wm-2, in early May,
maximum temperature over
Tibetan region (226°K),
strengthening of circulation/
increase in production of K.E.
by mean meridional circulation
to an organized pattern around
5-15°N throughout troposphere
one week before onset over
Andaman Sea were the
favourable factors in both the
years. In 1997, after the onset
over Andaman Sea, shifting of
the warmest region
southeastward, 20°N, 100°E,
convective region towards
western Pacific and weak
production of KE only up to
lower troposphere i.e. 1000 hPa -
850 hPa, caused a lull in the
advance of monsoon to Kerala.
Whereas in 2004 warmest
region moving westward and
high production of KE up to mid
troposphere contributed to
advance of monsoon to Kerala.

Air-Sea Interactions in Tropical Monsoons

(S.G. Nagar, T. Venugopal, S. Mahapatra, U. Iyer, G.R. Chinthalu, A.R. Dhakate)

Dynamical structure of an unusual monsoon depression

NCEP-NCAR reanalysis data were used to study the dynamical
characteristics of an unusual depression formed in the Bay of Bengal during
1st week of August 2006. The analysis of various dynamical parameters at
lower (850 hPa) and upper (200 hPa) troposphere revealed that horizontal
advection of vorticity above 550 hPa (below 600 hPa) along west (east) of
the depression and maximum of vorticity divergence below 400 hPa dominated
for westward movement of the system. The continuous supply of moisture
from the Arabian Sea as well as from the Bay of Bengal caused the
maintenance of its intensity during its long travel over the land (Fig. 13).

Fig. 13: (a) Horizontal Advection of Vorticity X10-11 S-2 20ºN  (b) Vorticity
Divergence X10-11 S-2 20ºN.

(a)

(b)
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Mean variability in air-sea interface processes over the Arabian Sea during
July 2002 and 2003 as revealed by NCEP and ARGO floats data

Monthly mean NCEP and ARGO floats surface and subsurface data
(0, 75,100,200, 500, 1000 m) were analysed to understand variability in air-sea
interface processes over the Arabian Sea during July 2002 and 2003. The study
revealed a narrow belt of cloud waters (21-23°C) along 60°E significantly in
2002 which was in contrast to the climatological distribution of SST. Such
contrast was not found in 2003 (Fig.14) This cooling of the Arabian Sea and
comparatively weak low level jet (at 850 hPa) might have probably inhibited the
further advancement of the monsoon current in 2002 causing deficient rainfall.

Peninsular India for evaluating
precipitation forecast skill of
the above model during an
active and break spell of
2004 SW monsoon. Various
skill scores (such as threat
score, bias score, hit rate,
false alarm ratio and
proportion correct) were
computed for 9 days in active
and 8 days in break condition,
selected during 16 August -
7 September, 2004. The skill
scores were computed in two
ways viz., prediction of
occurrence and magnitude of
rainfall. The model was found
to have good skill in
predicting the occurrences of
rainfall events for most of the
stations. However, the skill for
providing proper prediction for
rainfall amounts was found to
be generally low. During
active spell of monsoon,
heavy rainfall over Western
ghat stations was well
captured in model forecasts,
though sometimes the
predictions were found to be
under estimated for some hill
stations. During break spell,
rainfall was much less along
Western ghats whereas some
stations of Tamil Nadu and
adjoining areas received
moderate rainfall. This was
also depicted by model
forecasts, even though there
were over estimations for
some stations in interior
peninsular region. On an
average, no specific bias was
found for over/under
estimations.

Fig.14: ARGO Surface Temperature (ºC).

24-hour forecast of PBL parameters based on local and non-local
closure schemes

A windowed PBL model was run in a 24 hours forecast mode with
MONTBLEX -1990 data (wind, temperature, specific humidity and pressure) over
Jodhpur, a semi-arid Indian station, for monsoon month of August, using local
and non local closure schemes. It was found that in absence of advective
processes, diurnal variation in the vertical profiles up to 2.5 km above surface
of prognostic variables such as wind, temperature etc. was slightly overestimated.
This variation was sensitive to local sub grid scale processes.

Forecast verification of precipitation field of MM5 model output

MM5 model output for 24 hour rainfall forecast, obtained from NCMRWF
website, were compared with observed rainfall data over 56 stations of
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Climatology and Hydrometeorology Division has formulated its research programmes  which
include advanced scientific research as well as useful rainfall and climatic information for

practical purposes. Following are the objectives of the Division:

u To extend climatic records maximum possible backward in pre-instrumental era using
high-resolution proxy sources such as historical documents, tree-rings etc. in order to study climatic
variability on centennial scales.

u To better understand structure, physics and dynamics of summer monsoon as well as northeast
monsoon circulation, identify their teleconnections and develop empirical predictive model for
rainfall across India using instrumental, satellite-derived and NCEP/NCAR dataset.

u To assess numerical simulations of global climate using General Circulation Models (GCMs)
with partic ular reference to simulation of the Indian summer monsoon; and to develop
high-resolution future climate scenarios using appropriate empirical/dynamical downscaling techniques.

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

u To develop longest possible homogeneous rainfall and temperature series for the whole country
as well as different administrative, meteorologic, hydrologic and physiographic units using
instrumental observations in order to document chief features of interannual and decadal
variability of the climatic parameters, as well as tendency in occurrence frequency of extreme
weather/climatic events.

u To determine time (hourly) distribution of rainfall amount during large-scale, heavy rain spells
over the different river basins for various water resources applications.

u To identify severe rain spells using depth-area-duration (DAD) and depth-duration (DD) analyses
for storm transposition and maximization in order to get reliable estimate of probable maximum
precipitation (PMP) and probable maximum flood (PMF).

u To investigate fluctuations of the wet season over the whole country as well as over different
river basins to know if there is any change in the parameters of the season (start, cessation,
duration and rainfall intensity) due to global warming and other environmental changes.

u To understand relationship between subtropics anticyclones and the Indian summer monsoon
in order to know the possible cause of decline in monsoon rainfall over India since 1962.

Climatology and Hydrometeorology

Nityanand Singh
nsingh@tropmet.res.in
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Regional Climate Diagnostics, Prediction and
Applications

(K. Krishna Kumar, L.S. Hingane, C.M. Mohile, A.A. Munot,
S.K. Patwardhan, S.K. Jadhav, S.D. Patil, Preethi Bhaskar, K. Kamala,
Pratima Pandey, Abhishek Mishra)

Tracks of cyclonic disturbances in climate change scenario

The cyclonic disturbances during summer monsoon were identified
using the state-of art regional climate model developed by the Hadley
Centre for Climate Research and Prediction, U.K. The disturbances were
analysed to study the impact of climate change on their formation,
frequency and intensity for the time slices 1961-1990 (baseline) and
2071-2100 (A2 scenario).

It can be seen from the Fig. 15 that the tracks of the systems
forming over Bay of Bengal are clustered in the baseline as compared
to the warming scenario. In A2 scenario, the formation of monsoon
disturbances appears to be more frequent to the east of 90°E than
baseline simulations. Also, the number of systems crossing the 80°E
longitude appears to be more in the warming scenario.

this, a systematic space-time
analysis of the regional rainfall over
the Indian subcontinent was taken
up. It was observed that compared
to 1871-1950, during recent period
(1951-2003), Westcentral India mean
July/August rainfall has significantly
decreased/ increased. Also, over
Northeast India mean rainfall of
June and August has significantly
decreased. During 1951-2003,
significant decreasing trends in July
rainfall were observed over all-India
(0.7 mm/year), West Central
(1.5 mm/year) and Peninsular India
(1.0 mm/year). June rainfall over
Northeast India showed a significant
decrease (1.4 mm/year). Rainfall in
September over Northeast India
showed significant increasing trends
(1.1 mm/year). Spectral analysis of
regional monsoon rainfall indicated
significant peaks in the ENSO
bands during  1871-1950, but weak
peaks in the QBO band (significant
at 10% level) in the post-1950
period. Interestingly, a general
decrease was found in correlation
during 1951-2003 for all the regions,
except peninsular India which
showed a strengthening of its
relationship with ENSO. Weakening
in the ENSO-monsoon rainfall
relationship over most of India in the
recent period was consistent with no
significant periodicities in the ENSO
band being observed in the regional
rainfall during post-1950 period.

Seasonal behaviour of the
cloud radiative forcing and its
relationship with All-India
summer monsoon rainfall

Using NCEP/NCAR reanalysis
Cloud Radiative Forcings (CRFs) at
the top of the atmosphere at
2.5ºx2.5º latitude/longitude grid

Fig.15: Tracks of the cyclonic disturbances during summer monsoon as
simulated by PRECIS.

Recent changes in the characteristics of seasonal and
subseasonal monsoon rainfall over the Indian region

Indian summer monsoon rainfall is quite robust without any long-term
trend during the last 135 years of observed record, but with significant
epochal variations reported in the all-India rainfall series. However, there
has been limited analysis of variability of the regional rainfall which is
key to developing forecast models for the different regions. In view of



resolution for the period 1949-2006, seasonal behaviour of CRF and relationship
with All-India summer monsoon rainfall (AISMR) were brought out. Fig. 16
shows the spatial pattern of the correlation co-efficient (CC) between AISMR
and longwave CRF and shortwave CRF of winter, pre-monsoon and summer
monsoon seasons. A strong positive/negative relationship  was found between
AISMR and longwave/shortwave CRF. Interestingly, CC (0.4, significant at
1%) was observed over Head Bay of Bengal in both the panels (positive CC
in longwave CRF and negative CC in shortwave CRF) during pre-monsoon
season. The CC pattern shifts over the Indian mainland and becomes stronger
(0.6, significant at 0.1%) covering almost the whole of India except southern
peninsular region during summer monsoon season. This shifting behaviour was
found to become more prominent as the season progresses from pre-monsoon
to summer monsoon, suggesting a strong relationship between them. Thus,
longwave/shortwave CRF appears to play an important role in the monsoon
systems and may have the potential for prediction of monsoon rainfall. Further,
it can be said that CRFs have a direct impact on the dynamics and evolution of
the convective system and strengthen the convection as the season progresses.

Warming SST of Bay of
Bengal and decrease in
formation of cyclonic
disturbances over the
Indian region during
southwest monsoon season

The low pressure system

(LPS), a major rain-bearing

synoptic circulation forming over

the Indian region, including Bay

of Bengal and Arabian Sea

plays a vital role in the

performance of southwest

monsoon over the country. The

term LPS includes lows,

depressions and cyclonic

storms. The intensity of LPS is

categorized into two, viz., only

lows (LOW) and depressions/

storms (DDS). The study

involving data during the period

1891-2006 revealed a significant

negative trend in the frequency

and duration of depressions/

storms and significant positive

trend in the frequency and

duration of lows after 1970.

SST of Bay of Bengal also

showed significant positive trend

during this period (Fig. 17).

Though it was expected to see

a positive correlation between

the SST of Bay of Bengal and

intensity of cyclonic

disturbances, a significant

negative correlation between

them was found. This intriguing

aspect is being further

examined to understand the

plausible causes.
Fig. 16: CC between AISMR and shortwave / longwave CRF (a) during winter
(b) during pre-monsoon and (c) during summer monsoon.



Fig. 17: Trend analysis of frequency and duration of LOW / DDS / LPS and SST of Bay of Bengal.

Fig. 18 : Teak (Tectona grandis L.F.) tree-ring width index chronology
from 1481-2003 (523 Years) from Kerala. Bigger red circles are drought
years associated with El Nino events. Smaller red circles are drought years.
Magenta squares indicate low growth years associated with El Nino years.
Smooth line is 30 years cubic spline fit.

Decadal to Century Scale
Climate Variability over
South Asia using High
Resolution Palaeoclimatic
Reconstructions

(H.P. Borgaonkar, A.B. Sikder,
D.R. Kothawale, J.V. Revadekar,
Somaru Ram)

Drought sensitive tree-ring
chronologies from Kerala, India

Analysis of teak (Tectona grandis
L.F.) tree-ring data collected from three
different locations of Kerala, South India
viz. Narangthara, Tekkedy and Nellikooth
showed highly significant correlations
amongst each other in raw measurement
and further improved the standardized data.
This is indicative that the tree-ring sites
are greatly influenced by common forcing
factor probably the climate. As the sites
are highly inter-correlated and individual
samples across the sites also indicated
significant correlations, all the tree-ring

series were combined and performed detrending with the cubic
spline smoothing of wavelength equal to 2/3 of the individual series
length to form a one single tree-ring width index chronology
(Fig. 18) named as Kerala tree-ring chronology (KTRC).

Dendroclimatic analysis was carried out to look at the signal
in the chronology related to Indian summer (JJAS) monsoon rainfall
(ISMR). The tree-ring sites are under the core region of Indian
summer monsoon system and influenced by ISMR for the longest
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period (June-September) as the region is the
gateway of onset and withdrawal of the IMSR.
Due to hilly terrain of the tree-ring sites major
portion of the water received during the monsoon
is drained out. Consequently, long dry spell of
monsoon creates moisture stress condition at the
root zone of the trees resulting in the low growth
of the tree-ring. Moderately high values of mean
sensitivity, common variance (mean of all
correlations among all the series) and signal to
noise ratio of KTRC indicated common climate
related signal.

Correlation analysis of the KTRC with all
India and Kerala subdivision rainfall and mean
surface air temperature of peninsular India is
presented in Figure 19. Monsoon and annual
rainfall of Kerala has significant positive
relationship (Fig. 19A). This relationship is further
enhanced in all India rainfall series (Fig. 19B).

Though, the temperature is an important parameter in tree
growth climate relationship, direct influence of temperature
of peninsular India is not significant (Fig-19A). General
observations on relationship between the teak ring width
variations and climate revealed that the low growth years
(narrow ring) are significantly associated with deficient
rainfall (drought condition) in most of the cases. However,
normal or above normal rainfall is not reflected as a
significant higher growth. When the moisture availability
reaches to certain threshold value, tree does not respond to
additional moisture. However, less moisture at root zone
creates the adverse condition for tree growth. To study the
exact role of moisture, (function of temperature and
precipitation) in tree growth process, seasonal Palmer Drought
Severity Index (PDSI) for south India between 8-16oN and
75-80o E calculated from Globally gridded monthly PDSI
data set (http://www.cdc.noaa.gov) was used (Fig. 19C).

Significant positive relationship of KTRC with PDSI of
concurrent and lag-1 monsoon season indicates moisture
dependency of tree growth. The moisture availability greatly
depends on the excess/deficient monsoon rainfall. Indian
Summer Monsoon Rainfall (ISMR) is characterized as long-
term stable pattern with high interannual variability which is
generally attributed to the slowly varying boundary conditions
of sea surface temperature and soil moisture. It is also a
well established fact that interannual variability in ISMR is
linked with ENSO phenomenon. In Figure 18, it is observed
that in KTRC many low growth years are associated with
all India drought years. Bigger red circles in the figure are
drought years associated with El Nino events. Small circles
are drought years. Prior to A.D. 1871 (instrumental record),
many low growth years are associated with historical
drought (El Nino years). Triangles indicate low tree growth
years which may be associated with past drought events.
Analysis revealed that such moisture sensitive long teak
tree-ring chronologies can successfully be used to
reconstruct past drought events.

Influence of ENSO on relationship between Indian
Ocean SSTs and AIMR

A large part of the interannual variability of monsoon
rainfall is linked with ENSO, a coupled ocean atmospheric
phenomenon in the Pacific Ocean which leads to the large
scale displacement of east-west circulation in the tropics which
influences global SSTs. In view of this, impact of ENSO on the
relationship between Indian Ocean SSTs and monsoon rainfall
was examined by removing the influence of ENSO effect.

Fig. 19: Correlation Analysis between Kerala
Tree-Ring Chronology (KTRC) and (A) Kerala
rainfall, (B) All India rainfall and (C) Palmer
Drought Severity Index (PDSI) for the period
1871-2003.
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Winter (DJF), Pre-monsoon (MAM),
Monsoon (JJAS), Post monsoon (ON) SSTs
of Indian Oceans [(Arabian Sea (AS), Bay
of Bengal (BB), Equ. South Indian Ocean
(ESIO)] are correlated with All-Indian
monsoon rainfall (AIMR) for three periods
1901-2002, 1901-1970 and 1971-2002
(Figs. 20a - 20c). Out of the four seasons,
only AS winter SSTs were significantly and
positively correlated with AIMR. Whether
or not there is an influence by Nino3 SSTs
on the relationship of AS winter SSTs with
AIMR has been examined using partial
correlation methods.

The partial correlation showed
significant relationship between AS winter
SSTs and AIMR after eliminating the effect
of Nino3 SSTs (Fig. 20d, 20e, 20f). The
analysis revealed that with or without the
Nino3 effect, the correlation was almost the
same. It is clear that the AS SSTs are
independently correlated with AIMR. Similar
results were observed in the sub periods
1901-1970 and 1971-2002. However, during
the same periods, AS, BB and ESIO MAM
SSTs were not significantly positively
correlated with subsequent season AIMR
(Fig. 20), while, Nino3 MAM SSTs are
significantly positively correlated with AS,
BB and ESIO SSTs and significantly
negatively correlated with AIMR
(Fig. 20a-20c). After removing the influence
of Nino3 MAM SSTs on the relationship
between MAM SSTs and AIMR, the three
oceanic regions showed significant (at 5%
level) positive partial correlation with AIMR
except AS SSTs, where CC is about
significant (Fig. 20), i.e. before eliminating
the effect of Nino3 SSTs, the CCs between
AS, BB and ESIO MAM SSTs and AIMR
are 0.10, 0.12 and 0.13 (non significant)
respectively and after eliminating the effects
of Nino3, the respective CCs are 0.16, 0.21
and 0.27 (significant at 5% level). The
analysis revealed that the relationship
between MAM SSTs and monsoon rainfall
is deteriorated by influence of Nino3 SSTs.

Hydrometeorological Studies of River
Basins for Applications in Water and Power
Resources Projects

(B.N. Mandal, R.B. Sangam, N.R. Deshpande, B.D. Kulkarni,
S.S. Nandargi, S.S. Mulye, Dhaval Prajapati, Ashok Kumar Verma)

Spatial and temporal variations in the rainfall
occurrences during wet periods in India

The annual weather cycle at locations across India can be
broadly divided into two periods, dry and wet, both of which show
large spatial and temporal variations. Detailed analysis of five wet
periods contributing 10, 25, 50, 75 and 90 percent to the annual
total was carried out. This was essentially to identify the wet
period with different intensity of rainfall, using daily rainfall data
of the period 1951-2003 (1°x1° resolution). Climatology and
fluctuations of parameters of the five wet periods (starting date,
ending date, duration and rainfall intensity) were studied across

Fig. 20 : Correlation between seasonal SSTs and AISMR for different
periods (before and after removing Nino3 temperature effect.
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Fig. 21: Spatial patterns of starting day, ending day, duration
(days) and Intensity (mm/day) for the wet period contributing
10% to the annual total.

the country and for eight major river systems of the
country. Spatial patterns of these 4 parameters for the
wet period contributing 10% to annual total, showed that
at most 3 days are sufficient and this wet period occurs
in the month of August over most parts of the country
with intensity varying with less than 20 mm/day in west
Rajasthan to more than 50 mm/day in the parts of the
country which are under the influence of monsoon
disturbances (Fig.21). For all-India mean starting date,
ending date, duration and rainfall intensity of the 10% wet
period are 12 August, 21 August, 10 days and 11mm/day
respectively; of the 25% wet period 13 July, 9 August,
28 days and 10 mm/day; of the 50% wet period 1 July,
31August, 62 days and 9 mm/day; of the 75% wet period
10 June, 30 September, 112 days and 8mm/day and of
the 90% wet period 28 April, 1 November, 188 days and
6 mm/day. The Ganga, the Narmada-Tapi, the Godavari-
Mahanadi, the Krishna and the west coast showed close
similarity in terms of starting date and duration of the wet
periods. Fig. 22 shows the time series plots and trend
lines for the river basins in central parts of India. The
Indus, the Brahmaputra and the peninsular river basins

Fig. 22: Time series plots of the parameters (starting day,
duration and Intensity for 5 wet periods for (a) Narmada-
Tapi river basin and (b) Godavari river basin.

displayed distinctly different characteristics. In
respect of rainfall intensity, the eight basins can be
arranged from highest to lowest as the west coast,
the Brahmaputra, the Narmada-Tapi, the Godavari-
Mahanadi, the Ganga, the Krishna, the peninsular and
the Indus. There is little justification for
geographically contiguous and temporally coherent
long term trend in the parameters of the wet periods
but neither one can say that the different time series
are necessarily homogeneous and random.



Probable maximum precipitation (PMP) for
1-day duration over the Krishna basin by grid
point (1°X1°) maximization

An adequate grid system at 1°X1° over the entire
Krishna basin was constructed for grid point
maximization to obtain PMP by Physical Method. The
entire Krishna basin was divided into nine zones based
on orography and rainfall characteristics. Depth-
Duration (DD) analysis of severe rainstorms was
carried out over eight zones located along the west
coast and near the east coast of the basin whereas
Depth-Area-Duration (DAD) analysis and rainstorm
transposition technique was attempted over zone nine,
located in plain area of the central portion of the
basin. Zone-wise envelope areal raindepths were
estimated from analysis of severe rainstorms. Gridded
average raindepths series were prepared based on
raindepths of analysed severe rainstorms. For
computation of PMP estimates for each grid, 1-day
envelope raindepths contributed by severe rainstorms
were subjected to Moisture Maximization Factors
(MMFs) at their original locations. The MMFs thus
obtained, are applicable uniformly for all areas and
durations of the rainstorm. Envelope gridded average
raindepths over each grid were then multiplied by
corresponding MMFs of severe rainstorms to obtain
maximized gridded average raindepths over that
particular grid. By following the above procedures
PMP raindepths for each grid over the entire Krishna
basin were determined. Fig. 23 shows the 1-day PMP
at different grids over the Krishna basin.

Such gridded PMP map over the entire river basin
is very useful for planning and design of water and
power resources projects over any specified region of
the basin under study.

Clock-hour correction factors based on
analysis of hourly rainfall data over the
Krishna and the Indus river basins

Observational 1-day, 2-day and 3-day maximum
rainfall recorded at fixed clock-hour at a station may
not be real indicators of any maximum 24-hour, 48-hour
and 72-hour rainfall. The observational day’s maximum
rainfall, therefore, need to be corrected by a factor
based on analysis of hourly rainfall data of Self
Recording Raingauage (SRRG) stations.

On the basis of 16 available SRRG stations data
in the Krishna basin and 12 SRRG stations data over
and near the Indus river basin in India from 1969
onwards, stationwise ratios were worked out between
maximum 1, 2 & 3-day observational days rainfall at
each of the SRRG stations falling in each basin
separately with respect to its any maximum 24-hr, 48-hr,
72-hr rainfall. Based on these station-wise ratios, an
overall average ratio applicable to each basin, was then
worked out. It was found that the clock-hour correction
factor applicable for the Krishna basin worked out to
be 1.14 and 1.13 for the Indus basin. However, such
correction factors are applicable for catchment areas up
to 5000 sq. km. for 1-day duration only. These
corrections and observations were found to be comparable
with the recommended factors of 1.13 of WMO and 1.15
of IMD. No such correction factors are required for 2-day
and 3-day durations as it is seen that such corrections for
2-day, 3-day etc. rainfall based on fixed clock hourly
observations is insignificant. Similar observations for 2-day,
3-day etc. were also made by the WMO and Central
Water Commission (CWC), New Delhi.

Comparison of generalized maps of statistical
PMP and maximum rainfall of 1000, 5000 and
10,000 year return periods over the Krishna
basin

Using extreme annual rainfall data series of
321 stations during 1901-2002 (varying length) over the
Krishna basin, generalized point PMP maps of 1, 2 and

Fig. 23: 1-day PMP map over the Krishna basin at
1°X1° grid.
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3-day durations using Hershfield’s Statistical method and spatial patterns of
maximum rainfall of 1000, 5000 and 10,000-year return periods by using
Gumbel’s statistical method were prepared for comparison (Fig. 24). Though
PMP has no return period, it is recommended by the Central Water
Commission (CWC) that estimates of point PMP by statistical method at
least may have 1000-year return period or more. Keeping this suggestion
in view, comparison of estimates of statistical PMP with estimates of 1000,
5000 and 10,000-year return periods for 1, 2 and 3-day was made. It is
seen that the point PMP estimates are more than 5000-year return periods
at many places over the Krishna basin (Fig. 25).

of the 7 catchments (No.201 to
207) were made. It was seen
that the mean annual rainfall over
the entire basin broadly ranges
from about 19 cm (in catchment
No. 207) to 160 cm (in
catchment No. 203). Similarly,
highest ever observed 1, 2 and
3-day rainfalls for each of 210
rainfall stations for 1, 2 and 3-
day durations have been
catalogued and their spatial
patterns for 1,2 & 3-day
durations for the entire Indus
basin is shown in Fig. 26.

Fig. 26: Spatial patterns of highest
1, 2, & 3-day rainfall over the
Indus basin.

Fig. 24: Generalized point PMP maps for 1, 2 and 3-day durations over the
Krishna basin.

1-day 2-day 3-day

Fig.25: Spatial pattern of estimated 1, 2 and 3-day rainfall (cm) for 5000-yr
return period.

1-day 2-day 3-day

Hydrometeorological analysis over the Indus river basin in India

Using daily rainfall data of 210 stations during 1901-2000 (varying
length) over the Indus river basin in India, following hydrometeorological
analyses were carried to meet the objectives of the sponsored project
undertaken by the Hydromet Group of the Institute from the Central Water
Commission (CWC), New Delhi on “Preparation of Generalized Probable
Maximum Precipitation (PMP) over the Indus river basin in India”.

Rainfall climatology and extreme rainfall

On the basis of 210 stations daily rainfall data, estimates of mean
monthly, seasonal and annual rainfall for individual stations falling in each

1-day

2-day

3-day
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Estimation of maximum rainfall of different return periods

The most important factors to be taken into consideration in the designing
of engineering structures are safety, economy and efficiency. Thus structures have
to be designed to withstand the pressure to which they may be subjected during
their estimated economic life which may vary from less than 10 to more than
100 years or so. The standard method of estimating the probability of occurrence
of maximum rainfall for hydrologic design is to fit a known probability distribution
to the maximum annual rainfall series and estimating its parameters by statistical
procedures. Various theoretical and empirical distributions have been proposed by
various workers which are generally applicable to the annual maximum rainfall
series. A comprehensive study of various distributions was made by Hershfield
and Kohlar who found that the Gumbel (EV1) technique, based on the Fisher-
Tippet distribution (Type-I), was the most suitable distribution one. Therefore,
Gumbel’s extreme value distribution was used for computation of maximum rainfall
of return period values for 2.33, 5, 10, 25, 50, 100, 500, 1000 and 5000 - year
periods for durations of 1, 2 and 3-day using 210 rainfall stations data in and
around the Indus basin. Based on the estimated maximum rainfall at each station
of respective return period, spatial pattern maps have been for durations of 1 to
3 days. Fig. 28 shows the spatial patterns of estimated maximum rainfall 100-year
return periods over the Indus basin.

Fig.27: Spatial pattern of 1, 2 and 3-day PMP over the Indus basin.

Fig. 28: Spatial pattern of
estimates of maximum
1,2,3-day rainfall (cm) for
100-yr return period over the
Indus River Basin.

Estimation of point PMP by statistical method over the Indus basin

Statistical method used for estimating point PMP at a station or over an area
is based upon  the assumption that information regarding extreme rainfall is
contained in the long rainfall records of that station/area. Statistical procedure in
estimating point PMP is normally used whenever sufficient rainfall data are
available and is particularly useful for making quick estimates or where other
meteorological data, such as dew point and wind records, are lacking. Hershfield’s
statistical approach which is the widest accepted one, was applied in obtaining
point PMP estimates for each of 210 stations over the Indus basin for durations
of 1 to 3 days. Based on estimated point PMP values at each station, generalized
point PMP maps by statistical method have been prepared over the entire Indus
basin for durations of 1, 2 & 3-day (Fig. 27).

3-day

2-day

1-day
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Estimation of PMP by physical method over different
catchments of the Indus basin

The physical approach of estimation of PMP design raindepths
over a river basin is the one which takes into consideration the
physiography of terrain, catchments characteristics and the moisture
holding capacity of the atmosphere during the movement of the
particular weather system. The techniques used to estimate PMP
design raindepths by physical method over a basin/catchment also
depend on the rainfall data available and vary with catchment size
and location, as well as with the meteorological conditions
responsible for causing extreme rainfall and orographic influence
over the region under study. The first requirement of estimating
PMP design rainfall over any drainage basin is the selection of
severe rainstorms that have occurred in and near the catchment.
These rainstorms usually constitute the greatest rainfall depths for
the catchment or surrounding region. Such rainstorms are the main
source of flood potentiality in the catchment.

Five severe rainstorms each over the catchments No.201 to
206 of the Indus basin were selected by fixing an appropriate
threshold value by considering the rainfall characteristics over each
of these catchments and its orography during 1901-2000. Areas
above 4000 m elevation over each of these catchments were
considered as the permanent snow cover and below 4000 m as
the rainfed area. All the selected severe rainstorms were analysed
by Depth-Duration (DD) method using GIS technique. Envelope
raindepths over each of these catchments were then estimated
based on raindepths of severe rainstorms experienced over each
catchment. Those envelope raindepths were considered as the
Standard Project Storms (SPS) raindepths. SPS raindepths were
then maximized with Moisture Maximization Factors (MMFs) of
severe rainstorms to obtain PMP design raindepths over each
catchment. It was seen that 3-5 October, 1955 and
24-26 September 1988 contributed SPS raindepths over catchments
No. 201 to 205. The rainstorm of 31 August - 2 September, 1928
was found to be the most severe one over the catchment No.206
and contributed SPS raindepths over this catchment. Fig. 29 and
Fig. 30 show the 3-day isohyetal patterns of severemost rainstorm
over the Indus basin.

For the catchment No. 207 falling in the Ladakh region, it is
seen that almost the entire area is having elevation greater than
4000 m which has been considered as the permanent snow line
over the Indus basin. Also, because of highly orographic nature
of the region, there are only a few precipitation stations which
are located in the valley whose precipitation data are available for

Fig. 29: 3-day isohyetal pattern of 3-5 October,
1955 rainstorm over Indus basin.

3-day raincentre: Basohli - 81.1 cm

limited years. This has prevented to make
any meaningful rainstorm analysis and as
such only estimates of point PMP and
maximum rainfall of specific return periods
of selected stations have been suggested as
preliminary appraisal of design rainfall over
this catchment.

3-day raincentre: Hoshiarpur - 82.6 cm

Fig. 30 : 3-day isohyetal pattern of
24-26 September, 1988 rainstorm over Indus
basin.
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Changes in Rainfall Pattern and Hydrologic
Regimes over India and their Relationship
to Global Warming

(N. Singh, N.A. Sontakke, Ramesh Kumar Yadav, H.N. Singh,
A. Ranade)

Spatial and temporal variations of wet season over
different river basins of India

 A study was undertaken to document climatology and
fluctuation of the wet season (starting date, ending date and
duration) over the whole country, 11 major river basins, 31 minor
river basins as well as the west coast drainage system. Area-
averaged monthly rainfall sequence for the period 1901-2005 for
the country and different hydrologic units were prepared using
observations from well-spread 316 raingauge stations. Objective
criterion ‘continuous period with rainfall greater than 50 mm
every month’ was applied on yearly data to identify the wet
season. Starting date was marked in the first month of the
consecutive months, each with rainfall greater than 50 mm, by
linear interpolation up to which from the beginning of the month
50 mm rainfall was expected and the ending date was marked
by linear interpolation in the last month of the consecutive month
from which up to the end of the month 50 mm rainfall was yet
to occur. For the whole country time series of starting date and

ending date are presented in Fig. 31 for the
period 1901-2005. The thick line joining the
starting date and ending date represents the
duration of the wet season. The mean
(±1σ) of the starting date, ending date and
duration of the wet season for the whole
country are : 29 May (±11 days),
12 October (± 13 days) and 136 days
(±18 days). According to Fisher’s g-statistic
test distribution of the starting date, ending
date and duration follows the Gaussian
(or normal) law.

The mean (±1σ) of the starting date
(MSD), ending date (MED) and duration for
11 major river basins are given in Table 1.
The g-statistic test suggested that
parameters of the wet period for different
major basins are normal.

The parameters of the wet season for
31 minor basins and west coast drainage
system have also been determined following
similar procedure and their climatological
and fluctuation characteristics studied. Visibly
the time series of different wet season
parameters for all the cases examined is
homogeneous and random.

Fig. 31: Time series plots of the starting date and ending date of the wet season over India from 1901-2005. Vertical
straight line joining the starting date and ending date of the particular year represents the duration of the wet season.
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Relationship between subtropical anticyclone and the
Indian summer monsoon

Declining trend was observed in all-India monsoon rainfall
since 1962. To investigate possible cause of this rainfall change
over India fluctuation of subtropical anticyclone was examined -
subtropical anticyclone, trade winds and ITCZ are important
components of the tropical atmospheric circulation. During boreal
summer there are large-scale reorganization and changes in the
tropical circulation in and around south Asia. Subtropical
anticyclone over Pacific and Indian Oceans intensify, an upper
tropospheric anticyclone develops over Tibet and wind over
Arabian Sea and Bay of Bengal changes from northeast to
southwest. In the lower troposphere outflows from southern
subtropical highs after crossing the equator, from subtropical high
over northern Africa - Arabia - Iran - Iraq - Afghanistan -
Pakistan - northwest India, and from northern Pacific subtropical
anticyclone merge together over Arabian Sea, Bay of Bengal and
southwestern North Pacific Ocean and the combine airflow
passes through the passage of the low pressure area between
Tibet-Himalaya highlands and the Pacific subtropical ridge which
eventually merge with the northern mid-latitude westerlies, north
of Japan latitudes (~40ºN). In the upper troposphere outflows
from the anticyclone over Afro-Eurasian landmass and North
Pacific Ocean (centered over Tibet-Himalaya highlands) after
crossing the equator merge with the southern mid-latitude
westerlies. Depth of subtropical anticyclone over northern
hemisphere is greater than that over southern hemisphere. It is

believed that integrated difference in the
geopotential height of the upper tropospheric
(300, 200 and 100 hPa) isobaric levels from
northern subtropical to southern subtropical
can provide an index of intensity of the Asian
summer monsoon circulation. In recent years
numerous studies have been attempted to
understand the underlying mechanism of
association between subtropical anticyclone
and the Asian summer monsoon. It has been
observed that geopotential height of the upper
tropospheric levels shows rising trend of both
northern subtropic and southern subtropic, but
for southern subtropic it is rising at a faster
rate compared to northern hemisphere.
Therefore, gradient in geopotential height of
upper tropospheric levels from northern
subtropic to southern subtropic shows
decreasing trend. This is essentially due to
zonal asymmetry in global warming; during
boreal summer the southern subtropic is
rising at a faster rate (0.212°C/10-year) than
northern subtropic (0.188°C/10-year). This is
indicative of reduced exchange of mass and
moisture between northern and southern
hemispheres. The CC between the
geopotential height gradient and all-India
rainfall (1949-2005) during June is 0.48;

Ganga  860,884 10 Jun(±9days) 28 Sept (±11days) 110 (±15) days

Indus  291,749 27 Jun (±11days)  9 Sept (±12 days)  75 (±16) days

Krishna  295,650 5 Jun(±13days) 19 Oct (±17 days) 137 (±23) days

Mahi  41,179 18 Jun(±12days)  14 Sept (±17 days)  88 (±21) days

Sabarmati  36,688 22 Jun(±14days)  7 Sept (±18 days)  77 (±24) days

Brahmaputra  186,774 27 Mar(±15days) 20 Oct (±11days) 207 (±17) days

Godavari  330,628 9 Jun(±13days)  4 Oct (±20 days) 117 (±21) days

Cauvery  91,691 4 May(±13days) 14 Nov (±20days) 194 (±21) days

Mahanadi  145,040 4 Jun(±10days) 10 Oct (±16days) 128 (±20) days

Narmada  94,562 12 Jun(±9days) 24 Sept (±14days) 104 (±17) days

Tapi  65,041 11 Jun(±8days) 25 Sept (±18days) 106 (±16) days

All India  3,188,111 29 May (±11days) 12 Oct (± 13days) 136 (±18) days

Table 1. Climatology of starting date, ending date and duration over 11 major river basins

Major river
basin

Drainage area
(sq. km)

Parameters of wet season

Starting date (±σ) Ending date (±σ) Duration (±σ)
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during July 0.55; during August 0.43 and during
September 0.55. For the whole monsoon season the
CC between the two parameters is 0.66; time
series of the two parameters are displayed in Fig. 32
on standardized scale (actual minus mean divided by
standard deviation). From 1962 declining trend in the
two parameters may be noted. Hence, global
warming with greater rising trend in surface air
temperature over southern hemisphere compared to
northern hemisphere during boreal summer appears
to be the cause of weaker Asian summer monsoon
and lesser monsoon rainfall activities over India.

Fig.32: Time series plots of geopotential height
gradient in the upper tropospheric isobaric levels
(300, 200 and 100 hPa) from northern subtropic to
southern subtropic during June-September and
all-India monsoon rainfall (1949-2005).

Empirical model for the seasonal
prediction of North-West India winter
precipitation

North-west India Winter Precipitation
(NWIWP) is very crucial for Rabi crops over the
region as well as water resources. Therefore, it is
important to have a seasonal outlook of NWIWP
for helping the farming community as well as the
planners. Based on prognostic studies, suitable
predictors with significant correlation coefficients up
to 3 lags before the winter season were identified.
Stability of the relationship of the predictors was
then examined using sliding correlation on a 21-year
moving window during the entire period. Further, by
analysing the cross correlations among the
predictors, a set of six predictors was identified for
the model development. Out of the 6 predictors
(Table 2), 3 predictors were MSLP parameters, one
was 200 hPa zonal wind and the remaining two
were SST parameters.

Fig. 33: Observed and estimated NWIWP for the period
1971-2003, using multiple linear regressions (MR) model.

The regression coefficient was carried out using these
six predictors by multiple linear regression (MR) procedure
to examine their utility as predictors for long-range
forecasting of NWIWP. A model was developed with the
data of 1971-2000. The data of the period 2001-2003 were
used for independent verification. The multiple correlation
coefficient during the model development period was 0.85.
The F-ratio was 9.68 and the model explains about 72 %
of the total variance. The observed and estimated
precipitation time series are shown in the Fig. 33. The
regression equation obtained is as follows :

NWIWP = -3774 - 6.21x
1
 + 9.73x

2
 - 1.83x

3
 - 7.64x

4
 - 31.15x

5
 + 95.51x

6

x1 MSLP June 355.0 395.0 42.5 57.5 -0.39

x2 MSLP Sep 10.0 35.0 15.0 30.0 0.46

x3 MSLP Nov 250.0 285.0 55.0 70.0 -0.43

x4 U200 JJA 110.0 170.0 0.0 15.0 -0.36

x5 SST MAM 314.5 340.5 42.5 56.5 -0.32

x6 SST SON 40.5 59.5 -24.5 -1.5 0.41

Table 2 : List of predictors selected for
model development

Predictors
(parameters)

Season Longitude Latitude

CC
(1950-
2003)
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Physical Meteorology and Aerology

Physical Meteorology and Aerology
Division has undertaken thrust area

research programs which are aimed at
promoting better understanding of the
atmospheric physical and chemical
phenomena relating to the following
topics:

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

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

u Precipitation chemistry, acid rain,
atmospheric aerosols and
tropospheric chemistry.

u Atmospheric chemistry, dynamics of
the middle atmosphere vis-à-vis the
troposphere-stratosphere coupling,
monsoon activity and climate change.

u Spectroscopic measurements of
atmospheric minor constituents and
climatic effects.

P.C.S. Devara
devara@tropmet.res.in
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Physics and Dynamics of
Tropical Clouds

(R. Vijayakumar, S.S. Kandalgaonkar,
S.B. Morwal, M.K. Kulkarni, A.S. Nath,
R.S. Maheshkumar, M.I.R. Tinmaker)

Vertical structure of atmospheric
boundary layer over Bay of Bengal
versus Arabian Sea

To examine the vertical structure of the
atmospheric boundary layer (ABL) over the
oceanic regions over Bay of Bengal and
Arabian Sea regions during the summer
monsoon season, aerological observations
collected on board ORV Sagar Kanya
through the national experiments like
BOBMEX-99 and ARMEX-2002 were
utilized. Also, the aerological data collected
over the east coastal stations (Kolkata,
Bhubaneshwar, Visakhapatnam,
Machilipatnam, Chennai and Karaikal) during
the observational period of BOBMEX-99
and over the west coastal stations
(Ahmedabad, Mumbai, Panjim, Mangalore
and Cochin) during ARMEX-2002
observational period were considered.
Utilizing the above data sets the average
values of different thermodynamical
parameters viz. temperature, potential
temperature, virtual potential temperature,
mixing ratio, equivalent potential temperature,
saturated equivalent potential temperature,
saturation pressure deficit and saturation
points were computed over the Arabian Sea,
Bay of Bengal, west coastal stations and
east coastal stations. The differences and
the similarities in the vertical structure of the
ABL over the Bay of Bengal and Arabian
Sea regions during 1999 and 2002 were
investigated. The analysis showed that even
though the lower layers of the ABL over the
Arabian Sea region were more moist, the
transport of moisture to higher levels was
found to be inhibited by the presence of the
inversion layer (between 800-700 hPa).

Moist convective activity was found to be more over the Bay
of Bengal regions as the moisture is pumped to higher levels due
to the presence of the low pressure systems.

Lightning-rainfall variation on 26 July, 2005

One-minute interval data of stroke density and rainfall on
26 July, 2005 over Mumbai was analysed to examine for their
possible variations (Fig. 34). The study revealed that the observed
rainfall was exceptionally heavy and highest amongst all the
earlier records. Maximum rainfall activity was noticed between
1430-1530 hours IST (190 mm). Development of large mesoscale
convective system (MCS) and its passage towards the east coast
of the Arabian Sea and the adjoining land is the probable cause
for such event. Under such situations the clouds carry high
electric field, which can be confirmed from observed stroke
density value (3.0/min/deg.). The inter-comparison of the
distribution of the rainfall and stroke density suggested that both
the parameters decrease consistently from their peak magnitude
but the decrease in rainfall is in steps for nearly 30 minutes. The
analysis also revealed that the initial behaviour of the lightning
and rainfall during the peak period is similar to the rain gush
phenomenon. Development of large electrical forces inside the cloud,
the charging and growing of the cloud droplets due to electrostatic
precipitation effect may be the probable cause for the high rainfall
activity followed by the occurrence of peak lightning.

Fig. 34 : Temporal variation of lightning stroke density and rainfall
on 26 July, 2005 over Mumbai.
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Study of cloud distribution using C-band Radar data

A 5-cm C-band radar was in operation at Baramati during
June – October 2004 as part of Rain Enhancement programme
of the State Government of Maharashtra. Radar reflectivity data
were collected at an interval of 6 minutes on some selected
days. The radial coverage of the radar was 250 km, and the
atmospheric column was scanned in 26 vertical levels at every
1° resolution. Radar observed clouds were classified based on
the value of reflectivity as (i) convective clouds
(30 dBZ < reflectivity < 40 dBZ) and (ii) deep convective or
raining clouds (reflectivity > 40 dBZ). Quadrant-wise time
evolution of number of cloud cells in the above two categories
along with total number of cells (reflectivity > 0 dBZ) were
analysed for about 30 days during 2004. Results of the study
indicated (i) number of cloud cells on an average, observed to
be less over NE and NW quadrants in comparison to SW and
SE quadrants; (ii) occurrence of deep convective clouds was
more in the SW and SE quadrants; (iii) in all the quadrants,
number of cells in the convective clouds was one order of
magnitude more than those in the deep convective clouds;
(iv) maximum number of cloud cells was found during the noon
hours in all the quadrants (Fig. 35).

the cloud physical characteristics over the
region. The preliminary results showed the
presence of shallow clouds below 2 km, warm
clouds between 2 and 6 km and cold clouds
above 6 km in the area. The percentage
occurrence of shallow clouds was found to be
less than that of warm clouds and was
approximately same as that of cold cloud.

Climatology of convection over Indian
region using satellite data

A five-year climatology of convection
was studied over the Indian region
(30°S-35°N, 35°-105°E) using the data
retrieved from Moderate Resolution Imaging
Spectroradiometer (MODIS) onboard Terra
platform. Monthly means of daytime cloud
top temperatures (CTT, in K°) from MODIS
data (resolution 1° X 1°) for the period from
March 2000 to February 2005 were
considered. The clouds were classified
according to the CTT viz. (i) very deep
convective clouds (CTT < 230 K), (ii) deep
convective clouds (230 < CTT < 245 K),
and (iii) background convective clouds
(245 < CTT < 260 K). The results revealed
that (i) on an average, during winter
(December - February), background
convective clouds were present only over
the oceanic region (20°S - 10°N), (ii) during
the pre-monsoon season (March – May),
deep convective clouds were found over the
eastern equatorial Indian Ocean and the deep
convective band moved towards the Bay of
Bengal with gradual increase in deep
convection from March - May, (iii) deep
convective clouds extending over the eastern
Arabian Sea and entire Bay of Bengal and
very deep convective band over the head
Bay in the month of June, (iv) during July,
the conditions were similar to the month of
June, except the deep convection extending
to land regions, and (iv) receding of deep
convection from the regions of Bay of
Bengal to eastern equatorial Indian Ocean
during August and September and its revival
during October-November.

Fig. 35: Quadrant-wise diurnal variation of cloud cells on 9th August,
2004 at Baramati.

A 5-cm C-band radar was operated during the rain
enhancement experiments conducted by the Government of
Karnataka during the summer monsoon season of 2003. The
radar data collected during August 2003 were analysed to explore
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Remote Sensing of the Atmosphere Using
LIDAR and Other Ground Based Techniques

(P.C.S. Devara, P.E. Raj, Y. Jaya Rao, G. Pandithurai, K.K. Dani,
K.M.C. Reddy, S.K. Saha, S.M. Sonbawne, R.L. Bhawar, S.M.
Deshpande, Sumit Kumar, C. Seethala, A. Panicker, M.G. Manoj)

Ground-based optical remote sensing of precipitable
water in near IR band and its comparison with model
estimate and MODIS satellite data

MICROTOPS-II measured columnar precipitable water
(PWC) data collected at Pune for the period May, 1998 -
May, 2004 were analysed to investigate temporal, seasonal
variations and for comparison with those PWC values estimated
from other methods such as Butler method. To study short term
variations in PWC within a day and how they relate to surface
meteorological parameters, sun photometric data were collected
on about 17 days in the daytime during the period 5 May -
6 June, 2006. Out of these, on 6 clear sky days, data were
collected at 5 minute intervals for investigating the possible short
period variations. Simultaneous observations of surface
temperature and relative humidity were also collected using a
hand-held thermo-hygrometer.

Daily surface meteorological data (surface temperature and
relative humidity) of Pune station were used to compute
precipitable water by Butler method. Daily and monthly means
were also obtained for further investigations. Monthly mean Water
vapour content in the clear sky near IR band retrieved from
MODIS satellite for the period April, 2000 - May, 2004 was also
used in the study for comparison. The study yielded (i) Overall
PWC at Pune by sun photometer is 13.27 mm and that estimated
by Butler method using surface meteorological data is 20.56 mm.
Thus higher PWC value from Butler method is mainly because
of the assumption of a water vapor scale height of 1.5 km.
PWC values from MODIS satellite are higher than those obtained
from these two techniques. (ii) Day-to-day and month-to-month
variations in PWC by all the three techniques agree reasonably
well. (iii) There exists a well defined seasonal variation in PWC
with maximum during SW monsoon months and minimum during
winter months. (iv) Short term temporal variations in PWC by
sun photometer and Butler method agree very well. However,
sun photometer derived values are higher during cloudy sky
conditions and are lower during clear sky conditions compared
to those estimated by Butler method.

Aerosol characterization over land
and oceanic regions during
ICARB-2006

Extensive observations of aerosol and
precursor gases over the land (Pune and
New Delhi) and over the sea regions (Bay
of Bengal, Indian Ocean and Arabian Sea)
were carried out during recently organized
ISRO’s Nation wide Campaign of Integrated
Campaign of Aerosols, gases and Radiation
Budget (ICARB) during March – May,
2006. Observations were collected using
LIDARs, sun-sky and MICROTOP
radiometers and conventional radiation
sensors. Coincident surface meteorological
data were also collected. Measurements that
were made over different platforms and the
preliminary results obtained are given below.

Measurements over Pune: Aerosol
vertical distributions in the boundary layer
were obtained using CW bistatic Argon ion
LIDAR and Dual Polarization Micro Pulse
LIDAR (DPMPL) on some selected days.
Aerosol concentration at the surface was
found to be over an order of magnitude
higher than that in the boundary layer. Mean
aerosol column content was higher during the
month of April. Mean AOD at 500 nm during
the 3-month period was 0.345. Total column
ozone was 249 Dobson Units and precipitable
water was observed to be 1.32 cm. The daily
mean ozone and water vapour showed
increasing trend during this period. The direct
radiative forcing due to aerosols was
estimated by using the above observations.

Measurements over New Delhi: A Prede
sun-sky radiometer was operated on all clear
sky days at IITM New Delhi Branch during
the above ICARB period. Daily mean AODs
showed over two-fold increase in May
compared to that in March. The single
scattering albedo (SSA) exhibited a gradual
decrease from March to May.
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Observations over oceanic region: Extensive high-resolution
observations of aerosol and radiation were made onboard Sagar
Kanya over Bay of Bengal and Arabian Sea during 9 March –
11 May, 2006. AOD, ozone and water vapour measurements at
10 minute interval, down-welling radiation measurements at 1
minute interval and net radiation measurement at 1 second interval
were made during the above period. It was observed that both
near the coast and marine aerosol loading over Bay of Bengal
are relatively higher than those over the Arabian Sea during the
cruise observational period. Results also indicated abundance of
smaller size aerosol particles over Bay of Bengal as compared
to that over Arabian Sea.

Forenoon-afternoon difference in AOD derived from
MODIS Terra and Aqua

Detailed investigation of diurnal variation of aerosol optical
depth (AOD) derived from ground-based sun/sky radiometer
exhibited season-dependent diurnal asymmetry in aerosol loading. 
AOD data over Pune (grid box 18°-19° N, 7°-74° E) from
MODIS Terra (Forenoon) and Aqua (Afternoon) satellite were
analyzed for the period from November to May during two
consecutive years (2002-2004).  The difference between Terra
and Aqua also showed positive during winter and negative during
pre-monsoon indicating higher AODs in forenoon during winter
and vice versa.  The larger diurnal variation of AOD indicated
poor air quality and visibility.

Structure and stratification of nocturnal boundary layer
from LIDAR measurements

By considering aerosol inhomogeneities as tracers, the
structure and stratification of nocturnal boundary layer were
investigated from the dual polarization micro pulsed LIDAR
(DPMPL) measurements. The high time and space resolution
(one-minute interval vertical profiles with 30 cm altitude resolution)
observations carried out during December, 2005-April, 2006 were
analyzed. The time evolution of LIDAR backscatter intensity
indicated fine aerosol layer structures with decay in nocturnal
boundary layer and residual layer height. The results also indicated
aerosol plume-like structures in the surface-layer possibly due to
near-surface temperature inversions. The polarization
measurements were utilized especially for delineating not only
composition (ice, water, mixed phase) of clouds but also for
studying the isotropy/anisotropy (or sphericity) or aerosol particles.
Further, the results revealed that near-surface generated aerosols
are more non-spherical as compared to those present aloft.

Aerosol and radiation measurements
over a high-altitude station

As part of the ISRO-sponsored project
entitled “Multi-site Characterization of
Aerosol Direct Radiative Forcing Using
Measurements”, a special observational field
campaign was conducted at Sinhagad, a
high-altitude site (~1400 m AMSL)
representative of typical background station,
during 22-31 December, 2006. Measurements
included sun/sky radiance at five spectral
channels using a polarized CIMEL sun/sky
radiometer to retrieve aerosol optical depths
(AOD), single scattering albedo, asymmetry
parameter, phase function and volume size
distribution. In addition, MICROTOP-II
sunphotometer and ozonometer, and Kipp &
Zonen pyranometer were operated to derive
spectral AODs, total column ozone,
precipitable water content and direct
radiative forcing due to aerosols. The
preliminary results of the analysis of data
indicated column AOD (0.17 at 440 nm),
water vapour (0.57 cm) and more cooling at
surface as well as at top-of-the atmosphere
(-52 and -37 W/m2 respectively) which
represented typical characteristics of high-
altitude station, and they are smaller as
compared to those observed over an urban
station, Pune.

Investigation of atmospheric boundary
layer characteristics for different
aerosol absorptions: Case studies
using LASPEX data

The direct radiative effect of aerosols
on the evolution of the atmospheric boundary
layer (ABL), over a tropical site Anand for
four days representative to each season
using land surface processes experiment
datasets coupled with a one-dimensional ABL
and a radiative transfer models was studied.
Simulations with ABL model incorporating
aerosol radiative effects for three different
levels of aerosol absorption and its
perturbation with aerosol-free conditions
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were analysed. The reduction in net
available flux increases with increase
in aerosol absorption, with the
maximum reduction for strongly
absorbing type of aerosols. In dry
seasons, soil being dry, reduction in
net available flux, ∆(Fnet-G) is
compensated by latent heat flux (LE)
about 57% in case of purely
scattering aerosols, whereas sensible
heat flux (H) compensates about 54%
more in case of strongly absorbing
aerosols. In wet season, since surface
moisture is abundant, LE dominates
about 75% in compensating
∆(Fnet-G). For a given reduction in
Fnet-G, LE reduced 79% and H
reduced 21% for SSA=1.0 and
whereas for SSA=0.8, LE
compensated 76% and H
compensated 23%. The larger the
absorption, the lesser the gradient
between the surface temperature and
2 m air temperature and hence more
stable the surface layer. The reduction
in vertical temperature gradient
ranges from 1.74º K (dry season) to
0.6º K (wet season). This stabilization
of the surface layer reduces the
sensible heat flux and the surface
evaporation. Aerosol absorption
decreases the turbulent heating but
simultaneously increases the solar
heating, and in turn it increases the
air temperature. This affects the
inversion layer and hence the
boundary layer height. Thus, in case
of strongly absorbing aerosols,
increase of direct solar heating can
prevail over the reduction of
buoyancy flux. It was found that
strongly absorbing aerosols delay the
growth and promote the early collapse
of the ABL in all seasons. In some
cases, strongly absorbing aerosols
enhance the ABL height slightly
around noon as compared to that for
clean atmosphere depending on land-

surface and atmosphere interactions. The perturbations induced by the

aerosols on the ABL parameters such as H, LE, Tsfc-T2m, ABL height,

buoyancy flux and entrainment heating (Cq) have been summarized as

a function of SSA (Fig. 36).

Fig. 36 : Perturbations in (a) sensible heat (b) latent heat flux (c) Tsfc-T2m,
(d) ABL height (e) Buoyancy flux (f) entrainment heating as a function of
aerosol SSA.

Pre-monsoon aerosol characteristics over New Delhi -
Implications to radiative forcing

Sun/sky radiometer measurements of aerosol optical characteristics
were carried out at New Delhi, as part of the Indian Space Research
Organization-Geosphere Biosphere Programme’s Integrated Campaign for
Aerosol Radiation Budget (ISRO-GBP, ICARB) during March – June,
2006. For the first time, all the optical parameters over New Delhi such
as aerosol optical depth, single scattering albedo, asymmetry parameter,
Angstrom exponent, real and imaginary refractive indices at five spectral
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channels derived from sun/sky radiance
measurements are reported here. Interesting
feature observed during the campaign is a
consistent increase in aerosol loading from March
to June. Monthly mean AODs at 500 nm
wavelength are 0.55, 0.75, 1.22 and 1.18
respectively for March, April, May and June.
Angstrom exponent showed gradual decrease
from 1.28 (March) to 0.47 (June) indicating the
increased abundance of coarse particles due to
dust-storms which raises dust and desert dust
transported from Thar desert and adjoining
regions. Single scattering albedo at 500 nm showed
decreasing trend from 0.84 in March to 0.74 in
June indicating more contribution from absorbing
aerosols which is a mixture of both anthropogenic
(vehicular and industrial) and desert dust aerosols.
Monthly mean aerosol optical properties derived
during the campaign were used in a radiative
transfer model to estimate aerosol radiative forcing
at the surface and at the top-of-the atmosphere
(TOA). A consistent increase in cooling at the
surface from -39 W/m2 (March) to -99 W/m2

(June) and heating in the atmosphere from 27 W/m2

(March) to 123 W/m2 (June) was observed. Heating
rates in the lower atmosphere (up to 5 km) are 0.6,
1.3, 2.1 and 2.5 K/day respectively for March, April,
May and June 2006 (Fig. 37).

MICROTOPS-II (September 1998 through October 2006),
over Pune were studied in conjunction with concurrent
satellite [Total Ozone Mapping Spectrometer (TOMS),
Moderate resolution Imaging Spectrometer (MODIS) and
Multi-angle Imaging Spectroradiometer (MISR)] observations
(Fig. 38) for (i) comparison between AODs retrieved from
different complementary techniques, (ii) investigating long-
term trends and changes in aerosol optical, microphysical and
radiative parameters, and (iii) determining the correspondence
between aerosol loading, total column ozone and precipitable
water content at the experimental station. The results
revealed (a) an increasing trend in aerosol loading/extinction
which could be mainly due to growth in urbanization,
industrialization and land-use pattern changes, (b) the largest
temporal inhomogeneity of integral atmospheric transparency,
caused by both fine and coarse mode aerosol particles, and
most of the time the coarse aerosol is principal contributor
to the extinction of radiation, and (c) MODIS and MISR
underestimate AOD and overestimates water vapour as
compared to MICROTOPS-sunphotometer, while column
ozone showed good agreement between TOMS and
MICROTOPS-ozonometer.

Fig. 37: Aerosol radiative forcing over New Delhi
during Pre-monsoon 2006.

Long-term trends in aerosol loading
measured by Radiometer over Pune and
comparison with satellite observations

Atmospheric aerosol column content in the
boundary layer and columnar aerosol optical depth
(AOD), determined from ground-based aerosol
LIDAR (October 1986-September 2006) and

Fig 38 .: Comparison between columnar aerosol optical depth
(AOD) from MICROTOPS-II (September, 1998- October, 2006)
and concurrent satellite (Total Ozone Mapping Spectrometer,
TOMS), Moderate resolution Imaging Spectrometer (MODIS) and
Multi-angle Imaging Spectrometer, MISR) AOD data.
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Long-term mean vertical motions
and their time-height variations
in the lower troposphere obtained
from UHF wind profiler at Pune

A 404 MHz wind profiler (UHF
radar) system was in continuous
operation since June, 2003 at Pune. The
system enables measurement of all three
components (zonal, meridional and
vertical) of a vector wind with height
coverage from 1.05 km to about 10 km
and a height resolution of 300 m. The
daily mean profile data of vertical
velocity in the lower troposphere
obtained with the UHF wind profiler at
Pune during the three-year period,
June, 2003–May, 2006, were used in a
study to investigate the long-term mean
clear-air vertical velocity, its variability,
and seasonal/intraseasonal variations.
Mean vertical velocities varied between
-5.30 cm/sec and +1.30 cm/sec and
mean vertical motions were
predominantly downward at altitudes
above 3 km. Significant seasonal
variation in vertical velocity was
observed. During south west monsoon
months (June – September) a vertical
two-cell structure in vertical velocity was
noticed with upward motions below 4 km
and downward motion above. In the pre-
monsoon months (March – May) vertical
motions were predominantly downward
throughout the lower troposphere.
Variability was larger during the monsoon
and pre-monsoon seasons and was
smaller during post-monsoon (October –
November) and winter (December-
February) seasons. Vertical velocities at
altitudes below 3 km revealed significant
semi-annual and annual oscillations
(Fig. 39) Mean diurnal variations during
SW monsoon period showed interesting
features. The observed variability in
vertical velocities, especially in layers
close to surface, was explained to be
due to the highly variable weather
conditions on local as well as on
synoptic scale at this tropical station.

Fig. 39: Time-height variation of 3-yr monthly mean vertical velocity
(January to December) obtained from Pune UHF wind profiler radar
(Upper panel). Contour plot of Radar vertical velocity’s power spectra at
all available heights between 1.35 km and 5.55 km (Bottom panel)

MICROTOPS II
at Larsemann Hill Station

MICROTOPS II
at Maitri Station

Short wave Pyaranometer
at Maitri Station with the
IGLOO Hut background

Field Observations at Antarctic station, Maitri & at Larsemann Hill

Extensive observations of optical, micro-physical and radiative
characteristics of aerosols, column precipitable water content and
columnar ozone were made at Antarctic station, Maitri and also
Larsemann Hill during the 26th Indian Antarctic Expedition between
December, 2006 and March, 2007. During this expedition, observations
of several parameters such as AOD (43 clear-sky days), TCO
(43 days), PWC (43 days), radiation (90 days) and surface
meterorological parameters (on all the above observational days) have
been carried out.
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Air Pollution and
Precipitation Chemistry

(P.S.P. Rao, D.M. Chate,
G.A. Momin, K. Ali, P.D. Safai,
S. Tiwari, D. Singh Bisht, S.S. Kewat,
K. Budhavant)

Characteristics of Black Carbon
(BC) aerosols over Pune

Observations on Black Carbon
(BC) aerosols were carried out
continuously at Pune using an
Aethalometer. The data collected
during January - December, 2005
indicated that annual mean BC
concentration (4.1 µg / m3) at Pune
was comparable to that reported for
other urban locations in southern
Indian region. During winter season,
BC concentrations were maximum
(about 80% more than annual mean),
mainly due to prevailing meteorological
conditions like low wind speeds and
low ventilation coefficients; as well as
due to the transport from north east
regions. Minimum BC concentrations
were observed during monsoon season
(about 68% less than annual mean)
which could be attributed to the wash-
out effects due to precipitation as well
as due to southwesterly winds coming
from marine areas. Diurnal variation of
BC showed two peaks, one in
morning and another in the evening,
which are mostly related to the
temporal changes in the local boundary
layer. However, the intensity of local
traffic emissions could have some
impact on the magnitude of these
peaks. BC aerosols formed about
2.3% of the total aerosol mass
fraction at Pune and they showed
good correlations with PM1.0 particles,
indicating their sub-micron size nature.

Aerosol observations over a background high altitude site
near Pune

Observations of aerosol mass-size distribution (using Grim Aerosol
Spectrometer and Andersen sampler) and Black Carbon (BC)
concentration (using Magee Aethalometer) have been carried out at a
high-altitude station, Sinhagad during 22-29 December, 2006. Diurnal
variation of BC at Sinhagad, during summer and winter in 2006 showed
a peak in the evening hours due to the local burning activity for cooking
in the nearby surroundings during that period (Fig. 40). Lowest value
was observed in afternoon (12 to 13 hrs.) in both the seasons which
was due to the maximum convective activity because of heating that
disperses all the particles (especially that in fine size) away from the
surface. However, in summer, a peak was also observed during morning
which could be attributed to certain burning activity for charcoal making
or for germination of agricultural fields.

Fig. 40: Diurnal variation of BC aerosols at Sinhagad during 2006.

Influence of Black Carbon (BC) particles on aerosol
radiative properties

Concentrations of BC were measured at Pune, using an
Aethalometer, and were studied in relation with mass of size separated
aerosols (using GRIMM Aerosol Spectrometer). Percentage contribution
of BC to PM1.0 particles was maximum (about 17%) whereas, to TSP
it was only about 4 % indicating larger fraction of submicron size nature
of BC particles. Also, BC showed significantly good correlation with
PM1.0 and PM2.5 particles (r=0.85) during all the seasons. Due to the
submicron size nature, BC particles were not efficiently scavenged
during rainy season. The diurnal variation of these particles did not
show much variation during rainy and non-rainy days.
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Optical properties of aerosols and clouds (OPAC) model
was used to compute aerosol optical and radiative parameters
such as aerosol optical depth (AOD), single scattering albedo
(SSA) using the water-soluble and insoluble components of
TSP and BC concentration measured at surface level.
Comparison of model-derived with observed ones indicated
similar type of variation in AOD and SSA. However, AOD
values were found to be slightly under-estimated using
OPAC, especially in summer. Also, the SSA values were
higher (0.83) as shown by OPAC results than from the
observation (0.77). This is ascribed to the absence of
absorbing aerosols like BC and / or BC-coated dust particles
at higher altitudes in the input parameters used for the
model.

Surface aerosol measurements over the oceans, at
Pune and Delhi during ICARB experiment (March-
May 2006)

Extensive observations of aerosols over the land, Pune
and New Delhi and over the sea regions (Bay of Bengal,
Indian Ocean and Arabian Sea) were carried out during
Nation wide campaign of Integrated Campaign of Aerosols,
gases and Radiation Budget (ICARB) sponsored by Indian
Space Research Organization (ISRO) during March-May,
2006. Observations were collected using High Volume
sampler, low volume multi-stage Andersen sampler, PM10/
PM2.5, Aethalometer and Grimm analyzer and Wet and Dry
deposition collection gadgets. The results of this study
showed (i) Maximum TSP levels were observed at Delhi and
the minimum were observed over the mid oceans, indicating
the influence of urban activities at Delhi. Average
concentrations of PM10 and PM2.5 at Delhi were found to
be 171 mg/m3 and 59 mg/m3, respectively showing that the
contribution of PM10 to TSP was 38% and that of PM2.5
only 13%. At both Delhi and Pune, concentration of TSP
showed increasing trend from March to May, mainly due to
increase in convective activity in summer season. The TSP
levels were found to be higher near the coast as compared
to those over the mid-ocean. (ii) Size distribution of aerosols
showed that the coarse aerosols dominated over the Arabian
Sea, whereas fine and coarse aerosols contributed equally
over the mid ocean region of Bay of Bengal (Fig. 41).
However, near the coast over the Bay of Bengal, the coarse
aerosols very much dominated the fine size aerosols. The
higher fine size aerosols over Bay of Bengal than over
Arabian Sea indicated more anthropogenic influence over the
Bay of Bengal than over the Arabian Sea. It may be due

to more proximity of Bay of Bengal to the
surrounding landmass when compared to Arabian
Sea. Similar results were obtained by LIDAR
group from their aerosol measurements using
MICROTOPs. (iii) At Pune, concentration of
Black Carbon (BC) during March to May, 2006
was found to vary between 0.52 and 13.4 mg/m3

with the average of 2.64 mg/m3. BC
concentration showed decreasing trend from
March to May indicating the dominance of
anthropogenic sources in winter than in summer.

Studies on dry and wet deposition at a
high altitude station, Sinhagad

Dry and Wet deposition samples were
collected at Sinhgad, a hill station about 40 km
from Pune. Bulk and wet-only rainwater samples

were collected on 65 rain occasions during
monsoon (June-September, 2005) and on 32 rain
occasions during post monsoon season (October-
November, 2005). The major highlights of the
study are (i) Both the bulk and wet only rain
water were alkaline with pH varying from 5.73
to 7.21 for monsoon and 5.75 to 7.25 for post
monsoon season with average values 6.49 and
6.26, respectively, (ii) About 93% of Ca2+ and
80% of SO4

2- are of non-sea salt origin. Local
contributions of Ca2+ and SO4

2- are thought to
be small due to a small difference between bulk
and wet-only samples and also a very close

Fig. 41: Size distribution of aerosols during ICARB
experiment
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correspondence between the two near by bulk collectors.
Back trajectory plots for the period under the study indicated
that, since there is very little industrial activity between the
sampling location and the coast, these chemical species
might have been transported from far off distances such as
eastern or northeastern Africa, (iii) Ca2+ played dominant
role in the neutralization of acidity at Sinhagad during both
the seasons, (iv) The annual dry deposition fluxes were
maximum for Ca and minimum for NH4. This indicated that
the dry deposition depends on size of the aerosol. In general,
the size of the Ca aerosol is coarse and that of NH4 is fine.

Atmospheric Chemistry, Modelling and
Dynamics

(G. Beig, S.S. Fadnavis, S. Roy, S. Gudhe, Y.K. Tiwari,
S.S. Gunthe, V. Singh, S. Sahu, S. Polade, S. Jain,
A.K. Solanki, S. Kale)

Boundary layer ozone and its precursors over
Indo-Gangetic Region

The special behavior in the distribution of boundary
layer ozone and its precursors over world’s most extensive
tract of uninterrupted alluvium and intensively farmed zones
situated in the foothills of Himalayas as major river basin,
known as Indo-Gangetic Plains (IGP) was n investigated.
The study made use of a Chemistry-Transport Model forced
with dynamical fields and new emission inventories of
pollutants established for 2001. It was found that the IGP
region is highly vulnerable to human induced pollutant
emissions due to conducive synoptic weather pattern which
makes it a source region of ozone precursors within which
these tracers remain confined and reinforce photochemical
production of ozone. Mild convergence of wind during pre-
monsoon season and strong convergence during monsoon
season cause trapping of ozone and its precursors in the IGP
region, the source region, during these seasons, whereas
there is spreading of these gases from the IGP region to
the other regions during post-monsoon season. During pre-
monsoon, the distribution pattern of these trace species over
Indian region is controlled by frequent occurrence of low
level troughs and the cyclonic circulation over IGP, during
monsoon by continental tropical convergence zone and during
post-monsoon by western disturbances and associated low
level temperature inversion. The spatial distribution of
O3 (ppbv), CO (ppbv) and NOx (pptv) in the boundary layer

as simulated by MOZART Model for the Indian
subcontinent during May (pre-monsoon season) is
shown in Fig. 42.

Fig. 42: Distribution of O3 (ppbv), CO (ppbv) and
NOx (pptv) at the boundary layer as simulated by
MOZART for the Indian subcontinent during May
(pre-monsoon season).
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Evaluation of model simulated lower-to-upper troposphere
transport of atmospheric CO2

Atmospheric CO2 can in principle be used to evaluate surface
CO2 sources and sinks using inverse modeling. The potential of the
global tracer transport model in the upper troposphere and lower
to upper tropospheric transport can be determined by closely
comparing model simulations with upper troposphere in-situ
observations. In this study atmospheric CO2 concentration
observations during 1995-2004 from Japan Air Lines (JAL)
campaign between Japan and Australia were compared with the
tracer transport model TM3 simulated CO2 mixing ratio. To make
close comparison, model was sampled at the same time and location
as the observation. Fig. 43 shows observed CO2 time-series (left
panel) and mean annual cycles (right panel) during the JAL flights
cruising between Japan and Australia together with simulated CO2
ordered into latitude bands. Simulation agreed well in northern
hemisphere (left panel) whereas it tends to underestimate short term
variance in southern hemisphere records which may indicate
shortcomings of transport modeling in this region. Mean annual
cycle represented good agreement (second panel) in the northern
hemisphere whereas simulations underestimated in the southern
hemisphere. The study provided a framework for analyzing these
upcoming datasets and a quantitative assessment of lower-to-upper
troposphere transport biases that have to be taken into account in
future inverse calculations based on these data for the purpose of
evaluating surface sources and sinks.

Seasonal variation of the
mesospheric inversion layer,
thunderstorm and ozone over
Indian region

Temperature and ozone volume
mixing ratio profiles obtained from
Halogen Occultation Experiment
(HALOE) aboard Upper Atmospheric
Research Satellite (UARS) during the
period 1991-2001, were analyzed to study
the characteristic features of Mesospheric
Inversion Layer (MIL) and its relation
with ozone mixing ratio. Also lightning
flashes measured by the Optical Transient
Detector (OTD) onboard the MicroLab-1
satellite for the period April, 1995 -
March, 2000 and ground based
thunderstorm data collected from 78
widespread Indian observatories (IMD)
for the same period have been analyzed
to show that MIL and thunderstorm
activity are correlated. The analysis was
carried out for the Indian region (0o-30oN,
60o-100oE), band-I (0o-15oN, 60o-100oE)
and band II (16o-30oN, 60o-100oE).
Amplitude of inversion and frequency of
occurrence shows semiannual variation
over all the three regions (Fig. 44). The

seasonal variation of amplitude and

frequency of occurrence of temperature

inversion indicated a good correlation with

seasonal variation of thunderstorm

(Fig. 45) and average ozone volume

mixing ratio over the altitude range of the

occurrence of inversion layer. Semiannual

variation of ozone near the cold bottom of

the MIL, reverted its phase within the

MIL. The observed correlation between

thunderstorm, MIL and ozone volume

mixing ratio are explained through the

generation, propagation and attenuation/

absorption of gravity waves.

Fig. 43: CO2 concentration (ppm) averaged over 100 latitudinal bands
(left panel) and Monthly mean CO2 concentration (ppm) for 100 latitude
bands(right panel) as observed by JAL (black) and simulated by
TM3(red) for the period 1995-2004.
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Fig. 44 : Seasonal variations of (a) Frequency of occurrence of MIL, (b) Amplitude
of MIL derived from the HALOE temperature series over the Indian region
(0º-30º N, 60º-100º E), the band I (0º-15º N, 60º-100º E)and the band-2
(16º - 30ºN, 60º - 100º E)  for the period 1991- 2001. The error bars show
±2 sigma values.

Regional Chemistry-
Transport Model: A First
Result

A regional three-
dimensional chemistry-transport
model was applied to calculate
several meteorological parameters
like precipitation, temperature,
pressure etc. over the Indian
geographical region. Thereafter
forcing of these parameters
along with regional emission
inventory of pollutants were used
to simulate the distribution of
chemical species in the boundary
layer namely, ozone (O3),
carbon monoxide (CO) and
nitrogen oxides (NOx) for the
year 2003. It was found that the
modeled rainfall and pressure
over this region showed
reasonable agreement with
observations. The model
reproduced well the higher
rainfall belts in the Western
Ghats and the sub Himalayan
regions of north-east India and
also the rainfall pattern in most
parts of central India. The
simulated distributions of ozone
and its precursors were
evaluated by comparison with
available observational data and
with global model results which
were already validated with
observed data. The model
reproduced closely the
distribution of ozone and its
precursors at surface over the
different parts of the Indian
region. The model reproduced to
within 5-10 ppb the
concentrations of ozone
simulated by the global model
results. The concentration of
CO was found to be higher in
the Indo-Gangetic plain where

Fig. 45: Seasonal variation of the (a) Frequency of occurrence of temperature
inversion (%) and number of lightning flashes, (b) Amplitude of MIL and number of
lightning flashes for the period April 1995 - March 2000 over three latitude bands.

(a) (b)
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biomass burning is predominant. The mixing ratios of NOx
as predicted by the model were found to be much higher in
the same belt as compared to other parts of India.
(Fig. 46 and 47).

1999, were decoded and extracted over the
tropical stratospheric region (30oS - 30oN).
Wavelet analysis was used for analyzing
localized variations of power with in a time-
frequency space, to determine both the
dominant modes of variability and how those
modes vary in time. Ozone volume mixing
ratio time series was de-trended and the
seasonal variation removed prior to subjecting
the series to the wavelet transform. Vertical
distribution of ozone anomaly showed that in
the lower stratosphere QBO amplitude was
~0.4 ppm with negative phase while in the
upper stratosphere amplitude reduces to
~0.2 ppm with reversal of phase.

Measurement and
Monitoring of Atmospheric
Minor Constituents

(D.B. Jadhav, I.S. Joshi, A.L. Londhe,
C.S. Bhosale, G.S. Meena, B. Padmakumari,
P.S. Buchunde, A.L. Sagar, H.K. Trimbake,
S.H. Kulkarni, Munendra Jain)

Study of stratospheric aerosols using
twilight photometry

The twilight photometry technique is a
valuable tool for the study of stratospheric
aerosols. The variability of stratospheric
aerosol layer was studied over the tropical
Indian stations, Pune and Karad, by using the
vertical profiles obtained with twilight
photometer during the period January, 2000 to
December, 2003. The observations made
during the current, volcanically quiescent
period showed the existence of small-scale
variations in the background stratospheric
aerosol over the Indian subcontinent. The
stratospheric aerosol layer variability observed
by LIDAR at Mauna Loa Observatory and
twilight photometer at Pune and Karad was
found to be comparable. The time variation
of the monthly mean stratospheric aerosol
loading shows strong seasonal variability with
maximum loading in winter and a minimum in
the summer. The decrease in stratospheric

Fig. 46: Monthly mean of Carbon Monoxide (CO) in ppb for
January, 2003.

Fig. 47: Total rainfall in mm for the month of July, 2003.

CO (ppb), Surface, Jan’03

Observations Model

Wavelet analysis of ozone variations over tropics

To study variation in ozone due to QBO and wave
interaction, data of ozone volume mixing ratios obtained from
microwave limb sounder (MLS) aboard the Upper Atmospheric
Research Satellite (UARS) for the period October 1991-April
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loading from winter to spring over both
Indian stations and MLO are also
comparable, seemingly independent of
station’s longitudinal location and
tropospheric conditions. All stations are
situated in the tropics within
~1° latitude. This study also supports
the fact that stratospheric particles
once formed are rapidly transported
zonally with the mean stratospheric
winds, while meridional transport is
very weak.

Relation between variations in
the meso-sphere lower
thermosphere (MLT) region and
meteorological phenomena

The MLT region of the
atmosphere is located between
60-180 km above the Earth’s surface
where energy from solar radiation is
first deposited into the atmosphere.
This can have profound effects on
Earth’s upper atmospheric regions,
particularly during the peak of the sun’s
11-year solar cycle when the greatest
amount of its energy is being released.
Understanding these interactions is
important for various branches of
meteorology, as solar radiation is one of
the primary driving forces behind
atmospheric tides. Changes in the MLT
can also affect weather and climate.
Keeping this in view a study has been
undertaken to examine the relation
between variations in the MLT region
of the atmosphere and those in
temperatures and total ozone, sunspot
numbers and heavy rainfall event of
26 July, 2005. For this study, variation
of electron density of the International
Reference Ionosphere (R) model web
data at two specific universal times
1.5 Hour, 12 Hour were utilized. Rain
fall data of Bangalore (12o57’N,
77o37’E), Chennai (13o4’N, 80o15’E),
Bombay (18o54’ N, 72o49’ E), Nagpur

Experimental set-up of surface ozone measurements and plant growth at
Agriculture College, Pune.

(21o9’N, 79o7’ E), Kolkata (22o32’N, 88o20’ E), Ahmedabad (32o2’N,
72o35’E), New Delhi (28o35’N, 77o12’E) stations from 20 to 31 July,
2005 were collected. Also, the daily sunspot numbers from Space
Environment Center, NOAA for the same period were collected. From
the analysis of electron density, temperature and sunspot numbers data
during heavy rainfall event of 26 July, 2005, it was observed that
electron density started decreasing from 22 July and reached minimum
on 23 July at 250 km. This decrease in electron density was observed
from 15.9oN to 1oN in the E-region of the ionosphere from 22-27 July,
2005. Associated with the electron density change, temperature was
also found to decrease from 23-26 July, 2005 in the 70 km to 82 km
height region. From the analysis of sunspot numbers it was seen that,
from 5-25 July, sunspot number decreased from 100 to 8. Decrease
in electron density, temperature in the MLT region from 14oN to 19oN
latitudes and decrease in sunspot number up to 25 July, 2005 may be
responsible for the change in tropopause height and heavy rainfall
occurred at Bombay on 26 July, 2005.

Surface ozone measurements in rural and urban sites

Surface ozone and meteorological sensors have been installed at
three sites in Pune region, viz., Agriculture College, Belsar and Mutha,
and observations were initiated.  Belsar and Mutha are the rural
locations while Agriculture College is the urban location. For monitoring
the health of plant, maize seeds were sowed in the earthen pots and
plant growth was kept under examination. Observations of surface
ozone, temperature, humidity and wind direction/speed were being
carried out at the two rural locations and also at the urban location
since December, 2006 to study variation in Ozone under different
environments conducive of vegetation and agriculture fields. Preliminary
results of the observations indicated opposite relation between ozone
and humidity and a direct relationship between ozone and temperature.
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Instruments and Observational Techniques

I nstruments and Observational Techniques Division
designs and develops instruments and techniques for

observations and carries out field and laboratory
experiments. The Division conducts its research with the
following objectives:

u To measure the atmospheric electrical, meteorological
parameters and aerosols over land, ocean and in clean
environments to study the global electric circuit.

u To reconstruct lightning channels using acoustic signals.

u To develop instruments for the measurements of
atmospheric electrical parameters at Antarctica.

u To study the micro-physical processes such as
evaporation, distortion, 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.

u To study the scavenging of aerosol particles by charged
and uncharged water drops.

u Integration of instruments/observational techniques to
study the structure of the atmospheric boundary layer.

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

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

S. D. Pawar
pawar@tropmet.res.in



Simulation Techniques for Cloud Physics
Studies

(A. K. Kamra, R. V. Bhalwankar)

A laboratory simulation experiment was performed to
determine the deformation of the uncharged water drops freely
suspended in a vertical wind tunnel and subjected to vertical,
horizontal or no external electric field using movie photography.
The results effectively demonstrated that the horizontal electric
fields are more efficient than vertical ones in deforming the drop.
Larger the drop, larger is the difference between the distortions
in the vertical and horizontal field configurations. An examination
of the frequency distribution of the drop’s axis-ratio showed that
during its oscillations, oblateness decreases more often when
subjected to vertical electric field and increases more often when
subjected to horizontal electric field. These results implied that
the drop size-distribution will be wider and thus the rate of drop’s
growth will be faster in those regions of cloud where the electric
field direction is vertical rather than horizontal (Fig. 48).

Surface Observations of
Atmospheric Electricity and
Electrical Properties of Clouds

(A.K. Kamra, S.D. Pawar,
V. Gopalakrishnan, C.G. Deshpande,
P. Murugavel, D.M. Lal, Devendraa Siingh,
K.P. Johare, V. Pant, Ramesh Kumar)

Analysis of PESO data

Aerosol data obtained during the Pilot
Expedition to the Southern Oceans were
analyzed to study the relationship between
the aerosol concentration and wind speed
during a severe storm over southern Indian
Ocean. The total aerosol concentration
increases with the increase in wind speed
from 4 to 11 m/s. However, the total aerosol
concentration decreases with the increase in
wind speed from 11 to 19 m/s and then
maintains an almost constant value up to the
maximum wind speed of 33.1 m/s. While the
increase in total aerosol concentration
corresponding to the increase in wind speed
from 4 to 11 m/s is spread over the whole
size range of particles, the decrease in
aerosol concentration associated with
increase in wind speed from 11 to 19 m/s
is mainly due to the decrease in
concentration of particles of < 1 µm and
> 8 µm diameter. The increase in aerosol
concentration is due to enhanced bubble
breaking activity at the sea surface. The
decrease in aerosol concentration is due to
the scavenging of aerosol by spray droplets
injected into the atmosphere at high wind
speeds. Further, this scavenging process may
act as a built-in sink which becomes
operative at high wind speeds and restricts
the enhancement in concentration of marine
aerosols and the associated cooling to
counteract the global warming.

Fig. 48: Change in axis-ratio (b/a) of the drop with drop diameter
in absence and presence of horizontal / vertical electric field strength
of 1, 3 and 5 kV/ cm. All values of the vertical and horizontal electric
field are in kV/cm.

The raindrops falling in a thunderclouds pass through different
regions where both the magnitude and direction of electric field
differ. The above results implied that the large drops are more
likely to break in those regions of clouds where the prevailing
electric field is horizontal rather than vertical. The implication
suggested that drop size distribution and therefore, the drop growth
may be strongly influenced by the direction of the electric field.
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Analysis of Antarctica data

Analysis of ion concentrations, air-earth current
density and concentration and size-distribution of
aerosol particles in the size-ranges of 4.4-163 nm
and 0.5-20 µm diameters measured during a drifting-
snow period after the occurrence of a blizzard at a
coastal station, Maitri, Antarctica showed a
simultaneous decrease in ion concentrations of all
categories by approximately an order of magnitude
as the wind speed increases from 5 to 12 m/s. The
rate of decrease is the highest for large ions, the
lowest for small ions and in between the two for
intermediate ions. The air-earth current also
undergoes a decrease during this period. Total
aerosol number concentration decreases in the
4.4 - 163 nm size-range but increases in 0.5 - 20 µm
size range with wind speed. Size distribution of the
nanometer particles showed dominant maxima at ~
30 nm diameter throughout the period of observations
and the height of maxima decreases with wind
speed. When solar radiation is plenty, other maxima
appear at ~ 11 nm and the size distributions showed
presence of particles as small as 4.6 nm in diameter.
The results are explained in terms of scavenging of
atmospheric ions and aerosols by the drifting snow
particles. Formation of new particles by the gas-to-
particle conversion processes was proposed to explain
the size distribution of nano-size particles.

Study of characteristics of thunderstorms at
Pune

The Maxwell current density measured at
ground surface below thunderstorms at Pune during
the last about ten years were examined. Broadly, these
measurements can be divided into three categories.
In the first type the Maxwell current density
remains positive for most of the time during
thunderstorm life-time. In the second type, it
remains negative for most of the time during
thunderstorm life-time. Whereas, in the third type,
it changes its polarity two or more times during
the life-time of thunderstorm.

Measurements made below two post-monsoon
thunderstorms showed that the pre-discharge values
of surface electric field attain almost the point value
in case of lightning discharges occurring in the

dissipating stage of a thunderstorm. This has been
explained as the balance of the electric fields generated
by the charge being transported down by the downdrafts
in cloud and the coronae charge in the sub-cloud layer
(Fig. 49).

Fig. 49: The surface electric field record in the dissipating
stage of a thunderstorm on 12 November, 1997.

From the data obtained over last several years, it
has been concluded that the lower positive charge
pockets observed in the thunderstorms occurring in this
region are quite extensive. Further, these pockets were
observed to persist for a long duration during the life-
time of a storm. The positive charge accumulating in the
bases of thunderclouds is found to be sufficiently wide-
spread to reverse the anti-fair weather polarity of the
electric field below thunderclouds for up to ~ 75% of
the duration of the storm. Moreover, such electric fields
of fair-weather polarity on earth’s surface are often large
enough to initiate coronae at sharp points raised above
the earth’s surface.

Participation in Pilot phase of the STORM
experiment

Scientists participated in Pilot phase of the STORM
experiment and made measurements of various
atmospheric electricity parameters viz. vertical electric
field, Maxwell current, raindrop charge and precipitation
current at IIT, Kharagpur during April-May, 2006 as a
part of the DST sponsored project, “Severe
Thunderstorm-Observations and Regional Modeling
(STORM)” to understand the interactions between
dynamics, microphysics and electrification of severe
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thunderstorms. The preliminary analysis of the data brought out
some salient features associated with such severe thunderstorms.
The lightning frequencies in these severe thunderstorms are much
higher than those observed over Pune.

Participation in ICARB Program

Airborne measurements of vertical profiles of size distribution
of sub-micron sized aerosols between 500 m and 5000 m altitudes
were made during experiments over the Bay of Bengal and
Arabian Sea during Integrated Campaign for Aerosol and
Radiation Budget (ICARB).

The preliminary results showed that the concentration of
aerosols is dependent on the origin of airmass from which it is
transported to the Bay of Bengal and Arabian Sea. Also,
examination of relationships between the concentration and the
thermal conditions of the atmosphere is under progress.

The analysis of vertical profiles of size distribution of
aerosols obtained during a sortie along the north east coast of
India showed that the concentration of aerosols at 500 m
suddenly increases as the aircraft cruises from north to south.

Atmospheric electrical method to determine eddy
diffusion coefficient

A new theoretical model was under development to
determine the eddy diffusion coefficient by using atmospheric
electric field, ion concentration and high aerosol concentration.
A new set of equation have been solved for a case of mixing
strength equal to 30 m2/sec. The results were in agreement with
those obtained earlier by conventional methods.

The existing model to calculate the eddy diffusion coefficient
has been modified to run in PC-based Fortran Power Station.
Results suggested that when the lowest boundary layer is divided
into strata of suitable thickness, both the conditions viz., Poisson’s
equations and the derived conditions in which gradient of electric
field is proportional to gradient of space charge density are
satisfied. So thickness of the stratum is also to be adjusted like
other lower boundary conditions.

One more new method has been suggested to determine
characteristic parameters of an electrode layer, viz., asymptotic
steady state electric field, asymptotic steady state conductivity,
thickness of an electrode layer and eddy diffusion coefficient
based on simple measurements of atmospheric electrical
parameters and Poisson’s equation.

Observation of Aerosols at IITM,
Pune

 Measurements of aerosol number
concentration and size distribution in the size
10 - 1000 nm were made by using the
Scanning Mobility Particle Sizer (SMPS)
during October 2005 to March 2006 at Pune.
A thermodenuder was also used to quantify
few chemical species of the aerosols during
the observational period. Surface
measurements of submicron aerosol number
concentration over Pune showed a typical
diurnal variation on all the days of
observations. It was seen that the number
concentration rapidly increases just after the
sunrise, establishes a maximum between 0800
and 1000 hrs and reduces to normal values
after 1200 hrs. A secondary peak was also
noticed in the evening hours. The increase
in number concentration was observed in all
size ranges. However, the aerosols of
diameter less than 36.5 nm showed a
maximum about 45 minutes before than
those of other size ranges. The monthly
average value of total aerosol number
concentration was found to be higher in
November and gradually decreases and
reaches to the minimum in the month of
March. Also, the variations in average
aerosol number concentration are found to be
generally parallel to those of humidity
variations in the atmosphere. Effect of rain
on aerosol size distribution showed a case of
effective scavenging of aerosol particles of
16 - 200 nm diameter by rain. Measurements
of aerosol concentration using a
Thermodenuder showed the presence of
volatile particles in all the size ranges. The
difference between aerosol concentrations at
ambient temperature and 40oC was more in
the morning hours than in the evening hours.
Day-to-day variations in the volatile
components were seen to be more at 1430 hrs
as compared to other hours of the day.
Volatile organic carbon and sulphuric acid
aerosols have more concentrations at
1730 hrs than at other times. The nonvolatile
aerosols at 350oC have significant
concentration on all the days.
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Experimental Study of Exchange Processes
in the Atmospheric Boundary Layer over
Continental and Marine Environment

(T. Dharmaraj, B.S. Murthy, S.B. Debaje, R. Latha, R.R. Joshi)

Turbulence Characteristics of Coastal ABL at Goa

Characteristics of coastal atmospheric surface layer which
have a significant effect on dispersion of pollutants were studied

by measuring turbulent surface fluxes of sensible heat and

momentum and profiles of wind and temperature on a 9 m high

meteorological tower, installed at ~ 30 m away from the coastline

at Vasco-Da-Gama (15o21' N, 73o51' E, 58.5 m MSL), Goa on

the west coast of India. Profiles of mean wind and temperature

very close to the coast revealed the development of Internal

Boundary Layer (IBL) for onshore flow comprising equilibrium

and transition layers which extend up to 2 m and above 8 m

respectively. Despite the presence of IBL, turbulence statistics

(correlation coefficients for heat and momentum and variances

of wind components) at 5 m above surface within the transition

layer followed Monin-Obukhov similarity theory. Normalized

standard deviations of zonal (u) and vertical wind (w) components

showed an increase with increasing stability for very unstable

(- z/L > 0.5) and very stable (+ z/L > 0.5) conditions. The scaling

of zonal wind standard deviation, σu/u* (u* - friction velocity)

with z/L rather than zi/L, where zi is the boundary layer height

and L, Monin-Obukhov length, indicated little influence of meso-

scale convective flow on turbulence at this site. This suggested

that scaling of large scale convective eddies in the surface layer

should be based on the IBL height rather than the mixing height.

It supports the fact that IBL acts to decouple the surface layer

eddies from the upper eddies through the mechanism of ‘Shear

sheltering’. M-O theory was well obeyed by turbulence statistics

of wind even over heterogeneous terrain. The frequency-

weighted spectrum of the zonal wind component showed zero-

slope at intermediate frequency range indicating an eddy surface

layer close to the ground.

The vertical profiles of wind from radiosonde over the west

coast, Goa and the offshore (onboard ORV Sagar Kanya in the

Arabian Sea) revealed westerly winds of 10-12 m/s between 500
and 1500 m over the offshore and west-north westerly winds

of 8-10 m/s at Goa on 20 July. It was found
that there was clock-wise rotation of wind
from the offshore to the coast implying anti-
cyclonic circulation of wind with a ridge
between these two locations, which inhibited
moisture incursion and rainfall at Goa. These
features more or less remain steady during
the rest of the study period that resulted in
steady increase of air temperature and
decrease of relative humidity at Goa.

Monin Obukhov similarity theory
under low-wind conditions

The fluxes of momentum and sensible
heat were computed using eddy correlation
method during light winds for different
stability conditions. The data used for the
study were the micrometeorological data
collected during two different field
experiments viz., Land Surface Processes
Studies Experiment (LASPEX, 1997-98) over
Anand (Gujarat) and the Arabian Sea
Monsoon Experiment (ARMEX, 2002-03) at
Vasco da Gama (Goa) which are inland and
coastal stations respectively. Variation of
Momentum Flux (MF) and Sensible Heat
Flux (SHF) with vertical temperature gradient
and horizontal wind in September, 2002 during
light wind in unstable condition (z/L < -1)
over Vasco da Gama, Goa was examined.
MF varied in proportion to square of wind
speed for wind speed < 4 m/s. This variation
was similar to that predicted by M-O theory,
where as SHF showed a linear variation with
the temperature difference (Fig. 50) and
(Fig. 51). Results were consistent for the
entire period of study. The analysis as shown
in the graphs for the field site, Anand also
suggested that MF follows M-O theory for
low wind conditions, whereas SHF mainly
depends on vertical temperature gradient and
is a weak function of wind (Fig. 52).
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Stable boundary layer characteristics

Data on coastal boundary layer experiment
over Kalpakkam during June-July, 2001,
December, 2001 and September-October, 2002
were analyzed. Criteria of minimum RH was
found to be a better option to fix the height of
the stable boundary layer (SBL) especially for
humid tropics, as it proved to be very sensitive
and well-marked in pinpointing the SBL height
in the profiles. Most of the times, the height of
RH minimum was found to coincide with that
of inversion top and to fall below that of wind
maximum (Fig. 53).

Fig. 50: Momentum flux as a function of wind speed at NCAOR, Goa.

Fig. 51: Sensible heat flux as a function of temperature gradient
at NCAOR, Goa.

Fig. 52: Momentum flux as a function of wind speed at Anand.

Fig. 53: Profiles of wind speed (WS), Relative
Humidity (RH) and Temperature (T) at IGCAR,
Kalpakkam.

Atmospheric electric field in stable/
inversion conditions

Observations of the electric field showed

that the extent of electric field modification is

dependent on micrometeorological condition

prevailing then. Under low wind, inversion

conditions the atmospheric electric field-assisted

dry deposition can be the most effective. An

observational study of large ion concentration

and tree cover at Pune, showed a clear inverse

relation over four sites. Geometry of the leaves

LASPEX, 1997
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was found to cause crowding of electric field lines near the
leaf tips by raising the earth’s potential to that height, thus
can act as good scavenger of positively charged cluster ions
and radon daughters. On the basis of these observations and
theoretical studies it can be concluded that trees could be the
effective natural pollutant scavengers, especially under highly
stable and highly polluted winter conditions.

Measurements of surface ozone, solar radiation and
relative humidity in the Institute’s campus

Continuous measurements of incoming solar radiation and
relative humidity are carried out at the Institute campus. These
measurements are useful to understand the chemistry of
surface ozone and its precursor gases in the troposphere.
Incoming solar radiation is positively correlated with ozone
concentration during daytime, whereas relative humidity is
anti-correlated.

The annual average diurnal variation of ozone showed
that maximum ozone levels was 29.9±5.7 parts per billion by
volume (ppbv) at noon and minimum 7.0±3.4 ppbv in the
morning with 1 σ standard deviation for the period from
March 2002 to December 2005 at rural site, Joharapur. The
monthly average high ozone levels 44.7±10.8 ppbv were
observed at daytime in April due to intense photochemical
production of ozone and low 15.0±3.2 ppbv in July due to
cloudy and rainy days, which is in the same range of urban
sites in India. The high negative correlation (R= -0.66) was
obtained between ozone and cloud cover indicated that the
clouds play important role in the photochemical production of
ozone. Diurnal variation of ozone which showed daytime
maximum levels can exceed 70-80 ppbv in summer and
winter which is alarming of air quality standard (80 ppbv
hourly average) over the rural areas in India.

Weekend ozone effect was studied to understand the
urban (Pune) and rural (Joharapur) site environment in terms
of atmospheric chemical processes of ozone production first
time over the Indian region. Higher ozone levels, observed
on weekend (75 ppbv) compared to weekday (64 ppbv) in
rural site and for urban on weekend (80 ppbv) and weekday
(50 ppbv) for summer season from March 2002 to December
2005 indicated nonlinear behaviour in the chemistry of

photochemical ozone production over the tropical
Indian region. The result obtained in the present
study suggested that the Indian environment is
shifting from NOx-limited to volatile organic
compound (VOC)- limited environment for
photochemical ozone production which indicated
that anthropogenic pollutants are increasing in the
rural areas of the Indian region.

Investigation and Modelling of
Land Surface Processes in the
Atmospheric Boundary Layer

(M.N.Patil, R.T.Waghamare, S. Halder)

Morning transition of atmospheric
boundary layer

Using the air temperature, sonic

anemometer and RS/RW observations collected

during LASPEX, importance of entrainment after

the morning transition was studied. It was found

that the morning transition did not occur

immediately after the sunrise. As seen in

Fig. 54 (a) and (b), in the beginning, air and

ground temperature increases but heat flux does

not contribute to the heating of surface layer.

This indicated that, following sunrise, the surface

layer remains stable for some time during the

first stages of surface heating so that the rise

in surface temperature is primarily due to the

downward turbulent heat flux. Later, the morning

transition occurs when the near-surface heat flux

changes the sign which takes nearly half an hour

after sunrise. This time period increases to 1.5 to

2 hrs for winter season. Fig. 55 (a) and

(b) shows that the observed potential

temperature profile on 13 May, 1997 and

14 December, 1997 respectively. The boundary

layer became completely mixed at 1430 hrs and

its height was 2920 m on 13 May (summer

season) and, this height was reduced to

1100-1300 m on 14 December (winter season).
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Fig 54a: Diurnal variation of Sensible heat
flux (W/m2), Air Temperature ( OC) at 1m
height and ground temperature ( OC) observed
over Anand on May 13, 1997.

Fig. 54b: Diurnal variation of Sensible heat
flux (W/m2), Air Temperature ( OC) at 1m
height and ground temperature ( OC) observed
over Anand on December 14, 1997.

Fig 55b: Profiles of potential temperature
observed over Anand on 14 December, 1997.

Fig. 55a: Profiles of potential temperature observed
over Anand on 13 May, 1997.

13 May, 1997, Anand

14 December, 1997, Anand

(Hrs)

13 May, 1997, Anand

14 December, 1997, Anand
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Theoretical Studies Division

Theoretical Studies Division conducts theoretical studies
for understanding atmospheric and oceanic circulations

with special reference to southwest monsoon. Following are
the research programmes undertaken by this Division:

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

u Development of numerical models to diagnose the linear
and nonlinear interactions among different spatial and
temporal scales of monsoon flow.

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

u Development of simple coupled ocean atmosphere model
for understanding global circulation.

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

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

u To promote post- graduate academic programmes in
Atmospheric Sciences.

P. S. Salvekar
pss@tropmet.res.in
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Studies on Dynamical
Ocean Modelling

(P.S. Salvekar, M.K. Tandon,
C. Gnanaseelan, Prem Singh,
A.A. Deo, P.R.C. Reddy,
A.B. Parekh, D.W.Ganer,
B. Thompson, J.S. Chowdary,
B.H. Vaid, R. Deepa)

Study with the three dimensional
ocean model MOM4

The Modular Ocean Model
version 4 (MOM4p0) [with the zonal
resolution 1o, varying meridional
resolution 0.3o at equator to 0.7o at
25oN and 1.5o at 40oS and 40 vertical
levels over the Indian Ocean north of
40oS] simulated surface and
subsurface temperature, salinity and
currents were analyzed to understand
their interannual variability. The model
simulations were found comparable
with HadISST, SODA and ECCO
data sets. The heat, salinity and
momentum budgets were estimated in
various subdomains. During the
positive dipole years, the climatological
cyclonic circulation in the Bay of
Bengal weakened or was replaced by
an anticyclonic circulation. The
advection of low salinity water from
the eastern equatorial Indian Ocean
and Bay of Bengal was attributed to
the salinity anomalies in the central
equatorial Indian Ocean.

During the positive Indian Ocean
Dipole (IOD) years (1961, 1994,
1997), north equatorial currents were
weakened and were confined to a
narrow band and disappeared near Sri
Lanka. However, during the negative
IOD year (1996), the southwest
monsoon current was intense. In the
normal years, the southern Bay of
Bengal was characterized by an

eastward flow and southeastward flow along the east coast of Sri
Lanka. In contrast, during the positive IOD years, the strong northward
currents were observed in the region. The eastward flow either
weakened or disappeared from the southern bay. The barrier layer
thickness anomalies were significantly higher in the eastern Equatorial
Indian Ocean (EIO) during the dipole years. The barrier layer formation
and thickening were controlled by the strong haline stratifications in the
upper ocean. The upwelling of high salinity subsurface water weakened
the barrier layer in the southeastern equatorial Indian Ocean during
positive IOD events. The salinity anomalies exhibited an inverse
relationship with the temperature and barrier layer thickness anomalies.
The composite of model sea surface salinity (SSS) anomalies for the
positive IOD years (1961, 1963, 1967, 1972, 1982, 1994, and 1997) and
negative IOD years (1958, 1960, 1975, 1984, 1992, and 1996) showed
positive anomalies in the Southeastern Tropical Indian Ocean (STIO)
during the positive IOD years (Fig. 56). A maximum anomaly of about
1 psu was seen in the STIO. The negative SSS anomalies, which
appeared north of the equator in September around 90oE spread further
to the western parts of EIO by November. The composite SSS

Fig. 56: Composite of model sea surface salinity anomalies during September-
December for positive IOD years (left panel) and negative IOD years (right
panel).
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anomalies of about 0.2 psu for the positive IOD years 1961, 1994
and 1997 were observed in the western EIO. The maximum
negative SSS anomalies were seen between 75oE to 90oE and
from the equator to 5oN. The southwestward currents originating
from the eastern bay brought low salinity water in to the central
EIO, which led to the reduction of salinity in this region. The
advection of fresh Indian Ocean water from the eastern EIO
by the westward currents also brought low salinity water into
this region. In the STIO, the strong upwelling processes during
positive IOD events contributed to the positive SSS anomalies.
The model vertical velocity fields showed positive anomalies in
the central EIO, which were seen to be stronger than the
anomalies in the STIO. This further supported the theory that
the advection of low salinity water from the east EIO and Bay
of Bengal is responsible for the negative SSS anomalies in the
central EIO between 75oE and 90oE.

The salinity budget analysis was performed to understand
individual contributions from zonal advection, meridional advection,
vertical advection, freshwater flux and vertical diffusion along with
salt content rate for the strong positive IOD years 1961, 1994,
and 1997 and the negative IOD year 1996 (Fig. 57). The analysis
showed that horizontal advection of low salinity water from the
east EIO fresh pool, and Bay of Bengal attributed to the
reduction of upper ocean salinity the central EIO during positive

IOD years. The negative salinity anomalies,
seen in the western equatorial Indian Ocean
were weaker than the positive anomalies in
the eastern region (both intensity and vertical
extent). The salinity variability in the EIO
during positive/negative IOD years can
influence the surface and subsurface
temperatures by forming or eroding the
barrier layer. The barrier layer formation and
thickening were controlled by the strong
haline stratifications in the upper ocean. The
barrier layer thickness anomalies were
significantly higher in the eastern equatorial
Indian Ocean during the dipole years. The
absence of salinity induced barrier layer in
the eastern equatorial Indian Ocean during
positive IOD years enhanced the entrainment
cooling and this further led to an anomalous
(negative) SST pattern in the region.

EOF analysis of the subsurface
temperature anomaly was carried out along
the equatorial belt (longitude-depth section,
average over 10oS-5oN) to understand the
variability associated with dipole. The leading
mode of EOF was distinguished by the
dipole structure, which explained 51% of
total variability. The maximum amplitude of
this variability was observed at depth of
around 80 m. The leading EOF during spring,
summer, fall and winter seasons showed
dipole structure explain-ing, respectively, 51%,
50%, 59% and 66% of the total variability.
The strongest loading was seen around
100o E-105o E in the eastern EIO and
around 60o E-70o E in the western part.

Oceanic response to moving cyclone

The cyclone season in the North Indian
Ocean peaks in spring and fall. For all the
tropical storms during 2005-2006, the four
parameters Tropical Cyclone Heat Potential
(TCHP: measure of heat content from the
surface to the depth of 26°C isotherm), depth
of 26° C isotherm, sea height anomalies from
satellite altimetry, and SST from The Tropical
Rainfall Measuring Mission’s (TRMM)
Microwave Imager (TMI) fields were

Fig. 57: Anomalies of model 50 m salt content tendency (black line),
vertical advection (green line), meridional advection (blue line),
zonal advection (red line), vertical diffusion (dashed line) and
evaporation minus precipitation (purple line) in the region 80o- 90oE,
equator to 5oN for 1961, 1994, 1996 and 1997. All values are
multiplied by 106.



58 Indian Institute of Tropical Meteorology, Pune

analyzed during the life time of the tropical storms. Global estimates of these
parameters were available daily at the site (www.aoml.noaa.gov/phod/cyclone/
data). The upper ocean exhibited cooling (decrease in TCHP values) of about
40 kJ/cm2 with the SST decreasing by 2-3°C along the track of the Tropical
Cyclones in many cases. Similarly, the depth of the 26°C isotherm (d26) was
decreased by 25-100 m due to the mixing and upwelling of waters, as well as
to the uptake of thermal energy by the tropical cyclones. Further, the 1½ layer
reduced gravity ocean model was integrated for the two cyclone cases, (i) TC
04B, 26-28 October 2005 and (ii) TC 05B 27 November - 3 December, 2005.
The model derived upper layer temperature change showed cooling of 1.5-2°C
in association with the upwelling as seen from mixed layer depth anomalies which
was in agreement with the observations (Fig. 58).

The cyclone ‘Mala’
(24-29 April) was the
strongest tropical cyclone of
the 2006 North Indian cyclone
season. It was equivalent of
a Category 4 hurricane on
the Saffir-Simpson Hurricane
Scale and was catagorized as
very severe cyclonic storm as
the maximum intensity
reached up to 115 kts.
Finally, it made a destructive
strike on the mainland of
Myanmar. It intensified from
category 2 to category 4
within 48 hours (from 27 to
29 April). So this was the
case of sudden intensification
of a topical cyclone. The
observed TCHP fields were
used to monitor regions of
very high (usually larger than
90 kJ/cm2) tropical cyclone
heat potential. These warm
anticyclonic features were
identified which are usually
characterized by sea height
anomalies and a depth of the
26°C isotherm larger than
their surrounding waters.
Such regions are associated
with the sudden intensification
of cyclones.

Study using 2 ½ layer
thermodynamic ocean
model

A 2½ layer thermo-
dynamic ocean model has
been used to simulate the
cold pool in the Indian
Ocean. Initially the model is
spun up for ten years to
reach the steady state with
mean surface winds and heat
fluxes those are obtained by
averaging the five years daily

Fig. 58: Tropical Cyclone Heat Potential, Sea Surface Temperature change during
the passage of TC04B along with Model derived SST change and mixed layer depth
anomaly.

Model SST change during TCO4B Model mixed layer depth anomaly during TCO4B

TMI SST before and after TCO4B

TCHP before and after TCO4B
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NCEP surface winds and heat
fluxes over the period 2000 to 2004.
Since the numerical solution reached
a quasi-equilibrium state after this
integration, the model solutions by
the end of this integration are
considered as steady state solutions
for the inter-annual runs. Further the
model integration is carried out for
5 years for the period 2000 to 2004
with interannually varying daily
NCEP surface winds and heat
fluxes from the steady state. The
warm sea surface temperature
appears over equatorial region from
February and further migrates
northward, the sea surface starts
cooling at the southern tip of India
from June. The mean model
simulated sea surface temperature
from June to September shows that
there is a cold region at the
southern tip of India in the small
domain 70°-95°E, 5°-10°N, where
SSTs are below 28°C. This is
termed as ‘cold pool’ which is also
observed from OI SST V2. The
model entrainment caused by the
winds shows that this cold pool is a
result of upwelling at the southern
India and Sri Lankan coasts and the
eastward advection of this upwelled
cold water. Further to examine the
interannual variability of this cooling,
July and August months of the three
years from 2002 to 2004 are
considered in which the years 2002
and 2004 have deficient monsoon.
The simulated cold pool shows
interannual variability during the
years 2002 to 2004. The results
show that the areal extent of model
simulated cold pool in the month of
July and August during the years

2002 and 2004 is same as the domain mentioned above where as during
the year 2003, it is much smaller. Such variability is compared and is in
agreement with OI SST V2 (Fig. 59).

Fig. 59: Interannual variability of the Cold pool in tropical Indian Ocean.

Basin wide warming of the Indian Ocean during El Nino and
Indian Ocean dipole years

Hadley Center Ice Sea Surface Temperature (HadISST) v.1.1 data,
the Simple Ocean Data Assimilation (SODA) subsurface temperatures,
currents and Sea Surface Height (SSH) and NCEP surface winds, and
heat fluxes were used to examine the basin wide surface warming in the
Indian Ocean during El Nino and IOD years for the period 1950-2001.

The basin wide warming in the Indian Ocean occurred in two cases,
one in El Nino only and the other in co-occurrence (Dipole in the Indian
Ocean and El Nino in the Pacific Ocean) years (Fig. 60). In the case
of subsurface opposite structure in heat content anomaly was noticed in
winter between east and western Indian Ocean. During El Nino only years
heat content anomaly was negative in the west and positive in the eastern
Indian Ocean, while it was reverse in IOD only and co-occurrence years.
Strong westward propagation of heat content (or SSH) anomalies in the
southern Indian Ocean was observed for positive IOD composites. This
propagation was associated with the off-equatorial Rossby waves. Such
strong propagation was not seen in the case of El Nino only composites
(Fig. 61), which suggested that the ocean dynamics plays an important
role in warming the western Indian Ocean for the IOD composites.

Model Observed
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Fig.60: : Composite maps of
HADISST anomalies for El Nino
only years (a-d), Co-occurrence
years (e-h) and IOD only years
(i-l) for JJAS (0), ON (0), DJF
(0/1) and for MAM (1). Contour
interval is 0.2. The fraction of
area with SST anomaly above
0.1° C is indicated at the top of
each panel. [1951, 1957, 1965,
1969, 1976, 1987 and 1991 are
used for El Nino only composites,
1963, 1972, 1982, 1997 for
co-occurrence composites and
1961, 1967, 1977 and 1994 for
IOD only composites].

Fig. 61: Time-longitude plots of
SODA sea surface height
anomaly (cm), (a) El Nino only
composites, (b) co-occurrence
composites, and (c) IOD only
composites. Contour interval is
2 cm and above 4 cm is
shaded.
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The examination of surface
heat fluxes for the three cases
revealed that for the El Nino only
composites, surface heat fluxes
(mainly latent heat flux and short
wave radiation) play an important
role in maintaining the basin wide
wintertime surface warming in the
Indian Ocean whereas in the
co-occurrence years, western Indian
Ocean warming is mainly due to
the ocean dynamics and eastern
warming is due to the latent heat
flux and the solar radiation. The
suppressed coastal upwelling over
Sumatra was also favourable for
the eastern warming. No such
warming was observed in the IOD
only years. This was due to the
absence of El Nino (ENSO) related
subsidence and the resultant
reduction in solar radiation over the
eastern Indian Ocean in the
following winter. The heat budget
analysis revealed that the influence
of surface fluxes on basin wide
winter warming (cooling) over the
western (eastern) Indian Ocean
was significant during the El Nino
only years. While heat budget
analysis over the southeastern
Indian Ocean showed that the
downwelling and surface heat flux
play an important role in winter
warming during the co-occurrence
years. Finally, this study finds that
there are dynamical differences
leading to a systematic pattern of
basin wide warming following the
El Nino-only years as compared to
the IOD years. There is a
systematic warming of the western
Indian Ocean associated with the
propagation of Rossby waves during
the IOD years, and the surface heat
fluxes play a more dominant role in
leading the basin warming following
the peak of ENSO.

Fig. 62: Composite maps of HadISST anomalies (°C) of La Niña years in
PRE76 (before 1976), (a) boreal summer (JJAS(0)), (b) fall ON(0), (c) winter
DJF(0/1) and (d) spring MAM(1). Contour interval is 0.2. The fractional area
with SST anomaly below -0.1 ºC is indicated at the top of each panel.

Changing trends in the Tropical Indian Ocean SST during La
Niña years

The results presented here from the analysis of HadISST and SODA
SST products revealed that the anomalous response of the TIO to the
La Niña forcing was not the same in PRE76 (before 1976) and POST76
(after 1976). During La Niña years, wintertime basin-wide cooling over
the TIO was noticed (Fig. 62) in PRE76 (98 % area with SST anomaly
< -0.1°C), and was absent (Fig. 63) in POST76 (limited to < 16% area).
It was found that enhanced cooling from JJAS (0) to DJF (0/1) in PRE76
over the TIO (mainly in the central Indian Ocean) was due to the
influence of biennial upwelling Rossby waves (ocean dynamics), whereas
in POST76, reduction of warming from JJAS (0) to DJF (0/1) was mainly
due to latent heat flux rather than Rossby wave propagation. The
composite analysis suggested that both the dynamics and the
thermodynamics are important in explaining the Indian Ocean variability
during the La Niña years.
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Understanding biogeochemistry of the Indian Ocean

Arabian Sea, Bay of Bengal and the Indian coasts are profusely
coated by the phytoplankton during the summer and winter monsoons. The
reversing winds leave their signatures on the surface currents that are
then reflected in the subsurface currents resulting in the upwelling/
downwelling of the nutrient rich waters. A study was undertaken to
understand, thoroughly, the physics of the phytoplankton variability in the
Indian Ocean. The study used the satellite/observed data sets of the
chlorophyll ‘a’ concentrations and model derived current parameters. The
implications of the current variability on chlorophyll and vice-a-versa were
studied and preliminary results showed that the anomalous events like the
Indian Ocean Dipole (IOD) have influenced the chlorophyll levels
drastically over the Indian Coasts.

Diagnostic study using MOM

Observed sea surface
temperature (SST) in the Bay of
Bengal exhibits intraseasonal
variability during summer monsoon.
An ocean general circulation model
(MOM3) driven by satellite derived
daily winds and heat fluxes during
summer of 2000 is able to
reproduce the aspects of
intraseasonal variability (10–20 days)
in SST. The intra- seasonal SST
simulated using satellite derived
shortwave flux compares more
favourably with buoy data than that
produced using the NCEP reanalysis
flux. Analysis of the terms in the
heat balance equation of MLD
suggested that in the central Bay of
Bengal local net heat flux and
vertical diffusive mixing changes drive
the SST ISOs. Thus, the SST ISOs
in this region are governed primarily
by one- dimensional processes.

Studies on Atmospheric
Energetics in Wave-
number and Frequency
Domain

(P.S. Salvekar, D.R. Chakraborty,
S.S. Desai, N.K. Agarwal,
S.S. Naik, S. De, R.S.K. Singh,
M.S. Deshpande, U.K. Singh)

Interannual variability of scale
interactions in frequency
domain

Results from the spectra of
KE exchanges between seasonal
mean and transient motions in the
lower troposphere revealed that
30-40 day oscillations receive KE
from the seasonal mean and 60-day
oscillation lost KE to seasonal mean

Fig. 63: Composite maps of HadISST anomalies (°C) of La Niña years in
POST76 (after 1976), (a) boreal summer (JJAS(0)), (b) fall ON(0), (c) winter
DJF(0/1) and (d) spring MAM(1). Contour interval is 0.2. The fractional area
with SST anomaly below -0.1º C is indicated at the top of each panel.
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during the monsoon period (June-Sept) of
2001, 2003, 2004 and 2005 over the
region 40º-110ºE and 5º-20ºN while
opposite transfer in KE was seen on
these two scale of motions during the
drought year 2002. The latitudinal
distribution of quasi linear KE exchanges
between seasonal mean and transients
showed that the low frequency intra
seasonal oscillations of period 30-60 day
lose net KE by time mean-time transient
interactions at about south of 10ºN at
850 hPa which indicates that cross
equatorial flow was strengthened by
30-60 day oscillations during all the years
but the intensity during drought year
2002 was less.

Diagnostic study of the onset
phase of southwest monsoon in
2005 and 2006

Onset phase of the southwest
monsoon over Kerala coast and
subsequently its impact on atmospheric
circulation pattern were examined during
the special year 2005 and recent year
2006, by using NCEP reanalyzed daily
data over the Indian region EQ-30ºN and
50º-100ºE for the period 15 May -
15 June, throughout in the troposphere.
The year 2005 is designated as special
year because there were many events of
significantly localized heavy rainfall in the
last week of June and last week of July
over different parts of India. Total
seasonal rainfall amount for the country
as a whole was normal for the monsoon
year 2005, only because of these two
heavy spells. It is also interesting to
examine the onset phase of the special
year 2005. Strong cyclonic circulation
and upward motion was found in central
and southeast Arabian Sea as well as
southeast Bay during 1st week of June
with maximum intensity of vorticity,
ζ = 5.5 x 10-5/s and ω = -5 x 10-3 mb/s
on 6th June at 700 hPa in the south
central Arabian Sea. Large scale

Fig 64: Horizontal distribution of ζ(10-5s-1 ) & ω (10-3mbs-1) in the lower
levels during 2005 and 2006.

organized low level convergence below 500 hPa was seen from
4th June. However, from 10th June onwards, intensity of dynamical
and physical parameters became weakened for two weeks even though
the onset was declared by IMD as 5th June. During the onset week
period, eastwest shear was seen throughout in the lower troposphere.

When the recent monsoon year 2006 was examined, the
monsoon rainfall over the country continued even after arrival of the
northeast monsoon i.e. the duration of southwest monsoon was
extended than the normal monsoon period. Hence, the year 2006 is
designated as long monsoon season. The southwest monsoon arrived
over parts of southeast Bay, south Andaman Sea on 17th May as
seen from vorticity pattern. Further, magnitudes of ζ and ω, were
found to be weak till 21st May. Horizontal extent of cyclonic
circulation was seen over a large domain from 22nd May. Magnitudes
of all the dynamical and physical parameters (ζ, D, ω, QH, QL) were
found to be strong from 26th May. Maximum ζ = 5.5 x 10-5/s was
found on 27th May at 700 hPa in the central Arabian Sea (Fig. 64).



Infact, vorticity pattern clearly
indicated strong cyclonic
circulation on Bihar and
neighbourhood from 24th May, in
addition to the large scale
cyclonic circulation that was
found throughout in the peninsula
and northwest Arabian Sea. The
active phase of monsoon
persisted for two weeks
continuously from 26th May
(i.e. the date of onset) as against
in the case of 2005. However, the
onset phase was well organised
over the large extent, in 2005 the
monsoon performance was found
to be good.

Non-linear error energy
budget of a forecast model
in the medium range
tropical weather forecast

The analysis of the
systematic error energetics in the
physical and spectral domain for
the summer months of 2001 of
the NCEP (MRF) model over
tropics has posed a question –
Why the well observed large
scale wave is unpredictable over
tropics? The reason for this has
been obtained by careful analysis
of the systematic error energy
distribution. The geographical
distribution of the systematic
error energy (Fig. 65) showed
that the error appeared randomly
at initial forecast time, later it
was organized nicely in the scale
of ITCZ i.e. the large scale over
tropics. It can be hypothesized
that the systematic error is
generated in the small scale at
the initial forecast time then it is
cascaded nonlinearly to the large
scale making the large scale
wave unpredictable.

Fig 65: Spatial distribution of systematic error energy for summer at different
forecast time over tropics at 850 hPa.

Fig. 66: Spectral distribution of systematic error variance (*le3) of 800 hPa wind
for JJA, 2001 of NCEP (MRF) model in m2/sec2 at different forecast time.

The spectral distribution of systematic error variance (Fig. 66) verified
the above hypothesis indicating that the peak shifts from wavenumber 4 to
wavenumber 1 as the forecast day increases from 1 to 5-day forecasts.
Now, the question comes how the error energy is accumulating in
wavenumber 1? Is it transferred from wavenumber 4 or from any other source?



The nonlinear individual triad interaction among the
wavenumber 1 and other waves in the systematic error flux term
(Fig. 67) indicated that there is a net transfer of energy from the
wavenumber band 4-10 to wavenumber 1 while the wave of
wavenumber 1 nonlinearly interacts with other waves. This has
possibly made the large scale wave unpredictable though it is well
observed over the tropic.

Application of mesoscale model
MM5 for the study of tropical
cyclones

Empirical relation has been developed
based on variational data assimilation
technique to improve the surface winds
obtained from NCEP reanalysis data using
Quikscat Satellite winds. The modified data
were used to improve the initial condition
given to the Mesoscale Model MM5-V3
for the simulation of Orissa Super Cyclone
(1999). The Model was integrated
successfully for 120 hrs starting from
25th October 12 GMT using Four
Dimensional Data Assimilation for 24 hrs by
supplying modified data at 12 hr intervals.

 As a part of scientific collaboration
in mesoscale hurricane super ensemble
project with the Florida State University,
USA, 30 cases of Hurricanes (Year 2004
and 2005) in Atlantic Ocean were
integrated using Mesoscale Model
MM5-V3, installed on SUN Solaris
Workstation. Each case was integrated for
three days using two-way interactive two
domains. For all the cases, dimension of
the outer domain was approximately
5850 x 5850 km2 and inner domain was
3750 x 3750 km2 with the resolution of
45 km and 15 km respectively. There were
23 vertical σ levels. Initial and boundary
conditions were obtained from NCEP
reanalysis data sets. Physics options used
for all the cases were as follows:
Microphysics-Simple Ice, Cumulus
parameterization - Grell, Planetary
Boundary layer parameterization - MRF,
Radiation - CCM2 and Land surface
scheme-Five Layer Soil Model. Computer
time required for integration of all the 30
cases is 1080 hrs and the disk space
required to store these outputs is 45 GB.

Fig.67: Individual triad interaction spectra of the systematic error flux
in wavenumber n=1 for (a) first figure: n=r-s and (b) second figure
n=s-r on 2, 3, 4 and 5-day forecasts.

To generalize the above hypothesis and to make the hypothesis
robust, study of the systematic error energetics of 6-hourly analysis
and forecast system up to 120 hours of daily horizontal wind field
of NCMRWF model has been undertaken for the summer months
of 2006 at 700 hPa, 850 hPa and 925 hPa levels.
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Climate and Global Modelling Division
conducts global modelling studies to
understand the physical and dynamical
processes in the climate system. The
current research programmes are focussed
at the following objectives:

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

u Development and improvement 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.

Climate and Global Modelling

R. Krishnan
krish@tropmet.res.in
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Diagnostics and Modelling Studies of Long
Term Trends and Variability of Climate
Over the Indian - Asia Pacific Regions

(R.Krishnan, J.R. Kulkarni, A.K. Sahai, S.K. Mandke,
M.S. Mujumdar, S. Pokhrel, S.P. Gharge, Vinay Kumar,
S. Sundaram, A. Dey, P. Swapna)

New insights into ENSO-Monsoon teleconnection : The
Northwest Pacific Pathway

The dynamical link between ENSO and Indian monsoon
rainfall variability is not yet fully understood. Based on an
ensemble of GCM simulation experiments and detailed
diagnostic analysis of observations, a new pathway for the
ENSO-monsoon connection has been identified (Fig. 68) This
pathway, which occurs through the Northwest Pacific, is much
different from the classical tele-connection via., the equatorial
Walker-cell. The results of this study showed that warm SST
anomalies in the equatorial central Pacific generate anomalous
circulation and convection patterns not only over the equatorial
west Pacific, but also over the sub-tropical Northwest Pacific.
It was shown that the anomalous enhancement of convection
over the Northwest Pacific region during warm ENSO phases
is a key factor that forces drought conditions over the Indian
subcontinent (Mujumdar, M., Vinay Kumar and R.Krishnan
2006: The Indian summer monsoon drought of 2002 and its
linkage with tropical convective activity over northwest
Pacific, Climate Dynamics, doi: 10.1007/s0038Z-006-0208-7).

Cloud radiative impacts during
evolution of monsoon breaks

A characteristic feature of the evolution
of the monsoon intra-seasonal variability is the
appearance of suppressed convection, with
scarce cloud cover, over the South Eastern
Tropical Indian Ocean (SETIO) nearly
7-10 days prior to the commencement of a
break spell over India. A detailed analysis was
carried out to understand if cloud radiative
effects, associated with such convection
changes over the tropical Indian Ocean, can
exert impact on monsoon break spells. The
results indicated that the lack of cloud cover
over the SETIO during the “pre-break” phase
leads to significant warming of the tropical
Indian Ocean due to enhanced solar insolation
at the surface and the mean SST in the
SETIO is about 29.3oC. Based on the findings
of the study, it is hypothesized that this
pre-conditioning effect is important for sustaining
high values of mean SST (>29oC) in the SETIO,
which in turn allows sustained convection to
occur over the region following the transition
to a “break” monsoon condition (Fig. 69).

Fig. 68 : Schematic shows the ENSO-Monsoon teleconnection
through the Northwest Pacific Pathway.

Fig. 69: Difference maps (“break” minus
“pre-break”) show the changes in (a) Cloud
amount (%) and (b) Net cloud radiative
forcing (Wm-2) at surface. The difference maps
are composites constructed using the Surface
Radiation Budget dataset based on several
cases of prolonged monsoon breaks.
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Effects of zonally asymmetric
wind forcing and monsoon
cross-equatorial flow on the
Indian Ocean Dipole (IOD)
evolution

Numerical experiments using
a regional Indian Ocean model
and supplementary data
diagnostics were performed to
understand the relative roles of
the boreal summer monsoon
cross-equatorial flow and the
zonally asymmetric near-equatorial
winds in affecting the ocean
response during IOD events. This
study was motivated by the
observation that several IOD
events have been accompanied by
stronger-than-normal summer
monsoon circulation and enhanced
precipitation over the Indian
landmass. The present findings
indicated that an intensified
summer monsoon circulation, with
easterlies to the south of the
equator, can produce moderate
upwelling in the south-eastern
equatorial Indian Ocean and a
sub-surface cooling as much as -
1.5oC. However, the model
simulations, when forced solitarily
by the monsoonal wind anomalies,
fail to capture the anomalous
thermocline deepening and sub-
surface warming in the western
Indian Ocean thereby resulting in
a weak zonally asymmetric
response. Furthermore, the results
demonstrated that the near-
equatorial easterly wind forcing is
crucial for sustaining the zonally
asymmetric pattern of oceanic
anomalies in the course of the
IOD evolution. It was seen that
the easterly wind anomalies,
forced by the dipole-like
atmospheric heating in the

equatorial region, is essential for effectively maintaining the zonally
asymmetric oceanic response through (a) westward propagation of
heat-content anomalies, (b) generation of anomalous eastward equatorial
undercurrents, by zonal pressure-gradients, which deliver cold sub-surface
water to the equatorial eastern Indian Ocean.

General Circulation Model Systematic Error
Correction and Seasonal Prediction Using Artificial
Neural Network

(A.K. Sahai, R. Krishnan, J.R. Kulkarni, S.K. Mandke, M.A. Shinde,
S.P. Gharge, R. Chattopadhyay, S. Joseph)

Influence of large-scale dynamical indices in the event-to-event
modulation of active break cycle

The intraseasonal variability of Indian summer monsoon rainfall pattern
is largely dependent on the nonlinear convective coupled relationship among
various large scale dynamic parameters. In this study an attempt was made
to find out the role of six large-scale dynamical parameters in shaping the
spatial distribution and intensity of monsoon rainfall (active and break cycle)
in the intraseasonal scale. The definition of the indices and their area
selection are given in Table. These indices are statistically robust and derived
from the 53 years (1951-2003) of NCEP data. The rainfall data over the
Indian land region used in the study is from IMD.

Index (all values in standardized anomalies) ActiveBreak
Either State State

Table
Table showing all the indices used in this study and the objective criteria that
should be satisfied for at least four continuous days (or more) by different indices
for determining active (break) days:

Goswami et al. Index (GO index): >1 < -1
[V850(700-1100E, 100S-300N) – V200 (700- 100E, 100S-300N)]

                   or

Wang and Fang Index (WF index): 1 < -1
[U850(400-800E, 50N-150N) - U850 (600-900E, 200-300N)]

                   or

Webster and Yang Index (WY index): >1 < -1
[U850(400-1100E, 00-200N) – U200 (400-1100E,00-200N)]

And

Either

Mean sea level pressure index (MS index): (650-950E,150-50N) <-1 > 1
                   or

Specific humidity (850mb) index (SH index): (650-950E,150-250N) >1 < -1

                   or

Geopotential Height (500mb) index (GP index):(650-950E, 100-200N) <-1 > 1
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“mean” active or break condition even though
the gross regional structures are similar. This
difference in the structure of rainfall
distribution is due to the involvement of
different large scale indices which actually
imply different degrees of involvement of large
scale forcing. As shown in Fig. 71, the top
right panel is the rainfall pattern for the
anomalous break when the ‘ensemble mean’
composite break is subtracted from the break
composite when the pairs of (WY, GP) index
is extremum. Similarly the bottom left and the
bottom right figure are for the pairs (GO,
SH) and (WF, MS). The event to event
modulation was embedded in the difference
in these large scale structures.

Fig.70: The composite “mean” rainfall pattern obtained from the
IMD rainfall data using objective classification from SOM (top left).
The other panels are the composite patterns when the composite
“mean” is subtracted from the pattern when pair of indices (WY, GP)
(top right), (GO, SH) (bottom left) and (WF, MS) (bottom right) are
extremum as compared to other indices.

Using an unsupervised learning Artificial Neural Network
Nonlinear Technique known as Self Organizing Map (SOM), a
composite mean active and break pattern defined from the
objective criteria described in Table has been obtained. The
composite mean pattern (top left, Fig. 70) has been obtained by
compositing the IMD rainfall data from the days selected using
the SOM algorithm.

The classification of active/break monsoon days is based
on the large scale dynamical indices without using the rainfall
data. This “mean” active and break pattern obtained using SOM
matches well with other studies using rainfall data. It was also
found that different types of nonlinear coupling among the six
large scale dynamical parameters can yield different shades of
active and break patterns. These shades of active and break
patterns can vary in intensity and spatial distribution from the

Fig. 71 : Precipitation anomaly for JJAS 2006
simulated by Portable Unified Model (PUM)
version 4.5 in different experiments.
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Prediction and simulation of Indian summer
monsoon 2006

Dynamical forecast

An attempt to predict Indian Summer Monsoon
2006 was made using Atmospheric GCM. Portable
Unified Model (PUM-version 4.5) from Hadley Centre
for climate prediction and research, U.K. was used.
Six-member ensemble run starting from 26-31 March,
2006 were made. Forecast monthly SST anomalies
(obtained from NCEP CFS model forecast) from April-
September 2006 were superimposed on climatology of
respective months over the region 40ºS-40ºN. Ensemble
mean percentage departure of precipitation over Indian
land region was 1.45%.

When SSTs were available for the whole summer
monsoon season, six member ensemble integration
were made with monthly observed SSTs from June-
September. Initial conditions used for the six members
were same as in forecast experiment. Percentage
departure of precipitation over Indian region in this
hindcast mode was 6.3%.

PUM (version - 4.5) has provision of running an
atmospheric model coupled to slab ocean. The slab
model comprises a mixed-layer ocean model (of fixed
depth), together with a simple ice model. Thickness of
mixed layer is 50 m. At sea points, the atmosphere
model requires the sea surface temperature together
with an ice depth and concentration when sea-ice is
present. In an atmosphere only run, the data for these
surface conditions were provided from ancillary files.
When the slab model was included, the SST and ice
parameters were computed interactively during the run.
The atmospheric model was run for one coupling
period, typically 1 day, during which the driving fluxes
for the slab model were averaged. Then the slab model
was called with 1 day time step to update the SST, ice
depth and concentration, which were passed back to the
atmosphere model for use over the next coupling period.

Six member ensemble integrations were made
with atmospheric model coupled to slab model. Six
atmospheric initial conditions corresponding to (26-31)
March, 2006, same as those used in forecast and
hindcast experiment mentioned above, were used. Slab
temperature was initialized from surface temperature.
The six member ensemble mean precipitation anomalies
over Indian region for summer monsoon 2006 in the
three experiments viz., forecast, hindcast and AGCM
coupled to slab ocean is illustrated in Fig. 71.

Precipitation anomalies were negative over northeast
peninsula and positive or near normal over rest of
India, in both forecast and observed SST experiments.
In the AGCM coupled with slab ocean experiment,
precipitation anomalies were near normal throughout Indian
region except north peninsula. Precipitation climatology of
AGCM was also used in calculating anomalies in coupled
slab ocean experiment as long term integration of AGCM
coupled to slab ocean is not yet available.

Statistical forecast

Experimental forecast of the seasonal total (from
June to September) of the Indian Summer Monsoon
Rainfall (ISMR) for the country as a whole and for
the year 2006 was obtained one season in advance
using the predictors selected only from the sea surface
temperature (SST) field. The ISMR data were obtained from
the Institute’s (IITM) website http://www.tropmet.res.in. The
monthly SST data were prepared as the combination of
GISST 2.3b (up to December 1981) and OIv2SST (from
1982 onwards). The model was developed using
rigorous cross-validation analysis of the teleconnections
between the sea surface temperatures (SST) of the
major ocean basins and the Indian summer monsoon
rainfall. The forecast from this model for the year
2006 all-India seasonal summer monsoon rainfall was
obtained to be 2(±5)% above normal.

Atmospheric GCM and slab ocean coupled
model experiments initiated

An attempt was made to run the atmospheric
General Circulation Model (from Hadley centre for
Climate Prediction and Research, U.K.) coupled to slab
ocean. In order to obtain a realistic representation of
SST and sea-ice a corrective heat flux called the heat
convergence must be included to account for the lack
of ocean dynamics and errors in the surface fluxes.
Slab calibration run is required to generate these data.
In calibration run, the slab model is coupled with the
atmosphere model and SST and ice parameters are
computed, but after each slab timestep the SSTs are
restored to prescribed climatological values and the
corrective heat flux required to do this is stored. At sea-
ice points the SST under the ice is reset but no correction
is applied to ice depth. The heat convergence ancillary
file is made from these corrective heat fluxes called as
anomalous heat convergence. Slab ocean calibration
experiment was carried out for 10-years duration to create
anomalous heat convergence. In the control experiment
this anomalous heat convergence will be prescribed.
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The Broad objectives of the ENVIS Centre is to furnish
and disseminate the information on the subject area “Acid

Rain and Atmospheric Pollutants”, to enrich the available
database for India and to convert data into information. Following
are the detailed objectives of the Centre:

u To furnish and disseminate information on the subject area
“Acid Rain and Atmospheric Pollutants”.

u To enrich the available database for India and to convert
data into information.

u To develop qualitative as well as quantitative database for
primary as well as secondary data sets related to all the
atmospheric pollutants viz. Carbon Mono-Oxide (CO),
Oxides of Nitrogen (NOX), Ozone (O3), and Suspended
Particulate Matters, etc. and acid rain records in terms of
acidification index.

u To classify the database on the basis of type, quality and
acquisition and to web link the database to serve the
purpose of obtaining all the data at one site.

u To encourage the dissemination of current knowledge on
the subject area and related information through periodic
newsletter, papers in journals, reports, etc.

u To make society aware about the subject area, visits/open
house for common public and provide voluntary consultation
services to educate and create awareness about the subject
area to fulfill the need of the bottom end user.

u To support the Sustainable Development of the resources
by integrating the resources available in the existing ENVIS
center.

G. Beig
beig@tropmet.res.in

ENVIS - Centre
‘Acid Rain and Atmospheric Pollution Modelling’ and
Sustainable Development and Network Partners on ‘Climate Change’
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Acid Rain and Atmospheric Pollution
Modelling

(B.N. Goswami, G. Beig, S. Jain, A. Solanki and S. Kale)

The ENVIS Center on Acid Rain and Atmospheric Pollutant
Modelling at IITM, Pune, has further advanced in the last one
year enriching the subject area. The main objective of Center is
to create and disseminate the information on acid rain and
atmospheric pollutants and to enrich the available database. As
advised by Evaluation Committee larger emphasis has been
placed to publicize and increase the awareness about the existing
ENVIS facility and its information on the thematic area.

The ENVIS Centre on Acid Rain and Atmospheric Pollutant
Modelling at IITM, Pune, has in the last one year added several
new features to enrich the ENVIS website. Multi-lingual website
has also been created. As per the recommendation of evaluation
programme, more emphasis has been placed to publicize the
website among the common masses. The awareness programme
was successfully implemented on the thematic area by arranging
various interesting lecture sessions for general public and school
going children at various occasions at the Institute. The detailed
achievements are as follows:

i) Development of web based data management software
was implemented using the software technology like MySql
and ASP, DHTML etc; This has enhanced the future web
based application that includes better user interface, data
collection/analyzing and reporting.

ii) Implementation methodologies

a. Primary Data Sets

• Generation of online Primary data base for several
atmospheric pollutants like Ozone, oxides of nitrogen,
carbon-monoxide, volatile organic compounds, sulphure
dioxide, suspended particulate matters and Black
Carbon, etc.

• Duration and Sampling: Regular hourly basis for the
past 2 years.

• Online Graphic Visualization of above mentioned
pollutants on hourly/daily/monthly scales.

• Geographical distribution of the concentration of
pollutants for Indian subcontinent on resolution of
5ox5o in latitude and longitude using regional chemical
pollution model.

b. Secondary Data Sets/Sources

CPCB: http://www.cpcb.nic.in/ (Since
1991); MPCB: http://mpcb.mah.nic.in/
(Since 1997); NEERI:
http://www.neeri.nic.in/(Past 10 Years) 

The datasets from various sites as
mentioned above have been downloaded and
put into a systematic tabular form for easy
access to the users. The data which have
been collected were also analyzed and
plotted for better use. The interpretation of
all such data put on the site makes it easy
for the users to visualize the results. The
data will further be enhanced and put into
various kinds of plots such as pie charts,
histogram etc. as per the requirement for
better analysis and understanding.

c. Identification of environment variables
on the area

Inventory estimates of green house
gases are inherently uncertain and are high
due to the multiplicative effect of the
uncertainties associated with the emission
coefficient and activity data. The uncertainty
in emission coefficient estimates arises from
measurement inaccuracies and variable
background conditions. In case of activity
data, the key factors contributing to
uncertainty are the aggregation errors,
incompleteness of data and mismatch of data
definitions. In developing countries, the
accuracies are also added by the paucity of
data for informal, traditional, and unrecognized
sectors. Considerable uncertainties thus exist
in the present emission estimates of GHGs
from various sectors.

iii) Database development on the
variables

The study of ozone and the change in
concentration continuously monitored at the
ozone pollution laboratory have been the
primary database being developed at the
ENVIS centre at IITM. The database has
been interpreted using different graphical
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modes. The secondary databases that are already available on
the sites of CPCB and other sites were also studied and
interpreted by plotting them. This helped understand the trend of
the change in the gaseous pollutants. An example of the screen
shot for the data visualization is given below for illustration
purpose:

iv) Development of Hindi webpage

Like the regional Interface (Marathi)
developed last year, successful completion of
the ENVIS website in national language
HINDI has also been completed. The
available information has been translated in
Hindi for public awareness and link has been
made available on the ENVIS site
http://envis.tropmet.res.in/hindi/index.htm. This
interface gives greater insight into ENVIS as
the information available at this site is useful
for a common man. Further, upgradation and
animation of this site are under progress.

v) The regional language interface in
Marathi.

The regional language in Pune, which
fall under Maharashtra state, is Marathi. As
per the mandate, the available information
has been translated in Marathi for public
awareness and link “regional interface” has
been made available on the ENVIS site
(http://envis.tropmet.res.in). This has been a
major feet achieved in the year. This
interface gives greater insight into ENVIS as
the information available at this site is useful
for a common man. The site is being
upgraded and animated.

Sustainable Development
Network partners on
“Climate Change”

In the year 2005-06 IITM-ENVIS node
was assigned as SDNP network partner on
climate change. In this direction a new
webpage (http://envis.tropmet.res.in/sdnp) has
been developed separately and is linked to
ENVIS main page of the Institute.
A database development for climate change
under SDNP program was hence initiated. In
the SDNP site, data related to air pollution
and climate change have been transferred to
information as per the objective of SDNP
and following links in SDNP site (in
conjunction with existing ENVIS site) have
been introduced.
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Awareness creation of the site through various
media

Various open houses were arranged for the
interested people. Various Scientists gave informative
talks for the public to enhance their knowledge in the
area of climate change related aspects. The events
were also covered in the daily newspapers. Special
lecture sessions were arranged for school children, who
participated with great enthusiasm which was evident
in the queries they posed after such sessions. Due to
these efforts the visits to the ENVIS have also been
seen to increase rapidly.

Query response profile

Query response profile has been classified based
on subject area.

Subject Area
Queries
received

(2006-2007)
Mode of Feedback provided

Answers / responses were

provided through online

feedback form electronically as

well as by hard copy sent by

post. In addition, numbers of

queries were received

telephonically.

Total = 342

Air Pollution 75

Acid Rain 30

Climate Change 75

Global Warming 90

Ozone effects 49

Data Quality and 23

availability
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1. Air-Sea Interactions in the Indian
Ocean Region (DOD / INDOMOD
10th plan programme)

2. Data Assimilative Sigma Coordinate
Numerical Model for the North
Indian Ocean DOD / INDOMOD
(10th plan programme)

3. Modelling of Tropical Aerosol
Radiative Forcing Using Satellite,
LIDAR and Radiometric Aerosol
Database and Surface Radiation
Measurements

4. Monsoon Variability Studies with
Regional Climate Models using
Satellite Derived Surface Parameters:
Validation and Application

5. Atmospheric Pollutants and
Chemical Weather under Different
Environments

6. Development of a Regional
Atmosphere- Ocean Coupled
Modelling strategy for Predicting
Indian Summer Monsoon

7. Atmospheric Brown Cloud-Asia

8. Atmospheric Chemistry-Aerosol-
Climate Interactions

Sponsored Research Projects

Sr.
No.

Title Principal
Investigator Period

Grant
(Rs. in
lakhs)

Dr. R. Krishnan

Dr. C. Gnanaseelan

Dr. G. Pandithurai

Dr. G.B. Pant

Dr. G. Beig

Dr. K. Krishna Kumar

Dr. P.S.P.Rao

Dr. P.S.P. Rao
Co-PI With Bose
Institute, Kolkata

2002 - 2007
(Extended
up to
September 2007)

2002 - 2007
(Extended
up to
September 2007)

2003 - 2007

2004 - 2007

2005 - 2008

2005 - 2008

2005 - 2009

2005 - 2010

106.80

41.75

9.62

16.00

31.98

29.16

31,200
Euros

(about
17.00

lakhs)

—

Department of Ocean
Development,
Govt. of India

Department of
Ocean Development,
Govt. of India

ISRO-GBP / Aerosol
Radiation Budget Studies
Scheme

Space Applications
Centre, Ahmedabad

Department of Science
and Technology,
Govt. of India

Department of Science
and Technology,
Govt. of India

Swedish International
Development
Cooperation Authority
(SIDA), Stockholm,
Sweden

Department of Science
and Technology,
Govt. of India

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:

Funding
Department
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Sr.
No.

Title Principal
Investigator Period

Grant
(Rs. in
lakhs)

Funding
Department

9. Chemical Behaviour of Aerosol,
Greenhouse Gases, Trajectory
Analysis and Impact of Particulate
Matter Loading on Human Health

10. Acid Rain and Atmospheric
Pollution Modelling (ENVIS Project)

11. Measurements and Study of Ozone
under Different Environments
(Conducive of Vegetation and
Agriculture Fields)

12. Examining Indian Monsoon
Variability in Coupled Climate
Model Simulations and Projections

13. Laser radar Characterization of
Atmospheric Aerosols and Clouds
in the Boundary Layer and Free
Troposphere

14. Study of Size Distribution of
Raindrops and Evolution of
Raindrop Spectra using
Disdrometer and WP-RASS

15. Secular Variations in the Structure of
Ground-based Inversions and Stable
Layers during Winter (November-
March) due to Urbanization

16. Physical and Chemical
Characteristics of Aerosols

17. Pilot Experiments to the STORM
Project

Dr. P.C.S. Devara
Co-PI With
Bose Institute,
Kolkata

Dr. G. Beig

Dr. A. L. Londhe

Dr. (Smt.) A.A.
Kulkarni

Dr. P.C.S. Devara

Shri V.
Gopalakrishnan

Dr. (Smt.) S.G. Nagar

Dr. P.S.P. Rao

Shri S. D. Pawar

2005 - 2010

2006 - 2007

2006 - 2008

2006 - 2009

2006 - 2009

2006 -2009

2007 - 2010

February-May
2006

March 2006 -
February 2007.

—

5.71

15.80

13.50

4.50

 22.74

22.07

1.50

4.7

Department of Science
and Technology,
Govt. of India

Ministry of Environment
and Forest, Govt. of India

Department of Science
and Technology,
Govt. of India

Department of Science
and Technology,
Govt. of India

Indo-Bulgarian Program
of Cooperation in S & T,
Department of Science
and Technology
Govt. of India

Department of Science
and Technology,
Govt. of India

Department of Science
and Technology,
Govt. of India

Space Applications
Centre, Indian Space
Research Organisation

Department of Science
and Technology,
Govt. of India

n n n
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Appointment of Director

Governing Council of the Indian Institute of
Tropical Meteorology, Pune has appointed Prof. B.N.
Goswami as Director of the Institute. Prof. Goswami
has taken over the charge on 1st June, 2006.

Administrative Reformation

As per Notification No. O.M. No. 25/10/2006
dated 19 July, 2006 from the President of India the
Institute has come under the Ministry of Earth Sciences,
Government of India with effect from 12 July, 2006.

Visit of the Dignitaries

Dr. P.S. Goel, Secretary, Ministry of Earth
Sciences, Govt. of India, New Delhi visited the Institute
on 7 October, 2006. He addressed all the scientists,
research fellows and project personnel. He explained
the role of the Institute under the Ministry of Earth
Sciences and interacted with scientists and appreciated
the scientific work being done at the Institute.
Dr. P.C.S. Devara made a brief presentation on the
Physical Meteorology and Aerology Division’s research
activities, infrastructure available and future work to be
undertaken. Dr. Goel also visited a few laboratories and
the library of the Institute.

Dr. Goel visited the Institute again on 17 March,
2007 and had discussions with its senior scientists on
the activities proposed in the Institute’s 11th Five Year
Plan. Presentations on Weather Modification by
Dr. J.R. Kulkarni and on Climate Change by
Dr. K. Krishna Kumar were made before the Secretary.

Shri B. Bhattacharjee, Hon. Member, National
Disaster Management Authority visited the Institute on
11 November, 2006. He interacted with the members
of the Academic Council on the scientific activities
pursued at the Institute.

Visiting Professor Scheme

Dr. Anandu Vernekar, Professor Emeritus,
Department of Atmospheric and Oceanic Sciences,

Other Special Events and Activities

University of Maryland, USA visited the Institute during
26 September - 10 October, 2006 under the Visiting
Professor Scheme of the Institute. He delivered a
series of lectures on ‘Monsoon Variability’.

Antarctica Expedition

Shri Sunil Sonbawne, Junior Scientific Officer
participated in the 26th Indian Antarctica Expedition at
Indian Antarctic Station, Maitri during 21 November,
2006 to 28 April 2007. Extensive observations of
optical, micro-physical and radiative characteristics of
aerosols, column precipitable water content and
columnar ozone have been made at Antarctica station,
Maitri and also Larsemann Hill during the 26th Indian
Antarctic Expedition between December 2006 and
March 2007. During this expedition, extensive
observations of several parameters such as AOD
(43 clear-sky days), TCO (43 days), PWC (43 days),
radiation (90 days) and surface meteorological
parameters (on all the above observational days) have
been carried out.

 Awards and Honours

Dr. G. Beig received the Shanti Swarup
Bhatnagar (SSB) Award, the nation’s most prestigious
award of the Council of Scientific and Industrial
Research (CSIR) for young scientists, for the year
2006, for his outstanding scientific contribution in the
field of Earth, Atmosphere, Ocean and Planetary
Sciences. The Award was presented to Dr. Beig in a
ceremonial function held on 26th September 2006 at
Vigyan Bhavan, New Delhi at the hands of Honourable
Prime Minister Dr. Manmohan Singh. Shri Kapil Sibal,
the Minister of Science and Technology and Earth
Sciences presided over the presentation ceremony,
organized by the CSIR.

Dr. G. Beig was also conferred with the
prestigious Maharana Udai Singh National Award-
2007 by the Maharana Mewar Foundation, Rajasthan
for his contribution of permanent value in the field of
environmental protection, hand in hand with future
development.
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IITM Annual Silver Jubilee Award for the
year 2004 was received by Dr. C.G. Deshpande and
Dr. A.K. Kamra for their research paper entitled
“Atmospheric electric conductivity and aerosol
measurements during fog over the Indian Ocean”
published in Atmospheric Research, Vol. 70, 2004,
77–87. The Award was presented on the occasion of the
Foundation Day of the Institute on 17 November, 2006.

A joint research programme between the Indian
Institute of Tropical Meteorology (IITM) and the
University of Reading, United Kingdom on ‘Science of
regional climate change, variability and impacts’, was
selected for a ‘Major Award’ under the UK-India
Education and Research Initiative (UKIERI).
Dr. K. Krishna Kumar received the award on behalf
of IITM from the Chancellor Mr. Gordon Brown,
United Kingdom at a function organised by the
British Council, on 18 January, 2007 at New Delhi.
Prof. Julia Slingo, University of Reading is the
Convener from the UK side and Prof. B.N. Goswami,
Director, IITM is the Convener from the Indian side.
Dr. K. Krishna Kumar and Dr. G. Srinivasan are the
Co-conveners to coordinate the program.

The Excellent Performance Awards for the year
2005 were received by Smt. Y. K. Bhonde for
Administrative Category, by Smt. A. R. Sheshgiri for
Technical category and by Shri R. R. Pashankar for
Non-Technical Maintenance category. The awards were
presented on the occasion of the 45th Foundation Day
of the Institute on 17 November, 2006.

Following three research papers published in the
weekly magazine Science received global publicity
including national and international media:

(i) Unraveling the mystery of Indian monsoon failure
during El Niño by Krishna Kumar K.,
Rajagopalan Balaji, Hoerling Martin, Bates
Gary and Cane Mark published in issue No. 5796,
6 October, 2006 (first published in Science
Express dated 7 September, 2006)

(ii) Global change in the upper atmosphere by
Lastovicka J., Akmaev R.A., Beig G., Bremer J.
and Emmert J.T., published in issue No. 5803,
24 November, 2006

(iii) Increasing trend of extreme rain events over India
in a warming environment by Goswami B.N.,
Venugopal V., Sengupta D.,  Madhusudanan
M.S. and Xavier Prince K. published in issue
No. 5804, 2 December, 2006

Research paper entitled, “Effect of the onset of
southwest monsoon on the atmospheric electric
conductivity over the Arabian Sea” by S.D. Pawar,
Devendraa Siingh, V. Gopalkrishnan and
A.K. Kamra published in Journal of Geophysical
Research, 2005 has been selected by the American
Geophysical Union for its publication in the Online
Version of a Virtual Journal,  Editor ’s choice:
Atmospheric and Space Electricity.

The paper entitled “Seasonal variability of
stratospheric aerosol layer in the current volcanically
quiescent period over two tropical stations in India
using twilight sounding method” by B. Padma Kumari,.
A. L. Londhe, D. B. Jadhav and H. K. Trimbake,
published in Geophysical Research Letters, June
2006 has been selected by American Geophysical
Union as “AGU Journal Highlights”.  The summary
of the paper will be published in GRL’s online and print
editions and also distributed to interested News Media
by the American Geophysical Union.

LIDAR Group Scientists at the Institute developed
“An Excimer laser based DIAL (Differential
Absorption LIDAR) technique for Vertical
Profiling of Ozone up to stratospheric altitudes”
at the Institute and measurements of Vertical profile
of Ozone were made at Pune for the first time in
the Country. Results of the measurements have been
published in the paper entitled, “Differential
absorption LIDAR probing of atmospheric Ozone
over a tropical urban station in India”,
Measurement Science and Technology, Vol. 18,
2007, 639-644.

Dr. A.K. Kamra, has been appointed as an
Emeritus Scientist in the Institute with effect from
6 October, 2006 after his superannuation retirement on
30 September, 2006.
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Seminars / Symposia / Workshops
etc. organized at IITM

Indo-US Workshop
Indo-US Workshop on Integrating Weather and

Climate Information in Water Management was hosted
by the Institute during 5 - 7 July, 2006. The Workshop
was sponsored by the Indo-US Science and Technology
Forum, New Delhi. The Workshop was aimed at
bringing together the water managers, water resources
policy makers and monsoon climate experts from India
and USA. The Workshop was inaugurated by
Dr. P.S. Goel, Secretary, Department of Ocean
Development, and Government of India. Dr. Terry Fulp,
US Bureau of Reclamation spoke on the American
perspectives of the Workshop. Shri R. Jayaseelan,
Chairman, Central Water Commission delivered a keynote
lecture entitled, “Status of India’s water resources
situation and future perspectives”. Dr. Balaji Rajagopal,
University of Colorado, the US Co-ordinator spoke on
the concept of the Workshop and Dr. (Smt.) Smriti
Trikha, Science Officer, Indo-US Science and
Technology Forum (IUSSTF) briefed the idea of
collaboration and activities of the IUSSTF. Twelve
experts from USA and 35 from India participated in
the Workshop and had interactions and deliberations on
various aspects of the theme of the Workshop.

TROPMET-2006

To commemorate Golden Jubilee of the Indian
Meteorological Society (IMS) TROPMET-2006:
National Symposium on Role of Meteorology in National
Development was organized at the Institute, jointly with
India Meteorological Department during
21-23 November, 2006. Dr. P.S. Goel, Secretary,
Ministry of Earth Sciences, Govt. of India was the
Chief Guest and Padmashree Kumar Ketkar, Chief
Editor, Loksatta was the Guest of Honour.
Dr. G.B. Pant delivered the Presidential address. On
this occasion, three books viz., ‘Satellite Meteorology’
by Dr. R.R.Kelkar, ‘A Course in Dynamic
Meteorology’ and ‘Science of Weather and
Environment’ by Dr. Pandharinath Navale, the Special
Golden Jubilee issue of the journal ‘Vayu Mandal’ of
the Indian Meteorological Society and two Volumes of
Abstract of the TROPMET-2006 were released at the
hands of the Chief Guest, Dr. Goel. About 300 papers
were presented during the oral and poster sessions.

The Annual Monsoon-2006 Workshop of the Pune
Chapter of IMS was also held on 22 November, 2006.

Meetings Organized at IITM

• Second Meeting of the Operations, Airworthiness and
Human Engineering Panel (OA & HEP-2) of the
Defence Research and Development Organization
(DRDO) Head Quarter, New Delhi, 8 May, 2006.

• Meeting for Evaluation of the Glacier Atlas of
India of the Department of Science and Technology,
New Delhi, 27 May, 2006.

• 10th Meeting of the Programme Advisory and
Monitoring Committee (PAMC) on Weather and
Climate Research Programme (WCRP) of the
Department of Science and Technology,
15-16 June, 2006.

• Meeting of the Finance Committee of the Institute,
4 August, 2006.

• 73rd and 74th Meetings of the Governing Council of
the Indian Institute of Tropical Meteorology, Pune,
4-5 August, 2006 and 12-13 December, 2006.

• Meeting of the Co-Conveners of the Working
Groups for the Continental Tropical Convergence
Zone (CTCZ): Science Plan Discussion,
13-14 September, 2006.

• Meeting on Formulation of Advisory Group for
supporting the decision of release of Koyna
Reservoir during monsoon period, Indian Institute
of Tropical Meteorology, Pune, 18 September, 2006.

• Fourth Technical Advisory and Review Committee
(TARC) Meeting for the project “Preparation of
generalized PMP Atlases over the Krishna and the
Indus river basins” sponsored by the Central Water
Commission (CWC) to finalize the draft report of the
Krishna basin and to review the progress of work
carried out over the Indus River basin, 9 October, 2006.

• Fifth Meeting of the Programme Advisory
Committee - Atmospheric Sciences (PAC-AS),
13-14 November, 2006.

• Research Advisory Committee Meeting of the
Institute, 11-12 December, 2006.

• National Level Discussion Meeting on the Study of
Cloud Microphysical Processes and Estimation of
Potential of Rain Enhancement in the Seeded Clouds,
20 February, 2007.

• Advisory Group Meeting for the Krishna dam
considering rainfall forecast, 29 March, 2007.
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In-house Training

Comprehensive In-house Training in Atmospheric
and Oceanic Sciences was organized during 7 August-
22 December, 2006 for the research fellows, project
personnel and the newly joined research and scientific
staff of the Institute. The training covered topics such
as Physical Meteorology (Thermodynamics, Radiation,
Cloud Physics etc.), Geophysical Fluid Dynamics, General
Circulation and Climate, and Numerical Methods and
Numerical Modelling. About 50 persons got the training.

field, Maxwell current, raindrop charge and precipitation
current were measured during the pilot phase.
Instruments required for these measurements were
designed, fabricated and calibrated in the Institute.

As suggested by the Department of Science and
Technology, Govt. of India the Boltek Storm Tracker
was installed at the Lohegaon Airport in February 2006
on trial basis. Subsequently observations were carried
out regularly during the pre-monsoon period.

A special field campaign was organized as part of
ISRO-sponsored project entitled “Multi-site Characterization
of Aerosol Direct Radiative Forcing Using
Measurements”, CIMEL sun/sky radiometer, MICROTOPS-
II, Lidar and Pyranometer observations were carried out
at Space Physics Laboratory, VSSC, Thiruvanathapuram
during 21 February to 03 March, 2007.

A field campaign was undertaken with an
objective to monitor the levels of suspended particulate
matter, sulfur dioxide, ozone and its precursors
(NOX, CO and NMHCs) in the vicinity of the sugar
factory when they are in operation during February
2007. While selecting the sites for observations a
number of activities like burning of bagasse (a crushed
residue of sugar cane) in the boiler and the production
of other byproducts like molasses and other wastes and
the elevated levels of pollutants were considered.
Following two locations at Kasarsari, Taluka Mulashi,
District, Pune were selected for monitoring of the gases:

• Dam side (background site), Guest House, Irrigation
Department, 40 km, 11-15 February, 2007.

• Shri Santa Tukaram Co-op Sugar Factory Ltd.,
30 km, 5-10 February, 2007.

Special field observations of aerosols (TSP), Black
carbon, size distribution of aerosols and meteorological
parameters were carried out during 23-30 May, 2006
and for characterization of aerosols and trace gases
during 22-30 December, 2006, both at Sinhagad, a high-
altitude site (~1400 m AMSL). Measurements included
sun/sky radiance at five spectral channels using a
polarized CIMEL sun/sky radiometer, columnar aerosol
optical depth, ozone and precipitable water content
using a Microtops II sunphotometer and ozonometer,
and down-welling solar flux using a Kipp & Zonen
pyranometer Co-located observations of aerosol
number-size distribution and black carbon concentration
using Magee Aethalometer and Grim Aerosol
Spectrometer. Observations of TSP and mass size
distribution of aerosols were conducted using high
volume sampler and low volume Anderson sampler.

Field Observational Programmes

Institute scientists participated in the ISRO – GBP
Programme of Integrated Campaign for Aerosols,
Gases and Radiation Budget (ICARB) organized during
18 March -18 May, 2006 to understand the role of
aerosols in cloud formation and radiation balance.
Under this campaign marine observations on board
Sagar Kanya over Bay of Bengal, Indian Ocean and
Arabian Sea, land observations at the Institute in Pune
and its New Delhi branch, and airborne measurements
on an instrumented aircraft were arranged. Vertical
distribution, mass size distribution and optical depths of
aerosols, total column ozone and water vapour, net
radiation and down-welling SW radiative flux, total
suspended particulates and mass size distribution were
measured during the programme.

The Department of Science and Technology
(DST), Govt. of India plans to conduct an intensive
experiment, viz., Severe Thunderstorm Observations
and Regional Modeling (STORM) in northeast India to
understand the interactions between dynamics,
microphysics and electrification of severe
thunderstorms during 2007-2009. The Pilot phase of this
experiment was conducted at Indian Institute of
Technology, Kharagpur during April - May 2006 in
which the Institute scientists participated. Various
atmospheric electricity parameters viz. vertical electric
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Science Popularization

On invitation, Institute participated in the
Science Expo-2006 organized at the Nehru Science
Centre, Worli, Mumbai during 13-17 January, 2007. An
exhibition and power point show on the Institute’s
research activities and scientific film show on
Meteorology related topics were arranged during the
Science Expo. On this occasion Dr. Vijayakumar
delivered a popular lecture on ‘Clouds and Precipitation
Processes and their Modification’ on 16 January, 2007 for
the students. Shri A.B. Sikder, Dr. R.S. Maheshkumar,
Shri V.H. Sasane and Shri C.T. Jadhav were the
volunteers of the Science Expo. Dr. Maheshkumar and
Shri Sikder were nominated as judges for the Science
Quiz programmmes, Essay competitions and other
contests organised for the students. Response from
students, teachers and general public was overwhelming
to the Institute’s pavilion.

Institute celebrated the National Science Day on
28 February, 2007. On this occasion, open day for all,
popular scientific lecture, scientific film shows and visit
to laboratories were organized. Students from various
schools, colleges, University etc. and general public
visited the Institute, observed the laboratory work and
had interaction with scientists. The response was
overwhelming. On this occasion, the All India Radio
(Akashwani), Pune Station arranged broadcasting of an
interview of Prof. B.N. Goswami, Director IITM on
“The hide and seek game of the Indian summer
monsoon: Active and Break spells” during 815-830 pm.
Institute also participated in the exhibition organized on
the occasion of the Science Congress of the Pimpri -
Chinchwad Science Park, held during 28 February-
2 March, 2007 at Ramakrishna Prekshagriha,
Chinchwad, Pune.

Institute also celebrated the World Water Day and
the World Meteorological Day on 22 March, 2007 and
23 March, 2007 respectively, by arranging Open Day
for all, scientific exhibition, visit of students and general
public to the laboratories, library and satellite pictures
receiving centre, popular lectures of Institute’s scientists
on the themes of the celebrations and screening of
scientific films. Dr. Nityanand Singh delivered the
World Water Day lecture on “Coping water scarcity with
religious sentiments and scientific temperament’ on

22 March, 2007 and Dr. C.G. Deshpande delivered the
World Meteorological Day lecture on “Polar
meteorology: Understanding global impacts” on
23 March, 2007.

Dr. Nityanand Singh
World Water Day Lecture

Participation in Science Expo, Mumbai

Science Popularization Programme at IITM

Dr. C.G. Deshpande
World Meteorological Day Lecture
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Biography of Prof. P. R. Pisharoty

Biography of late Prof. Pisharoth Rama Pisharoty,

Founder Director of the Institute of Tropical

Meteorology (ITM), Pune written by Prof. G.C. Asnani,

has been published by the Indian National Science

Academy (INSA), New Delhi in the Biographical

Memoir of the INSA Fellows, Volume 30, 2006,

pages 107-126.

Foundation Day Celebrations

The Institute celebrated its 45th Foundation Day

on 17 November, 2006. Dr. Vasant Gowariker, Former

Director, Vikram Sarabhai Space Centre and Former

Vice Chancellor, University of Pune was the Chief

Guest and Dr. Madhav Gadgil, Former Professor of

Ecological Sciences, Institute of Science, Bangalore

was the Guest of Honour of the function. The function

included presentation of Annual IITM Silver Jubilee

Award for the scientific research paper and the

Excellent Performance Award specially established by

the Institute for its Administrative, Technical and

Non-Technical Maintenance staff. Dr. Madhav Gadgil

delivered the Foundation Day Lecture on “Towards a

collaborative knowledge resource on India’s

environment”. The Silver Jubilee Award lecture by

Dr. C.G. Deshpande was also arranged on this

occasion. Heads of various local Institutions, important

dignitaries and ex-employees of the Institute participated

in the function. The function was concluded by a

cultural programme in the evening.

Vigilance Awareness Activities

The Vigilance Unit of the Department of Science

and Technology, Govt. of India visited the Institute and

carried out Vigilance Inspection of the Institute during

19-21 April, 2006.

Vigilance Awareness Week was observed at the

Institute during 6-10 November, 2006. The functions

included pledge taking by the employees on

6 November, 2006 and a lecture by Shri J.C. Aylawadi,

Former Director, Steel Authority of India. An essay

competition was arranged on the subject of vigilance

and prizes were given to first three winners.

Observance of Anti-Terrorism Day
and Quami Ekta Week

Institute observed ‘Anti-Terrorism Day’ on

21 May, 2006 and ‘Quami Ekta Week’ during

19-25 November, 2006. On both the occasions a pledge

was administered to all the employees of the Institute.

Armed Forces Day

Institute observed ‘Armed Forces Day’ on

7 December, 2006.

Computer and Data Archival

The Computer and Data Division provides

centralized computing services to the scientists,

research fellows, students and other employees of

the Institute such as Linux based e-mail, FTP

Website transfer through Internet leased line and

internet facility through 1 Mbps fiber optics. The

present computational facilities available in the

Institute include 25 servers/workstations a good

number of PCs, Laptops, all with Internet

connectivity, requisite softwares and accessories,

state of art presentation facil ity and network

connectivity to the conference and seminar halls, and

intranet in the Institute’s campus. An antivirus server

has been installed which automatically updates and

scans hard disk of each windows based PC in LAN

of the Institute. A mail relay service has been started

for mail anti-spam filtering and ant-virus support for

e-mails. Support was provided for the functions of the

Accounts, Purchase and Stores by preparing various

specialized computer programs. Different meteorological

data sets were procured from the India Meteorological

Department and provided to the users by changing their

formats as per the users’ requirements.
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Library, Information and Publication

The Institute’s Library, Information and
Publications Division serves as the Information System
in Meteorology and Atmospheric Sciences. The Library
has built an information base consisting of books,
monographs, back volumes of journals, scientific/
technical reports, seminars/ symposia 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 284 books and reports in
Meteorology and allied subjects were added. 98
Periodicals of national/international origin were
subscribed to with on-line access. Several scientific and
technical reports were received from the other National
and the International Organizations on complimentary
and exchange basis. Computerized data bases for
books, journals, reprints and other publications have
been prepared and made accessible through the
Institute’s website.

The Division has maintained liaison with
Institutions, Universities and Ministries. Number of
reports on the research activities and plan schemes of
the Institute were prepared and sent to the Department
of Science and Technology, Ministry of Earth Sciences,
India Meteorological Department, Universities and
Research Institutes.

Technical services like photocopying, photography,
drafting, drawing, printing and binding were provided to
the Institute scientists. Information on Institute’s website
was updated and new information was uploaded from
time to time.

Programmes for popularization of meteorology
among students and public were arranged by organizing
open days and scientific exhibition depicting research
activities of the Institute, scientific film shows and
popular science lectures by experts on the occasion of
important events such as National Science Day, World
Water Day and World Meteorological Day. Organized
tours were arranged for the students and trainees
visiting the Institute under their study tour. They were
taken round the Institute and shown the laboratories,
library and satellite pictures receiving centre. Institute

also participated in the Science Expo-2006 at Nehru
Science Centre, Mumbai during 13-17 January, 2007.
and in the exhibition organized on the occasion of the
Science Congress of the Pimpri - Chinchwad Science
Park, held during 28 February-2 March, 2007 at
Ramakrishna Prekshagriha, Chinchwad, Pune. Exhibition
on Institute’s activities, Power Point slide show and
scientific films on Meteorology and Atmospheric
Sciences were organized at the Institute’s the pavilion
on the occasion of both the events.

11th Five Year Plan

A proposal for 11th Five Year Plan, for the period
2007-2012, containing 9 projects as continuing
programmes and 10 projects as new programmes to
the tune of Rs. 300.00 crores was compiled and
submitted to the Ministry of Earth Sciences, New Delhi
for its approval. Several reports on performance and
achievements of the 10th Five Year Plan, Demands for
Grant, Annual Action Plan, Quarterly and Half Yearly
Targets etc. for the 11th Five Year Plan have also
been compiled and submitted to the Ministry of Earth
Sciences and Planning Commission.

Management

As per Notification No. O.M. No.25/10/2006
dated 19 July, 2006 from the President of India the
Institute has been transferred from the Department of
Science and Technology (Ministry of Science and
Technology) to the Ministry of Earth Sciences,
Government of India with effect from 12 July, 2006.
The management of the Institute vests with its
Governing Council at the apex level. After expiration
of the tenure of the previous Council the new
Governing Council was constituted by the Department
of Science and Technology, the then funding
Department of the Govt. of India. The council consists
of seven scientists members, Director General of
Meteorology, Senior Representatives of the Ministry of
Earth Sciences and Director, IITM, under the
Chairmanship of Dr. U.R. Rao Chairman, ISRO Head
Quarter, Bangalore. The new Governing Council held
its meetings on 4-5 August, 2006 and 11-12 December,
2006. The Institute has been maintaining close
collaboration and interaction with other organizations



8 4 Indian Institute of Tropical Meteorology, Pune

working in the field of Meteorology, particularly with
the India Meteorological Department (IMD), National
Centre for Medium Range Weather Forecasting
(NCMRWF), Indian Space Research Organization
(ISRO), Indian Institutes of Technology, Universities
and other scientific organizations associated with
academic and research work in Atmospheric and
Oceanic Sciences.

Administration

The Administration provides support for the
personnel management, finance, purchase, stores, capital
works and maintenance of buildings and campus.

Personnel Profile

As on 31 March, 2007 the Institute had its staff under
different categories as shown below:

Category  No. of Posts

Research I 71
Research I- A 51
Scientific 04
Technical 31
Administrative 46
Non-Technical Maintenance 38

Total 241

Staff changes

Appointments

Prof. B.N. Goswami 1 June, 2006
Director

Shri A.S. Gautam 1 June, 2006
Scientific Assistant

Shri Y.J. Pawar 26 June, 2006
Upper Divisional Clerk

Shri I.A.K. Pathan 29 June, 2006
Upper Divisional Clerk

Kum. A.P. Bhujbal 29 June, 2006
Upper Divisional Clerk

Kum. B.G. Naik 24 July, 2006
Upper Divisional Clerk

Shri S.M. Hendre 21 December, 2006
Accounts Officer

Dr. O.N. Shukla  31 January, 2007
Hindi Officer

Retirement on Superannuation

Dr. V. Satyan, 30 April, 2006
Scientist ‘E’

Shri M.H.Gangawane 30 June, 2006
Section Officer

Shri. S. Sinha  31 July, 2006
Scientist ‘E’

Shri M.D. Mane 31 August, 2006
Laboratory Assistant

Dr. A.K. Kamra  30 September, 2006
Scientist ‘G’

Dr. S. Sivaramakrishnan 31 January, 2007
Scientist ‘F’

Shri D.R. Chakraborty  31 January, 2007
Scientist ‘D’

Shri C.T. Jadhav  31 January, 2007
Laboratory Assistant

Dr. R. Vijayakumar  28 February, 2007
Scientist ‘F’

Dr.L. S. Hingane  28 February, 2007
Scientist ’D’

Shri C.M. Mohile  28 February, 2007
Scientist ’C’

Voluntary Retirement

Shri R.S. Mandhare  9 May, 2006
Electrician

Shri D.D. Kadam 9 May, 2006
Laboratory Attendant

Smt. S.S. Desai 4 November, 2006
Scientist ‘C’
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Resignation

Shri S. Gunthe, and 30 June, 2006
Kum. C.Sukumaran

IITM Research Fellows

Shri V. Singh  8 December, 2006
IITM Research Fellows

Kum. A. De 28 February, 2007
IITM Research Fellow

Status of SC / ST / OBC Reservations

Category SC ST OBC Total

Research I 12 5 8 25

Research I-A 5 4 2 11

Scientific 3 1 - 4

Technical 6 2 1 9

Administrative 4 5 - 9

Non-Technical 12 3 2 17
Maintenance

Total 42 20 13 75

Plan (-) 77.00 68.00 980.00 971.00 971.00

Non-Plan - - 220.00 220.00 220.00

Sponsored Projects 115.56 - 119.45 235.01 146.40

Total 38.56 68.00* 1319.45 1426.01 1337.40

(Rs. in Lakhs)

Opening
Balance

Other
Income

Grant
Received

Total Actual
Expenditure

* Rs. 24.00 lakhs pertaining to the year 2005-06

Employment of Ex-servicemen

Reservation for the ex-servicemen was made at
10% in Group ‘C’ and ‘D’ posts of the Institute. The
percentage of ex- servicemen at the Institute vis-à-vis
total number of employees in Group ‘B’ and Group ‘C’
was nil, while that of Group ‘D’ was 2.6%.

Staff Council

The Staff Council is an elected body representing
employees of the Institute in different categories and
acts as a forum for discussion on matters of common
interest to the employees and for increasing efficiency.
The Staff Council met three times during the year.

Academic Council

The Academic Council is a body consisting of
scientists in the grade of Scientist ‘D’ and above. It
considers all the matters relating to scientific projects
of the Institute and ensures team work and team spirit
in the Institute for achieving its aims and objectives.
Seven meetings of the council were held during the
year.

Advisory Committee

The Advisory Committee consisting of Heads of
Divisions considers policy matters of the Institute. During
the year five meetings of the Committee were held.

Finance

Budget

The grant received and the actual expenditure incurred for the period 2006-2007 are as follows :
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The Auditors appointed by the Governing Council
M/s M.S. Godbole and Associates, Chartered
Accountants, Pune conducted the audit for the year
2006-07. The abstract of the report is enclosed at the
end of this report.

The Office of the Principal Director of Audit,
Scientific Departments, Mumbai Branch conducted IT
Audit of the Institute for the financial years 2000-01
to 2005-06 during 19 December, 2006 to 12 January,
2007. Compliances of the audit paras have been
submitted.

Internal Inspection of Accounts on behalf of
Internal Audit Wing (IAW) of Controller of Accounts,
Ministry of Science and Technology, New Delhi audited
the Institute’s accounts for the financial years 2004-05
and 2005-06 during 13 – 17 November, 2006.

Purchase and Stores

The Institute acquired scientific equipment and
accessories, data acquisition and storage systems,
personal computers, work stations, enhancing systems
and accessories to the existing computer systems and
office furniture items.

During the period the following purchases were
made :

• Equipment : Rs. 86.16 lakhs

• Dead Stock : Rs. 6.18 lakhs

• Consumables : Rs. 17.63 lakhs

Official Language Implementation

Hindi Cell works under Administrative Wing of
the Institute as per rules and directives regarding
Official Language Implementation. All general circulars
and office orders were issued in bilingual format. With
the guidance of Official Language Implementation
Committee, Hindi Cell looks after Hindi translation and
arranges Hindi Training for officers and employees in
different cadres. One employee was nominated for
“Prabodh” course held by Hindi Teaching Scheme
during the year. One employee successfully completed
the “Pragya” course with 5th rank in all India level.

n n n

In addition to the regular use in administrative work,
the use of Hindi is being promoted in scientific work.

Dr. K.P. Sharma, Research Officer, Ministry of
Home Affairs, Official Language Implementation,
Mumbai visited the Institute on 8 June, 2006. He
conducted inspection of Hindi language implementation
in the Institute.

Hindi Week was celebrated during
11-14 September, 2006. On this occasion competitions
in poetry, quiz, anathakshari, noting & drafting etc.
were conducted. The prizes were given away at the
hands of Dr Sunil Keshav Deodhar, Programme
Officer, All India Radio, Pune, who was the
Chief Guest of the Closing Ceremony of Hindi Week.

Two In-house Hindi Workshops were organized on
19-20 October, 2006 and 26-27 March, 2007
respectively, for the Institute employees of Scientific,
Technical and other categories. Seminars and
presentations on use of Hindi in scientific and technical
work and in day to day work were made by the
faculty and participants. Experts from the Institute’s
various Divisions acted as faculty of the Workshops.

Dr. Nityanand Singh participated in
Computerization of Hindi Workshop held at Nainital
during 1-3 November, 2006 and presented a paper.
Dr. Singh has been awarded First Prize for his paper
presentation, under the Rajbhasha Prabandhan Niti
Karyanvayan Karyashala Suchana Prodhogiki.

Dr. M. Mujumdar attended a Book release
programme at Hindi Bhavan organised by the
Maharashtra Rashtrabhasha Prachar Samiti, Pune on
20 November, 2006 and had discussions with eminent
personalities regarding popularization of official language
(Hindi).

A seminar on Official Language Implementation
in the context of linguistics “Rashtra-Bhasha
Karyanyvyan: Bhasha Vigyan ke paripekshya main”
by Dr. Prashant Pardeshi, Prof. of Linguistics, Kobe
University, Japan, was organized in the Institute on
4 January, 2007.
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Papers Published in Journals

Extended Range Prediction and
Predictability of Monsoon

Dwivedi S., Mittal A.K. and Goswami B.N., Empirical
rule for extended range prediction of duration of
Indian summer monsoon breaks, Geophysical
Research Letters, 33, 2006, L18801, doi:10.1029/
2006GL027035.

Goswami B. N., Venugopal V., Sengupta D.,
Madhusoodanan M. S., and Xavier P. K., Increasing
Trend of Extreme Rain Events over India in a
Warming Environment, Science, 314, 2006, 1442 - 1445.

Goswami B.N., Wu G. and Yasunari T., Annual cycle,
intraseasonal oscillations and roadblock to seasonal
predictability of the Asian summer monsoon,
Journal of Climate, 19, 2006, 5078 – 5099.

Numerical Weather Prediction
Research and Meso-scale Modelling

Halder S., Mukhopadhyay P. and Singh H. A. K.,
Idealised simulations of Norwesters over Kolkata
using a high resolution mesoscale model, Vatavaran,
30, 2006, 29-54.

Vaidya S.S., Performance of two convective
parameterization schemes over Indian Region in
mesoscale model, Meteorology and Atmospheric
Physics, 92, 2006, 172-190.

Vaidya S.S., Simulation of weather systems over Indian
region using meso-scale models, Meteorology and
Atmospheric Physics, 95, 2007, 15-26.

Extended Range Weather
Prediction Research

Kakade S.B. and Dugam S. S., North Atlantic
Oscillation and northern hemispheric warming,
Indian Journal of Marine Sciences, 35, 2006,
205-209.

Kakade S.B. and Dugam S. S., Spatial monsoon
variability with respect to NAO and SO, Journal
of Earth System Science, 115, 2006, 601-606.

Kripalani R.H ., Oh J.H. and Chaudhari H.S., Change
of East Asian Monsoon to CO2 increase, Korean
Journal of Quaternary Research, 20, 2006, 9-27.

Kripalani R.H., Oh J.H. and Chaudhari H.S.,
Response of the East Asian summer monsoon to
doubled atmospheric CO2: coupled climate model
simulations and projections under IPCC AR4,
Theoretical and Applied Climatology, 87, 2007, 1-28.

Kripalani R.H., Oh J.H., Kulkarni A.A. , Sabade
S.S. and Chaudhari H.S., South Asian summer
monsoon precipitation variability: coupled climate
model simulation and projections under IPCC AR4,
Theoretical and Applied Climatology (Published
Online on 28 February, 2007).

Kulkarni A.A., Sabade S.S. and Kripalani R.H. ,
Association between extreme monsoons and the
dipole mode over the Indian subcontinent, Meteorology
and Atmospheric Physics, 95, 2007, 255-268.

Panchwagh N.V., Seasonal variation of SST and mean
OLR distribution over Indian Ocean warm pool,
Journal of Indian Geophysical Union, 10, 2006,
167-173.

Panchwagh N.V., Spatio-temporal features of
convection over the Asian tropics using GPCP
rainfall estimates, The Deccan Geographer, 44,
2006, 47-54.

Satellite Meteorology and
Applications of Satellite Data in
Weather Forecasting

Narkhedkar S.G., Sinha S.K., Kulkarni P.L.,
Kulkarni J.R. and Mahajan P.N., Diagnostic
study of monsoon depression and examination of
energetics produced by two schemes (2-D NVA
and 3-D NVA) over India region, Journal of Indian
Geophysical Union, 11, 2007, 29-45.

Publications
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Regional Climate Diagnostics,
Prediction and Applications

Krishna Kumar K., Rajagopalan B., Hoerling M.,
Bates G. and Cane M, Unravelling the mystery of
Indian monsoon failure during El Nino, Science,
314, 2006, 115-119.

Munot A. A.  and Krishna Kumar K.,  Long range
prediction of Indian summer monsoon rainfall,
Journal of Earth System Science, 116, 2007, 73-79.

Pankaj Kumar, Rupa Kumar K.,  Rajeevan M. and
Sahai A. K., On the recent strengthening of the
relationship between ENSO and northeast monsoon
rainfall over south Asia, Climate Dynamics, 28, 2007,
649-660.

Pant G.B. and Rupa Kumar K., Global warming: the
Indian context, Vayumandal, 32, 2006, 56.

Tank A.M.G.K., Peterson T.C, Quadir D.A., Dorji S.,
Zou X., Tang H., Santhosh K., Joshi U.R., Jaswal
A.K., Rupa Kumar K., Sikder A. B.,
Deshpande N.R., Revadekar J.V, Yeleuova K.,
Vandasheva S., Faleyeva M., Gomboluudev P.,
Budhathoki K.P., Hussain A., Afzaal M.,
Chandrapala L., Anvar H., Amanmurad D.,
Asanova V.S., Jones P.D., New M.G. and
Spektorman T., Changes in daily temperature and
Precipitation extremes in central and south Asia,
Journal of Geophysical Research, 111, D16105,
2006, doi:10.1029/2005JD006316.

Hydrometeorological Studies of
River Basins for Applications in
Water and Power Resource
Projects

Dhar O.N. and Nandargi S.S., Cherapunji breaks the
world precipitation record for one-day duration,
International Journal of Meteorology, 31, 2006,
146-147.

Dhar O.N. and Nandargi S.S., Monsoon precipitation
over northeast India and the Tibet region - a
comparative study, International Journal of
Meteorology, 32, 2007, 47-51.

Dhar O.N. and Nandargi S.S., Should extreme
precipitation recorded over long period of time to
be considered as PMP (probable maximum
precipitation)?, International Journal of Meteorology,
32, 2007, 85-92.

Mandal B.N., Deshpande N.R., Kulkarni B.D. and
Sangam R.B., Spatial patterns of highest observed
1 to 3-day point rainfall over the Indian region,
Journal of Applied Hydrology, XVIII, 2005, 77-87.

Nandargi S.S and Dhar O.N., Tropical disturbances
and Indian monsoon rainfall, Journal of Applied
Hydrology, XIX, 2006, 1-7.

Changes in Rainfall Pattern and
Hydrologic Regimes over India
and their Relationship to Global
Warming

Yadav R.K., Rupa Kumar K. and Rajeevan M., Role
of Indian Ocean sea surface temperatures in
modulating northwest Indian winter precipitation
variability, Theoretical and Applied Climatology, 87,
2007, 73-83.

Physics and Dynamics of Tropical
Clouds

Kandalgaonkar S.S., Tinmaker M.I.R., Kulkarni
M.K. and Kulkarni J.R., Lightning and rainfall
activity observed on 26 July 2005: an exceptionally
heavy rainfall day over Mumbai and possibility of
rain gush phenomenon, Journal of Atmospheric
Electricity, 27, 2007, 9-18.

Kandalgaonkar S.S., Tinmaker M.I.R., Kulkarni
M.K. and Nath A.S., Lightning and rainfall activity
over Gangetic West Bengal, Journal of Atmospheric
Electricity, 26, 2006, 37-50.

Kandalgaonkar S.S., Tinmaker, M.I.R., Kulkarni
M.K., Nath A.S. and Trimbake H.K., Overview
of initial performance of BOLTEK storm tracker:
a lightning detector, Journal of Atmospheric
Electricity, 26, 2006, 59-67.
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Kulkarni M.K.  and Pawar N.J., Impact of
urbanization on the quality of ground water in the
Ramnadi basin, Pune, Indian Journal of
Environmental Protection, 26, 2006, 877–884.

Morwal S. B., Nagar S. G., Murty V. S. N. and
Seetaramayya P., Marine boundary layer
characteristics during a cyclonic storm over the
Bay of Bengal, Journal of Earth System Science,
115, 2006, 587-600.

Remote Sensing of the Atmosphere
Using LIDAR and other Ground
Based Techniques

Deshpande S. M., Kulkarni J.R., Joshi R.R.,
Singh N., Damle S.H. and Pant G.B.,
Atmospheric subsidence and the surface
temperature variability in the
pre-monsoon month over a semi arid north peninsular
Indian station: A case study, Indian Journal of
Radio and Space Physics., 36, 2007, 33-43.

Devara P.C.S., Raj P.E., Pandithurai G., Dani K.K.,
Sonbawne S.M., and Rao Y.J., Differential
absorptions lidar probing of atmospheric ozone over
a tropical urban station in India, Measurement
Science and Technology, 18, 2007, 639-644.

Reddy K.M.C., Kishore Kumar K., Sivakumar V.,
Ghosh A.K., Jain A.R. and Krishna Reddy K.,
Diurnal and seasonal variability of TKE dissipation
rate in the ABL over a tropical station using UHF
wind profiler, Journal of Atmospheric and Solar-
Terrestrial Physics, 69, 2007, 419-430.

Studies in Air Pollution and
Precipitation Chemistry

Praveen P.S., Rao P.S.P., Safai P.D., Devara
P.C.S., Chate D.M., Ali K. and Momin G.A.,
Study of aerosol transport through precipitation
chemistry over Arabian Sea during winter and
summer monsoons, Atmospheric Environment,
41, 2007, 825-836.

Tiwari Y. K.,  Gloor M., Engelen, R.J., Chevallier F.,
Rödenbeck C., Körner S., Peylin P., Braswell B.
H. and Heimann M., Comparing CO[2] retrieved

from atmospheric infrared sounder with model
predictions: implications for constraining surface
fluxes and lower-to-upper troposphere transport,
Journal of Geophysical Research, 111, 2006,
D17106.doi:10.1029/2005.JD.006881

Atmospheric Chemistry, Modelling
and Dynamics

Beig G., Preface: long term changes and trends in the
atmosphere, Physics and Chemistry of the Earth,
31, 2006, doi:10.1016/j.pce. 2006. 03.001.

Beig G., Trends in the mesopause region temperature
and our present understanding - an update, Physics
and Chemistry of the Earth, 31, 2006, doi:10.1016/
j.pce.2005.03. 007.

Beig, G., and Ali K. , Behavior of boundary layer
ozone and its precursors over a Great
Alluvial Plain of the World: Indo-Gangetic Plains,
Geophysical Research Letters, 33,
2006, L24813,doi:10.1029/2006GL028352.

Fadnavis S. and Beig G., Decadal solar effects on
temperature and ozone in the tropical stratosphere,
Annales Geophysicae, 24, 2006, 2091 - 2103.

Fadnavis S. and Beig G., Seasonal variation of trend
in temperature and ozone over the tropical
stratosphere in the northern hemisphere, Journal of
Atmospheric and Solar- Terrestrial Physics, 68,
2006, 1952 - 1961.

Lastovicka J., Akmaev R.A., Beig G., Bremer J.,
Emmert J.T., Global change in the upper
atmosphere, Science, 314, 2006, 1253-1254.

Measurement and Monitoring of
Atmospheric Minor Constituents

Londhe A. L., Patil S. D., Padma Kumari B. and
Jadhav D. B., Ozone variations pertaining to dry
and wet monsoon seasons over Indian region,
Mausam, 2006, 57, 663-668.

Meena G.S., Bhosale C.S. and Jadhav D.B.,
Retrieval of stratospheric O3 and NO2 vertical
profiles using zenith scattered light observations,
Journal of Earth System Science, 115, 2006, 333-347.
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Padma Kumari B., Londhe A.L., Jadhav D.B. and
Trimbake H.K., Seasonal variability in the
stratospheric aerosol layer in the current
volcanically-quiescent period over two tropical
stations in India using the twilight sounding method,
Geophysical Research Letters, 33, 2006, L12807,
doi:10.1029/2006 GL 026087.

Surface Observations of
Atmospheric Electricity and Electric
Properties of Clouds

Chen S.C., Tsai C.J., Roth J.L., Deshpande C.G. and
Chein, H. M., Control of nanoparticles by an axial
flow cyclone operating in vacuum conditions,
Journal of Chinese Colloid and Interface Society.,
28, 2006, 237-246.

Ghude S.D., Jain S.L., Arya B.C., Kulkarni P.S.,
Ashok Kumar and Ahmed N., Temporal and spatial
variability of surface ozone at Delhi and Antarctica,
International Journal of Climatology, 26, 2006,
2227-2242.

Ghude S.D., Jain S. L., Kulkarni P. S., Kumar A. and
Arya B.C., Year to year variation of ozone hole
over Schirmacher region of East Antarctica: a
synopsis of four year measurements, Indian Journal
of Radio and Space physics, 35, 2006, 253-258.

Pawar S. D. and Kamra A. K.,  End-of-storm-
oscillation in tropical air-mass thunderstorms,
Journal of Geophysical Research – Atmospheres,
11, 2007, D03204, doi:10.1029/2005JD00 6997.

Siingh Devendraa, Gopalakrishnan V., Singh R.P.,
Kamra A.K., Singh S., Pant V., Singh R. and
Singh A.K., Atmospheric global electric circuit - an
overview, Atmospheric Research, 82, 2007, 91-110.

Tsai C.J., Lin H.C., Roth J.L., Shih T.S. Chang,
K.C.Hung I.Fu. and Deshpande C.G., Sampling
time effect on 2,4-toluene diisosyanate concentration
by using different samplers, Separation Science and
Technology, 41, 2006, 1799–1812.

Tsai C.J., Lin H.C., Shih T.S., Chang K.C., Hung I.F. and
Deshpande C.G. , Measurement of 2,4-toluene
diisocyanate concentrations by different samplers,
Journal of Hazardous Materials B137, 2006, 1395 - 1401.

Investigation and Modelling of
Land Surface Processes in the
Atmospheric Boundary Layer

Joshi R.R., Singh N., Deshpande S.M., Damle
S.H. and Pant G.B., UHF wind profiler observation
of monsoon low level jet over Pune, Indian Journal
of Radio and Space Physics, 35, 2006, 349-359.

Patil M. N. , Aerodynamic drag coefficient and
roughness length for three seasons over a tropical
western Indian station, Atmospheric Research, 80,
2006, 280-293.

Patil M.N.  and Sinha S., Soil temperature distribution
with vegetation and rainfall over semi-arid region
of western India, Mausam, 57, 2006, 688-694.

Experimental Study of Exchange
Processes in the Atmospheric
Boundary Layer over Continental
and Marine Environment

Debaje S.B. and Kakade A.D., Measurements of
surface ozone in rural site of India, Aerosol and
Air Quality Research, 6, 2006, 444 – 465.

Debaje S.B. and Kakade A.D., Weekend ozone effect
over rural and urban sites in India, Aerosol and Air
Quality Research, 6, 2006, 322 – 333.

Dharmaraj T., Murthy B.S. and Sivaramakrishnan
S., Vertical structure of the lower atmosphere over
the Arabian Sea and west coast station during
weak phase of the Indian summer monsoon, Indian
Journal of Radio and Space Physics, 35, 2006,
418-423.

Latha R, Micrometeorological influences and surface
layer Radon ion production: consequences for the
atmospheric electric field, Atmospheric
Environment, 41, 2007, 867-877.
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Studies on Dynamical Ocean
Modelling

Agarwal N., Sharma R., Basu S., Parekh A., Sarkar
A. and Agarwal V. K., Bay of Bengal summer
monsoon 10 – 20 day variability in sea surface
temperature using model and observations,
Geophysical Research Letters, 34, 2007, L06602,
doi:10.1029/2007GL029296.

Agarwal V. K., Mathur A., Sharma R., Agarwal N.
and Parekh A., Study of air–sea interaction
following the tsunami of 26 December, 2004 in the
eastern Indian Ocean, International Journal of
Remote Sensing, 28, 2007, 1-7.

Chowdary J.S., Gnanaseelan C., Sinha S.K. and
Thompson B., Study on the variability of
atmospheric and oceanic processes over the Arabian
Sea during contrasting monsoon, Meteorology and
Atmospheric Physics, 94, 2006, 65-85.

Chowdary J.S., Gnanaseelan C., Thompson B. and
Salvekar P.S., Water mass properties and
transports in the Arabian Sea from Argo
observations, Journal of Atmospheric and Ocean
Science, 10, 2005, 235-260.

Chowdary J.S., Gnanaseelan C., Thompson B. and
Salvekar P.S., Seasonal variations of synoptic
featuresover the North Indian Ocean dipole years,
Indian Journal of Marine Sciences, 35, 2006,75-86.

Chowdary J.S., Gnanaseelan C., Vaid B.S. and
Salvekar P.S., Changing trends in the tropical
Indian Ocean SST during La-Nina years,
Geophysical Research Letters, 33, 2006, L18610,
doi : 10.1029/2006 GL 026707.

Deepa R., Seetaramayya P., Nagar S. G. and
Gnanaseelan C., On the plausible reasons for the
formation of onset vortex in the presence of
Arabian Sea mini warm pool, Current Science, 92,
2007, 794-800.

Deo A.A., Ganer D.W. and Salvekar P.S., Oceanic
mixed layer variations during the movement of
cyclone along symmetric tracks in the Indian
Ocean, Indian Journal of Marine Sciences, 35,
2006, 111-122.

Deo A. A., Ganer D. W. and Salvekar P. S.,
Sensitivity of oceanic mixed layer to different
model resolutions in response to Indian Ocean
cyclone, Journal of Indian Geophysical Union, 10,
2006, 87-99.

Ganer D.W., Deo A.A. and Salvekar P.S., Simulation
of SST fluctuations and circulation in the equatorial
Indian Ocean, Journal of Indian Geophysical Union,
10, 2006, 209-218.

Thompson B., Gnanaseelan C. and Salvekar P.S.,
Variability in the Indian Ocean circulation and
salinity and its impact on SST anomalies during
dipole events, Journal of Marine Research, 64,
2006, 853-880.

Vaid B. H., Gnanaseelan C., Thompson B., De A.
and Salvekar P.S., Heat storage variability in the
Indian Ocean using Topex/Poseidon altimeter data,
Journal of Indian Geophysical Union, 10, 2006,
101-117.

Vaid B.H. and Thompson B., Ocean and global
climate, Vatavaran, 30, 2006, 66 -70.

Diagnostics and Modelling Studies
of Long Term Trends and
Variability of Climate over the
Indian – Asia Pacific Regions

Chakraborty A., Mujumdar M.S., Behera S.K., Ohba
R. and Yamagata J., Cyclone over Saudi Arabia
on 5 January 2002: A case study, Meteorology and
Atmospheric Physics, 93, 2006, 115-112.

Gairola R.M., Pokhrel S., Varma A.K. and Agarwal
V. K., Multiparameter microwave retrieval
algorithms: performance of neural networks,.
Current Science, 91, 2006, 1382-1387.

Krishnan R., Ramesh K.V., Samala B.K., Meyeres
G., Slingo J.M. and Fannessy M.J., Indian Ocean-
monsoon coupled interactions and impending
monsoon droughts, Geophysical Research Letters,
33, 2006, L08711, doi:10.1029/2006 GL 025811.

Mujumdar M.S. , Enhanced human thermal comforts
using forced cross ventilation in tropical
environment, Vayumandal, 32, 2006, 57- 60.
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Mujumdar M., Vinay Kumar  and Krishnan R.,
Indian summer monsoon drought of 2002 and its
linkage with tropical convective activity over north-
west Pacific, Climate Dynamics, DOI.10.1007/
s00382-006-208-7. (Published On-line,
24 November 2006).

Verma A.K., Pokhrel S, Gairola R.M. and Agarwal
V.K., Study of geophysical parameters associated
with the Orissa super cyclone using active and
passive microwave remote sensing measurements,
International Journal of Remote Sensing, 27, 2006,
3753-3765.

General Circulation Model
Systematic Error Correction and
Seasonal Prediction Using Artificial
Neural Network

Grimm A. M., Sahai A. K. and Ropelewski C. F.,
Interdecadal variations in AGCM simulation skills,
Journal of Climate, 19, 2006, 3406-3419.

Mandke S. K., Sahai A.K., Shinde M.A., Joseph
S. and Chattopadhyay R., Simulated changes in
active/break spells during the Indian summer
monsoon due to enhanced CO2 concentrations:
assessment from selected coupled atmosphere –
ocean global climate models, International Journal of
Climatology (published on-line, December 2006).

Tripathi K.C., Das M.L. and Sahai A.K., Predictability
of sea surface temperature anomalies in the Indian
Ocean using artificial neural networks, Indian
Journal of Marine Sciences, 35, 2006, 210-220.

Papers Published in Proceedings/
Books/Reports etc.

Numerical Weather Prediction
Research and Meso-scale Modelling

Mukhopadhyay P. and Singh H. A. K., Simulation of
a recent nor ’wester over Kolkata using a
mesoscale model and verification by Doppler radar,
Disaster Management, N.C. Mahanti et.al, Ed.,
Narosa Publishing House, New Delhi, 2006, 1-19.

Krishnamurti T.N., Basu S., Sanjay J. and
Gnanaseelan C., Evaluation of several different
planetary boundary layer schemes within a single
model, a unified model and a multi-model
superensemble. FSU Report No. 2006-8, 2006, 48 pp.

Extended Range Weather
Prediction Research

Dugam S.S. and Kakade S.B., Monsoon variations in
relation to NAO and ENSO, Proc. 8th International
Conference on Southern Hemisphere Meteorology and
Oceanography (8 ICSHMO), Foz do Iguacu,
Brazil, 24-28 April 2006, INPE, 1181-1184.

Kakade S.B. and Dugam S.S., Variability of NAO,
northern and southern hemisphere temperature in
relation to Indian summer monsoon rainfall, 8th

International Conference on Southern Hemisphere
Meteorology and Oceanography (8 ICSHMO), Foz
do Iguaçu, Brazil, 24-28 April 2006, INPE,
1535-1538.

Kulkarni, A.A., Sabade S.S. and Kripalani R.H.,
Intra-seasonal vagaries of the Indian summer
monsoon rainfall, Contributions from IITM,
Research Report No. RR-114.

Studies on Monsoons and Tropical
Weather Systems

Bhide U.V., Bawiskar S.M., Mujumdar V.R.,
Puranik P.V., Ghanekar S.P., Panchwagh N.V.
and Chipade M.D., On the variability of
secondary heat sources over northwest India,
CLIVAR Exchanges, 11, 2006,10 -17.
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Satellite Meteorology and
Applications of Satellite Data in
Weather Forecasting

Mahajan P.N., Satellite inputs for better disaster

management of tropical cyclones, Disaster

Management, N.C. Mahanti et.al, Ed., Narosa

Publishing House, New Delhi, 2006, 62-72.

Mahajan P.N., Khaladkar R.M., Narkhedkar S.G.,

Nair S., Prabhu A. and Mahakur M.,  Satellite

remote sensing and data assimilation for better

depiction of monsoon depressions and tropical

cyclones, Proc. Fourth WMO International

Symposium on Assimilation of Observations in

Meteorology and Oceanography, Prague, Czech

Republic, 18-22 April 2005, WWRP - No.9,

WMO / TD No. 1316.

Hydrometeorological Studies of
River Basins for Applications in
Water and Power Resource
Projects

Dhar O.N. and Nandargi S.S., Natula pass: the

proposed trade route between India and China: some

observations, Leeward News, X-XI, 2006, 1-3.

Dhar O.N. and Nandargi S.S., IMD’s district rainfall

normals-some noteworthy findings, Leeward News,

X-XI, 2006, 1-3.

Physics and Dynamics of Tropical
Clouds

Kulkarni M.K., Tinmaker M.I.R. and

Kandalgaonkar S.S. Satellite based observations

of LIS and OTD: a comparative study of flash

count during the overlapping period, ICAE

Newsletter on Atmospheric Electricity, 17, 2006, 11.

Remote Sensing of the Atmosphere
Using LIDAR and other Ground
Based Techniques

Deshpande S.M., Raj P.E., Joshi R.R. and Devara
P.C.S., Vertical wind observations in the lower
troposphere using UH F Wind Profiler at a tropical
Indian station, 7th International Symposium on
Tropospheric Profiling: Needs and Technologies
(ISTP-2006), Boulder, USA, 11-17 June 2006, 7-15.

Devara P.C.S., Raj P.E., Dani K.K., Pandithurai G.
and Reddy K.M.C., Lidar profiling of atmospheric
aerosols and clouds over a tropical station in India,
7th International Symposium on Tropospheric
Profiling: Needs and Technologies (ISTP-2006),
Boulder, USA, 11-17 June 2006, 8-35.

Devara P.C.S., Laser probing of the atmospheric
pollutants-recent trends, Power Beams for Clean
Environment and Processes, N.K. Joshi, Sharma A.
and Das A.K., Ed., Allied Publishers Pvt. Ltd.,
Mumbai, 2006, 144 -154.

Devara P.C.S., Raj P.E., Dani K.K., Pandithurai G.
and Jaya Rao Y., Dual polarization micro pulse
lidar for tropical aerosol-cloud-climate interaction
studies at Pune, India, Reviewed and Revised
Paper, Papers presented at 23rd International Laser
Radar Conference’, C. Bagasawa and
N. Sugimoto, Ed., 2006, 197-200.

Kolev N., Devara P.C.S., Ilive I., Evgenieva T.,
Kaprielov B. and Kolev I., Lidar, sunphotometers
and spectrometric measurements of atmospheric
aerosols optical characteristics, Reviewed and
Revised Paper, Papers presented at
23rd International Laser Radar Conference’,
C. Bagasawa and N. Sugimoto, Ed., 2006, 761-764.

Measurement and Monitoring of
Atmospheric Minor Constituents

Joshi I. S., Association between temperature
perturbations over high-latitudes and vorticity over
low-latitudes, Leeward News, X-XI, 2006, 24-25.
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Studies on Dynamical Ocean
Modelling

Deo A. A., Ganer D.W. and Salvekar P. S.,

Simulation of upper ocean response to the observed

cyclones in the Indian Seas, WGNE Report on

Research Activities in Atmospheric and Oceanic

Modeling, Report No. 36, 2006, 8.03-8.04.

Chakraborty A., Krishnamurti T.N. and Gnanaseelan

C., Prediction of the diurnal cycle of clouds using

a multimodel superensemble and ISCCP data sets,

Proc. of SPIE Asian Pacific Remote

Sensing(APRS) and Modelling of the Atmopshere

Oceans and Interaction Symposium, Panaji, Goa,

13-17 November 2006, Vol. 6404, A1-6.

Krishnamurti T. N., Basu S., Sanjay J. and

Gnanaseelan C., Evaluation of several different

planetary boundary layer schemes within a single

model, a unified model and a multimodel

superensemble, FSU Report 2006-8, 2006.

Parekh A., Upper ocean physical processes and

thermal structure, Leeward News, X-XI, 2006, 26-29.

Diagnostics and Modelling Studies
of Long Term Trends and
Variability of Climate over the
Indian – Asia Pacific Regions

Mujumdar M.S.,  Case study of wintertime Arabian

rainfall event, Leeward News, X-XI, 2006, 1- 6.

General Circulation Model
Systematic Error Correction and
Seasonal Prediction Using Artificial
Neural Network

Mandke S. K., Sahai A. K., Shinde M. A.,

Joseph S. and Chattopadhyay R., Coupled multi

model response of “Active” and “Break” phases

n n n

of Indian summer monsoon to enhanced CO2

effect, Contributions from the IITM, Research

Report No. RR-112, 2006.

Sahai A.K. and Chattopadhyay R., Objective study

of Indian summer monsoon variability using the self

organizing map algorithms, Contributions from the

IITM, Research Report No. RR- 113, 2006.
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National Workshop on Arabian Sea Monsoon
Experiment (ARMEX) – Data Analysis and
Modelling, National Institute of Oceanography, Goa,
19 – 21 April 2006.

(S.G. Nagar, S.B. Morwal, G.R. Chintalu, B. Thompson,
R. Deepa)

• Chintalu G.R., Dharamraj T., Venugopal T.,
Nagar S.G. and Dhakate A.R., Comparison of
thermodynamic structure of the planetary
boundary layer (PBL) off-shore of Goa coast
and at Goa during a weak monsoon phase of
ARMEX-2002.

• Deepa R., Seetaramayya P., Nagar S.G. and
Gnanaseelan C, On the plausible reasons for
the formation of onset vortex in the presence
of Arabian Sea warm pool.

• Morwal S.B., Features of the atmospheric
boundary layer over Bay of Bengal and
Arabian Sea regions during the summer
monsoon season.

• Nagar S.G., Chintalu G.R. and Seetaramayya P.,
Some salient features of dynamic and
thermodynamic structure of the marine boundary
layer (MBL) associated with onset of monsoon
over Kerala during ARMEX-2003.

• Thompson B., Gnanaseelan C., Deepa R.,
Chowdary J.S. and Salvekar P.S., Inter annual
variability of Arabian Sea warm pool and its
response to varying surface forcing.

National Conference on Long Range Forecasting
2006, India Meteorological Department, New Delhi,
22 April 2006.

(A.K. Sahai)

• Sahai A.K., Long range forecasting 2006.

Brain Storming Session on Understanding Planet
Earth (organized by the Department of Science and
Technology, New Delhi), Hyderabad, 24 April 2006.

(R. K. Yadav)

Workshop on Utility of Hydrological Data under
Hydrology Data Users Group (HDUG), Water
Resources Department,
Sinchan Bhavan, Pune, 25 April 2006.

(N.R. Deshpande, B.D. Kulkarni, S.S. Nandargi)

One day SGI Technology Summit 2006 Science
Seminar, Silicon Graphics Systems (India) Pvt. Ltd.,
Pune, 2 May 2006.

(N. Singh, N.A. Sontakke)

Seminar on Antarctica Science, Indian contribution
in Global Perspective, National Centre for Antarctic
and Ocean Research, Goa, 25-26 May 2006.

(A.K. Kamra, S. Sonbawane)

• Devara P.C.S. and Sonbawne S.M.,
Characterisation of aerosols and gases over
Maitri during Indian Antarctica Expedition.

• Siingh Devendraa, Pant V. and Kamra A.K.,
Ion concentrations at Maitri, Antarctica.

• Sonbawne S.M., Devara P.C.S., Raj P.E., Dani
K.K. and Saha S.K., Variability in total ozone
during summer of 2004-05 over the Antarctica
region.

7th International Symposium on Tropospheric
Profiling: Needs and Technologies (ISTP-2006),
National Center for Atmospheric Research (NCAR),
Boulder, Colorado, U.S.A., 11-17 June 2006.

(P.C.S. Devara, S. M. Deshpande)

• Deshpande S.M., Raj P.E., Joshi R.R. and
Devara P.C.S., Vertical wind observations in the
lower troposphere using UHF wind profiler at
a tropical Indian station.

• Devara P.C.S., A synergetic lidar-radiometer
technique for remote sounding of atmospheric
aerosols and precursor gases over a tropical
station (Invited Talk).

• Devara P.C.S., Raj P.E., Dani K.K., Pandithurai
G. and Reddy K.M.C., Lidar profiling of
atmospheric aerosols and clouds over a tropical
station in India.

Participation in Symposia, Seminars, etc.
and Papers Presented
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8th User Scientist Workshop, National Atmospheric
Research Laboratory, Gadanki, 20-21 June 2006.

(R. Latha, B.S. Murthy, K.M. C. Reddy)

• Murthy B. S., Latha R. and Sivaramakrishnan
S., Profilers and eddy covariance systems to
study atmospheric convection.

• Reddy K.M.C., Devara P.C.S. and Rao D.N., High
resolution studies on monsoon dynamics at a
tropical station.

Regional Disaster Risk Reduction Workshop,
Bangkok, Thailand, 26-28 June 2006.

(A. A. Kulkarni)

• Kulkarni A. A., Natural hazards context for
Asian development.

Debriefing and Selection of 26th Indian Antarctic
Expedition Project, National Centre for Antarctic
Ocean Research, Goa, 29-30 June 2006.

(S.M. Sonbawane)

• Devara P.C.S. and Sonbawane S.M. Project
entitled ‘Direct radiative forcing due to aerosol
and precursor gases over Antarctica region’.

Indo-US Workshop on Integration of Weather and
Climate Information in Water Management, Indian
Institute of Tropical Meteorology, Pune, 5-7 July 2006.

(B. N. Goswami, G. B. Pant, N. Singh, B. N. Mandal,
K. Krishna Kumar, N.R. Deshpande)

• Goswami B.N., Predictability of Monsoon on
different time scales.

• Krishna Kumar K., Monsoon rainfall variability
- Present and future.

First National Workshop on Megha Tropiques
Satellite Mission, Centre for Atmospheric and
Oceanic Sciences, Indian Institute of Sciences,
Bangalore, 10-14 July 2006.

(M. Mahakur, S. Pokhrel)

• Pokhrel S., Fresh water flux from TRMM-TMI.

23rd International Laser Radar Conference, Nara,
Japan, 24-28 July 2006.

(P.C.S. Devara)

• Devara P.C.S., Dual Polarization Micro Pulse Lidar
for tropical aerosol- cloud-climate interaction
studies at Pune, India.

• Devara P.C.S., Lidar, sun-photometer and
spectro-radiometer measurements of the
atmospheric aerosol optical characteristics.

3rd  ENVISAT Summer School, European Space
Agency, Frascati, Rome, Italy, 31 July - 11 August 2006.

(B.H.Vaid)

• Vaid B.H., Gnanaseelan C., Polito P.S. and
Salvekar P.S., Influence of El-Nino on biennial
Rossby waves with special emphasis to Indian
Ocean dipole.

German Summer School 2006 on Aviation,
Weather and Atmosphere – International Summer
School, Technique University, Braunschweig, Germany,
21 August - 1 September 2006.

(S.B. Morwal)

• Morwal S.B., Institute’s activities in weather
modification : Past and Present.

Brain Storming Meeting on Atmospheric CO2
Modelling and Measurement over Indian
Subcontinent, Centre for Mathematical Modelling and
Computer Simulations (CMMACS), Bangalore,
1 September 2006.

(Y. K. Tiwari)

4th IAGA/ICMA/CAWSES Workshop on Long-
Term Changes and Trends in the Atmosphere,
Sodankylä Geophysical Observatory, Sodankylä, Finland,
4 - 8 September 2006.

(G. Beig-Chaired a Session)

• Beig G., Modeling global change induced
trends in ionized components from the
troposphere to mesosphere (Invited Talk).

Department of Atomic Energy – Board of
Research in Nuclear Sciences (DAE-BRNS)
Symposium on ‘Power Beams for Cleaner
Environment and Processes’, Bhabha Atomic
Research Centre, Mumbai, 20-21 September 2006.

(P.C.S. Devara)

• Devara P.C.S., Laser probing of the atmospheric
pollutants-recent trends (Invited Talk)
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National Workshop on Integrated Water
Resources Development and Management with
Special Emphasis on Institutional and Legal
Aspects, National Water Academy, Khadakwasla,
Pune, 21-22 September, 2006.

(B.D.Kulkarni, N.R. Deshpande, S.S. Nandargi)

• Deshpande N.R. and Singh N., Temporal
changes in the characteristics of the rainfall
periods contributing to the specified
percentages to the annual total across India.

• Kulkarni B.D., Deshpande N.R., Mulye S.S. and
Mandal B. N., Water potential of the
Wainganga, the Wardha and the Penganga river
catchments for the optimum development of their
water resources - a brief appraisal.

• Nandargi S.S., Kulkarni B. D., Mulye S. S. and
Mandal B. N, Water quality analysis of the
Krishna river basin - a pilot study.

Sustained Indian Ocean Biogeochemical and Ecological
Research (SIBER) Workshop, National Institute of
Oceanography (NIO), Goa, 3 – 6 October, 2006.

(B.N. Goswami, R.C.Reddy) (Prof. B.N. Goswami
chaired a session)

• Goswami B.N., Increasing trend of extreme
rainfall events over India: Role of the Indian
Ocean (Invited Talk).

• Reddy R.C. and Salvekar P.S., Chlorophyl swings
along the Indian coasts during dipole years.

7th DGS (Deccan Geographical Society) National
Conference on Agriculture, Environment and
Population, Dr. Annasaheb Bendale Mahila Vidyalaya,
Jalgaon, 6-8 October, 2006

(A.L.Sagar)

• Sagar A.L., Meena G.S., Bhosale C.S., Joshi
I.S., Buchunde P. and Jadhav D.B., Influence
of polluted water bodies on environment and
regional development.

Asia Pacific Network for Global Change Research
(Scientific Capacity Building / Enhancement for
Sustainable Development in Developing Countries
Programme), Scooping Workshop on SARAP,
Darjeeling, 9-11 October, 2006.

(G. Beig)

• Beig G., Monsoon stability and global change:
South-Asian perspective (Invited Talk).

Second Korea – Japan - China Joint Conference on
Meteorology, Seoul, South Korea, 11-12 October, 2006.

(R.H. Kripalani)

• Kripalani R.H. and Oh J.H., South and East
Asian monsoons: coupled climate model
projections.

• Chaudhari H.S., Lee K.M., Oh J.H. and
Kripalani R.H, Implementation of NWP geodesic
model GME for seasonal prediction.

National Workshop of all the Environmental
Information System (ENVIS) Centres, Simla,
12-14 October, 2006.

(G. Beig)

• Beig G., Acid rain and atmospheric pollutant
modeling (Invited Talk).

3rd  Asia Pacific Association of Hydrology and
Water Resources Conference, Bangkok, Thailand,
16-18 October, 2006.

(B.N. Goswami)

• Goswami B.N., Increasing trend of extreme rain
events over India: role of the Indian Ocean SST.

Himalayan Palaeoclimate Conference, Indian
National Science Academy, New Delhi,
24-26 October, 2006.

(G.B. Pant)

INDO-GERMAN HIMPAC-II ( Himalayan Modern
and Past Climate-II) Workshop, Indian National
Science Academy, New Delhi, 24-27 October, 2006.

(K. Krishna Kumar, H.P. Borgaonkar)

• Borgaonkar H.P., Tree- ring studies in India:
present status and future plans under HIMPAC
initiatives.

• Krishna Kumar K., Palaeo and modern
monsoon.

WMO Commission on Agrometeorology
Workshop, Vigyan Bhavan, New Delhi,
25-26 October, 2006.

(G.B. Pant)
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First Post-Campaign Meeting of Integrated
Campaign of Aerosols, Gases and Radiation
Budget (ICARB) and Working Group II of ISRO
Geosphere Biosphere Programme (I-GBP) Space
Physics Laboratory, Vikram Sarabhai Space Centre
(VSSC), Thiruvananthapuram, 25-27 October, 2006.

(P.C.S. Devara, P.E. Raj, Y. Jaya Rao, G. Pandithurai,
P.D. Safai, V. Gopalkrishnan, K. M. C. Reddy, S. Tiwari,
A.K. Kamra, R. L. Bhawar, M.G. Manoj, S. Kewat)

(Dr. P.C.S. Devara chaired a session on Land Segment)

• Bhawar R.L., Variations of aerosols and water
vapour derived from CIMEL sun-sky radiometer
over Pune during ICARB period.

• Devara P.C.S., Raj P.E., Rao Y.J., Pandithurai
G., Dani K.K. Reddy K.M.C., Saha S.K.,
Sonbawne S.M., Bhawar R.L., Deshpande S.M.,
Tiwari S. and Singh D., Aerosol characterization
over land and ocean regions during ICARB
2006.

• Gopalkrishnan V., Pant V., Murugvel P. and
Kamra A.K., Aircraft measurements of
submicron – sized aerosols during ICARB.

• Jaya Rao Y., Microtops observations of aerosols
and trace gases over Pune during ICARB
period : Preliminary results.

• Pandithurai G.,  Aerosol measurements using
sun/sky radiometer over New Delhi during ICARB.

• Raj P.E., LIDAR-derived vertical distributions of
atmospheric aerosols in the lower troposphere
over Pune during ICARB.

• Rao P.S.P., Kewat S., Safai P.D., Tiwari S.,
Momin G.A. and Ali K., Preliminary results on
surface aerosol measurements over the oceans
at Pune and Delhi during ICARB experiment.

• Reddy K.M.C., Initial results of ICARB-2006-
Ship segment.

Asian Ozone Pollution in Eurasian Perspective
under APN (Asia Pecific Network), National
Physical Laboratory, New Delhi, 29-30 October 2006

(G. Beig)

• Beig G., Impact of Indian Chemical emissions
on the tropospheric ozone level in Asia.

Hindi Workshop on Official Language
Management, Policy Implementation, Conducting
Workshop, Information Technology and
Computerization and Parliament Committee
Questionnaire, Nainital, 1-3 November, 2006.

(Nityanand Singh)

Training Course on Wind Farm Development,
Yashwantrao Chavan Academy of Development and
Administration (YASHDA), 9 November, 2006.

(Dr. G.B. Pant – delivered Inaugural Address as the
Chief Guest)

Earth System Science Partnership Open Science
Conference (ESSP OSC 2006), Beijing, China,
9-12 November, 2006.

(P.C.S.Devara)

• Devara P.C.S., Raj P.E., Bhawar R.L., Pandithurai
G., Dani K.K., Pinker R.T. and Takamura T.,
Changing aerosols levels and precipitation: a
regional observation over Pune, India.

Brain Storming Workshop on Aerosols and its
Impact with Special Reference to the Indo -
Gengetic Plains, Indian Institute of Technology,
Kanpur, 10-11 November, 2006.

(K. Krishna Kumar)

SPIE Asian Pacific Remote Sensing (APRS) and
Modelling of the Atmosphere Oceans and Interaction
Symposium, Panaji, Goa, 13-17 November, 2006.

(B.N. Goswami, P.C.S.Devara) (Dr. Goswami and
Dr. Devara chaired a session on Satellite Data
Simulation and Numerical Modelling-I, and Stratosphere
and Mesosphere Measurement, respectively)

• Devara P.C.S., Raj P.E., Pandithurai G., Dani
K.K., Saha S.K. and Sonbawne S.M., LIDAR
profiling of aerosols and clouds for regional
climate and pollution research.

Fourth Programme Implementation Committee
Meeting of STORM Project, Assam Science
Technology and Environmental Council (ASTEC),
Guwahati, 15-18 November, 2006.

(S.D. Pawar)

• Pawar S.D., Study of the electrical properties
of the severe thunderstorms during STORM in
2007-2009.
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TROPMET-2006: National Symposium on Role of
Meteorology in National Development, Indian
Institute of Tropical Meteorology, Pune,
21-23 November 2006.

(B.N. Goswami., G.B. Pant, P.C.S. Devara,
D.B Jadhav, P.S. Salvekar, Nityanand Singh,
R. Krishnan, P.N. Mahajan, J.R. Kulkarni,
R.H.Kripalani, B.N. Mandal, G.Beig, I.S. Joshi,
N.A. Sontakke, S.G. Nagar, S.D. Pawar, C.M. Mohile,
T. Dharmaraj, A.A. Munot, N.R. Deshpande,
S.K. Patwardhan, B.D. Kulkarni, M.N.Patil,
B.S.Murthy, A.B. Sikder, S.S. Dugam, S.D. Bansod,
A.A.Kulkarni, S.B. Debaje, J. Sanjay, G. Pandithurai,
R.M. Khaladkar, S.M. Bawiskar, A.A.Deo,
D.R. Kothawale, G.S. Meena, M. Mujumdar,
P.V. Puranik, S.K. Jadhav, S.D. Patil, S.B. Kakade,
S.S. Sabade, K. M.C. Reddy, S. Tiwari,
P. Mukhopadhyay, J.V. Revadekar, S.S. Fadnavis,
S.S.Nandargi, S. Roy, R.R. Joshi, R.K. Yadav,
G.R. Chinthalu, D.W. Ganer, H.N. Singh, Somaru Ram,
M.A.Shinde, Deewan Singh, R. Deepa, J. Susmitha,
S. Kewat, S. Taraphdar, C. Sheetala, K.B. Budhawant,
B. Thompson, J.S. Chowdary., A. Ranade, Pankaj
Kumar, D. Prajapati, S. Joshi, R. Chattopadhyay)

• Bansod S.D., Convective activity over the
tropical Indian Ocean and its association with the
sub-divisional summer monsoon rainfall over India.

• Bawiskar S.M., Chipade M.D. and Puranik P.V,:
Cause and effect of lower tropospheric
energetics of ultra-long waves on the daily all
India rainfall during southwest monsoon.

• Bawiskar S.M., Chipade M.D.and Puranik P.V.,
Deficit rainfall over the regions adjacent to the
foot hills of Himalaya during monsoon 2006.

• Bisht D.S. and Tiwari S., Chemical composition
of rainwater at Bulandshahr, Uttar Pradesh.

• Budhawant K.B., Rao P.S.P., Safai P.D., Momin
G.A., Ali K., Chate D.M. and Kewat S., Seasonal
variation in chemical composition of wet and dry
depositions at a high altitude location, Sinhagad.

• Chattopadhyay R., Sahai A.K. and Goswami
B.N., Understanding the multiple degeneracy of
the spatial pattern of active and break phases
of monsoon.

• Chinthalu G. R., Nagar S. G., Venugopal T.,
Mahapatra S. and Seetaramayya P., Mean
variability in air-sea interface processes over
the Arabian Sea during July 2002 and 2003 as
revealed by NCEP and ARGO floats data.

• Chowdary J.S., Gnanaseelan C., Sinha S.K. and
Salvekar P.S., Winter time basin-wide cooing and
warming events in the tropical Indian Ocean.

• Debaje S.B., Weekend ozone effect over rural
and urban site in India.

• Deepa R., Gnanaseelan C., Nagar S. G. and
Seetaramayya P., Evolution of Arabian Sea mini
warm pool and onset vortex of monsoon 2001.

• Deo A.A. and Ganer D.W., Upper ocean
conditions during the tropical cyclones in the
north Indian Ocean.

• Deshpande N.R., Mandal B. N. and Bhandare
S., Hydroclimatic studies and future projections
over major river basins in India.

• Dharmaraj T., Murthy B.S and
Sivaramakrishnan S., Turbulence Characteristics
in the atmospheric surface layer over an
agricultural field during the summer monsoon.

• Dugam S.S., Role of NAO and southern
oscillation on Indian Ocean dipole.

• Fadnavis S.S. and Beig G., QBO and ENSO
variability in stratospheric ozone over tropics.

• Ganer D.W. and Deo A.A., Cold pool in the
tropical Indian Ocean and its possible impact
on Indian summer monsoon.

• Goswami B.N., Objective definition of the
Indian summer monsoon season (Invited Talk).

• Jadhav D. B., Can we reduce the effects of
pollution on planet Earth?.

• Jadhav S.K., Changing patterns of Indian
summer monsoon rainfall during recent years.

• Joseph S., Sahai A.K. and Goswami B.N.,
Relation between MJO and long breaks.

• Joshi I. S., Variability of high latitude
stratospheric temperature and monsoon activity.
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• Joshi R.R., Narendra Singh, Damle S.H, and
Pant G.B., Meteorological applications of wind
profiler at Pune: height coverage, energy
dissipation rate and scale sizes.

• Kakade S.B., Intra-seasonal rainfall activity
over different homogeneous regions of India
with respect to the simultaneous impact of NAO
and SO.

• Kewat S., Safai P.D., Rao P.S.P., Momin G.A.
and Panicker A., Characteristics of aerosols
over the marine regions surrounding India.

• Khaladkar R.M., Mahakur M., Narkhedkar S.G.
and Mahajan P.N., Satellite derived wind and
rainfall fields associated with severe cyclonic
storms formed over Arabian Sea during 2004.

• Kothawale D.R., Revadekar J.V. and Rupa
Kumar K., Recent trends in extreme daily
temperatures in winter and premonsoon seasons
over India.

• Kripalani R.H., Oh J.H., Kulkarni A.A., Sabade
S.S. and Chaudhari H.S., Future monsoon
climate over South and East Asia as projected
by IPCC AR4 coupled climate models.

• Krishnan R., Ramesh K.V., Samala B.K.,
Mujumdar M. and Swapna P., Ocean-atmosphere
coupled interactions associated with monsoon
intra-seasonal variability.

• Kulkarni A.A. , Sabade S. S. and Kripalani R.
H., Spatial variability of intra-seasonal
oscillations during extreme Indian monsoons.

• Kulkarni B.D., Nandargi S. and Mandal B.N.,
Estimation of maximum average storm raindepths
over 1° x 1° grid of the Indian peninsula.

• Kulkarni J.R., Monsoon 2006 forecasts and
some salient features.

• Mahajan P. N., Prabhu A., Khaladkar R.M.,
Muzumdar V.R. and Pant G.B., INSAT-digitized
inputs for better disaster management of
extreme weather events over the Indian region.

• Mandke S. K., Sahai A.K., Shinde M.A., Joseph
S. and Chattopadhyay R., Simulated changes in

active/break spells during Indian summer
monsoon due to enhanced CO2 concentrations:
Assessment from selected coupled atmosphere-
ocean global climate models

• Meena G.S., Bhosale C. S. and Jadhav D. B.,
Seasonal variation in vertical column density of
NO2 and O3 by UV-visible spectrometer.

• Mohile C.M., Revadekar J.V. and Sharma S.S.,
Extreme temperatures over western Himalaya
(Poster presentation).

• Mujumdar M., Vinay Kumar and Krishnan R.,
Indian summer monsoon drought of 2002 and
its linkage with tropical convective activity over
northwest Pacific.

• Munot A.A. and Krishna Kumar K., Recent
changes in the characteristics of Indian summer
monsoon rainfall.

• Nagar S.G., Bawiskar S.M., Chinthalu G.R.,
Chipade M.D. and Kulkarni J.R., Study of
dynamical structure of an unusual monsoon
depression formed over the Bay of Bengal
during August 2006.

• Nandargi S.S. and Dhar O.N., Flood frequency
in the major river systems of India.

• Pandithurai G., Dipu S., Dani K.K., Tiwari S.,
Bisht D.S., Pinkar R.T. and Devara P.C.S.,
Aerosol optical characteristics over New Delhi
during dust events.

• Pankaj Kumar, Northeast monsoon rainfall
variability in south peninsular India and its
long range prediction.

• Patil M.N., Impact of soil moisture and
vegetation on the growth of atmospheric
boundary layer.

• Patil S.D., Munot A.A. and Singh N.,
Relationship between cloud radiative forcing
and Indian summer monsoon rainfall.

• Patwardhan S. K., Krishna Kumar K. and Rupa
Kumar K., Characteristics of summer monsoon
onset in warming scenarios.

• Pawar S.D. and Kamra A. K., Maxwell current
density beneath thunderclouds at Pune.
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• Prajapati D., Nandargi S.S. and Sahu S.K.,
Heavy rainfall and floods over the Gujarat
region during monsoon 2005 – a pilot study.

• Ranade A., Singh H.N., Singh N. and Sontakke
N.A., Statistics and fluctuations of rainy season
over different river basins of India.

• Reddy K.M.C., Ashish Kumar G. and Devara
P.C.S., Behaviour of tropical atmospheric jets
pertain to monsoon phases.

• Reddy K.M.C. and Devara P.C.S., Pre-monsoon
aerosol characterization over oceans around
India during ICARB-06.

• Revadekar J.V., Rupa Kumar K. and Kothawale
D.R., Role of El Nino/ La Nina in temperature
extremes over India.

• Roy S. and Beig G., Regional chemistry-climate
model: preliminary results on the monsoon
precipitation and distribution of chemical tracers
over the Indian region.

• Sanjay J., Joshi S. and Taraphdar S., Numerical
simulation of heavy rainfall over Ratnagiri on
May 30, 2006 using WRF.

• Sanjay J., Taraphdar S., Rajeevan M., Pant
G . B. and Joshi P.C., Vegetation feedbacks on
regional climate model forecasts over Indian
region.

• Sheetala C., Pandithurai G., Murthy B.S. and
Devara P.C.S., Impact of aerosol absorption on
seasonal variation of surface energy fluxes over
tropics.

• Singh H.N., Singh N. and Sontakke N.A.,
Trends in OLR and rainfall of India in relation
to changing atmospheric thermal conditions.

• Singh N., Sontakke N.A., and Singh H.N.,
Global warming, subtropical anticyclones and
the Indian summer monsoon.

• Somaru Ram, Growth and climate relationship
in teak trees and its dendroclimatic potential in
India.

• Soni V.K. and Pandithurai G., Variation in
optical thickness over Nagpur.

• Sontakke N.A., Singh N. and Singh H.N., Effect
of asymmetry in the atmospheric fluctuations
over the two hemispheres on the Indian summer
monsoon.

• Sukumaran C., Murthy B. S. and
Sivaramakrishnan S., Fluxes of momentum and
sensible heat in light winds over an inland and
a coastal site.

• Susmitha J., Sahai A. K. and Goswami B. N.,
Relation between MJO and long breaks.

• Taraphdar S., Sanjay J, and Mukhopadhyay P,:
On northward propagation of convergence zone
over west coast of India in NCEP forecasts
during summer monsoon 2006.

• Thompson B., Gnanaseelan C. and Salvekar
P.S., Variability in the Indian Ocean circulation
and salinity and their impact on SST anomalies
during dipole events.

• Tiwari S. and Singh D. B., Source
apportionment study of rainwater by receptor
modeling around National capital region (NCR)
of New Delhi.

• Yadav R.K., Rupa Kumar K. and Rajeevan M.,
Role of Indian Ocean sea surface temperatures
in modulating northwest Indian winter
precipitation variability.

Annual Monsoon-2006 Workshop of the Indian
Meteorological Society, Pune Chapter, National
Chemical Laboratory, Pune, 22 November 2006.

(All the Members of the Indian Meteorological Society
from IITM)

• Kulkarni J.R., Monsoon 2006: forecasts and
some salient features.

• Krishna Kumar K., Paradox of Indian monsoon
failure during El Nino.

Scientific Colloquia, Tata Institute of Fundamental
Research, Mumbai, 22 November 2006

(B.N. Goswami)

• Goswami B.N., Challenges of predicting the
Indian summer monsoon rainfall (Invited Talk).
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Seminar on Climate Change and its Impact on
Water Resources Management, Birla College,
Kalyan, 29 November 2006.

(G.B. Pant – delivered the Key-note address)

Workshop on Atmospheric Chemistry Modeling
and Tutorial on WRF/Chem Model, Centre for
Development of Advanced Computing, Pune,
30 November 2006.

(G. Beig, G. Pandithurai., P. Mukhopadhyay, S. Roy,
C. Sheetala)

• Beig G., Regional Chemistry-Transport model-
REMOTE for Indian domain and resulting long
term ozone simulations (Invited Talk).

International CAD (Composition of Asian
Deposition) Workshop, Indian Institute of Chemical
Technology (IICT), Hyderabad, 30 November –
2 December, 2006.

(P.S.P. Rao)

• Rao P.S.P., Precipitation chemistry at different
locations in India (Invited Talk).

One-Day Seminar on Diagnostic on Wood
Heritage Fundamental Tool for Knowledge
Restoration, Conservation, Institute of Wood Science
Technology, Bangalore, 1 December, 2006.

(H.P. Borgaonkar)

• Borgaonkar H.P., Dendrochronological aspects
of past environmental studies and brief
discussion on dendroclimatological studies at
IITM.

Tutorial and International Conference on Digital
Libraries (ICDL 2006), The Energy and Resources
Institute, New Delhi, 5 December, 2006.

(Smt. A.A. Shiralkar)

International Conference on Adaptation to Climate
Variability and Change: Towards a Strategic
Approach, The World Bank, New Delhi,
7-8 December, 2006.

(B.N. Mandal, K. Krishna Kumar)

• Krishna Kumar K., New developments in
regional climate modelling.

11th International Workshop on Technical and
Scientific Aspects of MST Radar (MST 11),
National Atmospheric Research Laboratory (NARL),
Tirupati, 11-15 December, 2006.

(Y. Jaya Rao, K. M. C. Reddy, D. Prajapati)

• Jaya Rao Y., Devara P.C.S., Raj P.E. and Rao
D.N., Vertical velocity and heating rates
associated with cirrus clouds and aerosols in
tropical UT/LS region: combined lidar and MST
radar observations.

• Prajapati D., Behaviour of rainfall over Gujarat
during Asian summer monsoon 2006.

• Reddy K.M.C.,, Ghosh Asish Kumar G., Devara
P.C.S. and Rao D. N., Role of tropical
atmospheric jets pertained to monsoon phases.

Group Monitoring Workshop on Weather and
Climate Research Programme (WCRP),
Department of Science and Technology, Banaras Hindu
University, Varanasi, 18-20 December, 2006.

(K. Krishna Kumar, G. Beig, P. S.P. Rao )

• Beig G., Atmospheric pollutants and chemical
weather under different environments.

• Krishna Kumar K., Development of a regional
atmosphere-ocean coupled modelling strategy
for predicting Indian summer monsoon.

• Rao P.S.P., Studies of atmospheric aerosols,
trace gases and precipitation chemistry in
different environments.

Seminar on Model Performances during Monsoon
2006 Period, National Centre for Medium Range
Weather and Forecasting, New Delhi, 19 December, 2006.

(B.N. Goswami, A.K. Sahai)

Introductory Workshop on Astrophysics,
22-24 December, 2006, Udaipur.

(G. Beig)

• Beig G., Climate change: global warming or
global cooling? (Public Lecture).

Workshop on Akhil Bharatiya Rajbhasa Sammelan,
Chennai, 24-26 December, 2006.

(P.N. Mahajan)



Annual Report 2006-07 103

Indian Science Congress 2007, Chidambaram, Tamil
Nadu, 3-5 January, 2007.

(B.N. Goswami)

• Goswami B.N., A physical mechanism for
influence of north Atlantic SST on Indian
summer monsoon (Invited Talk).

CLIPS Training and Workshop , Bangkok, Thailand,
15-17 January, 2007.

(B.N. Goswami - participated as a Resource Person)

International Workshop on Weather Modification
Technologies, Jawaharlal Nehru Technological
University, Hyderabad, 18-20 January, 2007.

(R. Vijayakumar, J.R. Kulkarni, G. Pandithurai)

• Kulkarni J.R., Problems and prospects of
operational cloud seeding programmes.

National Seminar on New Horizons in Physics
(NS-NHP-07), Department of Physics, Rayat
Shikashan Sanstha’s Yashavantrao Chavan Institute of
Science, Satara, 20-21 January, 2007.

(D.B. Jadhav)

• Jadhav D.B., Advanced technologies for free
energy (invited Talk).

• Savant V.S., Savant V.V., Shukla S.T., Chavan
A.D. and Jadhav D.B., Artificial generation of
negative air ions by corona discharge for
healthy life.

IGAC-SPARC (World Meteorological
Organization) Workshop on Atmospheric
Chemistry and Climate (AC&C), Geneva,
Switzerland, 22-23 January, 2007

(G. Beig)

International Conference on Challenges for Solar
Cycle 24, Physical Research Laboratory, Ahmedabad,
22-25 January, 2007

(I. S. Joshi)

• Joshi I.S., Association between solar flares and
troposphere stratosphere temperature.

One day Workshop on Climate Change Impacts
and Adaptation-Phase II, organized by ERM India
Ltd. on Behalf of Ministry of Environment and Forests,

British High Commission & DEFRA, New Delhi,
23 January, 2007.

(K. Krishna Kumar)

Joint Task Force on Hemispheric Transport of Air
Pollution (TF-HTAP) Workshop on Emissions
Inventories and Projections for Assessing
Intercontinental Transport , Geneva, Switzerland,
24-26 January, 2007.

(G. Beig)

• Beig G., Impact of Indian chemical emissions on
the distribution of tropospheric ozone and its
precursors of Asian region (Invited Talk).

Workshop on Climate Change, Impacts and
Adaptation-Phase II, organized by ERM India Ltd.,
on behalf of the MOEF, British High Commission and
DEFRA, New Delhi, 23 January, 2007.

(K. Krishna Kumar)

Workshop on Right to Information Act,  National
Institute of Public Administration, Bangalore,
2-3 February, 2007.

(Smt. A.A. Shiralkar)

Workshop on Monsoon Climate Variability and
Change and their Impacts on Water, Food and
Health in Western India, Nirma University,
Ahmedabad, 5-7 February, 2007.

(A. Parekh)

• Sarkar A., Sharma R., Basu S., Agarwal N.,
Agarwal V.K. and Parekh A., Role of Indian
Ocean in climate variability studies from satellite
observations.

Brain Storming Meeting for Improved Weather
Forecasting, (organized by Ministry of Earth
Sciences), National Academy of Agricultural Sciences,
New Delhi, 6-8 February, 2007.

(R. Krishnan, J.R. Kulkarni, R.H. Kripalani, A.K. Sahai,
K. Krishna Kumar)

• Sahai A.K., Seasonal prediction of monsoon
2006: dynamical and statistical approach.

EU-India Workshop on Climate Change Research
Needs, New Delhi, 8-9 February, 2007.

(G. Beig)

• Beig G ., Atmospheric chemical-climate Change.
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Workshop on Dynamical Long-Range Forecasting
of Indian Monsoon-Status, User Needs and Grand
Challenges, Centre for Mathematical Modelling and
Computer Simulations, Bangalore, 12-13 February, 2007.

(R. Krishnan)

• Krishnan R., Indian monsoon droughts and their
linkage with northwest Pacific convective
activity.

The Golden Jubilee Symposium (INCURSI-2007)
of Radio Science on History and Advances in
Radio Science in India, National Physical Laboratory,
New Delhi, 21-24 February, 2007.

(G. Beig, I. S. Joshi)

• Joshi I.S., Jadhav D.B. and Rakapalli R.,
Heavy rainfall events and electron density and
sunspot numbers.

Weather Risk Management Conference, Mumbai,
26 February, 2007.

(Dr. K. Krishna Kumar)

• Krishna Kumar K., Monsoon variability and
predictability issues.

International High Performance Computing (HPC)
Users Conference on Leadership for Science and
Industry , Indian Institute of Technology, New Delhi,
28 February, - 1 March, 2007.

(R.H. Kripalani, A.K. Sahai, M.K. Tandon)

• Sahai A.K., Climate system modeling at IITM:
HPC needs and issues of number crunching.

1st User Scientist Workshop on Environmental
Observatories Network, Physical Research
laboratory, Ahmedabad, 6-7 March, 2007.

(P.C.S. Devara, G. Beig)

• Beig G., Synoptic scale transport of ozone
pollutants (Invited Talk).

1st User Scientists’ Workshop on Indian Satellite
for Tropical Aerosols and Gases, Physical Research
Laboratory, Ahmedabad, 7-8 March, 2007.

(P.C.S. Devara, G. Pandithurai)

• Devara, P.C.S., Involvement of IITM in ISTAG
(Invited Talk)

• Pandithurai G ., Involvement of IITM in ISTAG
(Invited Talk)

National Conference of Shanti Swarup Bhatnagar
Award Winners in Physical, Chemical,
Engineering, Mathematical, Medical, Earth
Atmosphere, Ocean, Planetary and Biological
Sciences, Devi Ahilya University, Indore,
8-10 March, 2007.

(G. Beig)

• Beig G., Global climate change (Invited Talk).

National Workshop on Megha Tropiques: Science
and Applications, Space Application Centre (ISRO),
Ahmedabad, 20-22 March, 2007.

(M.Mahakur)

Workshop on Storm Pilot Phase-2006: Data
Analysis and Modeling Results and 5th Program
Implementation Committee Meeting on STORM,
Indian Institute of Technology, Kharagpur,
26-27 March, 2007.

(A.K. Kamra, V. Gopalkrishnan)

• Gopalkrishnan V., Measurement of atmospheric
electricity during thunder-storms.

Roundtable Workshop on 25 years of Air Pollution
Act in India , National Environmental Engineering
Research Institute (NEERI), Mumbai, 28 March, 2007.

(G. Beig acted as a Panel Member for the Session on
Trans Boundary Pollution)

Environmental Information System-Sustainable
Development Networking Programme
(ENVIS-SNDP) Workshop, Anna University, Chennai,
28 March, 2007.

(S. Jain)

(Authors of the papers shown in bold presented papers)

n n n

PAPERS PUBLISHED

Journals : 81

Proceedings, Books, Report etc. : 24

PAPERS PRESENTED : 147
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Academic Activities

Student Thesis Guide

Award of Ph.D. by the University of Pune, Pune

Shri G. S.Meena

Shri S.G. Narkhedkar

Shri D.M. Chate

Shri J.R. Kulkarni

Shri Pankaj Kumar

Shri Ramesh Kumar
Yadav

Study of atmospheric constituents by visible spectroscopy.

Objective analysis for meteorological parameters and
data assimilation over Indian and adjoining region.

Study of collision efficiencies of water drops, scavenging
coefficients and evolutions of atmospheric aerosol size
distribution by rain event.

Indian summer monsoon variability analysis: intraseasonal
to climatic scales using wavelet transform.

Northeast monsoon rainfall variability over India:
telecommunications and long range prediction.

Variability of winter precipitation over North-West India:
teleconnections and long- range forecasting.

Dr. D. B. Jadhav

Dr. S. K. Sinha

Dr. P. C. S. Devara

Dr. G. B. Pant

Dr. K. Rupa Kumar
Dr. M. Rajeevan
(IMD, Pune - co-guide)

Dr. K. Rupa Kumar
Dr. M. Rajeevan
(IMD, Pune - co-guide)

Thesis Submitted for Ph.D. Degree to the University of Pune, Pune

Student Thesis Guide

Shri S. Gunthe

Smt. A.A. Deo

Shri S.D. Pawar

Shri J. Sanjay

Shri B. Thomson

Shri Narendra Singh

Study of ozone and its precursors over the Indian
tropical region.

Theoretical understanding of the impact of Indian Ocean
cyclones on the surrounding region using different ocean
models.

Recovery curves and evolution of lightning from the
surface measurements of electric field and the Maxwell
current beneath thunderclouds.

Atmospheric boundary layer interaction over tropics in
numerical weather prediction models.

Numerical modelling of the North Indian Ocean using
a multilevel ocean general circulation model.

Clear air and precipitation studies over a tropical station
Pune, using UHF wind profiler.

Dr. G. Beig

Dr. (Smt.) P. S. Salvekar

Dr. A. K. Kamra

Dr. S. S. Singh

Dr. C. Gnanaseelan and
Dr. (Smt.) P. S. Salvekar

Dr. G. B. Pant
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Teaching and Research Support to Universities

Dr. P.C.S. Devara, Dr. (Smt) P.S. Salvekar, Dr. P.N. Mahajan, Dr. J.R. Kulkarni, Smt. S.S. Vaidya,
Dr. G. Beig, Shri Prem Singh, Smt. S.K. Mandke, Shri N.K. Agarwal, Dr. (Smt.) A.A. Kulkarni, Shri S. Mahapatra,
Smt. A.A. Deo, Dr. K. Ali, Dr. P. Mukhopadhyay, and Smt. S.S. Fadnavis, were bestowed with the title “Adjunct
Professor” of the Department of Atmospheric and Space Sciences, University of Pune, Pune for the Academic
Year 2006-2007 for providing teaching support in running the M.Tech. (Atmsopheric Physics) course under the
Memorandum of Understanding with the University of Pune, Pune.

Recognition as Research Guide in Atmospheric and Space Science by the University of Pune,
Pune

Scientist Degree Period

Dr. K. Rupa Kumar, Dr. S.M. Bawiskar,
Dr. B.S. Murthy and Dr. Devedraa Singh

Dr. (Smt.) S.G. Nagar

Dr. K. Ali, Dr. M.S. Mujumdar and
Dr. P. Mukhopadhyay

Ph.D.

M.Phil. by Papers/Research

Post-graduate by papers

2 January, 2007 - 1 January, 2015

2 January, 2007 - 1 January, 2015

2 January, 2007 - 1 January, 2012

Nomination as External Examiner/Paper Setter

Scientist Degree Examination, University

Prof. B.N. Goswami • Ph.D., Indian Institute of Science, Bangalore.

Dr. P.C.S. Devara • Pre-Ph.D., University of Pune, Pune.

• M. Tech. (Laser and Electro-Optics), Defence Institute
of Advanced Technology (DIAT), Pune.

Dr. R. Krishnan • Ph.D., Goa University, Goa.

Dr. P.N. Mahajan • Ph.D. (Physics), Gujarat University, Ahmedabad.

• M.Phil. (Oceanography), Behrampur University, Orissa.

Dr. R. H. Kripalani • M.Sc./Ph.D. (Environmental and Atmospheric Sciences)
Pukyong National University, Busan, South Korea.

Dr. G. Beig, • Ph.D. (Physics), Saurashtra University, Rajkot, Gujarat.

• M.Tech. (Atmospheric Physics), University of Pune, Pune.

Dr. R.S. Maheskumar • M.Sc. (Space and Atmospheric Sciences),
University of Pune, Pune.

Dr. P.C.S. Devara, Dr.(Smt.) P.S. Salvekar
Dr. P.N. Mahajan Dr. G. Beig, Shri Prem Singh,
Shri N.K. Agarwal, Shri S. Mahapatra and
Smt. A.A. Deo
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Research Guide Student Project

Dr. P.C.S. Devara

Dr. (Smt.) P.S. Salvekar

Dr. S. Sivaramkrishnan

Dr. G. Beig

Dr. A.K. Sahai

Dr. K. Krishna Kumar

Dr. H.P. Borgaonkar

Dr. (Smt) A.A. Kulkarni

Dr. G. Pandithurai

Dr. P. Mukhopadhyay

Dr. R.S. Maheskumar

Shri S. Sonbawane

Shri S. Rokde

Shri T. Dharmaraj

Shri B. Tyagi

Shri M. Bhat

Kum. S. Nalawade

Kum. S. Kalaskar

Shri A. Tamboli

Kum. P. Kulkarni

Smt. M. Somkuwar

Shri V. Hange

Study of summer aerosols, ozone and water vapour in and
around ‘Maitri’, Antarctica.

Impact of 4-dimensional data assimilation on tropical cyclone:
a case study.

Study of wind, temperature and humidity profiles and
turbulence characteristics in the atmospheric surface layer
near a coast.

Monitoring of atmospheric pollutants using optical analysers.

Potential future changes in Indian summer monsoon in
different emission scenarios: analysis of mechanisms in a
regional GCM time-slice experiment.

Diagnostics and prediction of Trans Nino Index.

Tree-ring records: a high resolution proxy for palaeoclimatic
reconstruction, a case study of Tectona grandis (Teak) from
tropical India .

Examining temperature variability in MPI-ECHAM5 Model:
Simulations and Projections.

Study of aerosol indirect effect over Indian region using
MODIS satellite data.

Study of thunderstorm over Pune (Internship project).

Study of convective activity over Indian region.

Research Guidance Provided to Post-Graduate Students

M. Tech. (Atmospheric Physics), University of Pune, Pune

Dr. P.E. Raj Shri A.R. Murty Ground-based optical remote sensing of precipitable water in
near IR band and its comparison with model estimate and
MODIS satellite data.

Dr. G. Beig Kum. P. Dhatingan Solar trends in stratospheric ozone over tropics.

Dr. (Smt.) I. S. Joshi Shri R. Rekapalli Association between heavy rainfall events and electron density,
temperatures, total ozone and sun spot numbers.

Research Guide Student Project

M. Sc. (Space Physics), Andhra University, Visakhapatnam
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Shri J.R. Kulkarni Kum. P.G. Nisha Extended range prediction of Indian summer monsoon rainfall.

Dr. (Smt.) S .G. Nagar Kum R. K. Sekhar. Vertical structure of planetary boundary layer over the Arabian
Sea during southwest monsoon -2002.

Dr. G. Pandithurai Shri D. Sudhakar Pre-monsoon aerosol characteristics over New Delhi:
implications to radiative forcing.

Research Guide Student Project

M. Tech. (Atmospheric Science), Cochin University of Science and Technology, Kochi

Dr. P.N. Mahajan Kum. A.Modi Satellite inputs for better forecast of monsoon depressions
over the Indian region.

Shri S. Mahapatra Kum.A. Behara Evaluation of precipitation forecast skill of MM5 model output
over peninsular India.

Research Guide Student Project

Dr. S.M. Bawiskar Ms. U. Kezia Relation between daily rainfall over India and energetics of
zonal waves.

Research Guide Student Project

M. Tech. (Atmospheric Science), Andhra University, Visakhapatnam

M. Tech., Sri Venkateswara University, Tirupati

Training Undergone

Participant

Shri R.K. Yadav and
Shri S. S. Bhandare

Dr. A.L. Londhe and
Shri. V.R. Mujumdar

Dr. P.N. Mahajan and
Smt. S.S. Vaidya

Shri. S. Sonbawane

Dr. P.S.P. Rao

Shri P.W. Dixit and
Shri V.R. Mali

Dr. B. Padma Kumari &
Shri K. Budhawant

Training Programme

• 11th Training Course on the Applications of Geoinformatics in Water Sector,
National Water Academy, Khadakwasla, Pune, 9-19 May, 2006.

• Advanced Techno-Management Training Programme for Scientists, Administrative
Staff College of India (ASCI), Hyderabad, 22 May-30 June, 2006.

• General Management Programme for Senior Scientists, Administrative Staff
College of India (ASCI), Hyderabad, 4-15 September, 2006.

• Medical and Psychological examination for participation in 26th Indian Antarctica
Expedition, New Delhi, 9-12 September, 2006. .

• Vigilance Officers’ Training, Goa, 6-10 October, 2006.

• 2nd Advance Training Course on Cyber Laws, Information Security and Computers,
Indian Institute of Public Administration, New Delhi, 9 - 20 October, 2006.

• International Training School on Atmospheric Brown Cloud, Bangkok, Thailand
and Maldives, 4-14 December, 2006.
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Participant Training Programme

Dr. P. Mukhopadhyay

Shri. Prem Singh and
Shri M. Mahakur

Smt. V.V. Sapre

• Workshop on Advanced Training and Tutorial on Hurricane-WRF, Indian Institute
of Technology, New Delhi, 1-12 January, 2007.

• Training on Coastal Oceanography: Remote Sensing and GIS Application, Centre
for Studies on Bay of Bengal, Andhra University, Visakhapatnam, 29 January-
10 February, 2007.

• Programme on Data Warehousing and Data Mining, Transforming Information
into Insight, Administrative Staff College of India (ASCI), Hyderabad,
19-23 February, 2007.

Scientist Lecture, Venue and Date

Prof B.N. Goswami • (i) General circulation of the atmosphere and basic concepts of climate and its
variability (ii) Predictability and prediction of monsoon (iii) Monsoon and its
variability (iv) Introduction to ENSO, CLIPS Training and Workshop, Bangkok,
Thailand, 15-17 January, 2007.

Dr. G.B. Pant • Climatology, Satellite Meteorology Course at SAC, Ahmedabad, 21 - 25 August, 2006.

Dr. P.C.S. Devara • Atmospheric aerosols, gases and clouds: measurements and effects, 4th Meeting of
the DST-PAC-AS, Regional Research Laboratory, Bhubaneswar, 20 April, 2006.

• Synergetic LIDAR-radiometer technique for remote sounding of atmospheric
aerosols and pre-cursor gases over a tropical station, National Oceanic and
Atmospheric Administration (NOAA), Boulder, U.S.A., 19 - 20 June, 2006.

• LIDARS and Applications, Short Course on Laser Technology and Applications,
Defence Institute of Advanced Technology (DIAT), Pune, 6 November, 2006.

• LIDAR : A Challenging Optical Remote Sensing Tool for Atmospheric Research,
Short Course on Laser Technology for Officers of Defence Laboratory,
Hyderabad at Defence Institute of Advanced Technology (DIAT), Pune, 27 and
28 November, 2006.

• Role of aerosols and gases in atmosphere-land-ocean integrations, ISRO Meeting
of the Specialist Task Team Committee – Realization of Inversion Algorithms
Validation and Data Utilization for Science Programme of Space Borne LIDAR
(SBL), Payload for Phase-I and Phase-II, Space Physics Laboratory, VSSC,
Thiruvanathapuram, 24 January, 2007.

• Laser Remote Sensing for Environmental Monitoring, School on Radar and
LIDAR Remote Sensing of the Atmosphere, Sri Venkateshwara University,
Tirupati, 7-11 March, 2007.

Dr. S. Sivaramakrishnan • Some preliminary results on the observational studies at Coastal atmospheric
Boundary layer, National Centre for Antarctic and Ocean Research, Goa,
27 September, 2006.

Dr. Nityanand Singh • Monsoon variation studies using Geoinformatics, 11th Training Course on
Applications of Geoinformatics in Water Sector, National Water Academy, Pune,
16 May, 2006.

Lectures Delivered Outside
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Dr. R. Krishnan • Monsoon research and climate modelling at IITM, Meeting to Evolve Scientific
Collaborations in Climate Research and Measurements with NOAA, USA,
Ministry of Earth Sciences, New Delhi, 20 - 21 December, 2006.

• Atmospheric general circulation and geophysical fluid dynamics. Winter School
on Modelling the Planetary Atmospheres, Physical Research Laboratory,
Ahmedabad, 26 December – 1 January, 2007.

Dr. R. Vijayakumar • Clouds precipitation and their modification processes, Science Expo-2006,
Nehru Science Centre, Mumbai, 16 January, 2007.

Dr. P.N. Mahajan • A ‘Vision’ for Science and Technology in India, Administrative Staff College of
India (ASCI), Hyderabad, 15 September, 2006.

• Utility of satellite data for atmospheric studies over Indian region, N.M.V. High
School, Pune, 1 December, 2006.

• Satellites and atmospheric changes, Administrative Staff College, Akola,
4 February, 2007.

• Satellite inputs for monitoring atmospheric weather systems over the Indian region,
Department of Environmental Science, Administrative Staff College, Chikhaldara,
5 February, 2007.

• Utility of satellite data for better weather forecast, Administrative Staff College,
Achalpur City, 7 February, 2007.

Dr. J.R. Kulkarni • Weather and its role on Indian society, NSS Winter Camp, Sangawade, Pune,
1 December, 2006.

Shri B.N. Mandal • Applied Climatology, 20th Batch of Met-II Trainees, India Meteorological
Department, Pune, 12 June, 2006.

Dr. G. Beig • Ozone in the boundary layer: South Asian region, Scopping discussion Meeting
of International ABC programme for studying the impact of the pollutants on
agriculture, National Physical laboratory/Indian Agricultural Research Institute,
New Delhi, May 25-26, 2006.

Dr. K. Krishna Kumar • Palaeo and modern monsoon, Indian National Science Academy, New Delhi,
24 October, 2006.

Dr. H.P. Borgaonkar • Palaeoclimatology, 20th Batch of Met-II Trainees, India Meteorological
Department, Pune, 16 June, 2006.

• Dendrochronological aspects for past environmental studies, Institute of Wood
Science Technology, Bangalore, 1 December, 2006.

Smt. S.K. Patwardhan • Bioclimatology, 20th Batch of Met-II Trainees, India Meteorological Department,
Pune, 13 June, 2006.

Shri B.S. Murthy • Meteortological parameters and instruments, Central Water Commission, National
Water Academy, Pune, 30 January, 2007.

• Atmospheric convection over the eastern end of the monsoon trough (Role of
ABL Processes), Birla Institute of Technology, Ranchi, 24 February, 2007.

Scientist Lecture, Venue and Date
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Scientist Lecture, Venue and Date

Shri V.R. Mujumdar • Organizational presentation of IITM, Administrative Staff College of India (ASCI),
Hyderabad, 24 June, 2006.

• Popularization of Jatropha cultivation technologies for bio diesel in India (Project
presentation), Administrative Staff College of India (ASCI), Hyderabad, 29 June, 2006.

Dr. P.D. Safai • Acid deposition: Indian status, National Science Day Lecture as a part of Science
Popularisation Seminar Series of the Indian Meteorological Society, Pune Chapter,
B.G. Post Graduate College, Pune, 28 February, 2007.

Dr. M.S. Mujumdar • Modelling aspects of monsoon (National Science Day Lecture), Baburao Gholap
Mahavidyalaya, Pune, 28 February, 2007.

Dr. B. Padma Kumari • Utility of twilight technique for remote sensing of stratospheric aerosol,
International Training School on Atmospheric Brown Cloud, Bangkok, Thailand,
Maldives, 4 December, 2006.

Dr. Y.K. Tiwari • Constraints of satellite derived CO2 on carbon sources and sinks, Centre for
Mathematical Modelling and Computer Simulations (CMMACS), Bangalore,
1 September, 2007.

Shri K. Budhavant • Studies on wet and dry deposition at high altitude station, Sinhagad, International
Training School on Atmospheric Brown Cloud, Bangkok, Thailand, Maldives,
4 December, 2006.

Dr. A.K. Kamra • Cloud Microphysics, Training Course on STORM, University of Kolkata, Kolkata,
14 March, 2007.

Fellowship/Membership of Scientific Committees/Boards

Scientist Fellowship / Membership of

Prof. B.N. Goswami • Committee for Observation Systems for India, Ministry of Earth Sciences, New Delhi.

• Science and Engineering Research Council (SERC), Department of Science and
Technology, New Delhi.

• Re-defining Mandate of IMD, NCMRWF and IITM and Restructuring of IMD,
Ministry of Earth Sciences, New Delhi.

• Earth Science Commission, Ministry of Earth Sciences, New Delhi.

• Working Group on the 11th Five Year Plan, Ministry of Earth Sciences, New Delhi.

• Steering Committee on Involvement of S&T Community in Disaster Management
Work (Tropical Cyclone, Flood and Drought), National Disaster Management
Authority, Govt. of India.

• Sectional Committee on Earth and Planetary Sciences, Indian National Science
Academy, New Delhi.

• Sectional Committee on Earth and Planetary Sciences, Indian Academy of
Sciences, Bangalore.

Dr. P.C.S. Devara • EU-India Grid, “Joining European and India Grids for e-Science Network
Community”, launched by the Abdus Salam International Centre for Theoretical
Physics (ICTP), Trieste, Italy.
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Scientist Lecture, Venue and Date

• Scientific Steering Committee for the Continental Tropical Convergence Zone
(CTCZ) Field Campaign, Indian Climate Research Program (ICRP) of the
Department of Science and Technology, Govt. of India.

• Technical Program Committee of the 5th Asian Aerosol Conference, Kaoshiung,
Taiwan, 26-29 August, 2007.

• Research and Recognition Committee for Board of Studies in Atmospheric and
Space Sciences, University of Pune, Pune.

• Program Committee of the “LIDAR Remote Sensing for Environmental
Monitoring VII (AE 106) Symposium” of the SPIE Asia Pacific Remote Sensing
2006, Goa, 13-17 November, 2006.

• Task Team and Steering Committee of the Space Borne LIDAR Project of
Indian Space Research Organisation (ISRO).

• Advisory Committee constituted in connection with International Workshop on
Weather Modification Technology, Jawaharlal Nehru Technological University
(JNTU), Hyderabad, 18-20 January, 2007.

• Editorial Board (i) ATMOSFERA, (ii) Aerosol and Air Quality Research (AAQR),
and (iii) Indian Journal of Radio & Space Physics.

• Formulating mechanisms for advancement of the field and enlarge scope of
organizing schools on ‘Radar and Lidar Remote Sensing of the Atmosphere’,
SV University/ National Atmospheric Research Laboratory, Tirupati, 11 March,
2007.

• Joint Steering Committee to establish communication links between various ocean
observing platforms deployed in the Indian Ocean by the Ministry including
Antarctic and Land stations.

Dr. R.H. Kripalani • International Editorial Board for the (i) International Journal of Climatology
(ii) Korean Journal of Atmospheric Sciences (iii) Korean Journal of Earth Science
Society.

Dr. G. Beig • Union Symposium US001 (Part I) and US008  (Part II) “Our Changing Planet”
in the XXIVth Scientific Assembly of International Union of Geodesy and Geophysics
(IUGG) to be held at Perugia, Italy, during 2-13 July, 2007.

• International Scientific Programme Committee of 4th IAGA/ICMA/CAWSES
Workshop on Long-Term Changes and Trends in the Atmosphere, Sodankylä,
Finland, 4 - 8 September, 2006.

• Panel of Expert Reviewers, United Nations Environment Program of World
Meteorological Organization (WMO), Switzerland for the “Scientific Assessment
of Ozone Depletion: 2006”.

Dr. B.D. Kulkarni • Governing Body of Hydrological Data Users Group (HDUG) for Maharashtra
State under Hydrology project of the Water Resources Department, Nasik for
the period 2006-2008..

Dr. P. Mukhopadhyay • Sub-Group on Data Assimilation and Modelling for the field programme of the
Severe Thunderstorms Observations and Regional Modelling (STORM),
Department of Science and Technology, Govt. of India.
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Prof. B.N. Goswami

• Participation in a Planning Meeting to begin the
Joint Collaborative Work on the Evaluation of
Systematic Errors in the Asian Summer Monsoon
Simulation in Hadley Centre Coupled Model,
Hadley Centre for Climate Prediction of UKMO,
Exeter, U.K.

(24-29 September, 2006)

• Participation in the Meeting as Resource Person
on 1st Monsoon Asia Hydro-Atmosphere Scientific
Research and Prediction Initiative (MAHASRI)
International Science Steering Committee (MISSC)
and 3rd Asia Pacific Association of Hydrology and
Water Resources Conference, Bangkok, Thailand.

(16–20 October, 2006)

• Participation as Resource Person for the CLIPS
Training and Workshop, Bangkok, Thailand.

(15-17 January, 2007)

Dr. G.B. Pant

• Participation in the IPCC Working Group 1 Lead
Authors’ Meeting, Osoryo, Norway.

(23-30 June, 2006)

• Visiting Scientist at Department of Forestry and
Natural Resource, Purdue University, Indiana, USA.

(19 March - 6 April, 2007)

Dr. P.C.S. Devara

• Participation in the 7th International Symposium on
Tropospheric Profiling: Needs and Technologies,
Boulder, Colorado, U.S.A.

(12-22 June, 2006)

• Participation in 23rd International Laser Radar
Conference (ILRC23), Nara, Japan.

(24-28 July, 2006)

• Participation in Earth System Science Partnership
Open Science (ESSP OSC 2006), Beijing, China.

(8-12 November, 2006)

Dr. K. Rupa Kumar

• Accept Foreign Service to take up an Appointment
as Chief, World Climate Applications and CLIPS
(Climate Information and Prediction Services)
Division, World Meteorological organization, Geneva,
Switzerland.

 (May 2006 - May 2008)

Dr. G. Beig

• Participation as Expert Reviewer in the Review
Meeting of Scientific Assess-ment of Ozone
Depletion 2006, United Nations Environment
Program of the World Meteorological organization,
Les Diablerets, Switzerland.

(17-26 June, 2006)

• Participation in 4th IAGA/ICMA/ CAWSES
Workshop on ‘Long-Term Changes and Trends in
the Atmosphere, Sodankyla, Finland.

(4-8 September, 2006)

• IGAC-SPARC (World Meteorological Organization)
Workshop on Atmospheric Chemistry and Climate
(AC&C), Geneva, Switzerland.

(22-23 January, 2007)

• Joint Task Force on Hemispheric Transport on Air
Pollution (TF-HTAP) Workshop on Emissions
Inventories and Projections for Assessing Inter-
continental Transport held at Geneva, Switzerland.

(24-26 January, 2007).

Dr. A.K. Sahai

• Visiting scientist, Asia Pacific Economic
Co-operation Climate Centre (APCC), South Korea.

(1 July – 31 August, 2006)

Dr. K. Krishna Kumar

• Participation in a Planning Meeting to begin the
Joint Collaborative Work on the Evaluation of
Systematic Errors in the Asian Summer Monsoon
Simulation in Hadley Centre Coupled Model,
Hadley Centre for Climate Prediction, UKMO,
Exeter, U.K.

(24 September - 7 October, 2006)

Deputation Abroad
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• Participation in the Inauguration of the Graduate
School of Earth Sciences, University of Postdam,
Germany.
(11-14 January, 2007)

Dr. P.S.P. Rao

• Discussion on Scientific and Practical Issue related
to the Joint Atmospheric Brown Cloud
Measurements Program, International
Meteorological Institute, Stockholm University,
Sweden.
(17-31 October, 2006)

Dr. H.P. Borgaonkar

• Participation as Instructor in Regional Workshop on
Tropical Dendro-chronology (SEA Dendro - 2006),
Karsetsart University, Bangkok, Thailand.
(22-29 May, 2006)

Dr. (Smt.) S.B. Morwal

• Participation in Summer School on Aviation Weather
and Atmosphere, Institut fur Luft-und
Raumfahrtsysteme, Technische Universitat
Braunschweig, Braunschweig, Germany.
(21 August – 1 September, 2006)

Dr. (Smt.)A. A. Kulkarni

• Participation in Regional Disaster Risk Reduction
Workshop, Bangkok, Thailand.
(24 June – 1 July, 2006)

Dr. G. Pandithurai

• Participation in Scientific Delegation, Taiwan and
Singapore.
(24 June – 4 July, 2006)

Dr. S. Tiwari

• Visit to University of Stockholm, Stockholm, and
Swedish University of Agriculture Science,
Uppasala, Sweden, and Institute for Atmospheric
Pollution, Rome, Italy.
(11 April - 8 May, 2006)

Dr. Devendraa Siingh

• To accept the Better Opportunities for Young
Scientists in Chosen Area of Science and
Technology (BOYSCAST) Fellowship Awarded by

the Department of Science and Technology (DST),
Govt. of India, University of Tartu, Tartu, Estonia.

(25 May, 2006 - 24 May, 2007)

Shri B.H. Vaid

• Participation in 3rd ENVISAT Summer School on
Earth System Observation, Modelling and Data
Assimilation, European Space Research Institute,
European Space Agency, Frascati, Rome, Italy.

(31 July – 11 August, 2006)

Dr. L. K. Sahu

• Participation in the Conference of Atmospheric
Chemistry at the Interfaces-06, International
Convention Centre, Cape Town, South Africa.

(17–23 September, 2006)

Shri S.M. Sonbawne

• Participation in the 26th Indian Antarctica Expedition
during Winter Period, Antarctica.

(21 November, 2006 – 28 April, 2007)

Dr. (Smt.) B. Padma Kumari and
Shri K. Budhawant

• Participation in the International Training School on
Atmospheric Brown Cloud, Bangkok, Thailand and
Hanimaadhoo, Maldives.

(4-14 December, 2006)

Kum. Preethi Bhaskar

• Collaboration to address the Systematic Errors in
the Asian Summer Monsoon in Climate Model,
Hadley Centre for Climate Prediction, U.K.M.O.,
Exeter, U.K.

(8 January - 29 June, 2007)

Shri S.M. Deshpande

• Participation in the 7th International Symposium on
Tropospheric Profiling: Needs and Technologies,
Boulder, Colorado, U.S.A.

(7-27 June, 2006)

n n n
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Visitors

International

Dr. Martin Krusa
Research Engineer
International Meteorological Institute (IMI),
Stockholm University, Stockholm
Sweden
27 March – 7 April, 2006

Dr. L. Granat
Stockholm University, Stockholm,
Sweden
23 – 29 July, 2006

Dr. Sumant Nigam
Professor
Dept. of Atmospheric and Oceanic Sciences and Earth
System Sciences Interdisciplinary Centre (ESSIC),
University of Maryland
U.S.A.
22 September, 2006

Dr. Anandu Vernekar
Professor Emeritus
Dept. of Atmospheric and Oceanic Sciences and Earth
System Sciences Interdisciplinary Centre (ESSIC),
University of Maryland
U.S.A.
26 September – 10 October, 2006

Dr. Maheswar Rupakheti
Senior Program Officer,
UNEP Regional Resource Centre for Asia and the
Pacific (RRC,AP), Klong Luang, Pathumuthani
Thailand
30-31 October, 2006

Dr. Subodh Saha
Alfred Wegener Institute for Polar and
Marine Research, Potsdam,
Germany
18 – 20 December, 2006

Dr. Lochan Prasad Devkota
and

Mr. Abdul Quayoom Khan
SAARC Meteorological Research Centre,
Dhaka, Bangladesh
21 December, 2006 – 4 January 2007

Dr. Andrew W. Robertson
International Research Institute for
Climate and Society (IRI),
U.S.A.
7-9 February, 2007

Dr. Ajay Mohan
Frontier Research Centre for Global Change
(FRCGC)
Japan
13-17 February, 2007

National

Dr. R.N. Yadava
Scientist and Head
Regional Research Laboratory
Bhopal
10 April, 2006

Dr. V. Sasikumar
Scientist
Atmospheric Sciences Division
Centre for Earth Sciences Studies
Thiruvananthapuram
11 – 12 April, 2006

Dr. K.P. Sharma
Research Officer, Ministry of Home Affairs
Mumbai
8 June, 2006

Smt. Vidya Sharma
Research scholar
Maulana Azad National Institute of Technology
(MANIT),
Bhopal
24-26 July, 2006
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Dr. S.N. Das
Scientist and Head
Environmental Chemistry Division
Regional Research Laboratory
Bhubaneshwar
25 – 27 July, 2006

Dr. Umesh Kulshreshta
Scientist
Indian Institute of Chemical Technology (IICT)
Hyderabad
26 – 28 July, 2006

Shri M.S. Bendre
Superintending Engineer (E.D.)

Shri B.G. Kulkarni
Sub-Divisional Engineer and

Ms. Sunnanda N. Jagtap
Executive Engineer,
Central Design Organisation,
Nasik
19 September, 2006

Mr. Rob Daniel
Head of Science & Technology
British High Commission
New Delhi
and

Ms. Natalie Bain
Head of Inward Investment
Mumbai
5 September, 2006

Dr. P.S. Goel
Secretary
Ministry of Earth Sciences
Govt. of India
New Delhi
7 October, 2006 and 17 March, 2007

Shri B. Bhattacharjee
Hon. Member
National Disaster Management Authority
11 November, 2006

Participants
Short Course on Laser Technology
Defence Laboratory,
Hyderabad
29 November, 2006

n n n
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By Visitors

Dr. Sumant Nigam, University of Maryland, U.S.A.

• Warm season hydroclimate variability over the US
great plains: Land ocean influences, 22 September,
2006.

Dr. Anandu Vernekar, Professor Emeritus,
Department of Atmospheric and Oceanic Sciences,
University of Maryland, USA (delivered a series of
lectures during 22 September to 15 October, 2006).

• Intraseasonal variability

• Interannual variability

• ENSO-monsoon relation

• Tropical biennial oscillations

• Quasi-biennial oscilllations

• Eurasian snow cover and Indian monsoon

• Interdecadal variability

• Long-period variability

Dr. Lochan Prasad Devkota, SAARC Meteorological
Research Centre, Dhaka, Bangladesh

• Impact of temperature variability on the Himalayan
Glacier, 4 January, 2007.

Mr. A.Q. Khan, SAARC Meteorological Research
Centre, Dhaka, Bangladesh.

• Climatological data management in Pakistan,
4 January, 2007.

Dr. Andrew W. Robertson, International Research
Institute for Climate and Society (IRI), USA.

• Seasonal prediction for climate risk management,
9 February, 2007.

By Institute Scientists/
Research Fellows

Shri S.S. Gunthe

• Seasonal variations in ozone and its precursors at
Pune, 12 April, 2006.

Seminars
Shri S.S. Dugam

• Development of intra-seasonal indices over Indian
region and their association with NAO and ENSO,
17 April, 2006.

• Long-range forecast for monsoon-2006 by various
statistical models, 16 June, 2006.

Smt. N.R. Deshpande

• Climate extreme indices and indicators for South
Asia, 27 April, 2006.

Shri J.S. Chowdary

• Changing trends in the tropical Indian Ocean SST
during the La Nina years, 12 May, 2006.

Dr. (Smt.) S.G. Nagar

• Some salient features of dynamic and
thermodynamic structure of the marine boundary
layer (MBL) associated with onset of monsoon
over Kerala during ARMEX-2003, 19 May, 2006.

Dr. P.C.S. Devara

• LIDAR profiling of atmospheric aerosols and clouds
over a tropical station in India, 30 May, 2006.

• Dual polarization Micro Pulse LIDAR for tropical
aerosol-cloud-climate interaction studies at Pune,
India, 19 July, 2006.

• Changing aerosols levels and precipitation: a regional
observation over Pune, India, 3 November, 2006.

• LIDAR profiling of aerosols and clouds for regional
climate and air pollution Research, 3 November, 2006.

Shri S.M. Deshpande

• Vertical wind observations in the lower troposphere
using UHF wind profiler at a tropical Indian station,
30 May, 2006.

• Studies on vertical winds in the mMiddle
troposphere obtained from UHF wind profiler Radar
at Pune (Pre-Ph.D. Seminar), 13 November, 2006.

Dr. D.B. Jadhav

• Recent trends in weather modification, 8 June, 2006.

Shri S.D. Patil

• Spatio-temporal variability in the cloud radiative
forcing during summer monsoon season over Indian
region using multiple satellite data, 19 June, 2006.
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Smt. R. Deepa

• On the plausible Reasons for the formation of
onset vortex in the presence of Arabian Sea mini
warm pool, 20 June, 2006.

Shri Somaru Ram

• Tree ring growth climate relationship in Teak and
its dendroclimatic potential, 26 June, 2006.

Shri C.M. Mohile

• A project on surface climatology of Western
Himalaya, 18 July, 2006.

Dr. M.N. Patil

• Observations of land surface parameters over different
types of soils in western India, 30 June, 2006.

Shri B.H. Vaid

• Influence of El Nino on the biennial Rossby waves
in the Indian Ocean with a special emphasis on
Indian Ocean dipole, 21 July, 2006.

• Tsunami, the deadly waves in the ocean,
8 December, 2006.

Shri P. Ramesh Kumar

• Spatial and temporal distribution of lightning activity
over the south and south east Asian regions,
2 August, 2006.

Dr. L. K. Sahu

• Characteristic distributions of trace gases at a semi
- urban site over the Indo-Gangetic plain,
11 August, 2006.

Dr. G . Beig

• Ion chemistry and global change, 22 August, 2006.

• Global climate change, 28 February, 2007 (National
Science Day Lecture).

Shri A. K. Verma

• Hydrometeorological studies of Himalayan
glacierized river basins using regional climate and
hydrological modelling systems, 28 August, 2006.

Dr. D.R. Kothawale

• Temperature variability over Indian Ocean and its
relationship with Indian monsoon rainfall,
8 September, 2006.

Shri R. Chattopadhyay

• Assessment of the role of large scale dynamics on
the intra-seasonal variabilities of Asian summer
monsoon using coupled model and ERA-40 data,
8 September, 2006.

Kum. S. Joseph

• Diagonostic and modeling studies on the role of
interannual and intra-seasonal variabilities in
determining the active and break phases of Indian
summer monsoon, 8 September, 2006.

Shri V. Singh

• Trends in tropical tropospheric ozone and its
precursors: impact on environment and climate
 (Ph.D. proposal),18 September, 2006.

Smt. N.R. Deshpande

• Temporal changes in the characteristics of the
rainfall periods contributing specified percentages to
annual total across India, 19 September, 2006.

Dr. B. D.Kulkarni

• Water potential of the Wainganga, the Wardha and
the Penganga river catchments for the optimum
development of their water resources – A brief
appraisal, 19 September, 2006.

Dr. (Kum.) S.S. Nandargi

• Water quality analysis of the Krishna river basin:
A pilot study, 19 September, 2006.

Shri A.L. Sagar

• Influence of polluted water bodies on environment
and regional development, 5 October, 2006.

Dr. R.H. Kripalani

• South and East Asian monsoons: IPCC AR4
coupled climate model simulations and projections,
10 November, 2006.

Dr. (Smt.) S.B. Morwal

• Summary of the Summer School on Aviation,
Weather and Atmosphere, 2 February, 2007.

Dr. (Smt.) B. Padma Kumari

• Overview of the Training School on “Atmospheric
Brown Clouds”, 2 February, 2007.
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Shri K. Budhavant

• Overview of the Training School on “Atmospheric
Brown Clouds”, 2 February, 2007.

Kum. S. Roy

• Study of tropospheric ozone and its precursors over
India using a regional chemistry-transport model,
15 February, 2007.

Kum. R.L. Bhawar

• Aerosol characterization from satellite and ground-
based measurements, 21 February, 2007.

Dr. Nityanand Singh

• Coping water scarcity with religious sentiments and
scientific temperament, 22 March, 2007 (World
Water Day Lecture).

Dr C. G . Deshpande

• Polar meteorology: understanding global impacts,
23 March, 2007 (World Meteorological Day Lecture).

Current Weather Discussion

Current Weather Discussion Forum has been
formed in the Institute to discuss various aspects of
the monsoon. First weather discussion of the Forum for
the year 2006 was held on 2 June, 2006. Different
aspects of forecasting of monsoon 2006 were presented
by the Institute scientists, as shown below:

Dr. S.M. Bawiskar

• Long Range Forecast for the MONSOON-2006,
2 June, 2006.

Shri S.P. Ghanekar

• Forecast of onset of monsoon over Kerala for
2006, 2 June, 2006.

Dr. M.S. Mujumdar

• Diagnostic analysis of large-scale circulation,
13 July, 2006.

Shri J.R.Kulkarni

• Synoptic and intra-seasonal features, 13 July, 2006.

• Summary of the Weather Discussion, 9 August,
2006.

• Overview of dynamics, 23 August, 2006.

Shri V.R. Mujumdar

• Stagnation in advance of monsoon - probable cause
and impact, 26 July, 2006.

Shri P.V. Puranik

• Organization of clouds during ongoing monsoon as
revealed through satellite imageries, 26 July, 2006.

Shri J. Sanjay

• Numerical simulation of heavy rainfall over Ratnagiri
on May, 30, 2006 using WRF, 26 July, 2006.

Dr. (Smt.) S.G. Nagar

• Synoptic features, 9 August, 2006.

Shri R. Chattopadhyay

• Active-break spells, 9 August, 2006.

Kum. J. Sushmita

• Large-scale features of active-break spells,
9 August, 2006.

Shri B. K. Samala

• SST and OLR features, 9 August, 2006.

Dr. Nityanand Singh

• Synoptic climatology, 23 August, 2006.

Dr (Smt) N.A. Sontakke

• Circulation index v/s rainfall, 23 August, 2006.

Shri S.D. Patil

• Cloud radiative forcing, 23 August, 2006.

Shri R.K. Yadav

• Daily weather charts, 23 August, 2006.

Dr (Smt) B. Padmakumari

• Weather discussion on monsoon-2006,
21 September, 2006.

Shri S. Halder

• Instability analysis, 21 September, 2006.

n n n
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Academic Faculty

Name Specialisation E-mail Address
Academic

Qualifications

Prof. B.N. Goswami

Dr. G.B. Pant

Dr. A.K. Kamra
(Emeritus Scientist
from 6 October 06)

Dr. P.C.S. Devara

Dr. D.B. Jadhav

Dr. K. Rupa Kumar
(on Deputation to
WMO, Geneva)

Dr. (Smt.) P.S.
Salvekar

Dr. Nityanand Singh

Dr. R. Krishnan

Dr. P.E. Raj

Dr. P.N. Mahajan

Dr. J.R. Kulkarni

Smt. S.S. Vaidya

Indian Summer Monsoon Variability, Predictability
of the Tropical Coupled Ocean-Atmosphere
System, Climate Modelling, Modelling of Large
Scale Air-Sea Interactions in the Tropics,
Theoretical Study of Large Scale Tropical
Dynamics using Simple Models

Climate, Climatic Change, Palaeoclimatology,
Monsoon Variability and Prediction

Atmospheric Electricity, Cloud Physics

Atmospheric Optics, Remote Sensing of
Atmospheric Aerosols and   Trace Gases,
Aerosol-Climate Interactions

Spectrometric Techniques for Atmospheric
Chemistry, Radiation, Atmospheric Electricity

Climate Change, Monsoon Variability and
Prediction, Dendroclimatology, Climate Impact
Studies

Monsoon Disturbances, Simulation of
Atmospheric and Oceanic Circulation, Human
Resource Development for Atmospheric Sciences

Hydrometeorological Studies, Rainfall Prediction
on Shorter Spatial and Temporal Scales

Climate Modelling

Optical and Radio Remote Sensing of the
Atmosphere, Environmental Studies, Aerosol-
Climate Interactions

Satellite Data Applications for Weather
Forecasting

Monsoon Variability and Prediction, Nonlinear
Dynamics and Chaos, Climate Modelling

Numerical Weather Prediction with Special
Emphasis on the Physical Processes

goswami@tropmet.res.inM.Sc., Ph.D.

gbpant@tropmet.res.in M.Sc., Ph.D.

kamra@tropmet.res.in M.Sc., Ph.D.

devara@tropmet.res.in M.Sc., Ph.D.

dbj@tropmet.res.in M.Sc., Ph.D.

kolli@tropmet.res.in
RKolli@wmo.int M.Sc., Ph.D.

pss@tropmet.res.in M.A., Ph.D.

nsingh@tropmet.res.in M.Sc., Ph.D.

krish@tropmet.res.in M.Sc., Ph.D.

ernest@tropmet.res.in M.Sc., Ph.D.

mahajan@tropmet.res.inM.Sc., Ph.D.

jrksup@tropmet.res.in M.Sc., Ph.D.

ssvady@tropmet.res.in M.Sc.
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Name Specialisation E-mail Address
Academic

Qualifications

Dr. R. H. Kripalani

Shri  B.N. Mandal

Dr. G. Beig

Dr. A.K. Sahai

Dr. K. Krishna Kumar

Dr. P.S.P. Rao

Dr. (Smt.) I.S. Joshi

Dr. (Smt.) N.A.
Sontakke

Dr. S.K. Sinha

Dr. (Smt.) S.G.
Nagar

Dr. A.L. Londhe

Dr. (Smt.) S.S.
Kandalgaonkar

Dr. H.P. Borgaonkar

Shri  S. D. Pawar

Shri M.K. Tandon

Dr. T. Venugopal

Shri. C.S. Bhosale

Asian Monsoon and Climate Variability

Hydrometeorological Studies for Different River
Basins and Regions

Atmospheric Chemistry, Ozone Pollution,
Greenhouse Gases-3D Chemical – Climate
Modelling, Air Pollution Modelling

Climate Variability

Monsoon Variability and Prediction, Global
Teleconnections and Climate Application

Air Pollution, Precipitation Chemistry

Upper Atmosphere, Ionosphere and
Environmental Sciences

Climate Variability and Prediction with Special
Reference to Indian Monsoon

Objective Analysis including Satellite Input for
NWP

Boundary-Layer Meteorology and Air-sea
Interaction Process

Monitoring of Atmospheric Constituents, Twilight
Spectroscopy

Thunderstorm Climatology and Related
Meteorological Parameters

Long-term Climate Variability over Monsoon
Asia, Dendroclimatology, Palaeoclimatology

Atmospheric Electricity, Aerosol Physics

Development of Scientific Computing
Techniques for Atmospheric Sciences

Boundary-Layer Meteorology and Air-sea
Interaction Process

Monitoring of Atmospheric Constituents, Twilight
Spectroscopy

krip@tropmet.res.in M.Sc., Ph.D.

mandal@tropmet.res.in B.Sc.

beig@tropmet.res.in M.Sc., Ph.D.

sahai@tropmet.res.in M.Sc., Ph.D.

krishna@tropmet.res.in M.Sc., Ph.D.

psprao@tropmet.res.in M.Sc., Ph.D.

indira@tropmet.res.in M.Sc., Ph.D.

sontakke@tropmet.res.inM.Sc., Ph.D.

sinha@tropmet.res.in M.Sc., Ph.D.
Ph.D.

nagar@tropmet.res.in M.Sc., Ph.D.

londhe@tropmet.res.in M.Sc., Ph.D.

sskandal@tropmet.res.inM.Sc., Ph.D.

hemant@tropmet.res.in M.Sc., Ph.D.

pawar@tropmet.res.in M.Sc.

tandon@tropmet.res.in M.Sc.

tvgopal@tropmet.res.in M.Sc., Ph.D.

bhosale@tropmet.res.inM.Sc.



122 Indian Institute of Tropical Meteorology, Pune

Name Specialisation E-mail Address
Academic

Qualifications

Shri T. Dharmaraj

Dr. A.A. Munot

Smt. N.R. Deshpande

Smt. S.K. Patwardhan

Dr. B.D. Kulkarni

Shri R.B. Sangam

Dr. Y. Jaya Rao

Dr. M.N. Patil   

Dr. B.S. Murthy

Dr. (Smt.)  S.B.
Morwal

Shri  A.B. Sikder

Dr. D.M. Chate

Shri S.S. Dugam

Shri  V.
Gopalakrishnan

Shri Prem Singh

Shri S.D. Bansod

Dr. C. Gnanaseelan

Smt. S.K. Mandke

Atmospheric Boundary Layer, Instrumentation

Monsoon Rainfall Variability, Teleconnection and
Prediction

Hydrometeorological Studies for Different River
Basins and Regions

Climate Change, Monsoon Variability and
Teleconnections

Hydrometeorological Studies for Different River
Basins and Regions

Hydrometeorological Studies for Different River
Basins and Regions

Optical and Radio Remote Sensing of the
Atmosphere

Land Surface-Atmosphere Interactions

Theoretical and Experimental Studies of
Atmospheric Boundary Layer 

Atmospheric Boundary  Layer

Long-term Climate Variability over Monsoon
Asia, Dendroclimatology, Palaeoclimatology

Air Pollution Studies

Monsoon Variability and Prediction with NAO
and ENSO

Cloud Physics, Atmospheric Electricity

Ocean Modelling and Simulation Studies

Monsoon Variability and Teleconnection

Ocean Modelling and Data Assimilation

Climate Modelling

dharam@tropmet.res.inB.E.

munot@tropmet.res.in M.Sc., Ph.D.

nrdesh@tropmet.res.in M.Sc., M.Phil.

patwar@tropmet.res.in M.Sc.

bdkul@tropmet.res.in M.Sc., Ph.D.

sangam@tropmet.res.in B.Sc.

jrao@tropmet.res.in M.Sc.,
M.Tech., Ph.D.

patil@tropmet.res.in M.Sc., Ph.D.

murthy@tropmet.res.in M.Sc., Ph.D.

morwal@tropmet.res.in M.Sc., Ph.D.

sikder@tropmet.res.in B.Sc., B.A.,
M.Sc.

chate@tropmet.res.in M.Sc., Ph.D.

dugam@tropmet.res.in M.Sc.

gopal@tropmet.res.in M.Sc.

psg@tropmet.res.in M.Sc., M.Phil.

erp@tropmet.res.in M.Sc.

seelan@tropmet.res.in M.Sc.,
M.Tech., Ph.D.

amin@tropmet.res.in M.Sc., M.Tech.
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Name Specialisation E-mail Address
Academic

Qualifications

Shri N.K. Agarwal

Dr. (Smt.) A.A.
Kulkarni

Dr. S.B. Debaje     

Shri J. Sanjay

Dr. G. Pandithurai

Shri S. Mahapatra

Shri G.A. Momin

Shri S.S. Mulye

Shri R.M. Khaladkar

Shri V.R. Mujumdar

Dr. S.M. Bawiskar

Shri D.K. Trivedi

Smt. A. A. Deo

Dr. K. Ali

Dr. D. R. Kothawale

Dr. G.S. Meena

Dr. C.G. Deshpande

Atmospheric Energetics in Wavenumber
Frequency Domain

Monsoon Variability and Teleconnections

Studies on Surface Ozone and  Atmospheric
Chemistry  

Numerical Weather Prediction with Special
Emphasis to Mesoscale Modelling and Boundary
Layer Processes

Atmospheric Aerosols and Remote Sensing

Numerical Weather Prediction, Regional and
Mesoscale Modelling, Initialization Techniques

Air Pollution Studies

Hydrometeorological Studies for Different River
Basins and Regions

Satellite Meteorology, Weather Forecasting

Indian Monsoon

Studies of Monsoons and Tropical Weather
Systems

Numerical Weather Prediction, Tropical Cyclone
Modelling

Application of Ocean modelling, Studies of
Upper Oceanic Processes in Different Time and
Space Series

Cloud Physics and Radar Meteorology,  Air
Pollution Studies

Climate Change, Monsoon Variability and
Prediction

Atmospheric Minor Constituents

Aerosol Physics,  Atmospheric Electricity

nka@tropmet.res.in M.Sc., M.Phil.,
PGDCA

ashwini@tropmet.res.in M.Sc., Ph.D.

debaje@tropmet.res.in M.Sc., Ph.D.

sanjay@tropmet.res.in M.Sc.

pandit@tropmet.res.in M.Sc., PGDCA,
Ph.D.

mahap@tropmet.res.in M.Sc. (Tech.),
M.Tech.

momin@tropmet.res.in M.Sc.

mulye@tropmet.res.in B.Sc.

khaldkr@tropmet.res.in M.Sc., P.G.D.
M.Tech.

vrmujumdar@tropmet.res.in  B.Sc.

monsoon@tropmet.res.inM.Sc., Ph.D.

trivedi@tropmet.res.in M.Sc.

aad@tropmet.res.in M.Sc., M.Phil.

kaushar@tropmet.res.inM.Sc. (Tech.),
Ph.D.

kotha@tropmet.res.in M.Sc., Ph.D.

gsm@tropmet.res.in M.Sc., Ph.D.

cgdesh@tropmet.res.in M.Sc., Ph.D.
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Name Specialisation E-mail Address
Academic

Qualifications

Dr. P.D. Safai

Dr. M.S. Mujumdar

Shri  P.V. Puranik

Shri S.K. Jadhav

Smt. N. V.
Panchawagh

Shri S.D. Patil

Smt. M.K. Kulkarni

Smt. Latha R.

Shri S.B. Kakade

Shri S.P. Ghanekar

Dr. S.G. Narkhedkar

Shri  S.S. Sabade

Smt. Sathy Nair

Shri K.K. Dani

Dr. K.M.C. Reddy

Shri M. Mahakur

Smt. M.N. Kulkarni

Dr. (Smt.) Padma
Kumari

Dr. S. Tiwari

Surface Ozone, Atmospheric Aerosols and
Precipitation Chemistry

Climate Modelling

Studies of Monsoons and Tropical Weather
Systems

Studies on Low Pressure  Systems over the
Indian Region

Extended Range Prediction

Climate and Climatic Change, Ozone Variability

Atmospheric Electricity

Atmospheric Electricity

Monsoon Variability and Prediction with NAO
and ENSO

Studies of Monsoons and Tropical Weather
Systems

Objective Analysis, Including Satellite Data in
Weather Forecasting

Monsoon Variability and Teleconnections

Satellite Meteorology and Applications of Satellite
Data in Weather Forecasting

Remote Sensing of Atmospheric Aerosols and
Trace Gases

Remote Sensing of Atmospheric Aerosols and
Trace Gases

Applications of Satellite Data in Weather
Forecasting

Atmospheric Electricity

Atmospheric Minor Constituents

Air Pollution, Precipitation Chemistry

safai@tropmet.res.in M.Sc., Ph.D.

mujum@tropmet.res.in M.Sc., Ph.D.

puranik@tropmet.res.in B.Sc.

skj@tropmet.res.in B.Sc.

panchwag@tropmet.res.in M.Sc.

patilsd@tropmet.res.in M.Sc., PGD

mkk@tropmet.res.in M.Sc.

latha@tropmet.res.in B.Tech.

kakade@tropmet.res.in M.Sc.

ghanekar@tropmet.res.inM.Sc.

narkhed@tropmet.res.inM.Sc., Ph.D.

sabade@tropmet.res.in M.Sc.

Sathy1957@hotmail.comB.Sc.

kundan@tropmet.res.in B.Sc.

madhucomcom@rediff.com M.Sc., Ph.D.

mmahakur@tropmet.res.inM.Sc.,
M.Tech., PGD

mnkulk@tropmet.res.in M.Sc.

padma@tropmet.res.in M.Sc.,
M.Tech., Ph.D.

mbtiwari.tropmet.res.in M.Sc., Ph.D.
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Name Specialisation E-mail Address
Academic

Qualifications

Shri P. Murugavel

Smt. S.R. Inamdar

Smt. U. Iyer

Dr. P. Mukhopadhyay

Smt J.V. Revdekar

Smt. S.S. Fadanvis

Dr. (Kum.) S.S.
Nandargi

Shri D.M. Lal

Kum. S. Roy

Dr. R.S.
Maheskumar

Smt. A.A. Prabhu

Dr. (Smt.)
R.R. Joshi

Dr. Devendraa
Siingh

Dr. R.K. Yadav

Dr. Samir Pokhrel

Dr. A.B. Parekh

Atmospheric Electricity, Aerosol Physics

Extended Range Prediction

Satellite Meteorology and Applications of Satellite
Data in Weather Forecasting

NWP and Meso-scale Modelling of
Thunderstorms, Heavy Precipitation Events

Extreme Weather Events, Climate Change,
Monsoon Variability

Atmospheric Chemistry, Ozone Pollution,
Greenhouse Gases- 3-D Chemical-Climate
Modelling

Hydrometeorological Studies for Different River
Basins and Regions

Cloud Physics

Atmospheric Chemistry, Ozone Pollution,
Greenhouse Gases- 3-D Chemical-Climate
Modelling

Remote Sensing of Atmospheric Aerosols and
Trace Gases, Cloud physics

Satellite Data Applications for Weather
Forecasting

Investigation and modelling of Land Surface
Processes in Atmospheric Boundary layer,
Wind Profiler, Remote Sensing Devices

Atmospheric Electricity, Global Electric Circuit,
Sferics and Whistlers, ELF/VLF emissions
in Ionosphere/ Magnetosphere,
Space Plasma Physics and Space Weather

Seasonal Forecasting

Rainfall Retrieval, Radiative Transfer Modelling

Remote Sensing, Physical Oceanography, Air-sea
Interaction

pmvelu@tropmet.res.in B.E.

srinam@tropmet.res.in M.Sc.

usha@tropmet.res.in M.Sc.

mpartha@tropmet.res.inM.Sc., Ph.D.

jvrch@tropmet.res.in B.Sc., B.Sc.,
M.Sc.

suvarna@tropmet.res.in B.E., M. Tech.

nshobha@tropmet.res.inM.Sc., Ph.D.

dmlal@tropmet.res.in M.Sc., PGDCA

sompriti@tropmet.res.in M. Sc., ADCA

mahesh@tropmet.res.in M.Sc., M.Tech.,
Ph.D.

amitaprabhu@tropmet.res.in  M.Sc.

rrjoshi@tropmet.res.in M.Sc., Ph.D.

dksingh@tropmet.res.inM.Sc., Ph.D.

yadav@tropmet.res.in M.Sc.(Tech.),
Ph.D.

samir@tropmet.res.in M.Sc., Ph.D.

anant@tropmet.res.in M.Sc., Ph.D.
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Name Specialisation E-mail Address
Academic

Qualifications

Kum B. Preethi

Shri G.R. Chintalu

Smt. Asha Nath

Smt. R.V.
Bhalwankar

Smt. S.S. Naik

Shri S.De

Dr. S. D. Ghude

Dr. R.C. Reddy

Dr. Y.K. Tiwari

Monsoon Variability

Air Sea Interaction Studies in Tropical
Monsoons & Atmospheric Boundary Layer
Processes Studies over Land and Ocean.

Atmospheric Electricity

Simulation Techniques in Cloud Physics

Monsoon Studies

Deterministic Predictability in the Perspective of
Nonlinear Error Characteristics Study of a
Prognostic Model in the Medium Range Tropical
Weather Forecast

Aerosol Studies in relation to Climate Change,
Trace Gases Measurement

Ocean Modelling Application of Satellite Data
for Ocean Studies

Greenhouse Gas Modelling and its Measurement

preethi@tropmet.res.in M.Sc., M.Tech.

chintalu@tropmet.res.inM.Sc.

asha@tropmet.res.in B.Sc.

rohini@tropmet.res.in M.Sc.

snaik@tropmet.res.in M.Sc.

sde@tropmet.res.in M.Sc., M.Tech.

sachinghude@tropmet.res.in  M.Sc.,
   Ph.D.

rahul@tropmet.res.in M.Sc., M.Tech.,
Ph.D.

yktiwari@tropmet.res.in M.Sc.(Tech.),
Ph.D.

Administrative and Technical Support

Administration

Smt. N.S. Girija Administrative Officer girija@tropmet.res.in

Accounts

Shri S.M. Hendre Accounts Officer hendre@tropmet.res.in

Purchase and Stores

Shri S.R. Nirgude Senior Technical Officer, Gr. II nirgude@tropmet.res.in

Library, Information and Publication

Smt. A.A. Shiralkar Senior Technical Officer, Gr. I siralkar@tropmet.res.in

Computer and Data Archival

Smt. S.U. Athale Senior Technical Officer, Gr.II swati@tropmet.res.in

n n n
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Research Associate

Smt. P. Swapna Air-Sea Interactions in the Indian Ocean Region (DOD/
INDOMOD 10th Plan Programme) (Department of
Ocean Development,  Govt. of India)

Dr. R. Krishnan

IITM Research Associates/Fellows and
Project Personnel, etc.
IITM Research Associate

• Dr. Pankaj Kumar

IITM Research Fellows

• Smt. Shally Joshi
• Shri Umesh Kumar Singh
• Shri Sourav Taraphadar
• Smt. Ashwini A. Ranade
• Shri Vimalesh Pant
• Kum. Suchitra Sundaram
• Shri P. Ramesh Kumar
• Shri Ashok Kumar Verma
• Kum. Rohini Bhawar
• Shri Dhawal P. Prajapati

• Shri Sachin M. Deshpande
• Shri Suraj D. Polade
• Shri Santosh Kulkarni
• Shri B.H. Vaid
• Kum. K. Kamala
• Shri Shubhadeep Halder
• Shri Sachin S. Bhandare
• Kum. C. Seethala
• Smt. Medha S. Deshpande
• Kum. Sudhamayee Behura

CSIR Research Fellows

• Shri E. Suhas
• Kum. R. Deepa
• Kum. Neena Joseph Mani
• Shri A. Jayakumar
• Shri M.G. Manoj

• Kum. Susmita Joseph
• Kum. Ayankita Dey
• Shri A.S. Panickar
• Shri Bijoy Thompson

Multisite Characterization of Tropical Aerosol Radiative
Forcing using Measurements

Air-Sea Interactions in the Indian Ocean Region (DOD/
INDOMOD 10th Plan Programme) (Department of
Ocean Development, Govt. of India)

Generalized PMP Atlas over the Krishna and the Indus
River Basins (Central Water Commission, New Delhi)

Impact of Long Term Solar Variability on Middle
Atmosphere Chemical Climate Using Satellite Data and
Model Simulation

Research Fellows

Shri Sumit Kumar

Shri Vinaykumar

Shri Narendra Singh

Shri Saroj Kumar Sahu

Dr. P.C.S. Devara

Dr. R. Krishnan

Shri B.N. Mandal

Dr. G. Beig

Project Personnel

Name Project Principal Investigator
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Name Project Principal Investigator

Shri Rajib
Chattopadhyay

Shri Abhishek Mishra

Kum. Tanushri
Chakraborty

Shri Munendra Jain

Shri Jasti Srirang
Choudhary

Shri Shailandra Kewat

Air-sea interactions in the Indian Ocean region (DOD /
INDOMOD 10th Plan Programme) (Department of
Ocean Development, Govt. of India)

Development of a Regional Atmosphere Ocean Coupled
Modelling Strategy for Predicting Indian Summer Monsoon

Secular Variations in the Structure of Grounds Based
Inversions and Stable Layers During Winter (November-
March) Due to Urbanization

Measurement and Study of Ozone under Different
Environments (Conductive of Vegetation and Agriculture
Fields)

Data Assimilative Sigma Coordinate Numerical Model for
the North Indian Ocean (DOD/INDOMOD 10th Plan
Programme)

Role of Aerosols and Black Carbon in Atmospheric
Radiation Budget Studies (ISRO-GBP/ARBS) (Indian
Space Research Organisation (ISRO), Govt. of India)

Dr. R. Krishnan

Dr. K. Krishna Kumar

Dr. (Smt.) S.G. Nagar

Dr. A.L. Londhe

Dr. C. Gnanaseelan

Dr. P.D. Safai

n n n

Programme Officer

Smt. Shilpa Jain (Talekar) ENVIS Information Centre Dr. G. Beig

Project Consultants

Shri Srinivasan
Nyayapathi

Computer and Data Division

SERC Fast Track Young Scientist Project of DST

Dr. (Smt) Gur Sumran
Satsangi

Characterization of Chemical Species in PM10 and
PM2.5 Aerosols in Agra

Dr. P.S.P. Rao

I.T. Assistant

Shri Abhishek Kumar Solanki ENVIS Information Centre Dr. G. Beig

Smt. Shradha M. Kale ENVIS Information Centre Dr. G. Beig

Shri Raju P. Dhanak — Accounts Officer

Shri K.B. Budhawant Indo-Swedish Collaborative Project “Atmospheric Brown
Cloud –Asia “

Project Assistant

Kum. Pratima Pandey Development of a Regional Atmosphere- Ocean Coupled
Modelling strategy for Predicting Indian Summer Monsoon

Dr. K. Krishna Kumar

Dr. P.S.P. Rao
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M/s M. S. Godbole & Associates
CHARTERED ACCOUNTANTS

67 / 2, 4, Uberoi House, Nal Stop, Karve Road, Pune 411 004.
Phone : 2543 35 40, E-mail : mgodbole@vsnl.com

To,
The Members
Indian Institute of Tropical Meteorology
Homi Bhabha Road
Pashan
Pune-411 008

Sub : Audit Report for the Financial Year ended 31st March, 2007

Dear Sirs,

We have audited the attached Balance Sheet of the Indian Institute of Tropical Meteorology, as on
31st March 2007 and also the Income & Expenditure Account for the year ended on that date, annexed thereto.
These financial statements are the responsibility of the Company’s Management. Our responsibility is to express
an opinion on these financial statements based on our audit.

We conducted our audit in accordance with the auditing standards generally accepted in India. Those standards
require that we plan and perform our audit to obtain reasonable assurance about whether the financial statements
are free from material misstatements. An audit includes assessing the accounting principles used and significant
estimates made by the management, as well as evaluating the overall financial statement presentation. We believe
that our audit provides a reasonable basis for our opinion.

Further to our Observations annexed herewith and read with the Notes forming Part of the Accounts, we
report that :

1) We have obtained all information and explanation, which to the best of our knowledge and belief were
necessary for the purpose of our audit.

2) The Balance Sheet and the Profit and Loss Account dealt with by this report, are in agreement with
the books of account of the company.

3) We invite your attention to the following :

i) In respect of funds received for earmarked investments / projects, no separate investment / bank
accounts are maintained. As informed to us by the Management, this is due to a large number of
projects. Hence, interest income earned on these funds are not credited to respective projects but
is shown as a consolidated figure in Income & Expenditure Account.

4) In our opinion, and to the best our information and according to the explanation given to us, the Balance
Sheet and the Income & Expenditure Account read along with the Notes forming part of Accounts
and other observations, give a true and fair view :

i) In the case of Balance Sheet, of the state of affairs as at 31st March, 2007, and

ii) 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 : 3rd July, 2007. (M. S. Godbole)
Place : Pune. Partner
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ANNEXURE TO THE AUDITOR’S REPORT

Following are our observations based on books, records, and documents produced before us and information and
explanations given by the officials of the Institute:

1. Maintenance of Fixed Assets Register: To have proper control over the assets, it is recommended that the
entries in the said register should be made as soon as the entries are made in the stores record.

2. Physical Verification of Dead Stock: Physical verification report for the year ended 31st March, 2004 is on
record. Preparation of the physical report for the year ended 31st March, 2007 is still in progress.

3. Claims Receivable: (Schedule 6 to the Balance Sheet) Claims receivable amounting to Rs. 5,86,955.63 pertains
to excess expenditure on some projects. The above said amount is receivable from the concerned sponsors of
the projects and advances given to employees.

4. Land Dispute with National Chemical Laboratory (NCL), Pune : 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. Efforts are in progress to get the land in question from
NCL as per the demarcation of land shown by the city survey office. However, there has been no progress on
this front since the last year and the same needs follow up with NCL authorities.

5. Arbitration Case: After the settlement of the arbitration case between CPWD and M/s. Naidu & Co., CPWD awarded
the construction work of ABC type quarters including water supply and sanitary provisions to some other contractor
and this process delayed the construction work, and hence additional amount of Rs. 3,48,345.00 was paid to CPWD
towards construction of ABC type quarters after a dispute. The General Council had taken a decision to capitalize
the same last year. The same has not yet been capitalized and the same should be done on priority basis.

Acknowledgement : We express our sincere thanks to The Director, Prof. B.N. Goswami, his officers,
Mr. S.M. Hendre, Mrs. N.S. Girija and the staff members of the Institute for the kind co-operation extended
by them during the course of the audit.

COMPLIANCE TO AUDIT OBSERVATIONS

The Assets acquired fully (Equipments) are entered in Dead Stock Register maintained
by the 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 concerned division. As soon as assets are acquired, entry
would be made in the asset register.

A committee has been constituted for physical verification of stores for the financial
year 2005-06.  The work relating to physical verification for all the furniture, equipments
etc. is under progress and as soon as the report on physical verification of stores for
2005-06 and 2006-07 is received, the same will be produced to auditors for compliance
and settlement of the said audit para.

Most of the advances pertain to tour granted during the financial year 2006-07 most
of them have been settled during the current financial year. In some cases Institute
has advanced TA/DA for foreign deputation, field experiments which are receivable from
the sponsors. Efforts are made to get the refund and settle them during the current
financial year.

On the resurvey conducted by the NCL, it has been ascertained that the land
admeasuring 2.5 acres towards the boundary of the two organizations belongs to the
Institute. The NCL authorities too have agreed to give suitable land to the Institute
and settle the issue. A meeting is being fixed with the Directors of both the organizations
to settle the issue amicably.

Appropriate action will be taken during 2007-08.

1. Maintenance of
Fixed Assets
Register

2. Physical Verification
of Dead Stock

3. Claims Receivable

4. Land Dispute with
National Chemical
Laboratory (NCL),
Pune

5. Arbitration Case

For M. S. Godbole & Associates
Chartered Accountants

sd/-
Date : 3rd July, 2007. (M. S. Godbole)
Place : Pune. Partner
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SIGNIFICANT ACCOUNTING POLICIES

1) 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.

2) FIXED ASSETS -

Fixed Assets stated in the Balance Sheet are at their cost of acquisition inclusive of freight, octroi and other
direct and indirect cost in respect thereof less depreciation. Assets acquired for sponsored projects are written
off as project cost.

3) DEPRECIATION -

Depreciation is provided on the Straight Line method at the following rates -

Sr. No. Particulars Rate of Depreciation

1. Building, Tube Wells & Overhead Water Tank 1.63%

2. Furniture & Fixtures 6.33%

3. Plant & Machinery, Scientific Equipment 4.75%

Office Equipment

4. Computers and Workstations 16.21%

5. Vehicle 9.50%

6. Books 100%

4) GOVERNMENT GRANTS -

a) Government Grants of the nature of contributions 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 related
asset.

c) Government Grants are accounted for on realization basis.

5) RETIREMENT BENEFITS -

1. Retirement Benefits to the employees comprise of payments to gratuity, superannuation and provident fund
under the approved schemes of the society. Contribution 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 the same is provided on cash basis.

6) Previous year figures have been regrouped wherever necessary.

For M. S. Godbole & Associates

Chartered Accountants

Date : 3rd July, 2007 sd/-

Place : Pune (M. S. Godbole)

Partner
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Schedule Current Year Pr evious Year

Date : 3rd July, 2007
Place : Pune For M. S. Godbole & Associates

Chartered Accountants
sd/- sd/- sd/-

Director Accounts Officer (Mohan S. Godbole)
Indian Institute of Tropical Meteorology Indian Institute of Tropical Meteorology Partner

Pune - 411 008 Pune - 411 008

Note : Schedules are not enclosed

Income from Sales / Services

Grants / Subsidies 7 9,87,50,304.71 8,90,37,227.73

Fees / Subscriptions 0.00 0.00

Income from Investments 0.00 0.00

(Income on Invest from earmarked /

endow. Funds transferred to Funds)

Income from Royalty Publication etc. 0.00 0.00

Interest Earned 9 33,24,585.64 13,91,734.00

Other Income 10 10,89,429.85 9,34,358.80

Increase / (decrease) in stock of 0.00 0.00

Finished goods and works-in-progress

TOTAL (A) 10,31,64,320.20 9,13,63,320.53

EXPENDITURE

Establishment Expenses 11 8,08,51,159.07 7,10,62,009.90
Other Administrative Expenses etc. 12 1,69,88,590.44 1,73,77,765.55
Expenditure on Grants Subsidies etc. 0.00 0.00
Interest 0.00 0.00
Depreciation during the year 14 53,36,175.00 64,58,264.65

TOTAL (B) 10,31,75,924.51 9,48,98,040.10

Balance being excess of Income over Expenditure

(A-B)

Transfer to Special Reserve (Specify each)

Transfer to / from General Reserve

Previous years depreciation

BALANCE BEING SURPLUS / (DEFICIT) 11,604.31 35,34,719.57
CARRIED TO CORPUS / CAPITAL FUND

Significant Accounting Policies contingent
Liabilities and Notes on Accounts

INCOME AND EXPENDITURE ACCOUNT FOR THE YEAR ENDED 31st MARCH, 2007

INCOME
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Schedule Current Year Pr evious Year

Date : 3rd July, 2007
Place : Pune For M. S. Godbole & Associates

Chartered Accountants
sd/- sd/- sd/-

Director Accounts Officer (Mohan S. Godbole)
Indian Institute of Tropical Meteorology Indian Institute of Tropical Meteorology Partner

Pune - 411 008 Pune - 411 008

Note : Schedules are not enclosed

CORPUS / CAPITAL FUND 1 12,62,71,708.46 8,93,02,320.93

RESERVES AND SURPLUS 2 89,65,767.32 2,37,34,108.87

EARMARKED / ENDOWMENT FUNDS 3 88,61,332.47 1,15,56313.76

SECURED LOANS AND BORROWINGS 0.00 0.00

UNSECURED LOANS AND BORROWINGS 0.00 0.00

DEFERRED CREDIT LIABILITIES 0.00 0.00

CURRENT LIABILITIES AND PROVISIONS 4 17,05,642.25 14,77,724.26

TOTAL 14,58,04,450.50 12,60,70,467.82

ASSETS

FIXED ASSETS 5 9,06,03,183.32 8,70,64,317.39

INVESTMENTS - FROM EARMARKED / 0.00 0.00
ENDOWMENT FUNDS

INVESTMENTS - OTHERS 0.00 0.00

CURRENT ASSETS LOANS ADVANCES ETC. 6 5,52,01,267.18 3,90,06,150.43

MISCELLANEOUS EXPENDITURE
(TO THE EXTENT NOT WRITTEN OFF
OR ADJUSTED)

TOTAL 14,58,04,450.50 12,60,70,467.82

SIGNIFICANT ACCOUNTING POLICIES 14

CONTINGENT LIABILITIES AND
NOTES ON ACCOUNTS

BALANCE SHEET AS AT 31st MARCH, 2007

CORPUS / CAPITAL FUND AND LIABILITIES
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I. Opening Balances
a ) Cash in hand 30,500.00

b) Bank Balance

i) In current accounts 75,96,093.50

II. Grants Received
a ) From Government of India 12,00,00,000.00

b) From State Government

III. Interest Received
a ) On Bank deposits 30,70,233.64

b) Loans, Advances etc. 2,54,352.00

i ) Int. on advances paid to staff 3 7 8 . 0 0

ii) Penal Interest 2 2 2 . 0 0

iii) House Building Interest 2 ,53 ,752 .00

IV. Other Income (Specify) 10,89,429.85
a ) Licence Fee 8 ,01 ,311 .00

b) Water Charges 33 ,916 .00

c ) Sale of Scrap 86 ,000 .00

d) Community Hall 47 ,500 .00

e ) Sale of Tender Form 10 ,500 .00

f ) Other Receipt 1 ,10 ,202 .85

V. Advances (Recovery) 29,30,362.50
a ) Staff Advances 23 ,93 ,601 .00

b) Other Recovery Advances 17 ,229 .80

c ) Project Advances 5 ,19 ,531 .70

VI. Any other receipts (give details) 142,16,149.17
a ) Receipts from various project 119,45,006.94

b) Funds Retained from suppliers575 ,280 .23

c ) Receivable from staff 1 ,08 ,644 .00

d) Receivable from projects 3 ,27 ,805 .00

e ) Deposi ts 1 ,31 ,660 .00

o Staff Deposits 1 , 2 9 8 . 0 0

g) Overheads 9 ,62 ,955 .00

h ) Sale Of Fixed Assets 1 ,63 ,500 .00

VII. Fixed Deposit Receipt 160,00,000.00

TOTAL 16,51,87,120.66

FORM OF FINANCIAL STATEMENTS (NON-PROFIT ORGANISATIONS)

RECEIPTS AND PAYMENTS FOR THE PERIOD/YEAR ENDED 31st MARCH, 2007

RECEIPTS Current Year PAYMENTS Current Year

I. Expenses

a ) Establishment Expenses
(corresponding to Schedule 11) 808,51,159.07

b) Administrative Expenses 169,88,590.44
(corresponding to Schedule 12)

II. Payments made against funds for various projects 146,39,988.23
(Name of the fund or project should be shown along
with the particulars of payments made for each project)

III. Pur chase of Fixed Assets 90,38,540.93

a ) Library building 10 ,52 ,277 .27

b) Equipment 56 ,84 ,889 .14

c ) Capital stores (Sci.equipment) 3 ,35 ,639 .48

d) Furniture 2 ,66 ,101 .49

e ) Books and publication 3 ,57 ,139 .00

f ) Compute r 11 ,40 ,894 .55

g) Borewell at RCPRC, New Delhi 2 ,01 ,600 .00

IV. To other providers of deposit 53,042.00

a ) Pune telephone 5 0 0 . 0 0

b) VSNL Internet 52 ,542 .00

V. Other Payments (Specify) 149,00,222.50

a ) Staff Advance 18 ,32 ,300 .00

b) Staff Deposit 10 ,934 .00

c ) Purchase (L/C Margin Money) 76 ,73 ,984 .36

d) Journal 19 ,19 ,644 .00

e ) Deposits with custom duty 26 ,17 ,526 .00

f ) Advance Projects 1 ,39 ,269 .30

g) Advance expenses 13 ,378 .60

h ) Sundry Creditors 3 ,91 ,386 .24

i ) Receivable from staff 2 ,23 ,800 .00

j ) Deposit Refund 78 ,000 .00

VI. Closing Balances

a ) Bank Balances

i ) In current accounts 186,46,799.19

i i) In Project accounts 100,33,278.30

i i i) In deposit accounts 0.00

i v ) Savings accounts 35,500.00

TOTAL 16,51,87,120.66

Date : 3rd July, 2007
Place : Pune For M. S. Godbole & Associates

Chartered Accountants
sd/- sd/- sd/-

Director Accounts Officer (Mohan S. Godbole)
Indian Institute of Tropical Meteorology Indian Institute of Tropical Meteorology Partner

Pune - 411 008 Pune - 411 008

Note : Schedules are not enclosed








