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Foreword

We welcome you to the IITD-ANCST International Workshop on Modeling Atmospheric - Oceanic
Processes for Weather and Climate Extremes (MAPEX 2019). The Centre for Atmospheric Sciences
(CAS) at Indian Institute of Technology (IIT) Delhi is pleased to host the MAPEX from 28-29
March 2019.
The workshop aims to bring together both academic and operational researchers which will facilitate
an understanding of the operational needs and determination of focus on research of the immediate
challenges of predicting extreme weather events. Leading experts from India and abroad will deliver
talks in the workshop sharing knowledge on current status of research in extremes in tropical climate
particularly in Asia. The main themes of the workshop are to address the challenges in operational
forecasts of extreme weather events with a focus on Atmospheric-Oceanic Processes:
i.
ii.
iii.
iv.
v.

Challenges in operational forecasts of extreme weather events
Atmospheric – Oceanic Processes: Mechanisms, drivers and feedbacks leading to extremes
Role of environmental factors on extreme weather events
Observations, diagnostic analysis and case studies for extremes
Assessment of projected changes of extremes in warming climate

IIT Delhi is one of the most prestigious institutes in India for engineering and research. The Centre
for Atmospheric Sciences, established in the year 1979 at IIT Delhi is a premier center for education
and research in atmospheric and oceanic sciences in India. The Asian Network on Climate Science
and Technology (ANCST) provides information and develops research coordination projects led by
Asian researchers in climate science and technology with emphasis on disaster resilience, extreme
climate events and urban climate change. MAPEX 2019 is a key activity of the Special Topic Group
on "Atmosphere - Ocean Interactions" of ANCST.
MAPEX received overwhelming response especially the research students and early career scientists. A total of around 100 abstracts are received out of which 67 are selected for oral and poster
presentations. There are 42 poster presentations and about 25 oral presentations. The submitted papers were received from several countries (Indonesia, Malaysia, Singapore, Bangladesh, Saudi Arabia and Japan). It is expected that a roadmap to improve predictions of extreme events will be
emerged from the deliberations during the workshop. The workshop will also provide platform for
students and early career researchers from Asia to present their work and interact with the international scientists working in this area.
For Indian participants, sponsorship is provided from Indian national agencies such as MoES, DST,
SERB and sponsor companies like MARS Bio-analytical Pvt. Ltd., TSI instruments India Pvt. Ltd.
While for many of the Asian participants, sponsorship was provided by ANCST to attend the workshop.
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Finally, we welcome all the delegates of MAPEX-2019 to IIT Delhi and hope that you will have a
scientifically enriching workshop and memorable stay.

Prof. Manju Mohan
Convener

Dr. Sandeep Sukumaran
Co-Convener

Dr. Vimlesh Pant
Co-Convener
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Dr. Ravi Kumar Kunchala
Co-Convener
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A1

Climate and atmosphere variability and their impact to the maritime continent
ocean climate interaction
Edvin Aldrian
Agency for Assessment and Application of Technology,
IPCC Working Group I Vice Chair
Abstract
The maritime continent controls the world climate variability through their interaction with the
neighbor two continents and two oceans. The maritime continent comprises of many small islands
with heat engine impact that power the Hadley and Walker atmospheric circulation, while the sea
passage through the Indonesian Throughflow control the ocean latent heat in two oceans and controls the water mass budget transferred between two oceans. Among the largest important variability
in the region include the monsoon, El Nino Southern Oscillation, global warming, and decadal variability. On the other side, the presence of seas between islands also contributes to a specific variability that eventually controls the climatic behavior of islands in the maritime continent. The monsoon variability and behavior of ENSO impact highly depend on sea air interaction specific of the
areas. Below annual, the area also depends on the local variability such as the diurnal, sub-seasonal
and seasonal such as Madden Julian Oscillation, the Indian Ocean Dipole mode and the easterly.
Diurnal variability is one of the most difficult to predict and model. Characters of diurnal variability
are also highly determined by sea air interaction. Although sea variability is much slower than the
atmosphere, better ocean variability will improve the monthly variability of the area, which deducts
ably due to the better ocean variability in the model. In the long run, the behavior of ocean variability
also determines the climate change behavior of the area. The projected modeling result indicates the
dryer area in the south of the maritime continent, whereas the ocean-atmosphere impact of ENSO
is more prominent.
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A2

City Scale Forecasting: Extreme Rainfall Events over Kuala Lumpur
Muhammad Firdaus Ammar Abdullah, Prof. Johnny Chan*, Wan Maisarah Wan Ibadullah,
Muhammad Sofian Muhammad Yusof and Diong Jeong Yik
Malaysian Meteorological Department
*City University Hong Kong

Abstract
Malaysia which is situated close to the equator bordering the South China Sea and Straits of Malacca
in the maritime continent makes it a region with abundance of radiation and moisture. This is favourable for the development of convective storms. The Malaysian weather patterns are regulated
mainly by the summer Monsoon (May-September) and Northeast Monsoon (Nov – Mar) and two
transitional periods between the monsoons, known as inter-monsoon (April and October). Most
convective storms occur during the inter-monsoon period and this research investigates the intense
convective storms occurring in the capital of Malaysia, Kuala Lumpur. These intense storms give
rises to flash floods. An extreme weather event which occurred on the 1 April 2015 was thoroughly
examined and the modulating factors such as the orography, synoptic factors and the influence of
the localized land-sea breeze effect and the precursors to these events were analysed. This particular
event represents most of the convective events occurring over Kuala Lumpur. The predictability of
these events using the WRF 1-km models were also performed. The findings of the research will be
presented in the workshop.
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A3

High Resolution Climate simulations at cloud resolving scales over Singapore
using WRF
Srivatsan V Raghavan
Senior Research Fellow
Tropical Marine Science Institute, National University of Singapore

Abstract
This paper discusses the performance of the WRF model over the Maritime continent, with a focus
on Singapore. It is usually a challenge for models to simulate the weather and climate over small
areas as that of Singapore. In this study, the potentials of applying this model at high resolutions are
discussed and the model’s ability in reproducing observed precipitation characteristics are analysed.
The results of the modelling experiments show that some model deficiencies are systematic while
other are very much model dependent. For some aspect of rainfall variability (diurnal and annual
cycle), increased resolution does improve the models’ performances. The study provides some
pointers to the regional research community, such as the CORDEX-SEA community, in terms of
the strengths and weaknesses of high resolution modelling across the region and the benefit of convection-scale permitting resolution. This work is a collaboration between the Centre for Climate
Research Singapore and the Tropical Marine Science Institute, National University of Singapore.
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A4

Case studies of extreme Rainstorms that Caused Devastating Flooding across
the East Coast of Peninsular Malaysia during Northeast Monsoon
Sheeba Nettukandy Chenoli1,2, Ooi See Hai2 Azizan Abu Samah1,2, Kumarenthiran Subramaniam3, Muhammad Yunus Ahmad Mazuki2
Department of Geography, Faculty of Arts and Social Sciences, University Malaya1
National Antarctic Research Center, Institute of Postgraduate Studies, University of Malaya,
Kuala Lumpur, Malaysia2
Malaysian Meteorological Department3, Petaling Jaya, Malaysia
sheeba@um.edu.my
Abstract
Episodes of torrential rain with widespread flooding are perennial occurrences in the east coast of
Peninsular Malaysia during the northeast monsoon season. During the early boreal winter (northeast) monsoon, cold air frequently bursts out from intense Siberian highs toward the Chinese coast
in response to the development and movement of a 500-hPa trough. The resultant strong low-level
northwesterlies turn into northeasterlies across the South China Sea as ‘‘cold surges.’’ On interacting with the near-equatorial trough, mesoscale convective systems form north of the trough, normally giving rise to heavy downpours and severe flooding, mainly along the coastal stretch in the
east coast states of Peninsular Malaysia. This study examines a series of widespread flood events
that occurred in the Peninsular Malaysia during the 2014 north east monsoon seasons. Understanding the features and processes of these cold-surge induced events is essential in advancing the scientific knowledge for better flood mitigation to minimize the socio-economic impacts in the future.
During December 2014, two episodes of extreme rainfall occurred mostly over inland and mountainous areas of the east coast of Peninsular Malaysia, in particular across its northern sector. These
two unusual events, which lasted a total of 11 days and delivered more than 1100 mm of precipitation, resulted in extreme and widespread flooding, as well as extensive damage, in many inland
areas.
Analysis shows that the stronger wind surges from the South China Sea due to very intense cold-air
outbreaks of the Siberian high developed under ENSO-neutral conditions. In addition, the mesoscale
convective systems that developed across the northeastern Indian Ocean (near northern Sumatra) in
response to the propagation of a 500-hPa short-wave trough across the Indian subcontinent toward
China were the combined factors for these unusual extreme rainfall and flooding events along the
east coast of Peninsular Malaysia.
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A5

Extreme Weather Events over India: Observations and Predictions
U C Mohanty
School of Earth Ocean and Climate Sciences, IIT Bhubaneswar (ucmohanty@iitbbs.ac.in)
Abstract
The exorable climate changes leads to changes in the frequency and intensity of high impact extreme
weather events worldwide; however, the amendment in extreme events is not uniform over space,
precisely it is more localized and a great threat to the society. In the global warming scenario, over
Indian subcontinent, the intensity of most destructive extreme weather events such as tropical cyclones, monsoonal heavy rainfall and severe thunderstorms is increasing. Therefore, there is a need
for better understanding of the processes associated with these events and improved prediction of
such high impact weather systems.
To understand the processes responsible for heavy rainfall events, a climatological analysis of extreme rainfall, tropical cyclones and pre-monsoon thunderstorm activities are analyzed over coastal
region of India. From the analysis it is found that the number of cyclones are decreasing while the
number of more intensified cyclones are increasing over Indian region. There is an increasing trend
of extreme rainfall events over Utkal and Konkan coasts during summer monsoon season. Raising
in sea surface temperature (SST) over Indian Ocean plays an important role in the occurrence of
extreme rainfall over the regions. Investigation of intensity of pre-monsoon thunderstorms illustrated an increasing trend over different cities of Odisha. Further observational aspects responsible
for these events are discussed.
Under FDP program of IMD, IIT Bhubaneswar has been working continuously for several years in
improving short range prediction of these extreme events through high resolution meso-scale models. In this context, tropical cyclones, severe thunderstorms and monsoon depressions have been
simulated using high resolution meso-scale models such as Weather Research Forecast (WRF) and
cyclone specific Hurricane-WRF (HWRF). The analyses have revealed that the representation of
soil moisture and soil temperature in the WRF model plays an important role in predicting monsoon
depressions and thunderstorms over Indian region. HWRF model well predict the track and intensity
of tropical cyclones with the daily update of SST compare to the control run with fixed SST. Thus,
the presentation gives an extensive review of research activities at IIT Bhubaneswar for improving
the prediction of these high impact extreme weather events.
Keywords: Extreme Weather Events, Climate Change, meso-scale modelling, land surface processes.
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A6

Atmospheric-Ocean Modelling Systems in Improving
Short-range to Seasonal Forecast
K. J. Ramesh

India Meteorological Department
Email - kjramesh2607@gmail.com

Abstract
Recently, India Meteorological Department (IMD), Ministry of Earth Sciences (MoES) has
taken major steps in improving the weather, climate and hazards warning services capabilities in the
country. With the improvement in observational and forecasting tools including augmentation of
NWP Models, Radar network and satellite products, forecasting/warning services in respect of tropical cyclones, severe thunderstorms, now casting, flash/urban floods, urban climate, climate change,
heavy rainfall, advisories to farmers, pilgrimage forecast, heat waves/cold wave etc has been further
strengthened. Scientists of IMD in collaboration with other institutes of MoES are working strenuously in providing better weather and climate services to all users by further augmenting modeling
and observational network. With the support from various institutes of MoES viz., IITM,
NCMRWF and INCOIS, IMD has implemented the advanced version and high resolution ensemble
prediction system (GFS T1534L64 (~ 12 km)) as well as the coupled modelling system (CFSv2).
The ocean-atmospheric coupling is very important for explaining weather and climate variability
in extended range to seasonal forecast. The atmospheric data assimilation system provides initial
condition for atmospheric model used for short range to seasonal forecast. Similarly the Ocean Data
Assimilation group provides the required data for ocean model. Finally, the coupled model which
is operational at IMD is run particularly for extended and seasonal forecast.
For seasonal forecast the CFsv2 (Climate forecast system version 2) coupled model is run operationally for the forecast of precipitation and temperature. With regard to extended range forecast
IMD started this on experimental basis from the year 2008 by using MME based forecast from
different coupled models outputs. In 2016 IMD has implemented coupled modelling system developed in collaboration with IITM, NCMRWF and INCOIS for operational extended range forecast,
which is operational since then. The forecast for four weeks are generated once in a week. The
extended range forecast of rainfall, temperature and other derived products are being widely used
for applications in various sectors such as Agriculture, Water Resources, Energy, Health and Disaster Risk Reduction (the five prime areas of Climate Services).
With regard to forecasting of cyclone over North Indian Ocean the triple nested (18, 6 and 2 km)
version (v3.8a) of Hurricane WRF (HWRF) model has been run operationally implemented with
15

three dimensional ensemble variational (3D-EnVar) assimilation in 06 hourly cyclic-mode. IMD is
in the process of implementing the coupled version of HWRF in collaboration with NOAA as it will
be more accurate in predicting the exchange process between ocean and atmosphere and hence the
intensity of the tropical cyclone.
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A7

North Indian Ocean Severe Cyclones and the Associated Physical Processes
SSVS Ramakrishna
Department of Meteorology & Oceanography
Andhra University
Abstract
In the present study North Indian tropical Cyclones that formed in the last two decades were simulated using the time tested widely used WRF Model. Of these cyclones a few case studies which
were very severe in nature have been analyzed and presented. One of these cyclones studied are
Yemyin(2007) which originated in the Bay of Bengal, sustained over the entire Indian sub continent
entered the Arabian sea to become a severe cyclone. The second was the very severe cyclone storm
Thane which formed during the fag end of the year 28-31 December 2011 struck the east coast of
India. The third was the Cat4 cyclone Hud Hud that battered Visakhapatnam with high intensity in
a very short time. The cyclone was the first directly to hit Visakhapatnam City since 1970. Results
reveal that in almost all the cyclones a secondary peak is observed which caused huge damage in
the form of land slides and flooding. The analysis of the water budget shows that the moisture convergence was the dominant factor before landfall and contributed to 61% of the rain while the remaining part of the rainfall was contributed by evaporation. But on the contrary after landfall evaporation contributed 63% of the rainfall and the remaining was contributed by moisture flux convergence. The fourth cyclone studied is the Cyclone Roanu (2016) which formed nearer to the coast of
Tamilnadu travelled almost parallel to the coast before making a landfall near Cox’s bazaar of Bangladesh. The cyclone has been simulated with and without SST incorporation on real time which
improved the track prediction. In all the above cyclones land surface processes and the characteristics of the boundary layer seem to be playing a major role in terms of track and intensity prediction.
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A8

River water and Bay of Bengal cyclones
D. Sengupta
Centre for Atmospheric and Oceanic Sciences, Indian Institute of Science, Bengaluru, India.
email: dsen@iisc.ac.in
Abstract
Satellite SST data show that post-monsoon (October-December) tropical cyclones generally do not
leave a cool SST wake in the north Bay of Bengal. I discuss the response of the Bay of Bengal
to the passage of cyclone Phailin, October 2013, with help of open ocean mooring observations and
a one-dimensional model. Prior to Phailin, salinity stratification was very high at the base of a shallow, fresh layer coming from the Ganga-Brahmaputra-Meghna river; a deep, nearly isothermal
layer lay underneath. We find that vertical mixing due to enhanced vertical shear of near-inertial
currents deepens the mixed layer from 10 m to at least 50 m; sea surface salinity increases by 1.6
psu, but SST does not cool. The combined effects of shallow stratification and deep warm layer inhibits mixed layer deepening, and inhibits SST cooling. I propose that cyclones may intensify rapidly over low-salinity river water in the Bay of Bengal.
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A9

Influence of Atmospheric Waves in the Cyclogenesis of the Ockhi Cyclone
Sijikumar S, Radhika Ramachandran, Geetha Ramkumar and D. Bala Subrahamanyam
Space Physics Laboratory, Vikram Sarabhai Space Centre
Thiruvananthapuram
Abstract
Tropical disturbances with loosely organized mesoscale convections formed over the warm
ocean waters within 20o of the equator are the major agents for the genesis of Tropical cyclone.
Among these tropical disturbances, a small fraction only form as tropical cyclones. A significant
portion of tropical convective variability is associated with convectively coupled near- equatorial
waves that propagate in the zonal mode. The tropical cyclogenesis may be modulated by these near
equatorial waves. The present work addresses the influence of the tropical wave activity in the
formation of the tropical cyclone Ockhi, which hit the south western part of the peninsular India
during the first week of December 2017, resulting in enormous damage to the lives as well as the
infrastructure.
In the case of Ockhi, the convective systems over the eastern equatorial Indian ocean formed
as low pressure system during the last week of November 2017 moved westward and intensified as
a depression and gradually got intensified to a very severe cyclonic storm. Analysis of satellite
images and outgoing longwave radiation reveal the presence of eastward propagating Madden Julian
oscillation as well as a westward propagating equatorial wave. The presence of equatorial waves
was also found in the analysis of the lower atmospheric thermodynamic variables over the equatorial
Indian longitudes during the period. Whether these waves were responsible for the unusual
development of this cyclone will be presented.
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A10

Implementation of a Seamless Modelling System at NCMRWF for
Weather/Climate
Ashis K. Mitra*
* With inputs from Colleagues at NCMRWF and IMD
NCMRWF, MoES,
A-50, Sec 62, Noida, UP, India 201309
e-mail: ashis.mitra@nic.in
Abstract
In last one decade due to availability of enhanced computing resources, weather/ocean observed
data and improved assimilation-forecast system, the skill of tropical wind and rainfall forecasts have
improved in medium range time scale. High capacity computers are aiding ensemble forecasting
systems at high resolutions and enhanced ensemble manners. This has helped us in dealing with
uncertainties in water forecasting by issuing probabilistic forecasting from global and regional ensemble prediction systems. By inclusion of exclusive Ocean, Land-Surface, Sea-Ice and Bio-GeoChemistry into the prediction model, a complete Earth System Model is now possible for going
beyond medium range to a season and even climate projects. Particularly for India where the monsoon rainfall information is the lifeline of people the water forecasted at sub-seasonal to seasonal
scale is very important for agriculture and water management. Due to improved model skill, services
at short-term climate scales (up to a season) have become possible. A seamless modeling system is
implemented for providing weather/climate information across scales from hours to a season. The
advantage of such seamless modeling systems is its fast development cycle. The field campaign data
collected at local scales can be experimented with meso-scale and large-scale process studies in
model to improve the model. While the models are gradually improving there is enhanced demand
of rainfall forecast from various sectors of economy for a variety of applications. Keeping pace with
the demand, developing and demonstrating applications for disaster, warning, agriculture, water,
energy and many other sectors is a challenge for weather/climate modeling community. The TIGGE
is an implementation of ensemble forecasting for global weather forecasting and is part of
THORPEX, an international research programme established in 2003 by the WMO/UN to accelerate
improvements in the utility and accuracy of weather forecasts up to two weeks ahead. NCMRWF
12 km global model output is being shared with TIGGE. WMO's 'Sub-seasonal to Seasonal Scale
prediction project is working towards improving forecast skill and understanding on the ‘sub-seasonal to seasonal’ timescale with special emphasis on high-impact weather events. Mainly operational centers are involved if this time scale, engaged to enhance the current forecasts from week-1
to multi-week and up to a season. WMO's Global Frame Work on Climate Services will be approached through this ‘sub-seasonal to seasonal’ forecast. WMO coordinated seasonal forecasting
has benefitted by data sharing from Global Producing centers. Multi-model Seasonal forecast of
rainfall for various regions are being tried under R&D projects. Translating ensemble model output
to suitable user interface platforms and capacity development for the end users remain a challenge
in India. NCMRWF seamless modeling products related to many application sectors are being taken
up. Work on very shorter scale (convective scale) like up to 48 hours for severe weather is also
being developed under ensemble framework with its own data assimilation system. All these aspects
will be discussed during the workshop.
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Wind Extremes over India
G. S. Bhat
Centre for Atmospheric and Oceanic Sciences, Indian Institute of Science, Bengaluru, India.
bhat@iisc.ac.in
Abstract
In South Asia, wind extremes are normally associated with tropical cyclones, and the widespread
destructions they cause in coastal areas is well known. However, wind caused damages are not that
well reported away from the coastal areas over the Indian subcontinent. The pre-monsoon season of
the year 2018 had exceptionally high winds over some parts of India. Gust winds broke more than
100 electricity poles and uprooted many trees and created havoc in Bengaluru on 24 April 2018.
Such gust winds are not common to Bengaluru. More than 100 deaths attributed to high winds and
dust storm happened in parts of North India in May 2018. These events triggered the question, what
is the distribution of wind speed in different parts of India? If extreme wind is defined by a threshold
say outside three sigma or top 0.01% of the distribution, is it useful as far as wind destruction is
concerned or threshold for extreme winds to be treated differently? This talk will present an analysis
of wind data collected during April-May 2018 at a station each in Rajastan, Utter Pradesh, Bihar
and Bengaluru. The instruments used are sonic anemometers with the sampling rate set at 1 Hz or
20 Hz.
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Relevance of Recent Background Changes for Extreme Rainfall Events: Tale of
Two Cities
Alugula Boyaj, D. Govardhan, and K. Ashok
CEOAS, Universty of Hyderabad, Hyderabad-500046
(ashokkarumuri@uohyd.ac.in)
Abstract
Southeast India experienced a heavy rainfall during 30 Nov-2 Dec 2015. Particularly, The Chennai
city, the fourth major metropolis in India with a population of 5 million, experienced extreme
flooding and causalities.
Indeed, extreme rainfall events are increasing. The two megacities of Chennai and Hyderabad are,
respectively, on the coast, and well away from it. We would therefore, examine in this work whether
any changes in these the relevant background forcings have contributed to the extremity of the heavy
rainfall events in these cities.
Using various observed/reanalysed datasets, we find that the southern Bay of Bengal (BoB) sea
surface temperatures (SST) concurrent with the 2015 extreme event were anomalously warm. Our
analysis shows that BoB sea surface temperature anomalies (SSTA) are indeed positively, and
significantly, correlated with the north-eastern Indian monsoonal rainfall during this season. Our
sensitivity experiments carried out with the WRF model at 25 km resolution suggest that, while the
strong concurrent El Niño conditions were associated with the extreme Chennai rainfall mentioned
above, the stronger than normal BoB SST were the key factor in enhancing the rainfall amount as
well as for the longevity of the event.
On a different note, the last few decades have seen a rapid, large-scale, and often unplanned
urbanization in many parts of India especially in Hyderabad, and consequently, changes in Land
Use/Land Cover (LU/LC). A serious consequence of such urbanization and associated land use
would enhance susceptibility and vulnerability of the urban population to high-impact weather
events like episodes of intense rainfall such as the Hyderabad rains in 2013, 2016 etc. Since the
2000 year onwards the magnitude of rainfall and rainy days has been increasing during the
southwest monsoon season. We find that there are a lot of changes in LU/LC from 2004 to 2016
over the Telangana state. However, our sensitivity experiments carried out with the WRF model at
3 km resolution show that the changes in LU/LC have only contributed to one out of three the heavy
rainfall events, which we considered, over the Hyderabad region.
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Improved 4DVar Simulation of Uttarakhand Heavy Rainfall Event Using the
WRF Model
A. Chandrasekar and Deepak Gopalakrishnan
Department of Earth and Space Sciences
Indian Institute of Space Science and Technology, Trivandrum
Abstract
The present study investigates the performance of the 3-dimensional variational (3DVar) and 4dimensional variational (4DVar) data assimilation (DA) methods on the simulation of the Uttarakhand heavy rainfall event. The study employed the Weather Research and Forecast (WRF) model
and its DA systems. The WRF model has been configured with three nested domains having 27 km,
9 km, and 3 km horizontal resolutions and 36 terrain following vertical levels. Five cyclic 3DVar
and 4DVar assimilations are performed during the period 00Z 15 00Z 16 June 2013, utilizing the
conventional surface and upper-air observations in combination with the satellite derived ocean
surface winds and atmospheric motion vectors. Free forecasts from both 3DVar and 4DVar analysis
fields are conducted during 00Z 16 - 00Z 18 June 2013 (48 h) without further assimilation. The
analysis increments from the 4DVar experiments revealed clear flow-depended structure and moreover, the analysis increment in the moisture field (4DVar) showed considerable adjustment as compared with the analysis increment from the 3DVar experiment. The 48 h accumulated rainfall forecasts from both the 3DVar and 4DVar experiments are validated with respect to the rainfall estimate
from Tropical Rainfall Measurement Mission (TRMM 3B42) and the 4DVar experiment shows significantly better skill in reproducing the location of the maximum rainfall, as compared with the
3DVar experiment. Further, the quantitative verification of rainfall forecasts also confirmed the improved rainfall simulation with the 4DVar experiment.
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Storm Surges and its Coastal Inundation Along the Indian Coasts: a Climate
Change Scenario
A. D. Rao
Centre for Atmospheric Sciences
Indian Institute of Technology Delhi
New Delhi-110016
Abstract
Indian coasts are frequently affected by the extreme sea levels generated by the tropical cyclones,
which have tremendous impact on human life and coastal infrastructure. Quantitative risk analysis
of consequence of a tropical cyclone is important for planning, preparedness and mitigation processes by the coastal authorities. The finite-element ADCIRC model is configured for the entire
Indian coast with very high resolution near the coast to compute maximum possible total water
elevation (TWE) considering the non-linear interaction of local high-tide. The TWE or storm tides
is computed at every 10km interval along the coast. Using the past cyclone data base (1891-2016)
from India Meteorological Department, the return periods of the cyclone intensity (pressure drop)
for every 10, 50 and 100 years is calculated for each maritime state along the east and west coasts
of India. Using recent IPCC reports, simulations for the climate change scenario are considered by
enhancing the cyclonic wind stress by 7% (an average value) and of 11% (extreme value) over the
present (normal) scenario (Knutson, 2010). These experiments are carried out for all the return periods. The model is initially extensively validated for tides and storm surges for the recent cyclones.
In the case of extreme scenario for 100-year return period, the TWEs are enhanced to about 10m
along north of the east coast of India. The reason for generation of high storm tides along this coast
is due to shallowness of the head bay region in addition to the presence of high tidal conditions.
However, the cyclones are very uncommon to the west coast of India, except for the Gujarat coast.
As the tidal range is very high in this region, particularly in the Gulf of Khambhat, the storm tides
are found to be are very significant. The rise of storm tide in the case of extreme climate change is
noticed all along the Indian coast of about 13% over the present scenario. This study, being first of
its kind for the entire coastal stretch of India, provides TWE at every 10km along the coast. This
information is an important component used to create sustainable local-level development action
plan for preparedness and mitigation.
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Modelling & Forecasting of Severe Storms over the Himalayas and Adjoining
Regions
Someshwar Das
Department of Atmospheric Science, Central University of Rajasthan, India
Email: somesh@curaj.ac.in, somesh03@gmail.com

Abstract
Recent years have witnessed many extreme weather events over the Himalayas and the adjoining
South Asian region. The extreme weather events include severe storms, cloudbursts, heavy rainfall/
snowfall, lightning, hailstorms, dense fog, and cold waves among others. The extreme weather
events cause flash flood and trigger landslides over the mountains causing enormous loss of lives
and damage to properties worth millions of Dollars annually. The Himalayan region is particularly
prone to the cloudbursts, which are triggered when cold upper air large scale westerly troughs collide
with the warm easterly monsoon troughs over the orographically locked mountains. Dust and sand
storms occur over the plains due to extreme heating of the land producing dry convective instability
in the atmosphere that causes lifting of the loose sands, reducing the visibility, uprooting trees, collapsing houses in the rural areas, and damaging telephone and electric poles due to very strong
winds. Forecasting the precise location, time and intensity of such events is very challenging.
In view of above, an international workshop was organized at Central University of Rajasthan during 24-26 December 2018. The objective of the workshop was to foster research ideas for modelling,
process studies, rainfall retrievals through in-situ observation, Satellites & Radars, and development
of early warning system for severe storms through collaboration with the affected countries.

The results based on this work will be presented during the workshop.
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Himalayan Precipitation Extremes: Large-scale Dynamics
Ramesh K. Vellore
Centre for Climate Change Research, Indian Institute of Tropical Meteorology, Pune 411008.
Abstract
The southern slope of the Himalayas is normally under the influence of both monsoon and extratropical circulation regimes during the ISM and therefore any sudden circulation changes over this
region have the potential to produce very heavy rainfall and can last for a few days. Although dynamical mechanisms at various scales of motion resulting in extreme precipitation events over the
Himalayas is not fully understood, it is noticed that the large-scale dynamical mechanisms operating
over the western (WH) and central-eastern parts of the Himalayas (CEH) that have consequences to
precipitation extremes are different. For instance, flood-producing precipitation events in the CEH
region have strong associations with mid-tropospheric vertical motion during the monsoon-break
periods wherein southward advancing mid-latitude westerly troughs and dry air subsidence dominates over the northwest India. On the other hand, extreme precipitation events over the WH region
(Uttarakhand rain event in June 2013, flood-induced rain events in northwest Pakistan in July-August 2010) tend to co-evolve with the equatorward advancing westerly troughs in a prevailing moist
environment over the Indian subcontinent. In this presentation, an overview of large-scale (also
mesoscale) dynamical pathways to extreme precipitation events over the Himalayan precipitation
events will be discussed. Despite that advanced and sophisticated weather modeling approaches are
currently available for forecasting and research purposes, several open challenges still remain in
achieving accurate precipitation estimates. The precursor signatures discussed in this presentation
will be beneficial for operational forecasting purposes.
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Urban Warming and Future Air-conditioning Use in an Asian Megacity: Importance of Positive Feedback Process
Yuya Takane1, 2, 3, Yukihiro Kikegawa4, Masayuki Hara5, and Sue Grimmond2
1
Environmental Management Research Institute, National Institute of Advanced Industrial Science
and Technology, Tsukuba, Ibaraki, Japan.
2
Department of Meteorology, University of Reading, Reading, UK.
3
Japan Society for the Promotion of Science Overseas Research Fellow, Chiyoda-ku, Tokyo, Japan.
4
School of Science and Engineering, Meisei University, Hino, Tokyo, Japan.
5
Center for Environmental Science in Saitama, Kazo, Saitama, Japan.
Abstract
The impact of feedback between urban warming and air-conditioning (AC) use on temperatures in
future urban climates is explored in this study. Pseudo global warming projections are dynamically
downscaled to 1 km using a regional climate model (RCM) coupled to urban canopy and building
energy models for current and six future global warming (ΔTGW) climates based on IPCC RCP8.5.
Anthropogenic heat emissions from AC use is predicted to increase linearly with ΔTGW, causing
additional urban warming. This feedback on urban warming reaches 20% of ΔTGW in residential
areas. This further uncertainty in future projections is comparable in size to that associated with:
selection of emission scenarios, RCMs and urban planning scenarios. Thus, this feedback should
not be neglected in future urban climate projections, especially in hot cities with large AC use. The
impact of the feedback during the July 2018 Japanese heat waves is calculated to be 0.11ºC.
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CMIP5 Projection in Significant Wave Height in Indian Ocean under the
RCP4.5 and RCP8.5 Scenario
1

Prashant Kumar, 2Sukhwinder Kaur
1,2
Department of Applied Scineces, National Institute of Technology Delhi
Email: prashantkumar@nitdlehi.ac.in
Abstract
Ocean waves are an important factor that is responsible for significant impact on the population that
lives along the coastal and offshore regions. Thus in order to reduce the risk in these regions, it is
necessary to have a better understanding of ocean wave climate. This study assesses the projected
change in extreme significant wave height (SWH) under the RCP8.5 and RCP4.5 – concentration
pathways over the period 2080–2099 to the historical period 1980 –1999 in the Indian Ocean based
on the Coupled Model Intercomparison Project Phase 5 (CMIP5) multimodal. The non-stationary
generalized extreme value (GEV) analysis is used to investigate the extreme SWH response. The
project changes in SWH are enhanced during DJF JJA in Indian Ocean. The significant region with
5% significance is also determined.
Keywords: significant wave height, Indian Ocean, Generalized extreme value
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Investigating the Dynamics of Urban Heat Islands of Megacity Delhi of India
using Satellite data, Statistical Analysis and GIS
Anurag Kandyaa,*, Manju Mohanb, Jay Mehtaa
a
b

School of Technology, Pandit Deendayal Petroleum University, Gandhinagar 382007

Centre for Atmospheric Sciences, Indian Institute of Technology Delhi, New Delhi 110016
* presenting author: akandya@gmail.com

Abstract
With the rapid rate of urbanization and industrialization which the entire globe is undergoing, Urban
Heat Island (UHI) emerges as one of the most challenging environmental problems of the 21st century. Delhi, the capital of India, has witnessed a significant urbanization in the past two decades.
With this background, the present study of comprehensively investigating the dynamics of UHI of
megacity Delhi during 2001-18 has been undertaken. Annually averaged Land Surface Temperature
(LST) of both nighttime and daytime for the study area was retrieved from the Monsoon Asia Integrated Regional Study program which utilizes Terra and Aqua Moderate-Resolution Imaging Spectroradiometer (MODIS) with 1 km spatial resolution. Each dataset contained 1863 data points representing 1490 km2. The LST data was then utilized for computing the UHI intensities at all points.
The trend analysis of the UHI intensities (for both daytime and nighttime) of all the locations was
done for the 19 years study period using the Mann-Kendall trend test. Based on the significance of
the increasing or decreasing trend at different confidence level (like 90%, 95% and 99%), all the
locations were accordingly classified and were then mapped using Geographic Information System.
The UHI maps along with UHI trend maps were then juxtaposed which lead to the identification of
the emerging, stabilized and diminishing heat islands of Delhi for the daytime and nighttimes. The
driving forces for each UHI category were then investigated and this study thus puts forward the
dynamics of UHI which would offer deeper clues for evolving UHI mitigation plan.
Keywords : Urban Heat Island, Mann-Kendall Trend Test, GIS, MODIS, megacity
Delhi
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Numerical Weather Prediction at IBM/The Weather Company: Overview of a
Global Rapidly-Updating Forecast System
Manish Modani, Todd A. Hutchinson, Brett A. Wilt, James P. Cipriani and John Wong The
Weather Company (TWC), an IBM Business
Abstract
The Weather Company (TWC), an IBM Business, has been running numerical weather prediction
(NWP) systems internally for the past 20 years, and has referred to these systems under the trade
name “RPM”. Independently, IBM Research has also been running localized NWP systems for over
two decades and has referred to these systems as “Deep Thunder”. The systems have ranged from
local domains driven by MM5 to continental-scale convective-allowing forecasts driven by WRF.
Currently the next generation system is under development as a global NWP system. It will acquire
the name “Deep Thunder”, following on from the name given to the IBM research system.
The Model for Prediction across Scales (MPAS), developed by the National Center for Atmospheric
Research (NCAR), will serve as the core global numerical weather prediction system, while the
Community Grid point Statistical Interpolation (GSI) system will serve as the core data assimilation
(DA) system. Initially, GSI will be run as a 3DVAR system and later transition to a hybrid ensemblevariational system. GSI will be used to assimilate a variety of observations, including satellite
(GOES-R, Himawari, POES, etc.), conventional (METARs, SYNOPs, cell-phone pressures, radiosondes), and radar. MPAS will integrate the GSI analysis forward in time to provide rapidly-updating global forecasts for the day ahead time period. Horizontal resolution will vary from convectiveallowing over the populated areas of the world to coarser (~15km) resolution over the rest of the
world.
TWC, IBM Research, and NCAR have partnered to develop a GPU-accelerated software port of
MPAS to IBM Power9 systems with nVidia GPUs. It is expected to require less resources to achieve
the same performance compared to conventional CPU-only computing systems. This advantage
translates to smaller initial investment and ongoing operating costs.
The forecast output from the system will be used throughout TWC product lines, including consumer (e.g., television, web and mobile forecasts), aviation (e.g., turbulence and convective hazards), energy demand, and insurance applications.

30

A21

Impact of Eurasian Snow Extremes, Atlantic Sea Surface Temperature and
Arctic Oscillation on Summer Monsoon Rainfall Variability over North East
Regions of India
Amita Prabhu and G. Pandithurai
Indian Institute of Tropical Meteorology, Pune, India - 411008
Abstract
This microwave based observational study during the 29-year period from 1979 to 2007 evaluates
the potential role of Eurasian snow in modulating the North East-Indian Summer Monsoon Rainfall
(NEISMR) with a lead time of almost 6 months. Influence of low-frequency wintertime Eurasian
snow forcing on the NEISMR is examined through the north Atlantic SST Bridge. This link is manifested by the changes in high-latitude atmospheric winter snow variability over Eurasia associated
with Arctic Oscillation (AO). Excessive wintertime Eurasian snow leads to an anomalous cooling
of the overlying atmosphere and is associated with the negative mode of AO, inducing a meridional
wave-train descending over the tropical north Atlantic and is associated with cooling of this region.
Once the cold anomalies are established over the tropical Atlantic, it persists up to the following
summer leading to an anomalous zonal wave-train further inducing a descending branch over NEIndia resulting in weak summer monsoon rainfall. In essence, while the summer monsoon rainfall
over major parts of India (excluding the NE region) appears to be related with events in the Southern
Hemisphere, namely the Southern Annular Mode through the Pacific SSTs (Prabhu et al. 2016,
Climate Dynamics), the variation of NEISMR appears to be related with events in the Northern
Hemisphere through the AO, Eurasian snow and Atlantic SSTs.
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Predictability of the “OCKHI (A Very Severe Cyclonic Storm)” - Facts and
Myths: Take-Home Messages for the Atmospheric Modellers
D. Bala Subrahamanyam1 and Radhika Ramachandran2
1,2
Space Physics Laboratory, Vikram Sarabhai Space Centre
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Abstract
Climatologically speaking, the Bay of Bengal (BoB) sees approximately five times as many
cyclones as the Arabian Sea (AS). In addition, cyclones in the BoB are stronger and deadlier, and
nearly 58% of cyclones formed in the BoB reach the coast as compared to only 25% of those formed
in the AS. Warmer sea surface temperatures over the BoB compared to the AS are considered as one
of the probable reasons behind such a disparity between the two adjoining oceanic regions of the
Indian peninsula. Here, we present a detailed investigation on the performance evaluation of a
regional numerical weather prediction (NWP) model, COSMO (Conosrtium for Small-scale
Modelling) during the passage of OCKHI cyclonic storm over the Arabian Sea. In the first week of
December 2017, a Very Severe Cyclonic Storm, namely – “OCKHI” made its landfall near the coast
of south Gujarat and adjoining Maharashtra of the Indian sub-continent. Initially, it was identified
as a well-marked low pressure over the Comorin Sea, close to Sri Lankan coast, which got
intensified into a cyclonic storm and finally attained the status of a Very Severe Cyclonic Storm OCKHI. This was one of the rarest of cyclonic storms with extremely rapid intensification, and led
to severe devastation along the Kerala coast. The COSMO model simulations are evaluated with a
special emphasis on the predictability of three distinct aspects, namely: (i) lead-time required for
prediction of such severe cyclonic storm; (ii) intensity of the cyclonic storm; and (iii) locations of
the landfall. Results obtained from this case study indicate good credentials to the COSMO model
in capturing the progression of OCKHI from its genesis as a deep depression in the early hours
[0230 Indian Standard Time (IST)] of 30th November 2017 to a very severe cyclonic storm in the
afternoon (1430 IST) of 01st December 2017 with a lead time of about 18 h. However, the intensity
of the storm simulated by COSMO in terms of wind speed magnitudes and convective rainfall was
found to be low in magnitudes as against the observations. The mean deviations between the modelsimulated and observed trajectory of the storm was about 74 km for a lead time of 24 h, whereas it
was below 41 km for a lead time of 18 h. The progression of OCKHI and the prevailing
meteorological conditions for its intensification and subsequent weakening are also discussed in this
article. The present article also discusses the reasons for its cyclogenesis and also highlights the
probable reasons for its long track in the Arabian Sea and provide a detailed insight on the known
and unknown facts about the OCKHI cyclonic storm.
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Understanding Large-scale and Meso-scale Process lead to Extreme dense
Fog/smog Spells across IGP and at IGI Airport and India’s Fog Models (Empirical and Dynamical (NCUM, WRF, WIFEX WRF Chem))
^R. K. Jenamani, #Sachin D. Ghude, *G. S. Bhat and #Prakash Pithani
^ Met Office, IGIA, New Delhi, #IITM, Pune, *IISC, Bengaluru
Abstract
Although it delivers beautiful scenery, Fog is dangerous and disturbing for all mode of transport
especially aviation. Considering the physical processes behind fog formation we can classify and
distinguish between radiation fog, radiation advection fog, advection fog, steam fog, cloud-base
lowering fog and Precipitation Fog. For common routine use, Fog can also classified based upon
how it impacted surface visibility e.g. shallow and dense fog, an intensity based or upon aerial extent
it has covered like restricted to a part of city or airport or to a RWY side leaving other RWY fog
free called local fog or meso-scale fog or cases when covered across a large areas of a country.
During each winter of Nov-Feb, there are winters across IGP e.g. Dec 1997 and 1998, Jan 2003, Jan
2010 and recent of 20016-17 and 2017-18 when whole Indo-Gangetic plains (IGP) had frequent
spells of occurrences of high duration dense fog and smog events lasting for 5-12 days at both synoptic scale as well as large-scale reducing the visibility below 200m. We define them as episodic
fog/smog for impacting severely lives of such great IGP. We also define them a high impact weather
event as data shows they have caused very higher damage impact in these years. In the present study,
we use daily satellite and hourly airport Vis data across IGP for the period of 1997-2018 and 19812018 respectively for mapping coverage of dense fog and smog spells of those episodic occurrences
spatially. We have listed periods of such IGP episodic spells of dense fog/smog coverage and then
analyzed them from its life cycle prospective like which states across IGP areas, such fog had its 1st
date of formation stage or its 1st appearances(from hourly Satellite coverage), how it correspondingly form and thus gets its coverage larger and larger on day today, with further fall of surface vis
and finally, how were its day to day areas of its receding or disappearances, during spell termination
stage. The role of day today large-scale meteorological pattern like Siberian High at higher level,
regional NW India anti-cyclone at 925hpa, subsidence from continental Ridge line and its N-S PG
when consider across a narrow belt, that runs parallel to Himalaya across north IGP along with role
movements of Transient systems like WDs at northwest or Cyclone formation at South of India and
accompanied easterly waves if any have been critically studied to find factors those are triggering
such spell and then shaping it up by covering more large-areas across IGP, falling of Vis and finally
making them to persist for weeks after weeks across such vast IGP. We have also analyzed other
static components those favours similar large-scale fog formation elsewhere in the world e.g. land
use and topography, temp range etc. We have used daily IMD data, GFS analyses and NCEP data
for latter study. The present study also include those interesting spells when it had transformation
to low clouds or back to dense fog at surface within a single episodic spell.
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For understanding features those lead to large-scale episodic pre-winter smog, we have made similar
study for three worst cases of episodic smog of 28 Oct-8 Nov 2012, 1-7 Nov 2016 and 6-13 Nov
2017. For addressing meso-scale variability of fog events, we used IGI Airport as our study domain
to find fog micro-physics and their variability within 8X10 KM areas at IGIA critically using similar
approach but a very high resolution meso-network of IGI instrument data having a total of 8 number
of RWY RVR and 6 no of AWS located at various distinct locations as recorded at 10-second intervals for 2008-2018 when it has all 3-RWY operation and for 1981-2018 using general vis data. The
objective of the latter study is to find their non-homogeneity in onset, duration they last and lifting
in the dense fog occurrences when one map them from one side of airport say city side to other last
ends say to open grass land or relatively rural side of the airport. We have also presented some
interesting results of WIFEX Fog campaign that presently in progress at IGIA jointly with IITMIISER-COEP. It has entered now to its 4th consecutive season since 2015-16 with a total of around
31 number of equipment including Radiometer, Cilometer, SMPS, etc to find role of Micro-Physics
in fog life cycle and to further understand in-depth of its meso-scale variability within the airport at
RWY-wise. As part-II of this study we have reviewed all present days Indigenous Fog forecast/nowcast system covering our in-house works e.g. empirical fog Model, threshold table/checklist based
fog forecast method, Process based fog forecast using Analogues method developed by IMD at
IGIA along with all dynamical Model based fog forecast system which have been developed in
collaboration with NCMRWF(NCUM Fog forecast), IITM(WRF Chem for IGIA and for IGP),
CMMCS(IGIA available till 2012) and ISRO-SAC(RPAID RGB map and BTD time series based
Fog nowcast) both for such large-scale IGP fog layer prediction and fog forecast for IGI Airport.
We have also presented skills of all these fog models for 2016-2018 which have been helping to
improve their early warnings. With IGIA has very high fog variability within airport and Airport
operator and ATC needing urgently a new precision RWY based fog forecast for scheduling its
flights and ATFM where time of onset/lifting of a particular intensity based upon Vis needed, and
observed to forecast errors at each 10-min gap at each RWY location/TDZ if >an hour error or >25
m vis outlier, not accepted, we present our vision by referring interesting works in the field by others
in the world to further fine tune these models and Fog Experiments with respect to actual fog formation process.
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Novel Scale Adaptive Energetically Consistent Kinetic Energy Backscatter
Schemes For Atmospheric Models
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Meteorological Institute, Centre for Earth System Research and Sustainability, University
of Hamburg, Grindelberg 5-7, D-20144, Hamburg, Germany *Corresponding Author:
suneetdwivedi@gmail.com

Abstract
An effort is made to address the problem of excessive subgrid-scale dissipation in the current
climate models. The energetically consistent and scale adaptive stochastic energy backscatter (SEB) and deterministic energy backscatter (DEB) parameterization schemes have been
systematically developed and implemented in a spectral atmospheric General Circulation
Model for this purpose. It is found that at the low horizontal resolutions, the SEB scheme
performs better than the DEB scheme, whereas, at higher horizontal resolutions the performance of both the schemes becomes comparable. The implementation of backscatter parameterization schemes in atmospheric model improves eddy variability and makes autocorrelation time scale more consistent with the reference very high-resolution model simulation.
The dominant mode of variability is also correctly captured. The findings have great implication in the correct simulation of small-scale (sub-grid scale high-frequency) processes
such as extreme (rainfall and temperature) events.
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Variability of Planetary Boundary Layer Height over the Arabian Peninsula
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Abstract

The Planetary Boundary Layer (PBL) height characteristics and its variability at different time
scales are investigated over the Arabian Peninsula (AP) based on high-resolution assimilative
Weather Research and Forecasting (WRF) regional simulations The WRF model was configured at
5-km resolution and 59 vertical layers, 30 of which cover the surface to the lower troposphere to
well resolve the boundary layer features. The initial and boundary conditions were updated every
six hours from ERA-Interim reanalysis and the model applied a consecutive integration method with
daily initialization at 1200 UTC for 36 hour lead time, neglecting the first 12 hours for model spinup. All available observations in the AP region were assimilated on 6-hourly 3DVAR cycles and
the hourly outputs from +12 till +36 hour simulations are saved to generate a 39 years regional
climate reanalysis for the AP between 1980 and 2018.
Radiosonde observations (around 5,30,000 profiles at 0000UTC and 1200UTC) are collected for the period 1980-2018 and are used to estimate the PBL height and to validate the model
PBL simulations. The mean spatial and temporal variability of the model PBL height is in good
agreement with the observations over different time scales, with 20-25% errors in the shallow and
5-10% in the deeper boundary layers. Compared to observations, the deeper PBL heights in the
WRF simulations are mainly associated with higher daytime surface temperatures calculated by the
PBL scheme. These higher surface temperatures in the daytime lead to stronger sensible-heat fluxes
in the atmosphere and associated deeper turbulent mixing causes increase in the depths of the turbulent transfer, hence the PBL heights. Overall, the AP reanalysis well described the regional variability of PBL height compared to the observations.
We then investigated the variability of PBL height over the AP based on the validated highresolution reanalysis. The climatological PBL heights over the region are typically around 2.0 km
during daytime and about 0.5 km at night. Our first results suggest that the mean PBL height exhibits
different daytime and nighttime seasonal patterns with greater daytime heights in the summer and
greater nighttime heights in the winter. We also discuss the diurnal cycle of the PBL height over AP
and its seasonal variations focusing on their dependence on the terrain features such as desert, mountains, and coastal regions.
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Abstract
Tropical cyclones are devastating hazards and have been a major problem for the coastal population of Bangladesh. Among the advancements in atmospheric and oceanic prediction, accurate
forecasting of storm surges is of specific interest due to their great potential to inflict loss of life
and property. For decades, the numerical model based storm surge prediction systems have been
an important tool to reduce the loss of human lives and property damage. In order to improve the
accuracy in predicting storm surge and coastal inundation, recent model development efforts
tended to include more modeling components, such as meteorology model and surface wave model
in storm surge modeling. In this study, we used the outputs of an atmospheric model to force the
ocean model for simulating storm surges in the Bay of Bengal with particular focus on the Bangladesh coast. The ability of the modeling system was investigated simulating water levels in the
Bangladesh coast of two tropical cyclones Sidr (2007) and Aila (2009). The effectiveness of the
model was verified through comparing the obtained computational outputs against tide gauge data.
The cyclone tracks and intensities reproduced by the atmospheric model were reasonable, though
the model had a tendency to overestimate the cyclone intensity during peaks and also close to coast.
The water levels are reproduced fairly well by the ocean model, although errors still exist. The root
mean square errors in water level at different gauges range from 0.277 to 0.419 m with coefficient
of correlation (R2) between 0.64 to 0.97 in case of Sidr and 0.209 to 0.581 m with R2 0.62 to 0.98
for Aila. The overall coupled modeling system is found to be useful with reasonable accuracy and
precision, though there are spaces for improvement. Higher-resolution modeling approaches are
recommended to gain more skills.
Keywords: Tropical cyclone; storm surge; one-way coupling; dynamic surge model; Bay of Bengal
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Abstract
After the disastrous tsunami of December 26, 2004 the need for a tsunami warning system was badly
felt which was subsequently established by Government of India. One of the essential requirements
of a Tsunami Warning System is the set up of tsunami inundation models which can predict inundation and run-up along a coastline for a given set of seismic parameters. The Tsunami Warning
Centre and the State/District level Disaster Management Centres should have tsunami inundations
maps for different scenarios of tsunami generation. In the event of a tsunamigenic earthquake, appropriate decision on issue of warnings and/or evacuation of coastal population, is taken by referring
to such maps. Historical statistics show that the two probable sources of tsunamigenic earthquakes
in the Indian Ocean are the Sumatra-Andaman subduction zone in the Bay of Bengal and Makran
in the Arabian Sea. The nature of tsunami inundation and run-up along the Kerala coast for the 2004
Sumatra and 1945 Makran, and a hypothetical potentially worst case scenario are simulated using
the TUNAMI N2 model and the results presented in this paper. Actually there is a growing perception that the sea level is going to increase in the next century. The changes in sea level will definitely
make an impact on our coastlines. The vulnerability and inundation patterns on the coast will change
with this climate change scenario. Further, scenarios of tsunami inundation arising out of possible
rise in sea level as projected by the Intergovernmental Panel on Climate Change (IPCC, 2001) are
also simulated and analysed in this investigation. For the study, three representative sectors of the
Kerala coast including the Neendakara-Kayamkulam coast which was the worst hit by the 2004
tsunami are chosen. The calibrated TUNAMI N2 model (Kurian et al., 2006 and Praveen et. al
2011) was used for these investigations. Fine resolution datasets like bathymetry, topography and
shoreline are very much important for carrying out these kind of simulations. As collection of field
data is tedious, laborious, time consuming and expensive different satellite derived data sets were
taken for model computations. So prior to the fixing of a data set as standard for future computations,
several sets of data were validated and compared for the coasts of Kerala and Gujarat with the aid
of numerical modelling and field surveys and and are presented in this investigation.
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Hindcast Improvement of Climate Forecast System (CFSV2) by Using
Modified Cloud Scheme
Febin Paulose, National Institute of Oceanography Goa
Abstract
To check the reliability of the model, two sets of CFSv2 retrospective experiments are performed.
The first experiment (EXP1) is same as the present working mode of the model. The second experiment (Exp2) includes major changes in terms of different cumulus parameterization scheme, modified cloud microphysics scheme and the variable critical relative humidity. These changes have
already been captivated in the free run mode. These major changes have combined for the first time
to see the overall enhancement in the model simulation in outlook of the seasonal forecast of Indian
summer monsoon rainfall (ISMR). The major improvement is evident in the spatial distribution of
the precipitation and the amplitude of the annual cycle of the ISMR. The peak of the annual cycle
of ISMR in EXP2 has enhanced by 23% in EXP2 than EXP1 with respect to the observation. Due
to the better stimulations of cloud and tropospheric temperature gradient, maximum precipitation
has moved to northward upto 20°N in the EXP2, in EXP1 which is close to 25°N as in observation.
This modification has also impact on all the other aspects of the ocean-atmosphere coupled interaction, namely, planetary scale Hadley and Walker circulations, air-sea interactions and all the facets
of monsoon teleconnections. The skill of extended Indian monsoon rainfall region (65-95E, 5-35N)
is increased from 0.41 in Exp1 to 0.67 in Exp2 and the same holds true for other regions as well.
This skill enhancement is reflected in Nino 3.4 SST, from 0.58 in Exp1 to 0.67 in Exp2. The dynamical wind shear based monsoon performance indices also shows the surge in the skill score. The
dominance of the EXP2 for seasonal forecast is evident from these improvements. The significant
improvements of seasonal skill score across all the variables clearly shows the dynamical consistency. This work will be pivotal to develop new genre of monsoon forecasting model.
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Abstract
Thunderstorms are mesoscale atmospheric phenomena exhibiting interaction among air dynamics,
thermodynamics, cloud microphysics and prevailing electrical forces inside the cloud. Consistent
attempt has been made for a better prediction of thunderstorms using numerical weather prediction
models for socio-economic benefits. The sensitivity of cloud microphysics, convective schemes and
domain resolution in thunderstorm prediction has been addressed by numerous studies. Recent observational findings suggested substantial influence of electrical forces on the Rain drop size distribution (RDSD) in highly electrified tropical cloud. However, sensitivity study of this effect in the
model physics of weather/ climate models has not been reported yet. The present study is intended
to achieve the same with the help of Weather Research and Forecasting (WRF) model. Five lightning-producing and 5 non-lightning-producing rain events are simulated in the same model domain
setup using same microphysical and cumulus schemes. The lightning-producing rain events are
termed as ‘strongly electrified rain events’ and non-lightning producing events are termed as
‘weakly electrified events’. While simulated RDSDs are comparable to the observed JW disdrometer measured RDSD in weakly electrified rain events which is consistent with the previous studies,
substantial underestimation is observed in the number concentration of larger drops in the case of
strongly electrified rain events. Simulated rain accumulation shows underestimation as well in
strongly electrified rain events when compared to the observed station rain accumulation. The study
suggested that this underestimation of larger raindrops as well as accumulated rain in case of
strongly electrified may be result of the non-inclusion of electrical effect in the microphysical
schemes of weather and climate models. Vertical distribution of ice phase hydrometeors exhibits
distinct characteristics between the two types of cloud.
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Abstract
With advancement of human civilization, humanity is in search of comfort and quality life, which
is mostly viable in cities. This leads to the mass population migration and subsequently, the anthropogenic activities in city environment increases with time. Changes in land use and land cover
(LULC) is one such indicator which gradually enables reducing vegetation covers due to urbanization. Besides LULC change dynamics of Indian cities, model physics can influence the city weather
conditions too. Thus, the present study focuses on sensitivity to planetary boundary layer (PBL) and
microphysics parameterizations in Weather Research and Forecasting (WRF) model simulation.
The microphysics schemes considered are Lin et al., Eta, WRF Single-Moment 6-class, Goddard,
New Thompson et al., Morrison double-moment and WRF Double-Moment 6-class. The sensitivity
to these microphysics schemes is examined for convective rainfall cases over Bhubaneswar-Cuttack
Urban complex. The results show better suitability of Lin et al. microphysics scheme for simulating
thunderstorm events. Similarly, seven boundary layer schemes with three non-local first order closure [Yonsei university (YSU), Asymmetric convective model, version 2 (ACM2), Shin-Hong
scheme] and four TKE (Turbulent Kinetic Energy) based local closer [Mellor–Yamada–Janjic
(MYJ), quasi-normal scale elimination (QNSE), Bougeault–Lacarrére (BouLac), Grenier-Bretherton-McCaa (GBM)] are used for examining their sensitivity during heavy rainfall events over Mumbai metropolitan region. Preliminary results show that the WRF simulations with TKE based local
closure schemes predict more accurate rainfall than non-local PBL schemes when compared against
the GPM-IMERG rainfall observations. Further studies are in progress in this direction and would
be presented in the workshop.
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Abstract
Accurate estimation of temperature and rainfall is helpful for many hydro-meteorological applications such as weather variability and climate change monitoring, prediction and forecasting flood,
and hydrological modelling. Hence, there is a necessity to perform bias correction of the meteorological datasets in order to improve the results accuracy of the datasets for future studies at local,
regional or global scales. Over the past few decades, variability among the meteorological variables
such as temperature and precipitation has been monitored globally. In this regard, the performance
assessment of meteorological variables using Weather Research and Forecasting (WRF) model
could be helpful for the consistent monitoring, and appraisal of its functional inference in hydrometeorology. WRF model is used for downscaling of variables over the Koshi river basin, India
(longitude 85.05o - 87.31o and latitude 25.32o - 26.88o). Consequently, temperature and rainfall variables have been selected as the potential operators for the period January 2005, to December 2015.
The statistical performance is achieved using Correlation (r), Percentage bias (PBIAS) and Root
Mean Square Error (RMSE). In addition, the bias correction (BC) technique-- cumulative distribution function is applied to improve the prediction of temperature and rainfall. BC analysis shows
low bias, low RMSE, and high correlation. Before BC the temperature shows RMSE 1.41, r 0.98
and PBIAS 2.40 and rainfall shows RMSE 84.72, r 0.7 and PBIAS -33.5. After BC the temperature
is showing RMSE 0.66, r 0.99 and PBIAS 0., however in the case of rainfall, RMSE 83.14, r 0.72
and PBIAS has 0 value. The results suggest that the precise monitoring of weather variability and
climate change could be achieved at the regional and global level by using the information from
WRF downscaled bias-corrected data.
Keywords: WRF model, Downscaling, Bias correction, Koshi river basin
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Abstract
Indian region is predominantly distinguished by sub-tropical monsoon according to its climatic
characteristics. The Himalayas plays an important role by defending rain-bearing southwesterly
monsoon to give up maximum precipitation in that area in monsoon season. In India, agriculture is
the main pillar of the country’s economy where it is highly dependent on monsoon rainfall. There
is a significant relationship between agricultural production and climate variability. Extreme
weather events such as heavy precipitation, flood, drought etc. are happening continuously in various parts of India; Delhi and its peripheral regions are also fallen under that weather events. Those
extreme weather events are also highly related to the loss of property, human beings, infrastructure
which can damage the country’s economic system. In that context, the present study has been
planned to compute the flood and drought years over Delhi region from 1951 to 2014 by using area
average IMD rainfall data. For this investigation, the Normalized index (NI) has been utilized to
find out whether the particular year is fallen under drought year or flood year? The data has been
prepared in the form of average rainy season rainfall data for each year to calculate climatological
mean and the standard deviation. For a visual representation, the NI has been plotted by diagrams.
Further, the result can be related with the El-Nino and La-Lina year to find out the fluctuation of
monsoon rainfall and its underlying physical mechanism. Further discussions about this work will
be done at the workshop.
Keywords: Extreme weather, Rainfall, NI, Flood, Drought, IMD, Delhi
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Abstract
The warming of the environment has triggered many changes to Earth’s climate. Robust evidence
exists that certain extreme weather and climate events have changed in regard to intensity and frequency over past years. Studies show that human-induced climate change has generally increased
the probability of strength of some extreme events such as heat waves, drought, heavy precipitation,
cyclones etc. Higher temperatures lead to increased rates of evaporation, causing aridity. Warmer
air can contain more water vapor than cooler air. Global analysis shows that the amount of water
vapor in the atmosphere has in fact increased due to human-caused warming. This extra moisture is
resulting in heavier rainfall. Even in areas where precipitation does not decrease, there is increase
in surface evaporation leads to more rapid drying of soil, causing arid conditions. Human activities
are continuing to affect the Earth’s energy budget by changing the emissions and resulting atmospheric concentrations of important greenhouse gases and aerosols and by changing land surface
properties.
Aerosols are the suspended tiny particles present in the atmosphere, influence Earth’s climate by
scattering and absorbing solar radiation, causing radiation imbalance. In our study, we tried to define
the role of aerosols on extreme weather events over Indian Region. The result is that the sum of the
energy leaving the top of the atmosphere is differ from the energy entering it. Most of this excess
energy is absorbed at the surface, causing the observed increase in temperatures in the lower atmosphere and oceans and most of the energy is scattered, thus cooling the surface.
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Abstract
India is a mega biodiverse agrarian nation whose fate is controlled by Monsoon and Himalayas. The
glacial region of Hindukush Karakoram Himalaya (HKH) are called as ‘water tower of Asia’ which
stores large volumes of water in the form of ice and snow after the polar ice (Adnan et al., 2017).
The trends of rising global temperature and accelerated receding of glacier. Sikkim is the second
most vulnerable Indian state to climate change due to glaciers and stream power dependence. the
present study focuses on understanding the impact of climate change to snow water equivalent
(SWE) and snowmelt rate in Sikkim Himalayas for the time period of 1979 to 2017. Hence this
study is conducted to discuss the temporal variation of melt rate and associated melt amount through
degree day modeling. The average decadal rate of Snow water equivalent (SWE) and Degree day
factor (DDF) for the months of March to August for Sikkim Himalayas over 1979-2017 is increasing
except for 2009-2017 decade indicating the impact of Global Warming. The average decadal temperature trend is increasing with 0.91 coefficient of determination for Sikkim Himalayas for months
of March to August from 1979-2017 indicating increase in humidity, increase in cloudiness and
Climate change due to accelerated Greenhouse Effect in recent decades. Hence, the rate of snowmelt
is critical for information about flood forecasting, extreme weather event, agriculture and optimal
management of water resources.
Keywords: Sikkim Himalaya, Snow Water Equivalent (SWE), Degree Day Modeling (DDM), climate change and impact,
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Abstract
This study describes the scenarios wherein a tropical cyclone formed over the Arabian Sea during
the onset phase of the Indian summer monsoon. The analysis of the observed synoptic conditions
from the period 1979 to 2017 with and without the formation of cyclonic storm over the Arabian
Sea during the onset phase of southwest monsoon (SWM) has been carried out in this study. The
effect of regional dynamical and thermodynamical factors like sea surface temperature (SST), outgoing longwave radiation (OLR), changes in the wind circulation over the Indian Ocean and the
Indian subcontinent has been studied. Our diagnosis shows that anomalous high SSTs along with
anomalously high specific humidity and a decreased vertical wind shear characterized by the weak
monsoon circulation may be playing a role in the cyclogenesis over the Arabian Sea during the
monsoon onset period. In addition, the impact of climate forcing factors like El Niño Southern Oscillation (ENSO) and its teleconnections has been taken into consideration. We have also explored
the influence of Madden-Julian Oscillation (MJO) on the cyclogenesis over the Arabian Sea during
the onset phase of SWM.
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Abstract
Our study is on the impact of Indian Summer Monsoon on the frequency of Tropical Cyclones in
the Bay of Bengal during the post-monsoon (October- November) period. The Bay of Bengal receives a large amount of freshwater through river runoff from the major Monsoon-fed rivers. Our
study shows that the frequency of cyclonic activity during post-monsoon period is higher (lower)
following a heavy monsoon (drought) period. The increase (decrease) is stronger during October
and November months with no effect during December. The large influx of freshwater strengthens
the Barrier Layer and forming a shallower Mixed Layer Depth (MLD) over the Bay of Bengal.
Shallower MLD indicates lesser volume of seawater to be heated from the same amount of solar
insolation. This indicates a greater heat retention in the MLD thereby increasing the frequency of
cyclones. Calculation of the integral Ocean Heat Content (OHC) from surface to 260C isotherm
confirms our findings of increased (decreased) in cyclonic activity in post heavy rainfall (drought)
years.
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Abstract
High-resolution simulations with the Weather Research and Forecasting Model (WRF version 4)
are used to investigate the impact of micro-physics along with cumulus convection on heavy rainfall
associated with convective systems over Odisha during summer monsoon season. Analyses focus
on three heavy rainfall cases, which are as follows; (i) 21 – 23 July, 2018, (ii) 07 – 08 August, 2018,
(iii) 06 – 07 September, 2018. Though, model forecast able to capture the magnitude of the rainfall,
the spatial patterns are misguided. Four experiments have been carried out for each case, which are
as follows: (i) use of warm rain microphysics scheme (Kessler scheme), (ii) use of cold rain microphysics scheme (WDM6), (iii) use of Kain-Fritsch cumulus convection scheme in both the domain
(i.e. with cumulus), and (iv) switched off the cumulus convection scheme in inner domain (i.e. without cumulus). The experiments depicts that the model simulation with cold rain microphysics
scheme gives better representation of heavy rainfall compare to the warm rain model simulation.
The simulation without cumulus scheme is better predict the heavy rainfall over Odisha compare to
the simulation with cumulus convection scheme. Cloud fraction averaged over three different types
of cloud (low, medium, and high level) are more from the model simulation without cumulus
scheme over Odisha. Displacement, pattern, and volume error present in the model derived rainfall
also tested and the results will be presented. This study mainly focuses on customizing a high-resolution meso scale model to predict heavy rainfall events.
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Abstract
Very severe cyclonic storm (VSCS), Ockhi took birth in south-west region of Bay of Bengal (BoB)
and moved towards Arabian Sea (AS). At the initial stage of genesis, it was rapidly intensified. The
system then took a clockwise recurvature towards the north-west coast of India and made landfall
over Gujrat coast after weakening sufficiently. This interesting cyclone is attempted to predict using
both uncoupled HWRF and coupled HWRF with ocean model HYCOM for initial condition of 00
UTC 1st December, 2017. The system is well simulated with its track and intensity when compared
to best track data provided by India Meteorological Department (IMD). However, positive intensity
bias is observed for uncoupled simulation. The rapid intensification at the genesis stage and the
recurving of the storm is well captured by the models. The enthalpy flux exchange analysis gives
light about the cause of overestimation of intensity in uncoupled simulation. Different diagnostic
studies show the evolution of the vortex with and without ocean input. Along with the atmospheric
variables, the oceanic parameters are also diagnosed using HYCOM products from coupled simulation. Sea surface temperature drop and depth analysis of salinity, zonal and meridional velocity
have been analyzed to find out the impact of ocean on the cyclone and vice versa. The above study
verifies the better performance of the coupled simulation over the uncoupled one.
Key words: Ockhi, HWRF, HYCOM, Tropical cyclones, intensity
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Abstract
Cyclone Ockhi formed on 29 November 2017 over the Lakshadweep Sea, south of Cape Comorin,
is the first very severe cyclone to form in this region since 1925. It maintained cyclone strength for
five consecutive days and touched a maximum wind speed of 85 knots (43.7 m s-1) during its lifetime, leading to higher accumulated cyclone energy than normal. The cyclone travelled from southwest Bay of Bengal to northeast Arabian Sea, covering a distance of more than 2500 km. It underwent rapid intensification from depression to cyclonic storm in a span of just 9 hours (against an
average of 24-36 hours) and further to a very severe cyclone in 24 hours. Our analysis shows that
the sudden intensification was a response to conducive thermodynamic conditions due to anomalous
warm sea surface temperatures (SSTs) and a favorable phase of the Madden Julian Oscillation
(MJO). Along with MJO, anomalous warm SSTs of about 0.8 °C and favorable ocean subsurface
temperatures led to conducive thermodynamic and dynamic conditions such as anomalously high
specific humidity, equivalent potential temperature and convective available potential energy
(CAPE) caused the rapid intensification. The unusual long track of this cyclone, from the Bay of
Bengal to the northeast Arabian Sea, was mainly steered by the upper level winds. The vital role of
ocean temperatures in cyclone rapid intensification highlights the need of closely monitoring the
Arabian Sea for future storms, since climate projections indicate that the observed rapid warming
in the basin will continue into the future.
th
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Abstract
High resolution numerical simulations of Tropical Cyclone allow a better understanding of processes leading to intensification and the role of Microphysics. Numerical simulation experiments
are carried out using Weather Research and Forecasting Model (WRF). The multiple nested domain
simulations with the 1 km as a resolution of innermost domain gives the detail core structure of the
cyclone. Impact of cloud microphysics parameterization on the core structure of the cyclone is studied. The track and intensity of the simulated cyclones are validated with the best estimation provided
by IMD. For evaluation of thermodynamic structure of TC core, auxiliary datasets such as the reanalysis, satellite and surface are used.
To validate the high resolution WRF simulations, observations from space-borne and ground-based
radars (on storm structure) during cyclone provide a useful source.
Different microphysics parameterizations (MPs) are employed and analyzed to demonstrate the role
of microphysics in intensification and rapid development of TC. The study also focused to answer
how and why different Microphysics impact in rapidity of organization and intensification of TCs.
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Abstract
Eyewall replacement cycle is associated with the intensity and structure changes in tropical cyclones
and affects their life cycle substantially. Previous studies showed that ERC cause due to rapid rotation of inner core compares to the outer one. However, the dynamical and thermodynamical mechanisms associated with ERC are not entirely well established. Further, the dynamical features of
secondary eyewall such as intensification rate differ during intensification/ dissipation phases. Radial thermodynamical structure of TCs changes significantly due to a convective organisation outside the primary eyewall during ERC. The changes in the dynamical parameter such as inertial stability and vorticity affect the thermodynamical structure during ERC. Therefore, it is essential to
understand the physical mechanism associated with ERC for better prediction of the structure and
intensity of TCs during their lifespan. Thus, in this work, we have simulated the ERC of the TC
Chapala (28 Oct-4 Nov 2015), and Phailin (5-14 Oct 2013) originated over Arabian Sea and Bay of
Bengal respectively. The high-resolution simulations (6 km) are carried out using mesoscale model
weather research and forecasting model (WRF) with hybrid 4DEnVAR Data assimilation technique.
The results obtained from this work suggested that the increase in diabetic heating cause intense
warm core formation which in terms cause the deep convection to propagate radially inward. Due
the conservation of angular momentum, inward transfer of higher angular momentum increase the
tangential velocity in the inner core region of the TC outside the primary eyewall. This increase in
tangential velocity caused the rings of the cloud to rotate with higher tangential speed outside the
primary eyewall and form a secondary maxima. It caused the inner core rotating rapidly than the
surrounding. The rapid rotation in the inner portion causes an increase in diabetic heating at primary
eyewall causing a further increase in tangential velocity at the region of secondary maxima. It divided the inflow into primary and secondary wind maxima. The slow rotation of an outer portion of
primary eyewall caused by secondary inflow maxima and consequently produced the secondary
maxima in diabetic heating which increased the tangential velocity over that region. It caused the
tilting of equipotential surfaces responsible for the formation of the secondary eyewall. The detailed
study is carried out for a proper understanding of these physical mechanisms of secondary eyewall
formation in this paper.
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Impact of Aerosol – Radiation - Cloud Interaction on Regional Meteorology
over Eastern Himalayas Using a Regional Climate Model
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Abstract
Aerosol-cloud-radiation interactions play an important role in regional meteorology through cloud
modification and extinction coefficient, which could further induce feedback on regional air quality.
In this study, we have used the WRF-CHEM model version 3.8.1 with an aerosol-aware microphysics scheme to simulate the effect of elevated sources on aerosol loading and cloud-aerosol interaction during pre-monsoon and monsoon season over Eastern Himalayas. Primary analysis of this
study shows significant variabilities in the incoming solar radiation led to change in the temperature,
precipitation and planetary boundary layer (PBL) height distribution. In addition, the concentration
of cloud condensation nuclei (CCN) has increased slightly in atmosphere, which may inhibit the
normal precipitation over the region. This study also connects the link between lightning activity
and aerosols, aerosols affect the microphysics and the dynamics of clouds and enhance the convective activities. It was found that lightning activity is enhanced during days characterized by higher
Aerosol Optical Depth (AOD) values, compared to days with no lightning. In addition, the impact
of simulated aerosol indirect effects are found comparatively smaller, though the reduction in the
PBL height leads to increases the surface concentrations of primary pollutants like CO and SO2.
Keyword: Aerosol, WRF-CHEM, Eastern Himalayas, CCN, lightning
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Analysis of Monthly, Seasonal and Annual Air Temperature Variability and
Trends in Madhya Pradesh state of India
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Abstract
Earth’s climate has always been changing since its formation. But it is now changing at a higher
pace than at any point in history. Hence, climate change has become one of the most significant
issues in the world today. Climate change is mainly dominated and detected by temperature, among
all other climate elements. The present study aims to find out the variation and discover the trends
of the mean annual, seasonal and monthly surface air temperature in Madhya Pradesh (MP) state of
India during the period of 1948-2018. MP, central state of India has an agriculture-based economy
which is adversely affected by the temperature variations and resulting hydrological disturbances.
The study used the GLDAS (Global Land Data Assimilation System) air temperature data obtained
from the NASA Goddard Space Flight Centre for a spatial resolution of 0.25° grid. Man-Kendall
test and Sen’s slope estimator were used to study the annual, seasonal and monthly variability in the
air temperature of Madhya Pradesh and the significant overall changes are mapped. The air temperature time series are analysed and the variability and trends are described in details.
Keywords: Climate change, Trend analysis, Surface air temperature, Man-Kendall test, Sen’s slope
estimator, GLDAS.
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Spatio-temporal Distribution of Heavy/Extreme Rainfall Over India Using Regional Climate Model: Sensitivity of Convective Parameterization Schemes
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Abstract
An effort is made to investigate the sensitivity of extreme rainfall to convective parameterization
schemes (CPSs) over India using a regional climate model (RegCM4.5). Different sensitivity experiments are carried with different CPS. MIT over land and Grell over Ocean (MLGO) followed
by Grell is captured the spatial distribution of mean precipitation extremes during summer monsoon
reasonably well while other scheme fail to reproduce the spatial distribution of mean precipitation
extremes. All schemes tends to underestimate mean precipitation due to (heavy to extreme) particularly over central India however, the MLGO scheme have less bias in comparison to others. The
length of rainy/dry days is overestimated/underestimated by MLGO which support the higher rainfall. All schemes have ability to simulate the frequency of events of very low intensities except
MLGO which overestimates the frequency of events of very low intensities. Grell simulates the
intensity and frequency of event closer to observation. Overall, Results show that the characteristics
of extreme precipitation are sensitive to the choice of convection schemes. The MLGO have better
performance in the simulation of mean precipitation however, the Grell have highest performance
in correct simulation of extreme event (dry/wet days and daily precipitation intensity). Outcome of
this study would have implications in using RegCM4 for downscaling/future projection study of
extreme event over South Asia CORDEX domain.
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Effect of Biomass Burning on Ozone Mixing Ratios in Tropical Rural Environment
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Abstract
Ozone in the troposphere is a harmful pollutant which negatively affects human health, crop yield
and earth's climate. It is produced in the atmosphere by photochemical reactions in the presence of
sunlight through oxidation of its precursor gases like CO, NOX and VOC's. The diurnal and seasonal
pattern of ozone mainly depends on the availability of precursors and solar radiation. There are
different sources for precursor gases among which primary sources are open biomass burning,
vehicular emissions and industrial emissions. Amongst, biomass burning activity is a significant
source of ozone precursors in rural environment. Using space-borne observations of open biomass
burning (fire radiative power) and, carbon monoxide and ground-based observations of black carbon
and ozone, we elucidate the role of biomass burning on ozone mixing ratios in rural environment.
Four years (2010-2013) of observations of black carbon and ozone made from a rural location
(Gadanki, 13.48° N, 79.18° E) in southern India, show that biomass burning activity contributes 15
ppbv to 18 ppbv (39% to 47%) of ozone mixing ratios during February to May which is the intense
biomass burning season in Southern India. However, MOZART-4 (Model for OZone And Related
Tracers) is found to underestimate effect of biomass burning but overestimate ozone mixing ratios.
Keywords: ozone, rural environment, biomass-burning, black carbon.
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Without Aerosols
Shweta Singh, Amit P Kesarkar, Debojit Sarkar, Arpita Munsi, Jyoti Bhate, Abhishek Panchal and
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Abstract
The hydrological cycle is influenced by the changes in the Earth’s radiation budget due to the direct
and indirect effects of atmospheric aerosols and trace gases. The direct effect of the aerosols includes
changes in the heating rates and alteration of radiation balance of the Earth through scattering and
absorption of incoming solar radiation. The indirect effects of the aerosols are in terms of alteration
of concentration of hygroscopic aerosols which forms the cloud condensation nuclei hence alters
the radiation balance and hydrological cycle of the atmosphere. Modelling studies carried out over
large scale with finer resolution have reported that when quite large changes in aerosols were simulated, the changes in surface precipitation were only a few percent, although large impacts may
occur on a local scale. For understanding the influence of aerosols in occurrence of extreme events,
we have simulated the heavy rainfall event occurred over Gujarat between 28th Feb - 2nd Mar 2015
using mesoscale model Weather Research and Forecasting (WRF) model. Three one way interacting
domains were configured with resolution of 18 km × 18 km, 6 km × 6 km and 2 km × 2 km for the
simulation. The sensitivity of heavy rainfall to model microphysics is studied using the simulations
of the event using aerosol aware Thomson scheme, old Thompson scheme and Morrison scheme.
The hydrometeor profiles from the model simulations are compared with the GPM profiles and the
diabetic heating due to hydrometeors simulated by different microphysics schemes are compared.
The validation of Atmospheric Optical Depth is carried out using MODIS satellite observations.
The large-scale environment simulated by the model is compared with the MERRA-2 reanalysis
dataset. It is seen from the simulation that the model simulated rainfall is very sensitive to the
amount of cloud condensation nuclei present in the atmosphere than the amount of heating in the
lower and middle troposphere due to presence of aerosols. The local boundary conditions, inhomogeneities and spatio-temporal concentration of aerosols plays important role in deciding the location
of heavy rainfall. The detailed results will be presented during the workshop.
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Observations and Diagnostic Analysis of Hydrological Extremes: A Case Study
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Abstract
Gomti River is the major non-perennial tributary of the Ganga River that constitutes the great North
Indian Alluvial Plain. The Gomti sub-basin drains an area of 30,437 square kilometres, expanding
over 18 districts of Uttar Pradesh, in to the Ganga River at Kaithi. Mann-Kendall trend test was
applied to study the annual temperature and rainfall trends. Also, the 95th and 99th percentiles of
both the temperature and rainfall extremes were identified for the recent years declared by India
Meteorological Department as exceptionally dry. The rising temperature trends and also temperature extremes in terms of their occurrence as well as duration has elevated the severity of the recent
hydrological extremes observed in the basin. To derive various water balance parameters of the
basin SWAT model was setup for the Gomti Basin. The given study identified the nature of drought
conditions witnessed by the basin in the period of 30 years since 1986. It also analysed the interrelationship among various model derived water balance parameters that finally resulted into hydrological extremes likes droughts. Gomti basin being the agriculture dominated sub-basin of Ganga
River Basin, it is very important to consider the fluctuations in the flow levels of its main channel.
The lower Gomti basin, region covering Jaunpur, Sultanpur, Pratapgarh and parts of Varanasi,
Chanduali, Ghazipur and Azamgrah districts has been identified to be more sensitive towards various hydrological droughts.
Considering the increasing severity of the hydrological droughts observed in the basin, it stands
wanting to sustain the equilibrium within its various water balance parameters. As a step forward to
the above study an eco-hydrological approach to attend to this problem may prove effective to draw
solutions that are scientifically more sound.
Keywords: Gomti River, Hydrological extremes, Mann-Kendall trend test, SWAT
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Abstract
There are numerous studies showing increasing trend in temperature, heavy rainfall, cyclone frequencies, intensity and spatial coverage of droughts, sea surface temperatures. However, understanding about underlying hydro-meteorological processes is far from complete.
Oxygen and hydrogen isotopic composition [δ in per mil (‰) notation δ18O or δD = (Rsample/Rstd
– 1) x 1000, where R = 18O/16O or D/H] of precipitation provide useful information about contemporary hydro-meteorological processes governing the precipitation, and hence the water availability
in a region. Thus, based on d18O and d-excess (= dD – 8 X d18O) in precipitation samples various
meteorological phenomena and weather extremes, such as strong convection, heavy rain, evaporation from falling raindrop, unusual rainout history, significant contribution of continentally recycled
moisture etc can be tagged.
Higher d-excess in precipitation indicates significant contribution of locally recycled moisture.
Lower d-excess on the other hand can be either due to significant evaporation from falling raindrops
or significant rainout from marine air parcel, without much addition of terrestrial vapour, before
reaching the sampling location. In addition, cyclonic storms, cloud burst, convective uplifting can
also impart unusual isotopic signature to rainfall. Evaporation from falling raindrops can be inferred
from smaller amount of rainfall, but contribution of locally recycled moisture and the rainout history
cannot be inferred from the amount of rainfall.
Isotopic composition can point out conspicuous hydrometeolorigal process associated with particular rain event which may not be obvious from basic weather parameter. Interpretation of isotopic
signature of precipitation however requires observed or modelled meteorological parameters such
as cloud top temperature, specific humidity, air mass trajectory, cloud type, cloud liquid content etc.
Embedding isotopes in mass flux models or atmospheric general circulation model is essential for
deriving detailed insights in to hydrometeorological processes or weather extremes by combining
isotope and non-isotope data.
As a part of National Programme on Isotope Fingerprinting of Waters of India (IWIN), 369 daily
precipitation samples were collected from Ahmedabad, located in semiarid western India, over a
period of 12 years. Of these 369 samples, 40 rain samples had exceptionally different isotopic composition (20<d-excess<0). Efforts are being made to understand atmospheric processes underlying
these observed isotope extremes.
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Abstract
Atmospheric Boundary layer is the lower most layer of the atmosphere which is directly influenced
by the underlying surface. The boundary layer turbulence is controlled by the surface heat and momentum flux exchanges through influencing the vertical and horizontal mixing of moisture, heat
and momentum etc within the atmosphere. The vertical growth and characteristics of PBL may vary
during the monsoon according to the rainfall. In this study the surface energy fluxes are analyzed
during SW and NE monsoon period over the tropical coastal station Kalpakkam using turbulence
observations and a high resolution (2-km) numerical model WRF-ARW. Fast response Sonic Anemometer observations are used to derive the fluxes using Eddy-Correlation method. Results indicate a large variation in the sensible, latent, momentum fluxes and turbulence kinetic energy in the
dry and wet spells. Higher sensible and momentum fluxes are observed during the dry spells. Numerical model simulations could pick up these variations in the dry and wet spells.
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Future Changes in Extreme Precipitation Events Over the Himalayas Using
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Abstract
Winter precipitation over the Himalayas is due to the movement of synoptic scale system originating
from the Mediterranean known as Western disturbances (WD). Precipitation during winter is important for the growth of glaciers which reserves fresh water and melting of glaciers during spring
season provides water to the major rivers of Indian subcontinent. WDs are often associated with
extreme precipitation over Himalayan region. Understanding the changes in extreme precipitation
is important for local agriculture, ecology and hydrology over the region. The present study analyses. Precipitation calculated over the Himalayan region using 16 CORDEX-South Asia experiments shows that CORDEX experiment run by EC_EARTH RCM with RCA4 GCM developed by
Swedish Meteorological and Hydrological Institute (SMHI) is the best performing model when
compared to observation. EC_EARTH RCM is used for further calculation in the present study.
Seasonal variation of daily precipitation amounts over the region in the future warming scenario
under RCP 8.5 shows increase in precipitation in early December. Seasonal variations in intense
precipitation is also calculated for the present and future climate over the region. Consecutive dry
days and wet days over the region is calculated in the warming climate. Changes in sea level pressure
and zonal winds is calculated further to understand the mechanism leading to the extreme rainfall
over the region.
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Abstract
Observational records indicate that diurnal temperature range (DTR) has decreased over the last 50
years because of differential changes in minimum and maximum temperatures. Variations in the
DTR arise mostly from changes in clouds and in soil moisture. Changes in fog frequency have also
been observed in the past few decades. Being a surface layer cloud, fog could play a role in modulating the DTR whereas DTR could influence fog occurrence through surface temperature modulation. The present study attempts to understand possible feedbacks and mechanism for these changes
in DTR and fog. Trends in these variables have been analyzed for ten stations over the Indo-Gangetic plains. Preliminary results indicate an inverse relation between fog occurrence and DTR. In
addition, the role of local forcing is to be further analyzed using a case study in Delhi.
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Abstract
A UNFCC report says that health risks related to climate change are on the rise worldwide specially
for developing nations like India. The Indian Network of Climate Change Assessment (INCCA)
report projected climate change for India by the year 2030, in four vulnerable sectors: Himalayan
region, North and northeastern states, Western ghats and Coastal region. The aim of this paper is to
assess the impact of extreme weather events on human-health in India with reference to climate
change. Extreme weather events like floods, droughts, cyclones and spells of heatwaves are likely
to change frequency, lengthen transmission seasons, and alter the geographic range of important
vector-borne diseases, malaria and dengue being the most important others being chikungunya and
Japanese encephalitis. Recent study highlights that excessive monsoon rainfall having high humidity, El-nino events influence, mosquito breeding and survival. Vulnerable group section of society
include children, women, workers and elders. The study is done in Uttar Pradesh by VECTRI Model
of International Centre of Theoretical Physics (ICTP), Italy basically focusing on climate disease
linkage and sensitivity, current and future impact and vulnerability of human health and distribution
of disease followed by its relationship to elevation and population density. More awareness should
be created for masses about anthropogenic activities leading to climate change. To conclude, along
with integrated vector control measures for tackling problem of vector-borne diseases it is essential
to address issues related to climate change with utmost priority through research and scientific approach.
Keywords: UNFCC, INCCA, malaria, dengue, chikungunya, japanese encephalitis, VECTRI Model, ICTP
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Abstract
The Nucleus for European Modelling of the Ocean version 3.6 (NEMO3.6) ocean circulation model
is configured to run at 1/12o horizontal resolution over a regional domain [30E-105E; 20S-30N] in
the Indian Ocean. The model uses 50 levels in vertical with highest resolution of 1 m near the surface. The realistic surface currents derived from the model are used to quantify ocean stirring and
predictability in the Bay of Bengal (BoB) region of the Indian Ocean. The Finite Time Lyapunov
Exponent (FTLE) is used as the quantifier for this purpose. The Lagrangian FTLE predictability
estimates are compared with the Eulerian measures (Strain Rate, Vorticity and Okubo-Weiss parameter) over the region of interest. The FTLEs in the BoB show significant spatio-temporally variability. The lowest predictability in the BoB is observed during October-November months,
whereas the highest during May-July. The FTLEs are shown to serve as an important tool in suggesting the sea-going oceanographers about the locations over which more observations will be
needed to improve predictability of the region.
Keywords: FTLE, predictability
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Abstract
Malaria remains one of the most serious public health problems in India. In this study, mapped
current and future temperature suitability for malaria transmission in India using a malaria model,
solves a set of equations using a daily time step that describe the life-cycles of the key vector,
Anopheles gambiae and the Plasmodium falciparum malaria parasite. Combined with human population density projections, our maps suggest that that a most endemic malarious regions emerge as
the central and eastern part of the India currently experiences the ideal transmission window. Under
future climate projections, it is projected that malaria is likely to persist in Orissa, West Bengal and
southern parts of Assam, bordering to North East regions, whereas seasonal transmission suitability
will also shift toward coastal areas. Mapping climatic factors suitability places important bounds on
malaria transmissibility and, along with local level demographic, socioeconomic, and ecological
factors, can indicate where resources may be best spent on malaria control. Therefore it is important
to understand the current adaptation mechanisms and improve the coping capacities of the vulnerable section of the population by helping to enhance their accessibility to health services, improved
surveillance and forecasting technologies.
Keywords: Malaria, Climate Change, Transmission Window
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Abstract
The effort is made in the present study to find the active and break spells of northeast monsoon
region. In the present study we have taken the IMD rainfall dataset during the time period of 19822015. The active and break monsoon days are identified using criteria based on a southern Indian
(SI) index which is area averaged rainfall over the region (8N-20N, 72E-86E). During the study
period, both the active and break spells of short duration were more frequent than the long duration
with about 44.3 % of the break spells and 50.6 % of the active spells falling in the range of 2–3
days. There were no active spells of duration ≥12 days. Whereas, only one spell of the break spells
was of duration ≥12 days.
The rainfall pattern during the active (break) spells show the positive (negative) rainfall anomalies
associated with the negative (positive) OLR anomalies over southern Indian monsoon region, which
indicates the positive (negative) convective pattern over that region. The composite maps of specific
humidity anomaly shows the positive (negative) anomaly over the southern Indian region in active
(break) phase it is one of the factors for supporting to increase (decrease) of rainfall over that region.
The wind pattern during active (break) phase also shows favourable condition to increase (decrease)
of rainfall over that region. During the active spells of SST we observed the negative anomaly over
the equatorial Indian and Pacific Ocean and the positive anomaly over the North Bay of Bengal and
some part of northern Arabian Sea. The Western North and South Pacific Ocean have positive SST
anomaly. During the break phase of SST we can observe that the negative SST anomaly over the
equatorial Pacific Ocean clearly resemble the ENSO like structure. It is also observed that the positive SST anomaly in the equatorial Indian Ocean and negative anomaly in the Arabian Sea and Bay
of Bengal regions. This lead to one more important analysis of active and break phase.
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Abstract
An evaluation of water vapor profiles retrieved from a geostationary Indian National Satellite (INSAT-3D) sounder level-2 physical retrieval by inter comparison with Atmospheric Infrared Sounder
(AIRS) L3 Standard Physical Retrieval (AIRS- only) version 6 profiles over the Indian region. This
evaluation is carried out on the spatial distribution of correlation coefficient and root-mean-square
error (RMSE) at each pressure level from surface to 100 hPa during one year period 2016. The
results of the inter-comparison reveal that water vapor (g/kg) retrievals from the INSAT-3D are in
good agreement with the Aqua-AIRS satellite except for a slight degradation over the coastal regions
of Arabian Sea and Bay of Bengal below 850 hPa. The degradation performance over the coastal
area associated with possibility of undetected clouds and uncertainty in surface emissivity and also
it might be attributed to improper bias correction coefficients for brightness temperature before
physical retrievals. In addition to it, a similar analysis is carried out to assess the relative performance of INSAT-3D-retrived relative humidity (%) profiles with respect to 12 Indian Meteorological Department (IMD) radiosonde locations over the Indian subcontinent from January to December 2016.In this analysis, for each station correlation coefficient, bias and their corresponding rootmean-square errors (RMSEs) was carried out between INSAT-3D and 12 radiosonde locations.
These results demonstrate that the correlation coefficient (0.7), bias (~5%) and RMSE (10%) that
are very good agreement between INSAT-3D and 12 radiosonde stations except for degradation
performance of above 300 hPa pressure levels for all stations. Overall, these results give a good
confidence into the quality and potential of INSAT-3D over Indian region and can be used in
weather forecasting and now casting applications.
Key words: Radiosonde, validation, Water vapour profiles, INSAT-3D, AIRS
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Abstract
Mesoscale circulations such as sea and land breezes in the coastal regions influence the atmospheric
transport of air pollutants. The timing and intensity of these local wind fields is important in Nuclear
/ Chemical emergency response systems and for local weather prediction. In this study the impact
of assimilation of local surface observations in WRF-ARW is examined using 3DVAR data assimilation system. Simulations are conducted with WRF at high resolution (2km) using GFS analysis
and forecasts for 25-28, April 2017, 18-21 May 2017 and 13-16 July 2017. Four experiments are
conducted i) Control run with no assimilation of data, assimilation runs ii) VAR -Prepbufr iii)VARPrepbufr +tower data iv) VAR-Prepbufr+ISRO AWS. Results indicated that the assimilation of
Prepbufr along with local surface observations (Met Tower, AWS) produced better predictions in
the timing of onset, intensity of circulation, horizontal and vertical extents, PBL height and surface
fluxes. Atmospheric dispersion simulations of hypothetical tracers with FLEXPART Lagrangian
particle dispersion model using the WRF predicted meteorological fields is also analyzed for differences in the concentration distributions.
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Abstract
The application of convective parameterization in high resolution numerical weather prediction is
much debated and there is no-consensus below 10 km. In this study the simulations of Tropical
Cyclones (Phailin, Hudhud, Thane) over Bay of Bengal using a triple nested (27-km, 9-km, 3-km)
WRF ARW model are analyzed with reference to the application of convective parameterization
(Kain-Fritisch) and microphysics (Goddard) schemes at different resolutions. In the 27-km and 9km domains convective as well as microphysics are used while for 3-km domain microphysics is
used. Two numerical simulations for each cyclone are conducted with inclusion of both convection
(Kain-Fritisch) and microphysics (Goddard) in the first experiment and only using microphysics in
the 2nd experiment. It has been found that the simulations for tracks are not much sensitive to model
resolutions and to the application of convection in the 3-km domain. However large differences are
noticed in the intensity predictions where the 3-km domains (No-convection , with Convection)
successively produced higher intensification relative to the 9-km simulations. Results indicate that
the high resolution simulations using explicit convection produce better predictions for the parameters radius of maximum winds, warming, cloud band structure and rainfall estimates.
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Abstract
Due to rapid urbanization, the influence of the built-up area in the increment of the Land Surface
Temperature (LST) has always been a challenging area for research. This study covers the analysis
of increase in land surface temperature due to construction of new buildings along with the construction of new storeys on the existing buildings for every three years. Numerical modelling approach using a 3D microclimate model ENVIMET is implemented for simulating the land surface
temperature in the presence of hostel residences and in the absence of hostel residences during the
month of May during the period ranging from 2002 to 2018.The Land Use Land Cover of IIT was
classified into 17 classes which included eight types of building classification from 4m to 36m and
the rest of the nine classes included soil layer ,asphalt roads, vegetation cover like trees, dense and
light bushes, concrete roads, gunite concrete and swimming pool.. The model validation is carried
out with the LST values obtained from the satellite observation of LANDSAT thermal band. The
model estimated the surface temperature giving a correlation of (r=0.95) with the observed values.
The RMSE value was found to be 1.28 for the student residence with a temperature difference of
10.0⁰C in the period of 2002 to 2018 and 2.34 for the non-building structures with the temperature
difference of 10.5⁰C for the same period. The model performed well in estimating the surface temperature with an accuracy of 94.97% and RMSE within ±3⁰C with the observations retrieved from
the satellite data.
Key Words: ENVI-met, 3D microclimate model, Land surface temperature(LST), Landsat7, Land
Use Land Cover.
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Abstract
Dust storm is an ensemble of particles of dust or sand energetically lifted to great heights by a fierce
and turbulent wind. They are basic meteorological perils in dry and semi-dry regions caused by
convective process owing to strong horizontal pressure gradient typically over northwest India during pre-monsoon season. Thunderstorms over these regions are associated with lightning and squall
leading to structural damages and loss of lives. Understanding their severity and making a precise
forecast becomes highly crucial in minimizing the damage to life and property. During the month
of May 2018, there were severe dust storms and thunderstorms leading to loss of more than 200
lives and major destruction to property. In this paper, an attempt has been made to investigate the
dust storm/thunderstorm events during May 2018 over the northern plains of India. Four severe
weather events during the month of May are considered for this study. The maximum wind of 116
Kmph and 107 Kmph were recorded during these storm events. These events generally originated
from the dry regions of northwest India and affected states of Rajasthan, Punjab, Haryana, Uttar
Pradesh and National Capital region. The events have been analyzed using the high resolution NWP
model outputs. The major large scale feature that was attributed to these severe weather events was
the presence of a Western Disturbance in the middle and upper tropospheric levels and lower level
cyclonic circulation over the region in addition to interaction of an easterly wave resulting in sufficient moisture feed into the region. The large scale features were significantly captured with the
high resolution GFS and WRF model to identify the potential region and day of occurrence. Model
generated thermodynamic indices along with convergence and divergence charts depicted favorable
conditions for development of intense convection over northwest India. However, the models
couldn’t predict well, the severity of the event, in terms of wind and lightning. Forward and Backward trajectories from The Hybrid Single-Particle Lagrangian Integrated Trajectory model
(HYSPLIT) were utilized to understand the movement of the dust laden winds and its subsequent
direction. The study analyses the gap areas in modeling and prediction of such mesoscale dust
storm/ thunderstorm events.
Keywords: Dust storm, Pre-Monsoon, NWP model, North India, Squall.
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Abstract
The changes in Tropical Cyclone (TC) activity in a warming climate is an issue of great societal
concern. The current generation climate models show reasonable skill in simulating TC-like vortices
and hence may be used to study the projected changes in TC activity under different warming scenarios. Here we use an ensemble of simulations from the fifth phase of Coupled Model Inter-comparison Project (CMIP5) to understand the changes in TC activity over the northern Indian ocean,
towards the end of 21st century, under strongest warming scenario (RCP8.5). A simple tracking
algorithm, based on daily mean sea level pressure, is used to track TCs simulated by the CMIP5
models. The TC activity simulated by these models in historical all forcing experiments is compared
with that of observations and reanalysis for the period 1981 - 2005. Further, the category-wise number of TCs for pre- and post-monsoon seasons for 2081 - 2095 period are compared against historical
period. The preliminary analyses show that all categories of storms would decrease in the pre-monsoon season under future warming climate, while the post-monsoon TC activity is projected to increase.

Keywords: Climate change; CMIP5; Tropical Cyclone
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Abstract
Heat stress is one of the most direct impacts of climate change on human health. Currently, mortality
burden attributable to heat stress is the third largest in India amongst all the natural causes. Heat
stress represents a combined effect of temperature, humidity, wind and solar radiation. It is projected
to intensify in the future under a warming climate. Previous studies in India mostly focused on the
heat waves. No comprehensive study has been carried out yet to understand heat stress variability
in the six climate zones of India and its relation to economic loss. Here we quantify heat stress by
Wet Bulb Globe Temperature (WBGT) using meteorological data from ERA-Interim reanalysis at
0.125° resolution for the period 1981-2010. District level statistics have been extracted in a GIS
platform for the first time. Heat stress conditions are classified following the American College of
Sports Medicine (ACSM) recommendation and Bureau of Meteorology, Australian Government
recommendation for different comfort class threshold limit values (TLV) of WBGT(in °C) such as,
‘comfortable’ (<18°C), ‘warm’ (18°C - 24°C),‘hot’(24°C - 28°C ), ‘very hot’(28°C - 30°C) and
‘sweltering’(≥30°C) conditions. Most parts of India are found to exceed sweltering condition in
peak summer months. 76% and 71% of districts are exposed to very hot conditions in the month of
May and June respectively. Sweltering days have been increasing in 25% of districts by >3 to 6 days
per decade from March to June. Our results identify the districts, vulnerable to heat stress in India.
We also tried to know the month wise pattern for stress condition in India. We recommend for
carrying out comprehensive study including human physiological response so that, the thresholds
for the vulnerable conditions can be fine-tuned for the Indian condition which can be used for a
better heat action plan and to reduce economic loss in India.
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Abstract
Studies have found that due to human activities concentration of atmospheric greenhouse gases has
increased resulting in global temperature rise. The rise in temperature has contributed to other
changes in the global climate system. The impacts of changes in the climate system are reflected
through increasing extreme weather events like floods, droughts. These extreme events have severe
effects on human society all across the globe. In India, extreme flood events of Mumbai (2005,
2017) and Kerala (2018) resulted in huge loss of life and property. Therefore, there is a need to
study and analyze the changes in extremes in climate and weather patterns over India so that climate
adaptation strategies, emergency planning, design of engineering structures, reservoir arrangement,
risk management can be done to combat the adverse effects of extreme climate events.
This study focuses on understanding the river basin wise rainfall changes observed over India. Extreme rainfall indices (such as monthly total rainfall from days >99 percentile, monthly total rainfall
from days >95 percentile, monthly maximum consecutive 5 days rainfall; Rx5) are analyzed. This
study aims to compare the past changes with expected future changes under 1.5C and 2C warming
– the targets under the Paris Agreement - using simulations carried out under the HAPPI (Half a
degree additional warming, prognosis and projected impacts) project.
Keywords: Rainfall, trend, river basin, extreme rainfall indices, HAPPI.
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Abstract
Barrier layer thickness (BLT) is one of the key factor in determining the intensity of Tropical
Cyclone (TC). Barrier layers (BL) are ‘quasi-permanent’ features in the upper tropical oceans. Bay
of Bengal (BoB) is characterized by strong density stratification, shallow mixed layer (ML) and
thick BL due to fresh water influx from rivers. When the TC crosses over the strong barrier layers
region, the stratification in the layer decreases due to the intense vertical mixing and sea surface
temperature (SST) cooling introduced by shear generated through inertial oscillations.
In this study, we used a coupled Ocean-Atmosphere-Wave-Sediment Transport (COAWST)
modeling system to examine the influence of ocean BLT under three different intensity TCs that
crossed over the BoB. Model simulations show the reduced SST during the passage of TC. The role
of BL on TC induced sea surface cooling was investigated using the coupled model. The comparative analysis of different intensity cyclones suggests that unlike the strong TC, the weak TC is not
efficient to erode the BL and induce mixing. The existence of strong BL is a limiting factor for the
cyclone mixing and associated sea surface cooling. BLT variation is found to be one of the responsible parameters for the increase in intensity of cyclone. The evaluation of the behavior of different
intensity tropical storms with respect to upper ocean stratification is also studied in terms of burger
number. The quantification of Tropical Cyclone Heat Potential (TCHP) for all three cases is strongly
correlated with BLT. The entrainment of BL water, which is warmer than ML, causes the heat loss
through surface and leads to an increase in the MLD which, in turn, weakens TC.
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Abstract
Over the time, researchers and planners have raised serious concerns about the role of industry and
human activities in urban heat islands. One such region in India experience a similar magnitude of
IHI is Angul-Talcher region, Odisha. Angul-Talcher Industrial Area (ATIA) is one of the oldest
industrial areas of India and is declared as one of the Critically Polluted Areas (CPA) by Central
Pollution Control Board (CPCB) and also State Pollution Control Board (SPCB), Odisha. It has
become pertinent to focus on high-intensity heat emission sources from agglomerations of industries
those are contributing to heat islands in the industrial region. the Thus for the purpose of this study,
we apply the concept of urban heat island phenomenon to the industrial zones and classify this study
as Industrial Heat Island (IHI). Based on the field campaign duration, WRF version 3.8 model was
simulated for 15 days. In this research, 2 major objectives have been addressed: 1. Change in the
land use land cover pattern of the study area; 2. Sensitivity analysis of WRF over Angul-Talcher
regions. A total of 9 simulated scenarios with different physical schemes have been considering for
the evaluation of the role of realistic LULC and sensitivity study. The model is able to capture the
magnitude of canopy layer IHI well though it performs better during the night than during the daytime. Spatial distribution of canopy layer IHIs shows that major hotspots and their intensities are
well captured by the model. The overall performance of each simulation carried out and best simulation had RMSE 2.17 ºC and mean bias of -0.06.
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Abstract
The continuous population growth and the subsequent economic expansion over devades have been
the primary drivers of land use land cover (LULC) changes resulting in the environmental changes
across India. There is a considerable growth of urban and built up area during the recent decades
over National Capital Region (NCR) of India. Land use maps obtained from Landsat imageries for
five years 1972,1981,1993,2003 and 2014, representative of five decades is taken as different input
cases in Weather Research and Forecast (WRF) Model and the effect of these changes in land use
and land cover (LULC) on urban heat island (UHI) is analyzed. The continuously expanding urbanized areas appear to be one of the regions with highest changes in the heat island intensity. Maximum
increase in UHI is 4-5 °C followed closely by 5-6 °C which are observed in dense urbanized areas.
The concept of comfort index is most relevant to people who spend a substantial time outdoors
during a day. These include pedestrians, cyclists, vendors, shopkeepers near roadsides and most
people from the lower strata of society who live in makeshift houses—a significant proportion of
Indian population. The evaluation of thermal comfort using model simulated variables show the
effect of urbanization across various decades in increasing the number of uncomfortable hours at
various localities in NCR. Model simulated variables can be suitably used to assess thermal comfort
when there is lack of observations.

Keywords: Numerical Modeling, urbanization, UHI, Thermal Comfort
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