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“A Scene From A Nature

Documentary!” — Unexpected
B Thundershowers, Stormy Winds

= Stun Delhi on May 30

Heatwave reduced India's Wat crcq)‘ 1eld by 10 to

Over 7 lakh deaths in India per year
linked to climate change: Lancet !
study

Nearly 100 dead in Africa with Freddy set to

3 0 0/ O thlS ye ar: Rep O rt :‘:p::::gll‘:;e longest-lasting tropical cyclone on
' - | thunderstorms in future
49 degrees in Delhi, flash floods in some region. Experts warn "
of climate change ) ) ) 33 dead as strong winds, rains lash Bihar
€  Heatwaves claimed over 17,000 lives in 50 I
years in India: Study '
i e A e A PR e o e A India to get heat waves this year after
hottest February on record
Inten5|ty of severe CYCIOI‘IIC storms Increasing in North '
Indian Ocean region: Study

‘Extreme weather events will become more frequext and intense’

Assam Floods: Death Count Reaches 30, Over

5.61 Lakh People Affected Frequent extreme weather events may lead to decline in Olive
Ridley turtle population: Experts

Source: News Articles Global warming may affect gender-ratio of Olive Ridley turtles



In 60 yrs, 268 extreme rainfall
events, more than 69k deaths

Cyclone Nisarga: Rare storm in decades
pounds India's west coast

Over 100,000 people, including coronavirus patients, moved to safety
as rare cyclonic storm lashes Mumbai and suburbs.

As Earth warms up, expect intense, extreme rain
leading to more flash floods

hey often lead to flash

CLIMATE CHANGE

Run for cover: 100 days, 44 storms, 16 states, 423 deaths

An unprecedented storm season challenges India's scientific community
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Odisha is India's 'bolt capital'with 9
lakh strikes

TNN | Updated: Sep 2, 2019, 17:04 IST
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75% districts in India vulnerable to climate crisis, face FISK of
floods: Report

HOW CLIMATE CHANGE
PLAYED OUTIN 2018

SEA LEVELS RISE

Global Mean Sea Level for 2018
was around 3.7 millimetres higher
than in 2017 and the highest on

Can We Survive Extreme Heat?

Humans have never lived on a planet this hot, and we're totally unprepared for what's to come

Flood- battered Kerala on edge

— o* PP

CLIMAI E CHANGE

Changing character of cyclones

Fani teaches us that the future is even more risked and even more unpredictable than we imagined. It is time we woke up to
this reality

Extreme weather, strong signs of global warming
marked 2018: United Nations

Rainfall in Kerala in August was 96% above the long-term average, resulting to deluge

d's Most Disaster-Related Deaths In

NEWS [ INDIANEWS [ Uttarakhan

Uttarakhand’s most disaster-related deaths in 2021

Gaurav Talwar / TNN / Oct 24, 2021, 02:46 IST

Alarming trends

Key indicators like sea level rise,
glacier loss paint a stark picture

OCEAN ACIDIFICATION
In the past decade, the oceans
absorbed around 30% of
anthropogenic CO2 emissions.

News / India / Hyderabad Rains LIVE Updates: 70 have died across Telangana in rain-related incidents, says CM

Hyderabad Rains LIVE Updates: 70 have died across

$4 3 bn HIGHEST ON RECORD
Fl
2 Rise in global mean sea
e 3.0mm e v
the main indicators of extreme
weather events due to KERALA As AN EXAM PLE

climate change, leading to
economic losses of $4.3

Absorbed CO2 reacts with billion

seawater and changes the pH of

The report underlined last year's
extreme global weather events,

Telangana in rain-related incidents, says CM ssacanscicaon whhcan | b - includina the Auaust floads in Kerala
affect the ability of marine and v
el thef Houses Damaged Vehlcles Washed Away After
Freak weather to rise in India over two decades, G e, ae Cloud Burst In Jammu And Kashmir's Poonch

cataclysmic fallout likely by 2040

Scientists from across government and independent agencies say India is projected to experience a temperature rise of 1.5 degrees by
2040 if measures are not taken to curb greenhouse gas emissions.

Source: News Articles et menen e

A cloud burst hit upper reaches of Dingla area, resulting in flash floods and damage to a few houses
and roads, they said.
Cities | Pri

ess Trust of Indla | Updated: June 06, 2020 9:02 am IST
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Climate

Climate in a narrow sense is usually defined as the average weathe
rigorously, as the statistical description in terms of the mean and var
relevant quantities over a period of time ranging from months to tho
millions of years. (I
The classical period for averaging these variables is 30 years, as define
World Meteorological Organization (WMO). The relevant quantities are
often surface variables such as temperature, precipitation and wind. \

Climate in a wider sense Iis the state, including a statistical description
climate system.




Climate change and Variability

Climate change refers to a change in the state of the climate
iIdentified (e.g., by using statistical tests) by changes in th
variability of its properties, and that persists for an extended period
decades or longer.

Climate change may be due to natural internal processes or e
forcings such as modulations of the solar cycles, volcanic eruption
persistent anthropogenic changes in the composition of the atmosphere
land use.

Climate change refers to significant changes |
temperature, precipitation, wind patterns and
Indicators.




Climate change and Variability

United Nations Framework Convention on Climate Change (UNFCCC), i
defines climate change as: 'a change of climate which is attributed directly
human activity that alters the composition of the global atmosphere and
addition to natural climate variability observed over comparable time periods'.

The UNFCCC thus makes a distinction between climate change attributable
activities altering the atmospheric composition, and climate variability attrib
natural causes.

Climate variability refers to variations beyond individual weather ev
mean state and other statistics of the climate (such as standard devi
occurrence of extremes, etc.) on all spatial and temporal scales.
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GLACIER MASS BALANCE (YEARLY)
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Increase in Surface Temperature
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https://en.wikipedia.org/wiki/Attribution_of_recent_climate_change#cite_note-ipcc_pre_industrial_baseline-2

Extreme Event

A weather or climate event that is rare at a particular place (and, so
year) including, for example, heat waves, cold waves, heavy rains, peri

and flooding, and severe storms.

Definitions of rare vary, but an extreme weather event would normally be as ra
rarer than a particular percentile (e.g., 1st, 5th, 10th, 9oth, 95th, 99th) of a proba
density function estimated from observations expressed as departures from daily

monthly means. (IPCC)




Landfalls of Hurricanes/Cyclones/Typhoons
Intense Heat Waves and Hot Days
Precipitation extremes

Temperature extremes (Heat and Cold Waves)
Long and Severe Droughts

Intense thunder and lightning

Floods (Coastal, Urban)

Change is Monsoon Systems

Wildfires, Dust storms

Lightning, Storm Surge

Land Slides

Others (windstorms, blizzards, Wild Fires etc.)




COST OF EXTREME WEATHER EVENTS AND SUSTAINABLE DEVELOP

Figure 20. Total AAL
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Afghanistan || 1,124
Lao PDR 1 1,054

Tajiisan 1 550 due to natural disasters, says World

Mongelia | 4pg

Kyrgyesian 1 216 Meteorological Organization

DPR Korea | 240
Turkmenistan | 14g
Maldives | 22

0 50,000 100,000 150,000 200,000 250,000
{million USD)

m Tropical Cyclone mFlood wDrought = Extensive Risk = Indirect Loss

WMO State of Clim



Number of disasters caused by extreme weather:

1980 2000 2020

< > < > o
3,656 events 6,681 events
Cco, Sea level Arctic sea ice Glaciers
concentration rise area retreat

In the last 20 years, the o~
4 Highest Fastest rates Lowest level Unprecedented
number of disasters caused in at loast in at loast in at loast in at loast
2 million years 3000 years 1000 years 2000 years

by extreme weather has
almost doubled from 1980-
1999.

\

Thomson Reuters Foundation

Natural disasters are occurring more frequently
with increased ferocity, UN says
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10-year event 50-year event
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Top 10 countries by occurrence
of disaster sub-groups (2000-2019) MAJORITY HYDRO-METEOROLOGICAL

B Geophysical B Hydrological B Meteorological M Climatological

China USA India  Philippines Indonesia Japan Viet Nam  Mexico Bangladesh Afghanistan

8 out of the 10 most disaster-affected countries are in Asia. Image: United Nations Offi
These events cost $2.97 trillion in economic losses with 8 out
of the 10 most-affected countries in Asia.




m Cold Wave m Heat Wave = Lightning = Floods/Heavy Rains = Cyclonic Storms
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Extreme Weather Events(EWEs)
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EWE States (arranged mortality wise, in descending order)
Cold wave Bihar, Uttar Pradeszh, Jharkhand, West Bengal, Rsjasthan
Floods and tropical cyclones contribute almost 75 percent to the Hest Have B o e e et
total mortalities per year due to Extreme Weather Events (EWE). o Bihar |
. . Lightning Mzaharashtra, Odizha, West Bengal, Karnatzka, Madhya Pradezh
ollowed by Heat Wave and Lightning. TropicalCyclone  Odisha, Andhra Pradesh, West Bengal, Gujarat, Tamil Nadu
Totzl Andhrz Pradezh, Odisha, Utter Pradesh, West Bengzl, Bihar

tates like Odisha, Andhra Pradesh, Assam, Bihar, Kerala, and
aharashtra, with high populations, had the maximum mortality
tes due to EWEs in the last two decades.




Relative confidence in attribution of different extreme events
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Ability to detect possible influence
of global warming on specific event
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Cyclones in NIO

» Asani (2022) -SCS Key Features Case of Asani (20
» Yaas (2021) -VSCS Every year pre-monsoon IMay-9May (10Da
» Amphan (2020) -5uC5 ntense storms Simulations 4 cycles
. Landfall over India 30 models per simula
> Fani (2019) -ESCS Rapid intensification About 4 mgjor center
» Bulbul(2019) -VSCS Unseasonal storms
Recurvmg_storm Suppose to cross Oc
Lots of Rainfall Ended up in
» Taukate (2021) -ESCS Sustenance after landfall s Pl
» Nisarga ( 2020) - SCS Quick variability in track/intensityfw W "
» Jawad (2021)- SCS-Winter "__:
» Gulab-Saheen ((2021) -Monsoon Wz g i




TROPICAL CYCLONE FANI (2019)

In the past (1891-2017) only 14
severe tropical cyclones were| The peak MSW of the
formed in April over the Bay| cyclone was 200 - 210
of Bengal and only one storm| Kmph (115  knots)

crossed the Indian mainland. gusting to 230 kmph
during 0900 UTC to -+
Cyclone Fani is the second| 2100 UTC. It developed near the
storm forming in April and 2.70N and 88.70E). G the

The  system  crossed | | cyclonic disturbance in

Odisha coast close to Puri | | latitude is very rare, last
: : : was observed over the n

Nargis that devastated Myanmar m;hd rr;az:argurcr)lf Sﬁ?'ggg Ocean in January, 2005.

In 2008.11 Days and Crossed P

about 13,500kms. kmph (100 knots) gusting | | it was the most intense cyclone to cross
to 205 kmph between||Odisha coast after #Phailin in 2013

crossing the mainland. The last

time it happened was Cyclone Indian

The system maintained the cyclonic | 5800 to 1000 hrs IST of | | which crossed coast with a maximum

storm intensity for almost 21 hours sustained wind speed of 215 kmph.
even after landfall till 0000 uTC. | 93 May, 2019. \




EXTREME SEVERE TROPICAL CYCLONE FANI (2019)

Traversing for nearly 10 days over
the sea (Longest Track 3030Km)
allowed Fani to gather such strength
that it is now classified as an
Extremely Severe Cyclone.
(Cyclones generally 4~7 days).

Pre-monsoon Land Falling cyclone
~200 km/h. (Seventh highest among
cyclones to have originated from the
Northern Indian Ocean )

Cyclone Fani i1s one of the
rarest of rare summer
cyclones to hit Odisha in 43
years. It is also one of three to
hit in the last 150 years.

Rapid intensification during
29th afternoon to 30th April
evening over westcentral Bay
of Bengal with increase iIn
maximum  sustained  wind
speed (MSW) from 45 knots
(84 KPH) at 1430 IST of 29 to
95 knots (175KPH) at 2030
IST of 30 April.

2020 and 2021, Amphan (Supercyclone), Ta
(VSCS), Nisarga (SCS, strongest storm to hi
in Bay of Bengal/Arabian Sea—

formed
immense destruction.

OBSERVED AND FORECAST TRACK ALONG WITH CONE OF UNCERTAINITY INASSOCIATION WITH
EXTREMELY SEVERE CYCLONIC STORM “FANI"OVER WESTCEN?&L_B&:)F BENGAL BASED ON
0900 UTC OF 2" May, 2019 Q

DATE/TIME IN UTC
IST = UTC + 0530 HRS
L: LOW PRESSURE
D: DEPRESSION
DD: DEEP DEPRESSION
CS: CYCLONIC STORM
SCS: SEVERE CYCLONIC STO!

VSCS: VERY SEVERE CYCLONK{ STORM

s OBSERVED TRACK
W FORECAST TRACK

«=D CONE OF UNCERTAINTY

Between 1965 and 201
hit by 145 cyclonic stor
classified as severe, very sg
extremely severe and super
storm. Of these, only seve
cent) were in April and
cent) in May.



VIIRS = S-NPP ~ |-Band 5 - 11jum = Hurricane Dorian
2 September 2019, 3:03am EDT
N - 3

Hurricane Dorian (2019) Destroyed Bahamas

Dorian had maximum sustained winds of 185 mph
(297 km/h), and brought a storm surge of 18 to 23 feet
(5.5 to 7 meters) above normal tide levels. Dorian
remained stationary (48hrs), thus exacerbating the
Impacts of the hazards — wind, rain, waves and storm surge.
Satellite and aerial images showed unprecedented flooding
and destruction in the worst affected islands - Abaco and
Grand Bahama. Official 45 deaths and many missing.

2021-225W Indian Oceans
Madagascar 5 cyclones
Source: Wikipedia
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Rise In Temperature
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Decadal surface temperature

‘trends in India based on a new high-
resolution data set
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Published onling: 10 May 2018

. RobertS. Ross*, T. N. Krishnamurti, Sandeep Pattnaik()*& D. 5. Pai’
A new ¢ omprehensve suface temperature date set for India isvsed to do cument changes in Indian

: temperature over seven decades, in order to examine the patterns and possible effects of global

: warming. Thedata set is subdivided intop re-mo nsoon, mo nsoon, and post-monsoon categon & in

: order to shedy the temperature patiernsin each of these periods. When the decade means in maximum,
: minimum and daily mean temperature for the 20005 are compared to those of the 19505, a consistent

: pattemn of warming is found over northwestern and southem India, and a patternofcooling is seen ina
¢ brosd zone anchored over northeaster nindia and exten ding south westwar dacros central India These
i patterns are explaingd by the presence of alarge region of anth ropogenic brown haze over India and

. adjacent oosan regions. These serosols absorbsolar radiation, leadin gto warming of the haze layer over
| portheastern and central India an die cooling ofthe surface air benesth. The bested air rises and then

| sinlks to the north and south of the haze region overnorth wester nand southem India, warming the air
¢ by compression as it sinksin those regions. The possible impact of these temperature patberns o nlndian
© agriculture is considered.

i The motivation for this sbudy came from examination of all-India surface mean temperature anamalies for the
: perlad 1901-2016 shown In the supplementary information section of this paper as Flg. 51. These reveal an
¢ unmistakable rapid rise In Indian surface temperatures, particularly since about 1980, 25 seen In annual, winter,
{ pPre-mOnsoom, Monsoon, and post-monsoon period deplctions.

There has been great interest in India In recent decades concerning extreme values of temperature that

: have been observed, particularly during the warmest part of the year in April and May, the period preceding
i the onset of the summer monsoon. Such observations are consistent with global trends in temperature. The
. Intergovernmental Panel on Climate Change (IPCC) in its fifth assessment report’ reported that warming of
¢ the global climate system &5 unequivocal and this warming has accelerated since the 1950s. Each of the last three
: decades has been successively warmer at the earth’s surface than any prior decade based on records extending
i back to 1850 CGilobally averaged tempearature for the lznd and ocean reglons combined has shown an Increase of
¢ OBSC slnce 1880,

Recent research® has pointed out how cimate change poses many challenges to growth and development

: in South Asla. Indiz, for example, i more vulnerable o cliimate changs because Its agricultural system musst
¢ feed 17.5% of the world's population with only 2.4% of the land and 4% of the water resources of the planst. 4
! mid-range projection of cimate change far the pertod 2020-2039 indicates a crop yield reduction of 4.5-9%
¢ depending on the magnitude and distribution of the warming. Clearly 1t 1s extremely iImportant to understand
¢ the patterns of long-term temperature change across Indla so that informed declslons can be made with respect

i to the demands on agricultural production.

Inthe current study, a new comprehensive temperature data set, unprecedented in both the number of obser-

- watlon statlons Involved and in its high horlzontal resolutlon, has been used to document changes in Indian
: surface temperature over nearly seven decades, In order to examine the patterns and possible effects of global
¢ warming. This important new Information on temperature trends across India has the potental to make signifi-
¢ cant contributions o future planning in the country, particulardy for the agricultural system.

! ‘Department of Earth, Ocean and Atmospheric Science, Florida State University, Tallahassee, FL, 32306, USA.
¢ *school of Earth, Ocean and Climate Sciences, Indian Institute of Technolegy, Bhubaneswar, Odisha, 751013,
¢ India. 'indian Meteorelegical Department, Pune, Maharashira, 11005, India. T. M. Krishnamurti is deceasad.
¢ Cormespondence and requests for matarials should be addressed to RS R, (2mail: rmoss@fu.edu)
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India Science Wire —
India has warmed rapidly in the past 70 years: study

Global warming is manifesting itself over parts of India in the maximum temperatures observed during the warm pre-
monsoon period
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Latest S&T News from India

India is warming rapidly

’ By Dinesh C Sharma ® New Delhi, Tuesday, May 15,2018

(a)

Science

Rising temperature: India is warming up
rapidly

Dinesh C Sharma | New Delhi | Updated on May 15, 2018 | Published on May 15,2018

A new study on climate
change in India has
confirmed a rapid rise in
surface temperatures in
the past 70 years.

The study calculated
temperature rise in terms
. of change occurring from

decade to decade, using ]

\

Air Temperature (°C) 9 200 miles
: 38 a4 50 " 200km
Source: Hindu

Source: June 10, 2019. NASA Earth Observatory image by Joshua Stevens, using
GEOS-5 data from the Global Modeling and Assimilation Office at NASA GSFC




(a)

(c)

EEEEERERN

i

o] - 1 APRIL - 31 MAY (

’uummummunumma

Decade by decade, contours of India’s warming

Over the decades, the areas with decadal mean maximum temperature values exceeding 40°Chave expanded to
include most of the Indian peninsula, with peak values in south-central India reaching 42°C
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show the increase in peak values
over time.In the 1950s, the areas
with the mean maximum
temperature greaterthan40°C
were limited to only small patches.
Over the decadesthat followed, the
darker footprints(endosedby

highercontours) expanded to
occupy larger areas of the country,

- ®  38Ccontorline ® 3g0C ® 400C global warming.
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Source: ‘Decadal surface temperature trends inIndia based ona new high-resolution data set’, by Ross, Krishnamurti, Pattmaik, Pai: 2018
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Figure 1. Decadal mean daily maximum temperature for the period April 1 to May 31. The decades shown are
for (a) 1950s, (b) 1960s, (c) 1970s, (d) 1980s, (e) 1990s, (f) 2000s, and (g) 2010s.
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Research Article

225

Spatiotemporal patterns of surface temperature over western Odisha
and eastern Chhattisgarh

221

215

Keval Maniar’ - Sandeep Pattnaik’ 2, b
© Springer Nature Switzerland AG 2019 . & 205}
« Examines daily max/mini Temperature (i.e., March, April and May) " PR Y
for 30 years (i.e., 1988-2017) using ERA 12 km data. \

Fig. 1 Ten districts of western 19
QOdisha (blue) and five districts

* Results suggest that the daily maximum, minimum and mean of eastern Chhattisgarh (green)
temperature over the study region increase at the rate of 0.006 °C, ,,

0.012 °C and 0.017 °C per year, respectively. o2 e
- Alarmingly, frequency and intensity of warm night have % N :
increased, whereas frequency and intensity of cold nights have | "  A|f" W% AR
decreased over the years. BB s B et
23 - 23

« Raigarh in Chhattisgarh has the highest increasing trend of warm .=
night frequency (0.13 times/year) followed by Jharsuguda,

Latitude °N
N
-
N
o
«n
Temperature( °C)
Latitude °N
~N
-
N
™
n
Temperature(°C)

Sundargarh and Sambalpur in Odisha. 20 s f 20 o
20.5
19 2 19 2 20
. . . 81 82 83 84 85 81 82 83 84 85
« Sundargarh has the highest increasing trend of warm day Longitude ¢ Longitude &
(night) intenS|ty -~ 0065 dayS/year (~ 007 dayS/year) Fig.7 Intensity trend variation positive (blue) and negative (black) of the a warm days, b cold days, ¢ warm nights, d cold nights; the color

shows the respective percentile temperature values. Size of the circle indicates the quantitative value of the trend
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Climate change may increase rainfall intensity
in India: Report

Photo: Mint

www.nature.com/scientificreports

Moisture on Monsoon SCIENTIFIC REPLIRTS

Ramifications of Atmospheric
Humidity on Monsoon Depressions
over the Indian Subcontinent

Himadri Baisya(®, Sandeep Pattnaik (9, Vivekananda Hazra, Anshul Sisodiya & Deepika Rai

In this study, l comprehensnve investigation is carried out to ine the itivity of heric
relative h y (RH) on d i (MDs) under a changing climate reglme through
surrogate dimate change approach over the Indian region. Composite analysis of four MDs show
a persistent warming (RH2+) nnd cooling (RH2—) throughout the troposph mthe ¥ y
In-depth lysis of a MD over the Arabian Sea (AS) exhibi d ing for
RH2+, which is accredited to 2.6%increasein iform clouds acc ing for 13% incrementin
heating, whereas 5% increment in convective clouds hardly contribute to total heating. Frozen
hydrometeors (graupel and snow) are speculated to be the major contributors to this heating.
Stratiform clouds sh dg itivity to RH perturbations in the lower troposphere (1000-750
hPa), albeit very less sensitivity for convective clouds, both in the lower and mid-troposphere (700-500
hPa). Precipitation is enhanced in a moist situation (RH2+) owmg to posmve feedbad(s induced by
moisture influx and precipitation efficiency, while neg PP d precipitation in a dry
troposphere (RH2—). In a nutshell, it is inferred that under moist (dry) situations, itis highly likely that
intense (weak) MDs will occur in the near future over the Indian region.

In an ever-changing climate with a consistently increasing trend in the global mean temperature, it is apparent
that the water holding capacity of the atmosphere will increase at a rate governed by the Clausius-Clapeyron (CC,
~7% °C ') relationship'~. Global land and ocean temperatures in 2016 set a record by overshooting the 1981
2010 average by 0.45° and 0.56 °C respectively, and as a c q e specific humidity (SH) peaked, reaching a
record high well above the long-term average’. Further, RH is projected to remain nearly constant with an increase
in SH. The differential heating of land and ocean has been attributed for a small decrease in the near-surface RH
over most land areas with exceptions over parts of Africa and the Indian subconti *. Dai® doc d similar
trends from in situ observations (1975-2005) with exceptions over the central and eastern United States, India,
and western China with RH increase ranging from 0.5-2% decade '. It is inferred that this change is a result of
increased RH coupled with moderate warming and enhanced low-level clouds during the analysis period.

The earth’s radiation budget is significantly affected by the presence of water vapor, owing to the absorption
of radiation that contributes to changes in the water vapor feedback®*. A 10% increase in RH in the upper tropo-
sphere led to ~1.4 Wm ? of radiative forcings”. It is found that, if RH distribution is specified instead of absolute
humidity, water vapor feedback to climate sensitivity doubled and the atmosphere took twice the time to reach
radiative convective equilibrium'’. Furlher. studies demonstrated that in Deep Convective Systems (DCS), the
convective cores bear the heavy precipitation with wid d rain in the stratiform region; the non-precipitating
anvil canopy is d in the pheric radiation budget due to their sheer spatial coverage'’. DCS that
last more than 6 hours have 50% more mid-tropospheric RH compared to short-lived systems, whereas, a dry
mid-tropospheric profile can lead to suppressed deep convection in favor of a shallow convective regime'*"*. It
was also found that an improved RH at the initial time in the model can bring better skills of MDs rainfall pred:c!
ability (up to day 2) over the Indian region™*.

Over the Indian subconti the accounts for ~80% of annual precipitation which is
crucial for an agrarian society like India. On an average, out of ~14 low-pressure systems that develop during
the monsoon season, about 50% develop into depmssmns"’ Some concerns have been cited in recent literature
regarding a decreasing trend in the ber of ions due to a decline in the mid-tropospheric
RH and moisture flux convergence, weakening the low- level | jet'”-_ Recent studies have also cautioned the use

School of Earth, Ocean, and Climate Sciences, Indian Institute of Technology Bhubaneswar, Odisha, India.
Correspondence and requests for materials should be addressed to S.P. (email: spt@iitbbs.ac.in)
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Long Term Trend in RH (1979-2017)

* Overall increase in RH is
seen in ERA-I and is
statistically significant at
95% confidence level.

° NCEP showing a
decreasing trend over the
Indian subcontinent.

° MERRA is showing an
increasing trend over the
Gangetic plain, but
statistically insignificant.




Change in RH (%) JJAS

Change in mid-tropospheric RH (700-500 hPa) from 2003-2017

ERA-Interim
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AIRS

Only ERA-I is showing skill
amongst the datasets

Modern-Era Retrospective analysis for Research and Applications (MERRA),
NASA/European Reanalysis (ERA), National Centre for Environmental
Prediction, NOAA, Atmospheric Infrared Sounder (AIRS),NASA




Temperature and Humidity
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Cloud Sensitivity

Level wise correlations are computed between cloud coverage and VEF t
which part of the troposphere responds the most to RH perturbations fo
bounded by 66°E—77°E longitude and 18°N-27°N latitude.

RH2-
Lower (1000 - 750 hPa) Mid (700 - 500 hPa)
Stratiform Convective Stratiform Convective
Correlation 0.62 0.71 0.32 0.69
Correlation 0.80 0.74 0.25 0.67

\

® Lower tropospheric RH perturbations show higher sensitivity towards stratiform clou
® Convective clouds are not much affected both in the lower, as well as in the mid-trop
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Extreme Rainfall

ultiscale interactions (Land Surface, Orography, Moistureé
(Kerala 2018, 2019,2021)

Kerala Floods: Unpacking the Reasons for Heavy, Sustained Rainfall

Could factors that powered extreme rainfall in 2018, triggering the worst flood in a century in the country, be at play in the 2019 rainfall-induced

devastation in the state?

Bhubaneswar: An 1T Bhu- study titled ‘Orographi
baneswar study on extreme | st Ut cote e
rainfall in Kerala last year tions during an extreme r

Maagebey Seses has blamed uml'suﬂly wgn rainfall event' was published
. . . amount of moisture flow
Kerala floods: Unpacking the reasons for heavy, sustained rainfall from the Bay of Bengal as '“m““,,,'“,d,'f‘,,‘,'d""”""“"cmm
one of the main reasons be- | gone

: hind the deluge.

LA aQin e[ $ The study'tmed ‘Orog- » The study says from June 1

TR i raphic effect and multi-sca- to August 19,2018, Kerala
¢ leinteractionsduringanex- received 2346.6 mmof rainas
 treme rainfall event’ and | opposedtothenormal1649.5
: publishedin lhejournalEr; mm
: vironmental Research an » Inthe study, theresear-

Communications was con- i

ducted by Sandeep Pattna- mimmw
ik. who heads the Sch901 of August 17,2018 the

: Earth, Ocean and Climate A
i Sciences, and Himadri Bai- rainfall was the mostin the

sya, a scholar, and was pub-
lished in May this year.

“There are multiple rea- supplied continuous mois-

sons behind the extremera- ture from Bay of Bengal,

infall in Kerala. The rain whichtriggered extremera-

- - : wasusuallytriggereddueto ins il}l that I;eﬂo:; at that ti-

: the moisture from monsoon me,"” heexplained.

WMO also underlined the extreme weather events experienced all over the world R e hute s A

the Western Ghats, But we highmoisture created out of

found other reasons too,” thedepressionover Odisha,

in 2018, including the severe flooding in Kerala in August 2018, which led to B g g
The study says from Ju- langanaatthat time merged

nelto August 19, 2018, Kera- with the semi-permanent

economic losses estimated at $4.3 billion. Over 480 deaths. i,mmﬁﬁi o e e

to the rainfall. ]
Besides, the wind flow

over a particular location

ar-  for longer uma paved the

Mo 3

Rainfall in Kerala in August was 96% above the long-term average. Weekly totals
for the 9-15 and 16-22 August periods were 258% and 218% above average,

respectively.



Moisture Transport
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Figure 2. Daily averaged doud liquid water (shaded, top colorbar) and cloud ice water (dotted, middle colorbar) overlaid with vertical
velocity (contours, bottom colorbar). The cross sectional orography is shaded black starting from 1000 hPa. Unitsin Kg Kg ™' for
cloud parametersand in ms~ ' for vertical velocity.
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2019 Kerala Rainfall Event

Influence of Bo
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Role of land state in a high resolution mesoscale
simulating the Uttarakhand heavy rainfall event o
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Synoptic features of Uttaknhand heavy rainfall event

Subtropical westerly trough

hot streams
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Difference between LDAS and CNTL (LDAS-CNTL)

Soil moisture Soil temperature Vertical vel
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(Guillod et al. 2015) suggests that the
contrast in soil conditions, especially SM will
induce local circulations and can generate
vertical motions along the regions of strong
discontinuity in SM
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Meridional wind (shaded) and zonal wind (vector)

along longitude
(a) CNTL (b) LDAS

100

— .~ = — - -

200

300

=5l v Complex Int

- . - - - e =

800 - - . - = e e

- - . - =

.- o - = =

""""" d Monsoon
| - along Ii}_itude | _ - I\/\O i Stu re
Mountain

100

200 200

e

300

300

v L]
e

400 1 400

500 1 500

IR I R R R L

i

| AR R A

700

DL A SN IO

‘l';ooovo LR R T I N ')

28N 27N 28N 29N 1 3 100%BN

-30 -20 -10 0 10 20 30 50

Q Vertical black line: center of heavy rainfall region
O Thick black elliptic : region of high orographic vertical upliftment
Q Vertical velocity is magnified to an order of 10




Role of Sea Surface Temperatu

Sensitivity of tropical cyclone characteristics to the radial
distribution of sea surface temperature

DEEPIKA Ral, S PATTNAIK® and P V RaJESH

School of Earth Ocean and Climate Science, Indian Institute of Technology, Bhubaneswar, Odisha 751 007, India.
“Corresponding author. e-mail: spt@iithbs.ac.in

| --~--mp CNTL P300 - - - -- N300 P150 = = *N150 —— P75 -~~~
2 20 V/ v v . 1 P .
1.5} i | Emof
1t 8 g
216
. 8 -é 100
g 05 =
= £
14 ;
th O 50
w -
d 05 o ; ; ; ; g
84 86 88 90 92 94
1t
200
1.5}
2 :fz:
° g
Radius (km) g
%
Figure 2. Distribution of SST anomaly for sensitivity exper- "
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The convective events (severe and moderate)
show an increasing trend in recent years, with
South Coastal Odisha (SCO) and North Coastal
Odisha (NCO) showing the highest increase.

Maximum convective precipitation (CP) is
experienced over NCO and adjacent eastern
districts of North Interior Odisha (NIO).

There exists a strong temperature gradient
between the western and eastern portions of the
tate.

ajor factor attributing to these changes in
ted due to anomalous land-sea contrast
natures.
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New Challenges in Prediction

* Pre-monsoon cyclones every years in BoB(NIO) Fani(2019), Amphan
Asani(2022)Nisarga (2020),Tautkae (2021)

* Pre-monsoon intense cyclones making landfall over Indian region. Recurving natu
and Unseasonal cyclones (Jawad 2021, Asani 2020)

* Prolonged Heat Wave, Unseasonal Rainfall and Distinct Variability in Monsoon Rainfall

* Monsoon cyclones (Gulab-sdays over land-Shaheen cyclone landfall Oman, Cyclone Fr
longest duration of lifecycle 35days)

* Rapid Intensification is highly challenging to forecast it accurately and do not provide adequ
operational, policy makers, administrators, disaster and risk managers to initiate action (e.g. evacua

Cyclone Amphan intensified from a Category-1 cyclone (about 100 km/hr) to a Categ
(about 250 km/hr) in less than 24 hours. Taukate Depression to Severe Cyclonic stor
2days.
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Scope for Collaboration

Initial thoughts on collaborations

a. Climate Change and Renewal Energy Region Specific Approach

b. Future climate scenarios and extreme events with thrust on water
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