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OUTLINE
 RECENT SEVERE WEATHER EVENTS

 UNDERSTANDING CLIMATE CHANGE

 SCIENTIFIC UNDERSTANDING 

• RISE IN TEMPERATURE

• IMPACT FROM ATMOSPHERIC MOISTURE 

• EXTREME RAINFALL (MONSOON, MOISTURE, MOUNTAIN)

• SEA SURFACE TEMPERATURE, RAINFALL & CYCLONE

 SUSTAINABLE LIVING IS THE WAY FORWARD

 BETTER PREPAREDNESS,ADAPATION AND MITIGATION



‘Extreme weather events will become more frequent and intense’

Source: News Articles 



Source: News Articles 



Major Components of  Climate Change   

Science

Prediction

Attribution

PreparednessMitigation

Adaptation 

Data



Climate

Climate in a narrow sense is usually defined as the average weather, or more 

rigorously, as the statistical description in terms of the mean and variability of 

relevant quantities over a period of time ranging from months to thousands or 

millions of years. (IPCC)

The classical period for averaging these variables is 30 years, as defined by the 

World Meteorological Organization (WMO). The relevant quantities are most 

often surface variables such as temperature, precipitation and wind. 

Climate in a wider sense is the state, including a statistical description, of the 

climate system. 



Climate change and Variability

Climate change refers to a change in the state of the climate that can be

identified (e.g., by using statistical tests) by changes in the mean or

variability of its properties, and that persists for an extended period, typically

decades or longer.

Climate change may be due to natural internal processes or external

forcings such as modulations of the solar cycles, volcanic eruptions and

persistent anthropogenic changes in the composition of the atmosphere or in

land use.

Climate change refers to significant changes in global

temperature, precipitation, wind patterns and other key

indicators.



Climate variability refers to variations beyond individual weather events in the 

mean state and other statistics of the climate (such as standard deviations, the 

occurrence of extremes, etc.) on all spatial and temporal scales. 

United Nations Framework Convention on Climate Change (UNFCCC), in its Article 1,

defines climate change as: 'a change of climate which is attributed directly or indirectly to

human activity that alters the composition of the global atmosphere and which is in

addition to natural climate variability observed over comparable time periods'.

The UNFCCC thus makes a distinction between climate change attributable to human

activities altering the atmospheric composition, and climate variability attributable to

natural causes.

Climate change and Variability
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Source: NOAA,climate.gov



The global temperature differences from average for all Septembers since 1880.

September 2020 was the warmest September on record and the seven warmest

Septembers have occurred in the last seven years. Source: Climate.gov



Increase in Surface Temperature

Observed temperature from NASA vs 

the 1850–1900 average used by the 

IPCC as a pre-industrial baseline.[2]

The primary driver for increased 

global temperatures in the industrial 

era is human activity, with natural 

forces adding variability

https://en.wikipedia.org/wiki/Attribution_of_recent_climate_change#cite_note-ipcc_pre_industrial_baseline-2


Extreme Event



• 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.)

Severe weather events



COST OF EXTREME WEATHER EVENTS AND SUSTAINABLE DEVELOPMENT

WMO State of Climate in Asia 2020







Source: IPCC



Image: United Nations Office for Disaster Risk Reduction8 out of the 10 most disaster-affected countries are in Asia.

These events cost $2.97 trillion in economic losses with 8 out

of the 10 most-affected countries in Asia.

MAJORITY HYDRO-METEOROLOGICAL



Ray et al. 2021

Floods and tropical cyclones contribute almost 75 percent to the 

total mortalities per year due to Extreme Weather Events (EWE). 

Followed by Heat Wave and Lightning.

States like Odisha, Andhra Pradesh, Assam, Bihar, Kerala, and 

Maharashtra, with high populations, had the maximum mortality 

rates due to EWEs in the last two decades.





Cyclones in NIO 
 Asani (2022) –SCS

 Yaas (2021) -VSCS

 Amphan (2020) -SuCS

 Fani (2019) –ESCS

 Bulbul(2019) -VSCS

 Taukate (2021) –ESCS

 Nisarga ( 2020) – SCS

 Jawad (2021)- SCS-Winter

 Gulab–Saheen ((2021) -Monsoon

Key Features

Every year pre-monsoon

Intense storms

Landfall over India

Rapid intensification

Unseasonal storms

Recurving storm

Lots of Rainfall

Sustenance after landfall

Quick variability in track/intensity

Case of Asani (2022)

1May-9May (10Days)

Simulations 4 cycles per day (40)

30 models per simulations (1200)

About 4 major centers (4800)

Suppose to cross Odisha Coast

Ended up in AP coast

Source: IMD



TROPICAL CYCLONE FANI (2019) 

In the past (1891-2017) only 14

severe tropical cyclones were

formed in April over the Bay

of Bengal and only one storm

crossed the Indian mainland.

Cyclone Fani is the second

storm forming in April and

crossing the mainland. The last

time it happened was Cyclone

Nargis that devastated Myanmar

in 2008.11 Days and Crossed

about 13,500kms.

The peak MSW of the

cyclone was 200 - 210

kmph (115 knots)

gusting to 230 kmph

during 0900 UTC to

2100 UTC.

The system crossed

Odisha coast close to Puri

with maximum sustained

wind speed of 175-185

kmph (100 knots) gusting

to 205 kmph between

0800 to 1000 hrs IST of

03 May, 2019.

The system maintained the cyclonic

storm intensity for almost 21 hours

even after landfall till 0000 UTC.

It developed near the equator (near

2.70N and 88.70E). Genesis of the

cyclonic disturbance in such a lower

latitude is very rare, last such activity

was observed over the north Indian

Ocean in January, 2005.

It was the most intense cyclone to cross

Odisha coast after Phailin in 2013

which crossed coast with a maximum

sustained wind speed of 215 kmph.

Source: IMD



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 is 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 in

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.

Between 1965 and 2017, India was 

hit by 145 cyclonic storms that were 

classified as severe, very severe, 

extremely severe and super cyclonic 

storm. Of these, only seven (5 per 

cent) were in April and 27 (18 per 

cent) in May.

2020 and 2021, Amphan (Supercyclone), Tauktae (ECSC), Yaas

(VSCS), Nisarga (SCS, strongest storm to hit MH) and Nivar (SCS)

formed in Bay of Bengal/Arabian Sea—made landfall, causing

immense destruction.

Source: IMD

Source: Meteosat



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.
2021-22 SW Indian Oceans

Madagascar 5 cyclones

Source: Internet

Source: Wikipedia



Earth System (Climate) Modeling

Source: NAP

Source: Princeton University

Source: GGOS

Source: globalchange.gov

Source: NOAA



Rise in Temperature



Source: Hindu

Source: Down to Earth



1 APRIL – 31 MAY (MAX T) 



WINTER

1 JAN – 31 MAR 

2000s minus 1950s 

MAX MIN MEAN 



• Examines daily max/mini Temperature (i.e., March, April and May)

for 30 years (i.e., 1988–2017) using ERA 12 km data.

• Results suggest that the daily maximum, minimum and mean

temperature over the study region increase at the rate of 0.006 °C,

0.012 °C and 0.017 °C per year, respectively.

• Alarmingly, frequency and intensity of warm night have

increased, whereas frequency and intensity of cold nights have

decreased over the years.

• Raigarh in Chhattisgarh has the highest increasing trend of warm

night frequency (0.13 times/year) followed by Jharsuguda,

Sundargarh and Sambalpur in Odisha.

• Sundargarh has the highest increasing trend of warm day

(night) intensity ~ 0.065 days/year (~ 0.07 days/year)



Impact of Atmospheric 

Moisture on Monsoon 

Depressions



Tracks of low pressure systems formed during the JJAS monsoon

season. (Hunt 2016)

Monsoon Low Pressure Systems

Depressions, Deep Depressions



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 

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



Cloud Sensitivity

Level wise correlations are computed between cloud coverage and VEF to ascertain

which part of the troposphere responds the most to RH perturbations for a domain

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

RH2+

Correlation 0.80 0.74 0.25 0.67

• Lower tropospheric RH perturbations show higher sensitivity towards stratiform clouds.

• Convective clouds are not much affected both in the lower, as well as in the mid-troposphere.



Rain Type Algorithm

Cloud categories shown for a time instant.



Extreme Rainfall 
Multiscale interactions (Land Surface, Orography, Moisture incursions)

(Kerala 2018, 2019,2021) 

WMO also underlined the extreme weather events experienced all over the world

in 2018, including the severe flooding in Kerala in August 2018, which led to

economic losses estimated at $4.3 billion. Over 480 deaths.

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





Moisture Flux Convergence Towers

Isosurfaces of MFC shown for values 2.5×10-5 (red) and -5×10-5 (blue).



2019 Kerala Rainfall Event

Synoptic:       3–7 days

Bi – Weekly: 10–20 days

ISO:               30–60 days

Influence of BoB MDs



Role of land state in a high resolution mesoscale model for

simulating the Uttarakhand heavy rainfall event over India



Moist streams

Dry hot streams

Hot land surface

Subtropical westerly  trough

Low

Induced low
Low 

intensifies 

Rapid advance of 

monsoon isochrones

IMD, 2013

Synoptic features of Uttaknhand heavy rainfall event



Day 2

Day 3 1

vertically integrated moisture 

transport (kg m-1s-1; shaded) 

850 hPa wind vector

Soil moisture                            Soil temperature                         Vertical velocity   

(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

Difference between LDAS and CNTL (LDAS-CNTL)



Meridional wind (shaded) and zonal wind (vector)

along longitude

 Vertical black line: center of heavy rainfall region

 Thick black elliptic : region of high orographic vertical upliftment

 Vertical velocity is magnified to an order of 10

along latitude

 Complex Interactions
Monsoon
Moisture
Mountain



Role of Sea Surface Temperature



Rain Rate 

SST+ SST-



SST+

Wind Speed (m/s) 

SST-



Role of Rainfall in Cyclone (Fani-2019 & Yaas-2020)



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
state.

Major factor attributing to these changes in
noted due to anomalous land-sea contrast
signatures.



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

• Pre-monsoon intense cyclones making landfall over Indian region. Recurving nature of the cyclone
and Unseasonal cyclones (Jawad 2021, Asani 2020)

• Prolonged Heat Wave, Unseasonal Rainfall and Distinct Variability in Monsoon Rainfall Pattern

• Monsoon cyclones (Gulab-5days over land-Shaheen cyclone landfall Oman, Cyclone Freddy has the
longest duration of lifecycle 35days)

• Rapid Intensification is highly challenging to forecast it accurately and do not provide adequate time to
operational, policy makers, administrators, disaster and risk managers to initiate action (e.g. evacuation).

• Cyclone Amphan intensified from a Category-1 cyclone (about 100 km/hr) to a Category-5 cyclone
(about 250 km/hr) in less than 24 hours. Taukate Depression to Severe Cyclonic storm (SCS) in just
2days.

New Challenges in Prediction



Source: UN



Initial thoughts on collaborations

a. Climate Change and  Renewal Energy Region Specific Approach

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

Scope for Collaboration



References

 Assessment Report  Inter governmental panel for climate Change (IPCC)

 Baisya et al. (2018) Ramifications of Atmospheric Humidity on Monsoon Depressions over the Indian Subcontinent, 
Scientific Reports, Volume 8, Article number: 9927, https://www.nature.com/articles/s41598-018-28365-2

 Chakraborty et al. (2021) Spatio-Temporal Variability of Pre-monsoon Convective Events and Associated Rainfall over the 
State of Odisha (India) in the Recent Decade, Pure and Applied Geophysics, 
https://link.springer.com/article/10.1007/s00024-021-02886-w

 Decadal surface temperature trends in India based on a new high-resolution data set, Scientific Reports, 8, Article 
number: 7452 (2018), doi:10.1038/s41598-018-25347-2

 Hunt et al. 2016: On the structure and dynamics of Indian monsoon depressions. Monthly Weather Review, 144 (9). 
pp.33913416. ISSN 00270644, doi: https://doi.org/10.1175/MWRD150138.1

 Maniar et al. (2019) Spatiotemporal patterns of surface temperature over western Odisha and eastern Chhattisgarh, 
https://link.springer.com/content/pdf/10.1007/s42452-019-0986-2.pdf  

 Rajesh et al. (2016) Role of land state in a high resolution mesoscale model for simulating the Uttarakhand heavy rainfall 
event over India, Journal of Earth System Science,125,3,475–498, doi:10.1007/s12040-016-0678-x

 Rai et al. (2016) Sensitivity of tropical cyclone characteristics to the radial distribution of sea surface temperature, Asia-
Pacific Journal of Atmospheric Sciences, Volume 54, Issue 3, pp.473-488

 State of Climate in Asia 2020, World Meteorological Organization (WMO)

https://link.springer.com/article/10.1007/s00024-021-02886-w


Thank you


