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POINTS 

• Climate Change and Increasing Risk of  Natural 

Disasters

• Integrated Modelling Efforts  (INCOIS, NCCR)

• Ocean-Atmospheric Coupled Modelling - Extended 

Range and Seasonal Forecast

• Ocean-Atmospheric Hurricane WRF  for Cyclone 

Prediction

• Warning Services For Coastal Region





Indicators measured globally over many decades that show that the 
Earth’s Climate is Warming







1992-2015





Oxygen minimum zones (blue) and areas with coastal hypoxia (red) in the world’s oceans.

Coastal hypoxic sites mapped here are systems where oxygen concentrations of < 2 mg/L have been

recorded and in which anthropogenic nutrients are a major cause of oxygen decline.



Rapid Emissions Reductions (RCP 2.6)



Continued Emissions Increases (RCP 8.5)















Accumulated Rainfall Variability over
Different Geographical Regions

Based on GPCP Monthly Accumulated
Rainfall (Jan 1979 to Oct- 2015)

•Indian Region
•Europe Region
•Russian Region
•USA East Coast





Europe Region 



Russian Region 



USA East Coast Region 



One–Day Extreme Rainfall   
Records
During 2010



2010
Death toll due to heavy rains / 
floods in different parts of the 
country, during the monsoon 
season >500 
(mostly from northern and 
north-western parts).

Heavy rainfall events in 
November 2010 took a toll of 
more than 50 people from 
peninsular parts (AP, TN and 
Karnataka) of the country. 









Strong Linkage Between Precipitation Intensity and Monsoon Season Groundwater Recharge in India, Volume: 45, Issue: 11, Pages: 5536-5544, First published: 31 May 2018, DOI: (10.1029/2018GL078466) 
Observed changes in precipitation characteristics over India (1951–2015). (a) Observed changes (mm) in PPTTotal, (b) PPTLow, and (c) PPTHigh. (d and e) Area averaged changes in 
PPTLow for northwest India, NWI and north central India, NCI, and (f) area averaged changes in PPTHigh in SI. All changes were estimated using the nonparametric trend test and Sen's
slope method for the period of 1951–2016. Statistical significance was tested at 5% significance level and p value (in d–f) less than 0.05 indicates trends were significant.



Water budget components (Precipitation, ET, and Total Runoff) from calibrated VIC model for 
1980-2012 period for the monsoon season and annual time periods
Strong linkage between precipitation intensity and monsoon season 
groundwater recharge in India
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Indian Southwest Monsoon (June to September)

Mean % of Heavy rainfall days                    Mean % of Very heavy rainfall days
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Pathway to Climate Risk Management 

paSSES through

Disaster Risk Management

[as climate change brings additional degree of Vulnerability]

We need to migrate towards Impact based forecasting and 

Risk based Warning System



Disaster and Climate Risk 



MoES Agencies dealing with various Hazards

HYDRO-METEOROLOGICAL 
HAZARDS – IMD, IITM and 
INCOIS 
Tropical Cyclones, Local Severe 
Storms, Winter Systems.
[Support  for Floods, Drought
Snow Avalanches]
Climate change impacts on severe   
weather events (IITM and IMD)

GEOLOGICAL 
HAZARDS
Earthquakes & Tsunamis 
(NCS and INCOIS)
[Support  for Rain Induced 
Landslides/Mudslides 
(IMD)]

ENVIRONMENTAL IMPACTS
-Air pollution & Haze, FOG, Smog (IMD)
-Coastal Zone Management (NCCR)
-Coastal Erosion (NCCR)
-Eco-system monitoring/ modeling (IITM and 
IMD)





CDR  PARADEEP  AT THE TIME OF FANI CYCLONE 

CROSSING PURI



Extremely Severe Cyclonic Storm  ‘FANI’ (19.6°N, 85.7°E) 
0900 IST of 03 May 2019





Weather and Climate Prediction
Extended Range Prediction 

6-Sep-19



A Few Points for Operational HWRF-HYCOM Modeling System 

Atmospheric Model:

 Initialization for weaker storm (without any TCVITAL information)

 Improvement in rainfall prediction (rainfall over land region)

 Improvement in intensity prediction (reduction of overestimation)

 Physics to represent land-air-sea interactions at high-resolution

Atmospheric Data Assimilation:

 Start of cycling well ahead of the system to become cyclone

 Emphasis on non-conventional observations (i.e. radar radial wind, reflectivity and satellite
radiances)

 Instead of global rather use of regional ensemble perturbations for EnVar

Ocean Coupling:

 Use of IMD-GFS for regional RTOFS of HYCOM model at INCOIS

 HYCOM coupling with HWRF well ahead of the system to become cyclone

 Effective coupling with shorter time interval preferably at every cycle



PHETHAI Cyclone

(13 – 18 December, 2018)



Structure of PHETHAI Cyclone
Initial Time 

at 00 UTC 20181216
12 hours forecast

at 12 UTC 20181216

24 hours forecast

at 00 UTC 20181217
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HWRF Forecast of  PHETHAI Cyclone
HWRF-POM HWRF-HYCOM

Average Track Forecast Error (Direct Position Error) in km

Lead Time 12 Hr 24 Hr 36 Hr 48 Hr 60 Hr 72 Hr

HWRF-POM 95(18) 142(16) 175(14) 208(12) 212(10) 287(8)

HWRF-HYCOM 83 (10) 123 (08) 195 (06) 187 (04) 219 (02) 283(1)

Root Mean Square (RMSE) ( INTENSITY ) errors in knots

Lead Time 12 Hr 24 Hr 36 Hr 48 Hr 60 Hr 72 Hr

HWRF-POM 11.6(18) 16.2(16) 17.7(14) 15.4(12) 13.4(10) 10.3(8)

HWRF-HYCOM 8.1  (10) 5.9 (08) 5.7 (06) 10.6 (04) 10 (02) 8.1  (1)



OBSERVED TRACK OF EXTREMELY SEVERE CYCLONIC 

STORM 'FANI' (26 APRIL TO 05 MAY 2019)



Wind & Rain Swath for recent Cyclone FANI from HWRF-POM coupled Model 

based on 29 April 00 UTC



Sea Surface temperature and Sea Surface Current FANI from 

HWRF-POM coupled Model based on 02 May 00 UTC



Over and above the Astronomical 
Wave and Tide Action of about 
6m all along the east coast

STORM SURGE GUIDANCE



A Few Points for Future Operational Regional Coupled High-resolution 
Modeling  System

Forecast verification:

Targeted verification at high-resolution with suitable methodology

Need of higher resolution verification analyses and observations

Products for forecaster:

Application to provide various categories of user specific products

 Impact assessment studies to assist forecaster in generating Impact
Based Forecasts

Robust operational system for timely and regular dissemination of
forecasts up to end users



Hail occurrences during a hundred  years



Diurnal variation of Hail storms in India

Monthly distribution of Hail storms in India

















All India and Monsoon Core Zone Rainfall During 2018 Monsoon



2018 ERF Monsoon Forecast Performance – All India and Central India





2019 Monsoon 















All India southwest Monsoon 2018 heavy rainfall warning skill (24, 48, 72, 96 & 120 hours) 

• Lead period of severe weather warning increased from 3 days to 5 days

• Colour coded meteorological subdivision and district level impact based warning issued across India

WARNING

WARNING (TAKE ACTION)

ALERT (BE PREPARED)

WATCH (BE UPDATED)

NO WARNING (NO ACTION)
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Ongoing situation: 
India in 2019
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Ongoing situation



Pakistan

• As of July 25, 2019 104 
people died from floods 
and extreme rain events 
in North Pakistan

• 1.2 million people in 
Sindh province suffering 
from droughts.

9/6/2019

Ongoing situation 



SWFDP – Bay of Bengal • Bangladesh
• India 
• Maldives
• Myanmar
• Sri Lanka 
• Thailand
• Bhutan
• Nepal
• Afghanistan
• Pakistan

Severe Weather from TCs,
severe thunderstorms and monsoon: 
Heavy precipitation, Strong winds
Large waves / swell, Storm Surge

Improved severe weather forecasting , warning services to disaster 
management (PWS) and other sectoral applications

40E – 125 E   50 N – 10 S



Discussion 
• Several lessons learned but still many gaps exist

• Good forecasts available but need to make maximum use of available information

• Extremes continue to surprise every year with new definition for extremes

• Changing dynamics of both nature and human dimensions – proactive institutional roles and 
dynamic risk assessment frameworks need to be developed

• Robust linkages between Science and Society

• More coordinated actions

What went wrong?

Available databases not sufficient

Forecast not reaching the last mile

Agencies not able to respond



Discussion

•We have achieved a lot in the past 

•Need to appreciate the realities of 2018 and 
2019

•Understand ground situation, requirements of 
society and how to collaborate locally to 
overcome the new challenges 



Multi-Hazard Vulnerability 




