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Seyvere Weather Systems
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Western Disturbance
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Cyclone hazard prone
districts of India
based on
« frequency of total
cyclones,
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Monsoonal Heavy Rainfall (June to September) || & aors, Sty i

Spatial Variation
in  Origin  of
Rainstorms over
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FIG. 1
AREAS

PROBABILITY OVER INDIA (1901 - 2000)

LEGEND

B <o LEGEND

o - <

— —

B 226

[ . o-i0
> - n-1s

.




Trends in frequencies of different rainfall events during Monsoon Season

Wet Days
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Time Series of the Rainstorm events and Rain Days over
India(1951-2015)

Time Series of the Rainstorm events over India during 1951-2015
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Meso-scale severe weather events

Thunderstorm Hailstorm Tornado
(Per year) (in 100 years) prone areas
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Heat waves over India

Average Frequency of
Heat Wave Days
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Trends in the monthly
rainfall (June, July, August,
September and Season for
the period 1901-2010.

Trends shown here are
gualitative in nature
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Global Warming on Rainfall Activity e
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frequency of extreme
events (rainfall >150
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Increase in Moisture Content of Atmosphere

Increase in Small Scale (Mesoscale) Convective System

Formation of Low Increase in Rainstorms over
Pressure Area Central & North India



Challenges in Predictability of Mesoscale Events

Predictability of meso scale system is less

Due to Global Warming the prediction of Extreme Rainfall
Events likely to decrease

Error doubling time of extreme rainfall event during last
30 years decreased from about 3 days to 1.5 days

Solutions to improve Predictability of Mesoscale Events

A\

Enhancement of observational network to detec
mesoscale systems

Improve data assimilation of models for these systems
Use High Resolution Models

To address uncertainty, provide probablistic forecast
Warning system & dissemination be made smarter t
utilise reduced lead time to reach the last mile

Capacity building of forecasters, disaster managers

media & generglRUDAG., = 2 P
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Broad Classification of

Early Warning System Observations

/

Initial conditions
(Observations) .
Runs of different = =
Models, (A\ Decision
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Ensemble runs & =

Improved Early warning system with respect to all the above
components

« Geoststionary Satellites
Space Based + Polar Orbiting Satellites

« Pilot Balloon
* RSRW
U Ai * Profiler
pper Alr ™« Ground Based RADAR
« Aircraft
- AWS
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How are the observational needs met currently?
Indian EO Missions — Current & Planned

LAND & WATER HIGH RESOLUTION ~ OCEAN WEATHER; CLIMATE

RESOURCESAT-2,2A]  CARTOSAT-2;2A;2B; 28 OCEANSAT-2 W INSAT-3A
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% INSAT-3D,
3DR

Cartosat-3, Oceansat-3, Resourcesat-3, RISAT, GISAT in 2017-18 for continuity of services and new capabilities
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i SATELLITE BASED OBSERVATIONS

istry of Earth Scien
LIGHTNING WITH INSAT-3D DATA
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dLightning data (Updated every
15-minutes) divided into the 38
different time categories 10, 20 and
30 minutes 1n different colours.
dHowever, data frequency is every
2-minutes from II'TM and every 15
minutes from [AF.

dMerged lightening & satellite
CTT operational product 1s a joint
collaboration of IMD, II'TM & IAF.

dPriority work to merge (all 3 types of
instrument data) Satellite, RADAR and
Lightning data for the weather forecast
to be completed by March 2019.

dTwo new products Cloud Top Temperature (CTT) and Cloud Top Pressure (CTP)

started. These products are very useful in case of

NOWCASTING.

dClear Sky Brightness Temperature (CSBT) is also being generated and data is being

provided to NCMRWTF for assimilation in model.



Doppler Weather Radar Network

Legend

10 X-band Dual Pol. DWR(Supply order issued on 29.09.2018)
11 C-band Dual Pol. DWR (RFP has been sent to ministry for approval)
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Upper Air Network
43 RS/RW stations upgraded with GPS based radio sounding systems.

Expansion of GUAN standard network from 6 to 12 stations to be completed
by March 20109.
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Pilot Balloon Network

s*Implementation of indigenous GPS based PB-sonde system done at
New Delhi & Mumbai.

% 18 stations to be operationally up-graded with IMD make pilotsonde by

December 2018. Remaining stations would be upgraded by March 2019.

40 PB stations also to be up-graded by other GPS based PB sonde.

62 PB STATIONS

Boost to Make in India and Digital
India Initiative by IMD, MoES.



Dual telemetry enabled Data
loggers - 300 Nos.
procured. 220 Nos. of these
data loggers installed at
AWS sites. This resulted in
Improved network
availability.

Automatic [
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Digital Station Barometers — 200 Nos. installed ‘%;
at field stations, same to be operationalized by

December 2018 after calibration.
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Advances in Modeling and Prediction
Improvement in high power computing.
Current capacity is 10.8 PF

Models in 2018 : 120 h 96 h 72 h 48 h 24 h 00 h
Ensemble Pred. Tools Multi-model ensemble, Single Model
GEFS(12 km), UMEPS(12 kn) Ensemble, Grand GIob{aI Enserrrble
Global Models lobal del
GFS(12km), Unified Model(12 km) O Cloel Metel |
Regional Models F)?egional models

WRF(3 km), HWRF(2km)
Nowcasting Tools

Nowgasting
(SWIRL, ARPS Model)

Warnings Activities — mm)

By 2019 : 1-3 km Regional multi-model prediction system, ocean-atmosphere
coupled severe weather pred. systems, Parametric models and Expert systems —
severe weather

¢ Warning up to 5-7 days, Forecast outlook up to 10-15 days



GEFS Forecast of rainfall probability at different threshold.

IITM GEFS T1534 : Rainfall (cm/doy), Ens Mean (20 Ens S SL T1 4 Probabilistic of Exccedance Precipitation GEFS SL T1 4 Probabilistic of Exccedance Precipitation

- i = IC:2018062900 Day—1 Forecast Valid for O03Z30JUN2018 IC:2018062900 Day—1 Forecast Valid for O3Z30JUN201
24—hr Forecast valid for 03Z30JUN2018 (|C—00229JUN2018) Probability of > 2.5 mm/day rainfall Probobili\; of > 15.6 mml/doy rainfall
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GEFS SL T1534 Probabilistic of Exccedance Precipitation GEFS SL T1534 Probabilistic of Exccedance Precipitation GEFS SL T1534 Probabilistic of Exccedance Precipitation

IC:2018062900 Daoy—1 Forecast Valid for 03Z30JUN2018 IC:2018062900 Day—1 Forecast Valid for 03Z30JUN2018 IC:2018062900 Day—1 Forecast Valid for 03Z30JUN2018|
Probability of > 65.5 mm/day rainfall Probabilify of > 115 mm/day rainfall Probability of 195mm or more/day rainfall
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Geospatial Application in decision making

But
available
at limited
places
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HYDROLOGICAL SERVICES FOR FLOOD MONITORING AND
FORECASTING
* Preparation of Rainfall Statistics; daily, weekly&
monthly. Commended by the President of India.

 Provides real-time rainfall information by means of GIS
based rainfall products.

! TAL MAP WEEKLY
iy e st e e orar20ns To rarans = Hww R oo, A
-

The district-wise and river basin-wise rainfall statistics
Is helpful to farmers for their agricultural activities and
flood forecast/ water management.

e Quantitative precipitation forecast (QPF) to CWC for flood
forecast purposes increased from 125 to 146 river sub-
basins.

o e w w . . .. ®QPF increased from 5 day to 7 days from flood season

Flood Meteorological Offices (FMOs)/ I
RMC Chennai/MC Srinagar/MC Bengaluru 2 O 1 5
.

eeeeee [y
1 Exvemety Howry 1am (2 28 cm M Heawy o (710 120m, W Moderse ran (110 Jom

L3s-

. | *Sub catchment wise QPF from NWP models- GFS for 7days
™ in addition to WRF, MME for 3 days

e QPF for 4 new catchments Jhelum, Pennar, Torsa, Sankosh
which involves 12 sub catchments.

-----
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T Heavy RainfallWarnings skills

 Noticeable Improvement .
achieved in skill of Heavy g - I 47

%)

¥2002-15
m2016-18

¢

Rainfall Forecast

w
(=]

24 % improvement

Skilk

WARNING

=
o
L

o

ALERT (BE PREPARED) — — —
WATCH (BE UPDATED) 070 - 050
g 060 o 00
040 - 0.20 +
« Lead period of severe weather | w ] W

FFFFFFFFF

warning increased from 3 days

080 - 070 -

to five days m EEE “
Target for 2020 : Improvement EEE x
Of accuracy and Skill by 20% up g;g “I 11 IT? zz: |
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Southwest Monsoon heavy rainfall
(48 hours) scores (2010-18)

0.65 + 0.55 +
no 0.55 + @ 045 +
o O
0.45 + 0.35
0.35 : : : : : : : : | 0.25
o - [aY] o -+ L [(=] [~ o o - o [2p] -t V] w = [=s]
- - - - - - - - - o by by by o - - - -
(=] =] (=] (=] =] (=] =] ] =] =] =] =] [==] [==] (=] (=] (=] (=]
(3] [ o~ (3] [ o~ [ [a] (o] (3] o o [ [ (3] (3] o (Y]
Year Year
0.50 + 0.65 -
040 +
0.55 +
o 0.30 | o
< =
- 0.20 +
045 +
0.10 +
0.00 | | | | | | | | | 0.35
S & ¥ 2 3 2 e & 2 e £ ¢ g 3 g e e
S & R 8 8 @ R % 8] R 8 8 8 8 | ' R %
Year Year
TFITTT  FTErIT Ta=11-1 11731 %

INDIA METEOROLOGICAL DEPARTMENT N




Southwest Monsoon heavy rainfall
(72 hours) scores (2013-18)
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018 RAINFALL OVER
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MONSOON, 2018
KERALA DAILY RAINFALL DURING AUGUST 2018
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PERFORMANCE OF SOUTH WEST MONSOON 2018 OVER KERALA

From 01-Jun-2018 to 17-Aug-2018

« Rainfall mostly

CUMULATIVE RAINFALL FOR KERALA - SW MONSOON 2018

< D eparture —— fyctual (Cumulative) Mo rnal (Cumul ative)
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20 | . throughout
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No. of stations with rainfall (RF)
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RECORD BREAKING RAINFALL

 During August some stations crossed their previous highest 1- Day, 2 —
Day, 3- Day point rainfall.

« Peer made rain gauge station of Idukki district:

« 1-Day rainfall 349.0mm on 16" Aug, 2018.
Previous highest : 313.7mm on 15/7/1924

e 2-Day rainfall 623.0mm on 15-16 Aug, 2018.
Previous highest :590.0mm on 22-23/6/2007

« |dduki rain gauge station of ldukki district:

« 1-Day rainfall 295.0mm on 16" Aug, 2018.
Previous highest : 223.0mm on 5/8/2013

« 2-Day rainfall 530.0mm on 15-16 Aug, 2018.
Previous highest :353.2mm on 8-9/7/2001
3-Day rainfall 710.2mm on 15-17 Aug 2018.
Previous highest: 435.7mm on 7-9/7/2001
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INDIA METEOROLOGICAL DEPARTMENT
MC THIRUVANANTHAPURAM

Rainfall % Departures from the Long Period Averages T
for Districts in KERALA g

INDIA METEOROLOGICAL DEPARTMENT
MC THIRUVANANTHAPURAM

Rainfall % Departures from the Long Period Averages
SEASON'S RAINFALL (1.6.18 TO 17.8.18) for Districts in KERALA
ACTUAL :2307.5mm
NORMAL : 16347 mm

PERIOD : 09.08.2018 to 15.08.2018
DEP FROM NORMAL: 41%

ACTUAL : 352.2 mm
NORMAL : 98.5mm
Dep from normal : 258%

MATLAPFURAM|

Lakshadweep
LEGEND
[ Large Excess (>59%)

[ Excess (20% to 59%)

Lafshadweep
LEGEND
I Large Excess (»59%)

[ Excess (20% to 59%)
[ Normal (-19% to 19%)
[ peficient (-20% to -59%)

[ Normal (-19% to 19%)
[ Deficient (-20% to -59%)
[ Large Deficient (< -59%)

[ JLarge Deficient (< -59%) = No Rain
JNo Rain [—INo Data
[INo Data
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CAUSES

OBSERVED TRAC@O I%EPR%SSIONS OVER BAY OF BENGAL _.'_"F

DURING 10-11 JUNE, 2{13 JULY§, 07-08 AUGUST & 15-17 AUGUST, 2018

Andaman & Nicobar Islan
Arunachal Pradesh
Assam & Meghalaya

Gangobc West Bangal

1
2
3
4 NMMT
5 iub-k}{imalayan West Beng
[
7
3 Jhmkhand

T s Bihar
L 128103 = 1 EastUP
L L2700 1 WestUP.
26103 12 Uttaranchal
ét‘{ E[ZE/OS 13 Haryana
o kP o5 12 Punjab

>M15

Jw 15 Himachal Pradesh
16 Jammu & Kaghmir

17 West Rajasthan
1s Easl Rojasthan
19 Wost MP.

4% 2 EastMP.

21 Gujarat

22 Saurashira & Kulch
2> Konkan & Goa

24 Madhya Maharashira
25 Marathwada

26 Vidarabha

27 Chattisgarh

po @ 3
¢ @b »
e 2 150/05
3 op/12, b
0% S ENY
M 3 MLy
1‘IQIO3.L pS
July :
DATE/TIME IN UTC :
IST= UTC+05:30 HRS t
L :LOW ¢
WML: WELL MARKED LOW PR&SSUR
D .

BAY OF BENGAL

28 Coastal AP.
"* 2 Telangana
»
3

\{/é_/\;/h_& Aug
< 1ero 09]03
16/
16/1 160
: DEPRESSION

OBSERVED TRACKS OF DEPRESSION

5: te AN
Red: significantly posmve C@
* Westnorthwestward movement of \yhole Nos are Meteorological
two depressions subdivision

* (6-9 August) Real Nos. are CC values upto two
* (13-18 August) decimal places such that CC>0.19
significant at 95% confidence level

Rayataseema
1 Tomilnodu

Coastal Karanataka

7 ’ ¥ ' n
; : 4{\’?“ » , 31 Norh interior Karnataka
’ K :
h L 3¢ South Interior Kamalaka
S 3 & ' 1 SR KAA A 35 Korala
A 2

n* »* - " Lakshadweep

M. Mohapatra et al, 2017, In book entitled Observed Climate varaibility &
change over Indian Region Edited by M N Rajeevan & Shailesh Nayak



3 Day District-wise Forecast issued

IMD during 12-15 Auqgust for Kerala

12 August 2018 h3 August 2018 Day 1
Thiruvananthapuram Thiruvananthapuram
Kollam Kollam
Pathanamthitta Pathanamthitta
Alappuzha Alappuzha

Kottayam Kottayam

Idukki Idukki

Ernakulam Ernakulam

Thrissur Thrissur

Palakkad | Palakkad
Malappuram I Malappuram
Kozhikode Kozhikode

Waynad Waynad

Kannur Kannur

Kasaragode I Kasaragode

14 August 2018 15 August 2018 Day 1
Thiruvananthapuram Thiruvananthapuram
Kallam Kollam
Pathanamthitta Pathanamthitta
Alappuzha Alappuzha

Kottayam Kottayam

Idukki Idukki

Ernakulam Ernakulam

Thrissur Thrissur

Palakkad Palakkad
Malappuram Malappuram
Kozhikode Kozhikode

Waynad Waynad

Kannur Kannur

Kasaragode Kasaragode




Broad Classification of
Observations

Monitoring and

Forecast Proc |
Cyc

Initial conditions
(Observations)

» Geoststionary Satellites
Space Based + Polar Orbiting Satellites

« Pilot Balloon

* RSRW 2 ; S
. « Profiler = o L PPI (dBZ) 5

Upper Air | - Ground Based RADAR /

« Aircraft

- AWS

* ARG

+ SYNOP

+ BUOYS

* AVIATION
* SHIPS

Runs of different
Models,

Consecutive runs
from the same
model,

Ensemble runs
("choosing the
best member")

TROPICAL CYCLONE "PHAILIN"
OBSERVED vs NWP TRACKS BASED ON 00 UTC OF 09-10-2013
6N

iy PHAILIN ~ ALL ENS. 2013101012 INIT

= ~Forecast
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Cyclone Forecast:Accomplishments

Five Year Moving Average-Track forecast Error (km)
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Challenges:
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Target for 2024 : Reduction in error & Improvement of skill by 20% up to 7 days

Target for 2024 : Dynamical Impact based Forecast and Warning >




Five Year Moving Average- Intensity Forecast : An Issue

Five Year Moving Average- Intensity forecast Error

(a) Average Intensity Forecast Error based on AE (kts)
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Five Year Moving Average- Intensity Forecast : An Issue

120 -

Average intensity forecast skill (%)

100 -

80 -

60 -

40 -

20 -

(a) Five Year Moving Average- Intensity forecast Skill
based on AE (%)
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(a) Average Intensity Forecast Skill based on AE (%)
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(b) Five Year Moving Average- Intensity forecast Skill
based on RMSE (%)
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TYPICAL FORECAST AND OBSERVED TRACKS OF VSCS, TITLI AND LUBAN
DEMONSTRATING ACCURATE FORECAST

»Both the cyclones had unique track
characteristics
recurvature over the land in case of Titli

and multiple recurvature in case off

Luban.

» While there was rapid intensification in
case of Titli, there was intensification

and weakening of Luban over the sea.

Landfall Point Forecast Errors of VSCS TITLI in
comparison to Long Period Average Errors (2013-17)

with

northeastward

I

FORECAST TRAC
OBSERVED TRAC
ARABIAN SEA

K (06-14 OCTOBER

K BASED ON 0530 IST OF 9™ ({126 HOURS PRIOR TO LANDFALL) &
IN ASS

ATION WITH VSCS LUBAN OVER
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Operational Track Forecast Errors in case of VSCS Titli & Luban
compared to Long Period Average of 2013-17

VSCS TITLI

24 hr-98.4 km (93 km)

48 hr-114.4 km (144 km)

72 hr-113 km (201 km)

Track Forecast Errors of VSCS TITLI in comparison to

250 - Long Period Average Errors (2013-17) .
g 201
— 200 -
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B Operational Track Forecast Error

O Long Period Average Track Forecast Error

VSCS LUBAN

24 hr-75.4 km (93 km)
48 hr-114.2 km (144 km)
72 hr-148.5 km (201 km)

Track Forecast Errorsof VSCS LUBAN in comparison

[l [52) [5%)
i [ =] (%)
(=] o (=]
i

Track Forecast Error (km)
(v ]
S

to Long Period Average Errors(2013-17)

299
s 279.5 7
240.5
201
189.1
173
137 148.5
0 h T T T
48 60 72 84 9 108 120

Forecast Lead Time (Hr)

W Operational Track Forecast Error [ Long Period Average Track Forecast Error




Operational Intensity Forecast Errors in case of VSCS Titli &
Luban compared to Long Period Average of 2013-17

VSCS TITLI
24 hr-10.1 kt (10.4 ki)
48 hr-10.8 kt (15.5 kt)
72 hr- 2.1 kt (15.7 ki)

VSCS LUBAN
24 hr-9.9 kt (10.4 ki)

48 hr-13.5 kt (15.5 kt)
72 hr- 16.2 kt (15.7 kt)

Intensity Forecast Errors based on AE of VSCS TITLI and

.. Long Period Average Errors (2013-17)

¥
T2 245
b
0
b
0
Y20
z 15.7
0 155 15.8 -
g 15 13.8
d - 10.8
Z g 10.1 10:4 :
O 6.3 5.7
E : | 5.0 5.3
I 21
0 b T T T T T . T
12 2% 3 48 60 n 84
Forecast Lead Time (Hr)
BAE OLPA-AE

Intensity Forecast Errors based on AE of VSCS LUBAN
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Cyclone, Ockhi

OBSERVED TRACK (29 NOVEMBER TO 06 DECEMBER) AND FORECAST TRACKS OF VERY %wfa eyCroNIC jT"R"“ o
TRACK BASED ON 0530 HOURS IST OF 30TH NOVEMBER, 2017 OF VERW@M DEC) AND FORECAS|T TRACKS FOR DIFFE

T s
DATE/TIME IN UTC
IST= UTC +0530

SEVERE CYCLONIC STORM OCKHI )
Ié/j s e e < w
_/_\/A
s g
\
TN )

MAHARASHTRA

LOW: LOW PRESSURE AREA 5
WML: WELL MARKED LOW <
D: DEPRESSION
DD: DEEP DEPRESSION
CS: CYCLONIC STORM

SCS: SEVERE CYCLONIC STORM 0]

VSCS: VERY SEVERE CYCLONIC STORM 05?033;3"'9(33 D ANDHRAPRADESH DATE/TIME IN UT:
== OBSERVED TRACK oo C
=== FQRECAST|TRACK oanegloeg RNATAKA - OBSERVED TRACK
CONE OF UNCERTAINTY C
IN TRACK FORECAST " "/VSCS FORECAST TRACKS BASED ON

01/0600 UTC
02/0000 UTC
03/0000 UTC
04/0600 UTC

05/0300 UTC

03/18

Track Forecast:"
Errors

12hr- 52.4 1
24 hr -77

48 hr -111.
72 hr-189.

» Northwestward movement towards Lakshadweep was predicted on the
first bulletin itself issued at 0830 hrs IST of 29t Nov.

» Northeastward recurvature of the track and its movement towards
south Gujarat coast was first predicted in the morning of 01st
December(five days before it hit south Gujarat coast
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Intensification and Weakening

Maximum Sustained Surface Wind (kts) &

»Maximum intensity: 85 knots 150-

Estimated Central Pressure (hPa = - th
ed Central Pressur (hPa) 1005 2 160 kmph in the.forenoon of 4th,
1000 = * Gradual weakening thereafter
() e 5
995 = X»lIntensification of the system was
-990 & predicted from first bulletin at
i ggg a 1150 1ST of 29™.
II l'II 975 © »Weakening while moving towards
w . . .
il - 970 3  Gujarat coast was first predicted
(=} (=} (=} (=} (=} (=} (=} (=} (=} (=} (=} u .
S § 8 38 8 38 8 8 8 8 8 g on 1 Dec morning
i (=) = o = o = (=) i (=] i
e T S S - e e -
o L i (o] N o on < < n Ln
on o o o o o o o o o o
Date/Time (UTC)

12hr: 5.4 knot against 6.5knot in 2012-16
24 hr: 7.0 knot against 10.7knot in 2012-16
48 hr: 13.5 knot against 15.5knot in 2012-16
72 hr: 16.4 knot against 16.3knot in 2012-16

Intensity Forecast SkKill

12hr: 26.6% against 18.2% in 2012-16
24 hr: 48.4% against 35.2% in 2012-16
48 hr: 61.0% against 55.7% in 2012-16
72 hr: 75.7% against 66.8% in 2012-16
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Genesis Forecast ano actual qeneS|s

95"

Advancad Cpl ns Tracksof Cycl d Depre:

First information regardlng " e
formation of depression . _ _ =
during next 48-72 hours (i.e v This was the third cyclonic storm affecting the
9 _ B ‘Kerala and Kﬁnyaﬁumari coast since” 1891.
29t onwards) was issued at ”‘“é_.Dﬂ&cy‘c’:«“r'“é“ﬁﬁ@“\@&)rm( 7-19 Dec) and. another
1200 hours ISTon 28t" Nov. in severe cyclon'rc§f§gm (1"%—21 Noy);afﬁected in
- 1.01 nms : { = i :

Tropical Weather Outlook o 7 5 .

: 4 - 1A
The system developed intoa . =
depression in the morning of |, = & u}
29th. '-ij % - !o “ o yfi j“lw
k?ﬁraha%eaQ g = %v Brbf5=98| ‘&?3

P Dnnparire e - E i

T912-Dep o o

Car S i

In the first bulletin based on 1150 IST of 29t" Nov, IMD, New Delhi indicated the
west-northwestward movement of system and its emergence into Comorin area
by 30th.

It was also mentioned that the system would intensify further.

The system emerged into Comorin Area during night of 29t and intensified into
Deep Depression in the early hrs (0230 IST) of 30t and into Cyclonic Storm in the
forenoon (0830 IST) of 30t Nov. 2017.

L



EXTENDED RANGE FORECAST OF CYCLOGENESIS

Introduced since 22 April 2018
Issued on 27-Sep Issued on 04-Oct

NORTH INDIAN OCEAN EXTENDED RANGE OUTLOOK FOR CYCLOGENESIS | NORTH INDIAN OCEAN EXTENDED RANGE OUTLOOK FOR CYCLOGENESIS

WEEK-1: VALIDITY 28.09.2018-04.10. 2018 WEEK-2: VALIDITY 05.10.2018-11.10.2018 | WEEK-1: VALIDITY 05.10.2018-11.10.2018  WEEK-2: VALIDITY12.10.2018-18.10.2018
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\ . = . e T o . \v\% J_/} . ~— » 1

‘I I B { \

RESF ol \ E E }
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PROBABILITY OF CYCLOGENESIS CONFIDENCE PROBABILITY OF CYCLOGENESIS CONFIDENCE
(FORMATION OF DEPRESSION OR HIGHER INTENSITY) _ » (FORMATION OF DEPRESSION OR HIGHER INTENSITY)
LOW (1-33% PROBABILITY) LOwW (1-33% PROBABILITY) &% AT
MODERATE  (34-67% PROBABILITY) wg/ MODERATE  (34-67% PROBABILITY) //////////
HIGH (68-100% PROBABILITY) | — HIGH (68-100% PROBABILITY) —

Extended range forecast issued on 27-Sep and 4-Oct. for
Cyclogenesis of Titli and Luban

HIea +FHiEaa Qs fQaarsr *\\
INDIA METEOROLOGICAL DEPARTMENT :




TROPICAL WEATHER OUTLOOK

- Cyclogenesis probabilistic forecast ,
: extended from 3 days to five days 4«4
\!* Implemented since 22 April 2018

T

REGIONAL SPECIALISED METEOROLOGICAL CENTRE-TROPICAL CYCLOMNES, NEW DELHI
TROPICAL WEATHER QUTLOOK

DEMS-RSMC TROPICAL CYCLONES NEW DELHI DATED 05.10.2012

TROPICAL WEATHER OUTLOOK FOR NORTH INDIAN OCEAN (THE BAY OF BENGAL AND
ARABIAN S5EA) VALID FOR NEXT 120 HOWURS ISSUED AT 05800 UTC OF 05102018 BASED OMN
0300 UTC OF 05.10.2018.

BAY OF BENGAL:

A LOW PRESSURE AREA (LPA) IS LIKELY TO DEVELOP OVER S0UTH BAY OF BENGAL
AROUND 8™ OCTOBER 2018. IT IS LIKELY TO BECOME MORE MARKED AND MOVE
TOWARDS ODISHA & ADJOINING NORTH ANDHRA PRADESH COASTS DURING
SUBSEQUENT 72 HOURS.

PROBABILITY OF CYCLOGENESIS DURING NEXT 120 HR S:

Z4 A HOURS [43-7ZHOURS [7Z.96 HOURS [96-1Z0 HOURS |
NIC LOW

24 HOURS
NIL NIL MNIL

ARABIAN SEA:

UNDERTHE INFLUENCE OF YESTERDAY'S CYCLONIC CIRCULATION OVER SOUTHEAST
ARABIAN SEA (AS5) AND ADJOINING LAKSHADWEEP & MALDIVES AREA, A LOW
PRESSURE AREA (LPA) HAS FORMED OVER SOUTHEAST AS AND NEIGHBOURHOOD AT
0300 UTC OF TODAY, THE 5™ OCTOBER 2018&. IT IS VERY LIKELY TO BECOME WELL
MARKED LOW PRESSURE AREA OVER THE SAME REGION DURING NEXT 12 HOURS.
FURTHER, IT IS VERY LIKELY TO CONCENTRATE INTO A DEPRESSION AND MOVE
NORTHWESTWARDS DURING SUBSEQUENT 24 HOURS. IT IS ALSO VERY LIKELY TO
INTENSIFY INTO A CYCLONIC STORM SUBSEQUENTLY AND MOVE NORTHWESTWARD S
TOWARDS OMAN COAST.

PROBABILITY OF CYCLOGENESIS DURING NEXT 120 HR S:

AT HOURS [ 48-TZHOURS [FZ-96HOURS [96-120 HOURS |
MODERATE HIGH HIGH HIGH

24 HOURS
NIL

. *Example of Outlook issued on 5 Oct. for Tith-and-Luban

Probability of
cyclogenesis
(Formation of
depression)
Nil: 0%,

Low: 1-25%,
Fair: 26-50%,
Moderate:
51-75%
High:76-100%

O




Cyclone Warning Centre
Thiruvananthapuram

India Meteorological
Department has the

mandate to monitor and
INDIA METEOROLOGICAL DEPARTMENT

Issue warnings regarding CYCLONE WARNING
ORGANISATIONAL STRUCTURE

tropical cyclones over the
NEW%ELHI

north Indian ocean.

Cyclone Warning Centre

Thiruvananthapuram MUMBAl BHUBANESHWAR
b h ®

operationalised w.e.f sl

01.10.2018 grCHENNA
© Head (Cyclone Warning)
® Head (Services)

TH|RUVANANTHAPU§AM B ACWC (Area Cyclone Warning Center)
@ CWC (Cyclone Warning Center)
I FHi™

INDIA METEOR(C




Advances in Warning Dissemination Mechanism

*» Telephone, Tele-fax

** Mobile Phones (SMS) through IMD severe weather network,
Agromet Network, INCOIS network.

** VHF/HFRT/Police Wireless

*» Satellite based cyclone warning dissemination System
*» Aeronautical Fixed Terminal Network

*» Global telecommunication system (GTS) : (International

Telecom centres) _ . . .
. Fishermen warning being provided
“* NAVTEX for entire Bay of Bengal and Arabian
< Internet (e-mail), ftp Sea valid for next five days

**» Websites, Dedicated website for cyclone
(rsmcnewdelhi.imd.gov.in)

*» Radio/TV, News Paper network (AM, FM, Comminity Radio,
Private TV) : Prasar Bharati and private broadcasters

s+ GAMES and NAVIK



Coastal Flooding due to Cyclonic
Disturbances

<&
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Storm Surge prediction -
Nomograms, IITD model

INCIOS Coastal Inundation Model
Strong wind

Satellite, DWR Method, Climatology
NWP (global and regional models) , _
Heavy rainfall e\ T
Synoptic method, Climatological method ; = ¥
Satellite, Radar and NWP Method

IMD GFS (T)"’ RAINFAL [ {m l] rORF(\ 3T (24 HP\’ 20131012002 FCST VALID 20131017062

INCOIS STORM SURGE
GUIDENCE

St B bt i et S ol HWRF TOTAL RAINFALL (cm) SWATH PHAILINO2b

(17.40 LAT, 86.50 LON) FINAL POS. ( 8,10 LAT, 52.80 LON) X=12 h POS
MAX RAINFALL (c she Forscaal ,.»I
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High Wave Warning VSCS Hudhud October 2014

Significant Wave Height (m) and Direction (°)
Forecast for 08:30 IST 12 Oct 2014

MAX (dBZ)
04:51 / 12-Oct-2014
Visakhapatnam
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Advances In flash flood guidance and urban flood
warning

g;?.f} WORLD South Asia — Regional Flash Flood
R cai Guidance System (SAsiaFFGS)

Global Initiative Project for Flash Floods with MoU between
various organisations like UN-WMO, HRC, USAID/ OFDA,
NOAA and regional NMHS (IMD).

Multi-institutional initiative for urban flood warning
PSA/MOES initiative for Chennai

HIea +FHiEaa Qs fQaarsr
INDIA METEOROLOGICAL DEPARTMENT
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All India Fog warning scores in last three

winters
. FAR MR CSl POD
All India
D1 D2 D3 | D1 D2 D3 D1 D2 D3 | D1 D2 D3
2017-18 0.15(0.1710.13 0.84 |1 0.76 | 0.64
2016-17 0.12 [ 0.12 | 0.06 0.61|0.48 | 0.28
2015-16 0.18 1 0.17 | 0.05 0.50|0.43|0.13

v'Our 72 hours warning accuracy in winter 2017-18 is higher than
24 hours warning accuracy of winter 2016-17 .

v In General, large scale dense fog was predicted 3 to 5 days in
advance.

v Attempt also made to provide the timing of intense fog spell.

v'Provided information to various users includes Indian Railway
and Medical Association

HIea +FHiEaa Qs fQaarsr %\\
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Yellow Heat Alert |[Heat wave conditions at isolated
Alert (Be pockets persists on 2 days
updated)
Orange Severe (i) Severe heat wave conditions
Alert (Be | Heat Alert | persists for 2 days
prepared) for the day |(ii) Through not severe, but heat wave
persists for 4 days or more

d The warning for the heat wave isgiven 3 to 5 days in

advance.

O There is significant improvement in the scores in this
year as compare to the previous years.

Heat \Wav

Today
20/05/2018

Tomorrow.
21/05/2018

!

¥ 23/05/2018

A FAR MR CS| POD
naie DI | D2 | D3 | DI | D2 | D3 | DI | D2 | D3 | DI | D2 | D3
2017 07| .06 | .02 67 | .49 | .23
2018 03| .04 | .02 91| .72 | 48




Cold wave/ visibility &

Cold Wave warning verification ¢

(Dec. 2016-Feb., 2017
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Advances in Thunderstorm Warning
»>399 stations covered by May 2018 Year-wise cumulative number of Thundwerstorm

»Nowecasting for district level since 2017 _ gop - Nowcast Stations
»Nowcast Page is updated by § 399
Meteorological Centres @ 400 - 307
»Nowecast bulletins by SMS issued for . 228
severe weather for district level and 2200' 0 19 M1 DO I I I
. PSS -
transmitted through SMS and e-mail O-J | I | I | I N

»Enhanced DWR network by 2019 with
IMD and IAF network covering entire 2012 2013 2014 2015 2016 2017 2018

country

0.80

»Target. location specific 050 |

FAR
nowcast for 660 stations by 2019 sz I I I I m
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1.00
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0.80 Year
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0.40 .
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Benefit achieved by Uttar Pradesh

f..\, WEATHER INFORMATION P T,
}  ioian poWERS V¥ | %« Meteogram, wind and rain forecast for 27/28/29-
‘ 05-2017 helped in better load assessment of UP

control area by U.P. State Load Despatch Centre.

s As anticipated, UP demand went down from
19000 MW to 17000 MW due to change in weather

conditions.

s Accordingly, STOA & purchase from Power
Exchange of the order of 2000 MW was reduced.
I.e Backing down of approximately 13 MU of
costly thermal generation .

Total Power Exchange & Bilateral

INDIA METEOROLOGICAL DEPARTMENT L



Tourism Forecast Services

438 Tourists Sites from 25 States/UTs in coordination with BRI

Home

State Authorities & stake holders for developing tourism C o

forecast identified. | Wy 36

Visbisty: 4000

Last update: 2017/0608, 0530 pm
Sunrise! 0547, Sunset: 1907
Moonrise: 0701, Moonset: 1934

Thunderstoom wih 1o
Wingimis) 3

— PNEATHER INFORMATION FOR

IMG_VIS 0.65 um 21-10-2018/11:00 IST

— == WPATHERINFORMATIONEOR “ A . e
&‘

- KATEASHMANSAROVAR YATRA 2_}
et

SHRI MATA VAISHNO DEVI YATRA ROAD MAP

ROUTE MAP LIPULEKH PASS YATRAROUTEWEATHERADVISORY

L\ O KkisHTrwar~

CURRENT OBSERVATIONS

I SHRI MATA VAISHNO DEVI YATRA ROAD MAP
| CURRENT WEATHER OBSERVATIONS
|

RAJOUR! =
PAST 24 HOURS OBSERVATIONS Cﬁ
NOWSHERA
SEVEN DAYS FORECAST
Q
YATRA ROUTE WEATHER VA sm\o DEVI e N S X 4 3 i
karrA AL, O——0 3 e B AR & LOW LEVEL WIND AND TEMPERATURE CHARTS
~, -7

CHE\NA\“ SUDH &
FOR

HELICOPTER OPERATION

|
|
[ALUE ADDED NOWCAST FOR MATA VAISHNO DEVI YATRA |
|
|

RIAS! NWP PRODUCTS FOR SHRI MATA VAISHNO DEVI

FORECAST/WARNING/ADVISORY

AxN\OOR UDHAMPUR

DOMEL . ‘ G
=, L

‘ Sumxsnn @ m A oy
Q A .«u e geadiin) ¥

nsnmwag « = 111l JAMMU DIVISION i

N swm SATELLITE IMAGES
INSAT - 3D

| NOWCAST AND WARNING

| SATELLITE IMAAGE THREE DAYS FORECAST

| ROUTE MAP NATHULA PASS

MANSAROVAR YATRA FORECAST

GANGTOK, SIKKIM

IMD,DELHI
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s Q) ¥ X o
Sdpore ) ® < : ﬂapm /Ind,c,
Ganderbal - o i
2 O Sheshnag
Srinagar ;
Guimarg chambur
Beerwah 83983 G Q@ ine
Knan Sati Tral

Couresy India Meteorological Department

a
4 : TRI
7 DAYS FORECAST - GANGOTR O PR P :\;:meml
‘ TS1AS Paty coudy
# Jammu & Kashmir
7 DAYS FORECAST - YAMUNOTRI " i
anamand »
Wed ( Apr 252018 ) Thu ( Apr 26 2018 ) Fri(Apr 27 2018)
7 DAYS FORECAST - KEDARNATH * S - e — — Rajauch 2600 800 %00 80 200 | o0
. lﬂmg:nﬁ;ztgﬁ: = Momfﬂ‘?' ot P T : Kishtwar Sat ( Apr 282018)
IR e R WA R =% |
METEOROLOGICAL CENTRE DEHRADUN CH D A YATRA MINISTRY OF EARTH SCIENCES
7 DAYS FORECAST - BADRINATH INDIA METEOROLOGICAL DEPATMENT ARDHAM GOVERNMENT OF INDIA e ki i’ el A See Route fom Srinagar X
® £ Too(Apr242018)
200
7 DAYS FORECAST - HEMKUND SAHIE Date: 2018-10-21 Time of Issue: 09:30 hrs IST | Print Table Shaderat Partly cloudy
Udhampur Tue (Apr 242018 )
SECTOR NOWCAST FORECAST WARNING KLy 8 eL0c: ASDSTT 2260
SECTORWISE WEATHER ik Parly doudy
Sector| | Haridwar to Rishikesh No significant weather HapnyIndia @ " Tue Apr24 2018
. 1© Mapmyindia | Report Issuea e -5 -
FORECASTIWARNINGIADVISORY
Rishikesh to Rudraprayag ¥
Sector Il No significant weather ¢ b .
(Rishikesh, Devprayag, < MapnyIndia Route & Weather Forecast
ENROUTE CITY WEATHER Srinagar, Rud o
2 e IMD, MoES
oA A Rudraprayag To Joshimath 7y, ;e cloud development A Dhar Mongle
Sector Il |
(Rudraprayag Kamaprayag, likely to occur in some Char Dham Yatra ke
Nandprayag, Chamoli, areas Char Dham The Char Dham (“four abodes") is a set of
(R ety
four pilgrimage sites in India. Vaishnavite Hindus believe d
LOW LEVEL WIND AND TEMPERATURE that visiting these sites helps achieve "Moksha" e A
Joshimath To (salvation). These four ancient pilgrimage sites in the el i
5 o 1o
Badrinath/Hemkund Sahib Thunder cloud development Indian state of Uhara‘khant? viz. Yamunotri, Gangotri, o .
CHARTS FOR HELICOPTER OPERATION sector IV Bt b i e Kedarnath, and Badrinath is referred to as Chota Char o %
(Joshimath’ y Dham to differentiate it from this bigger circuit of Char |
indghat,Panduk areas Dham sites. Sangout
Badrinath, Hemkund Q Uttrakhand Hurr
ROUTE MAE Sahib) 4911126161816 e
i i 3arkot .
Rudraprayag To Kedarnath e o ) Kedamath Badrina ey
e AcEs Thunder cloud development| < o Manorgonn
Sector V (Rudralprayag, . likely to occur in some Yatra Trails Courtesy: India Meteorological Department -
Agastyamuni, Guptakashi, areas e ™ |
o= ol
- ™
In house developed API for tourist | «cmn
ocT21
q 5 Gopeshwa
Information on Shri Char Dham sweosecn W w
h = h . Q Uttrakhand MON TUE WED ™HU Nandprayag
Yatra, Shri Amarnath Ji Yatra & S & &8 &
NA® NA® NA® NA®

other yatras in collaboration with
Mapmylndia for hosting services. \ Badrinath y
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Introduced Thunderstorm /Now
cast for cities covered under
DWRs for 399 cities.

Introduction of Highway
Forecast

Increase in city forecast from

around 30in 2006 to 324 in O
2018. ,210°3oo

175

Northwest Southeast
Target for 2024 : 600 cities and improvement in accuracy and skill by 20%
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LESSONS LEARNT FOR IMPROVING EWS :

Accuracy and improvement in Service is achieved by :

Science and Technological Upgradation

Improvement in observational network (Ocean, land and atmosphere)
and quality of data

Remotely sensed observations using Satellite and Radar

Fast communication and data Exchange system

Superior computational capabilities, super computer facilities
Improved Numerical modelling capabilities

Skilled Human Resource Capabilities

Improved tools and techniques of forecasting including DSS

Excellent support and Inter- ministerial collaborations from centre and
State

Confidence building measures for disaster management agencies and
general public

International collaborations

Research and Development

HIea +FHiEaa Qs fQaarsr ;W\\
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Challenges

s Scale up Observing Systems(Surface, Upper Air, Radar and Satellite)

* Improve Data assimilation & NWP Models

¢ Forecasts

= Block level forecast, location specific & Agro-met Advisories

= Further improvement in Nowcast, short/medium/Extended Range
Forecast, Climate Scale forecast

= Improve sub-basin scale precipitation forecasts for surface hydrology
for river basins and urban hydrology for major cities.

= improve in predicting severe weather episodes, viz., prolonged heat and
cold wave spells, thunder-storms spells etc., and improved forecast
accuracy of these episodes in particular for flash flood events over the
urban and complex topography.

* Improved information dissemination system

s Improvement in Sectoral applications:

INDIA METEOROLOGICAL DEPARTMENT [




Impact based Forecasting
Translating hazard
information into impact

scenarios
.
|
|
|
[ |
:
henuns Quantifying and reducing impact
Mafar imcertainty o Impact RiSk
Some progress, sitl a imiing factor Vu I nera bl I Ity p /
Considerable progress
I l Value at Risk
Hazard Exposure =
azar ‘L Statistical - census and survey data

GIS/Geospatial- Infrastructure, settlements, land use..
v

Cartographic, Geological, Hydro-meteorological ..
Geospatial Data — Vector and Raster




The most important thing for the success of Impact based
Multi-Hazard Forecasting and Risk based Warning System

Building Partnerships and Collaboration

Main key and also challenge : To work in partnership with other
government agencies and stakeholders (emergency response,
mapping agencies, transport, public, etc..)

Data sharing among different agencies and departments vital
(demographic, GIS and mapping, economic etc..)

However there is scope for improvement within MoES and also in
collaboration with other agencies (Academic, R&D, Industry and
others)

Process initiated for collaborative effort in urban flood warning, flash
flood guidance
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Thank you
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