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Points to be covered:-

“* IMD’s Operational Mandate

“* Heavy Rainfall Events over India (Backgrounds)

* NWP modelling DSS for Heavy Rainfall Warning

“+ Forecast skill of Heavy Rainfall over India

“* Some specific cases (Success and Failure)
(Medium & Extended Range)

** Challenges and potential areas of improvement
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Weather and Climate Services for Self Reliant India

OBSERVATIONS
& MONITORING
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* Meteorological observations & forecast for
optimum operation of weather sensitive
activities

* Hence to enable enhancement in Economy

* No weather hazard to go undetected

and unpredicted

* Accurate warnings against hazards with
reasonable lead time, triggering response
from disaster managers and public to save

life and property.
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Monitoring and Forecasting Process by IMD

IMD maintains round the clock watch with land, Ocean, atmosphere
and space based observations

IMD has a seamless forecasting strategy. IMD issues forecasts and
warnings on different time scales and for different spatial scales:

« Nowcasting- up to six hours for all types of severe
weather at all districts and stations

« Short to medium range (up to 7 days) forecasts over cities,
Blocks, districts and meteorological subdivisions

« Extended range (up to 4 weeks) forecasts for 36
meteorological sub-divisions

« Monthly and Seasonal Forecasts



Monsoon Rainfall (JJAS)

Mean % of Heavy rainfall days Mean % of Very heavy rainfall days
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Location ofVery Heavy rainfall over
India during JJAS 2023
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Location of Extremely Heavy rainfall
over India during JJAS 2023
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The Water Vapor Feedback

(Increase of heavy rainfall event in view of cc)
Temp dependence of saturation vapor pressure
- a-5400/T
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Direct consequence of global warming

Increase in the frequency of heavy precipitation events!



Frequency of Heavy, Very Heavy and Extremely Heavy rainfall
over India during the period from 2013 to 2023

Frequency of Heavy rainfall Events (2013-2023) Heavy (64.5to 115.5 mm)
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Global Warming on Rainfall Activity
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over central India and

frequency of extreme events _ _
(rainfall >150 mm/day). Increase in Moisture Content of Atmosphere

Daily CAPE and CINE during
monsoon season

Increase in Small Scale (Mesoscale) Convective System

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



Major science themes/applications/services of IMD
Broad Classification of

Forecast and Early Qbservations
Warning Syste
Initial conditions ;

(Observations)

Runs of different Forecaster
Models,

Consecutive runs
from the same
model,

Ensemble runs
("choosing the
best member")

Improved Forecast and Early warning system with respect to all the above components



In India Flood Forecasting activity is the joint responsibility of
» India Meteorological Department
» Central Water Commission.
IMD provides Hydromet Input through their Flood Meteorological Offices(FMOs).
In hydromet input, Quantitative Precipitation Forecast (QPF) is the main input which is used in rainfall
runoff models by CWC.
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Flash Flood Forecasting

South Asla Flash Flood Guidance System

(SAsiaFFGS)
PFFT-O6hr 2021 05 26 oo 00 UTCW

Yellow - Low

Guidance for Bangladesh,
Bhutan, India, Nepal, Sri
Lanka.

High resolution (4X4 km)
and 30000 watersheds over
Indian region.

Capable of issuing flash
flood Threat and risk for
next 6 and 24 hours
respectively.



City Specific Flood Forecast
(Integrated Flood Warning
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* Implemented at Mumbai
and Chennai City.

* Ward-wise probable
water depth/inundation.

(feet)
No flood
3-49
q4-5
5-6
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Impact-based Forecasting in IMD

Relevant information from weather forecast is extracted and placed ™ & A o T USEISELES
" "Mul rd Y
into situation context to produce impact estimations; ulti-Haza
W M
. 3 . - - arnin d
With potential impact information, response scenarios are set-up g Viap
Targeted Hazards: Cyclone, Heavy rain/flood, Thunderstorm, o o ey
Heat/cold wave o P
| L I (17
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Weather ' Weather : Impact Response 2 ”:*; G
Information |fi Translation | |  Estimation Scenarios ~ . o
| E ) et 16/04/2021 %% 17/0472021
: | | b+ % '
Weather analysis Extraction of relevant | Placing into | : <
& forecast data \]\ information |/ situational context | Mitigation strategies 18/04/2021 19/04/2021
Weather-impacted user F ;
Weather Information provider 5 ;
:Source: Baode Chen and Xu Tan;; (2014) Translating weather fbrecasts into impact-relevant |information
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IMPACT BASED FORECAST

‘Warning Day 1:
Expected Impact with respect to red colour warning issued for the Districts namely Devbhoomi Dwarka, Porbandar,

lamnagar, Kutch:

Major damage to kuchcha roads due to inundation.

Maijor disruption in traffic in city areas.

Inundation of low lying areas leading to damage to kuchcha houses.

Water logging in underpass in city areas.

Sudden reduction in visibility during heavy downpour leading to road accidents.
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Warning Day 4: 8 July 2020 -
IBF & Warning Stages

» Stage -1: Heavy rainfall Watch-(3-4 days lead
time daily update)

> Stage-2: Heavy rainfall Alert: (48 hours prior to
the occurrence of event at 12 hourly updates)

Warning(Take » Stage-3: Heavy rainfall Warning (24 hours prior
Action) to the occurrence of event at 06/12-hourly

Alert(Be updates)
Prepared)

Warning Day 5: '9-July 2020

Stage-4: 12-Hours prior to occurrence event—at
3-hourly updates.

No Warning (No
Action)
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Numerical NWP/Climate Models Resolutions and Frequency of Update
scales

Nowcasting * Weather Research Forecast (WRF) * 03 km run for 3 days

to short regional models (Run 4 times a day) 00, 06, 12 & 18 UTC)
range * HRRR (with radar data assimilation) * Run for 3 domains, 2 km resolution with
forecasting o . - forecast for 12 hours. (every 2 hrs)

* E-WRF (with I.|ghtn|ng data assimilation) . Ryn 2 times a day (2 km Resl. 24 hr forecast

* Coupled Hurricane WRF (HWRF) e 18x6x2 km (During cyclone time) for 5 days
Medium * Global Forecast System (GFS) Model * 12 km (Run four times a day ; 00, 12 UTC)
range  Global Ensemble Forecast System (GEFS) for 10 days and 06 & 18 for 3 days)
forecast e 12 km (00 UTC) for 10 days; 20 Members
Extended * Climate Forecast System (CFS) coupled * 38 km (Run once in a week) for 32 days.
range (ERF) models (16 members) with hidcast of 20 Run based on every Wednesday and

Years (2003-2020). forecast is prepared for 4 weeks.

Multi-Model « MME forecast based on 6 Global models. * Regridded into 12km x12km and customized
Ensemble (IMD-GFS, IMD-GEFS, NCEP-GFS, NCUM, JMA  products are prepared based on all 6 models
(MME) and ECMWF) for 7 days.

*  MME based track & intensity with 8 models —
IMDGFS, ECMWF, NCEP, NCUM-G, NCUM-R,
HWRF, UKMO, ECCC

* Prepared during the cyclone time and used
for operational forecast.



Some NWP Products Based on Regional Models

EWRF model (3km): Accumulated Lightning Density on 2023-08-09 IMD:HWRF 850hPa Streamlings and Isotachs(kts)
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Major Synoptic Systems During the Last Week (11-17 August) 2022

7 days cumulative rainfall recorded over different stations IMD :GFS MODEL(12 Km) MSL Pressure (hPa) FORECAST (00 HR)
during:0830 IST of 10:852022 to 0830151 of 17-8-2022 based on 00 UTC of 11-08-2022 valid for 00 UTC of 11-08-2022

250 500 km

Legends

0.1 -10 mm @ 30.1 -40 mm 60.1 - 70 mm @ 90.1 - 100 mm
® 10.1-20mm ® 40.1 - 50 mm 70.1 -80mm @ > 100.1 mm
® 20.1-30mm ® 50.1-60mm @ 80.1-90mm

* Monsoon System-: from 13" to 18" August

% Monsoon trough: Passes through the system (Mostly south of the
normal position).

% Western Disturbance

% Off-Shore Trough: 12" to 17 August




IMD’s Operational Extended Range Forecast (ERF) System

Atmospheric ICs
NCMRWF

Current week Forecast run for 32 days
based on Wednesday day ICs

Total 16 ensemble members
(1 control + 3 perturbed) each
CFSv2_T126 (4 mem)
CFSv2_T382 (4 mem)
GFSv2bc_T126 (4 mem)
GFSv2bc_T382 (4 mem)
Based on Wednesday ICs

Ocean ICs - INCOIS

Atmospheric ICs
NCMRWEF

12 vearc Hindcast run for 32 days
2003-2018 sased on same date ICs
Total 16 ensemble members
(1 control + 3 perturbed) each
CFSv2_T126 (4 mem)
CFSv2_T382 (4 mem)
GFSv2bc_T126 (4 mem)
GFSv2bc_T382 (4 mem)

(Based on Corresponding Date ICs)

\ Ocean ICs - INCOIS /

Bias Corrected

Forecasts for 4 Week
(Wind,Rainfall,Tmax,Tmin)
And its anomaly

Friday to Thursday

Week 1:(23 - 29 Feb 2024)
Week 2:(01- 07 Mar 2024)
Week 3:(08 — 14 Mar 2024)
Week 4:(15 — 21 Mar 2024)
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Daily All India and Central India Rainfall Time Series (Jun to Sep, 2023)

DAILY MEAN RAINFALL (mm) OVER THE COUNTRY AS AWHOLE (2023)
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Intra-seasonal variability of monsoon is characterised by : Delayed and weak
onset; Weak June, Active July, Weak August; Active September associated with
delayed withdrawal of monsoon from many parts of northwest India
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Quantitative Verification (All India)

All India Rainfall Departure (%)

60

50 -

mm Week 1 (All India,CC=0.91)
m Week 2 (All India,CC=0.71)
m Week 3 (All India,CC=0.45)
m Week 4 (All India,CC=0.21)
=g=A|l India (OBS)

2-8 Jun

9-15 Jun

16-22 Jun

23-29 Jun

30-6 Jul

7-13 Jul
14-20 Jul
21-27 Jul

28 Jul-3 Aug
4-10 Aug
11-17 Aug
18-24 Aug
25-31 Aug
1-7 Sep

Weekly period during JJAS 2023

8-14 Sep

15-21 Sep

22-28Sep




Category for verification of Met-Subdivision level

forecast
Categories Hydrological Agriculture
Large Excess (LE) Above Normal
Excess (E) +20% to +59% X\
Normal (N) +19% to -19% Normal (N)
Deficient (D) -20% to -59% Below Normal
Large Deficient (LD) -60% to -99% (BN)

No Rain (NR)




Percentage of correct category subdivisions

Rainfall category match in metsubdivison (%) Weekl —— g

Rainfall category match in metsubdivison (%) Week2 —— p
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Forecast for Active July (Based on ERF IC of 05 July 2023

STANDARDIZED RAINFALL ANOMALY OVER THE CORE MONSOON ZONE REGION
{2023)
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Forecast for Weak August (Based on IC of 02 August 2023)

STANDARDIZED RAINFALL ANOMALY OVER THE CORE MONSOON ZONE REGION
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MME based heavy rainfall forecast-Methodology

e o o o e o Total grid points: 51

N, AT No of grid points showing moderate rainfall: 7
e o o o - No of grid points showing heavy rainfall: 21
Y ot No of grid points showing very heavy rainfall: 12
o o o o No of grid points showing Ex. heavy rainfall: 4
S i Here,

No rain - » distribution of Heavy rainfall= = 41% (Scattered)
Moderate ra?rz:\f[zﬂl » distribution of Very Heavy rainfall= =23% (Isolated)
rainfall » distribution of Ex. Heavy rainfall= 8% (Isolated)

e eeo e = ooF o e oo o IMD-GFS 12 km
(D] ” ) o. o ‘o o o e o. =
(ol TJ O QO L @ - S GEFSmean IMD 12 km
= e eg e & eg° o oo
; b - - o _o - < Hlecrs NCEP 25 km
> & - < e °e -8 UM NCMRWF 12 km
No rai =
- , eavy rainfall = i CSM A 25 km
afafa]  Extremely g H NEPSmean NCMRWF 12km
Heavy rainfall Z, IFS ECMWF 20 km



MME Based Met subdivision wise (36) Rainfall distribution and intensity forecast for 7 days

Distribution : DRY, ISOI, SCT, FWP, WS

E ﬂ PUBLICATIONS | ALL MODELS

NOWCAST SHORT RANGE FORECAST  >> | MEDIUM RANGE FORECAST  >> | EXTENDED RANGE FORECAST >»

& AMOUNT CATEGORY AMOUNT CATEGORY |
Inten5|ty NiL NO RAIN 64.5-115.5 HEAVY
1-15 LIGHT 115.6-204.4 | VERY-HEAVY
15.1-64.4 MODERATE >=204.5 EXTREMELY-HEAVY

E m PUBLICATIONS | ALL MO NOWCAST SHORT RANGE FORECAST  >> | MEDIUM RANGE FORECAST >= | EXTENDED RANGE FORECAST > =

Please check the Date of Rainfall Distribution Forecast as different Models has different updation time Please check the Date of Rainfall Intensity Forecast as different Models has different updation fime
DAY-01 SUB-DIVISION RAINFALL DISTRIBUTION FORECAST DAY-01 SUB-DIVISION HEAVY RAINFALL FORECAST
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MME products at district scale for Heavy Rainfall

- T [ p— »Forecast up to day 5.

»Both mean rainfall at each districts.
mm) ForecastiDay 1) »Updates two times in a day (10.15 am, and 12.30 pm)
2-2022 valid for 03 UTC of 18-12-2 2 o o o o
% »Heavy rainfall forecast also available in the website.

lo20 mm 130 >Individual model based forecast including heavy rainfall

10-20 Il 130
forecast are also available at GIS platform.

MME Rainfall'y, »n* Forecast (Day 1) MME Rainfall (mm) Forecast (Day 1) MME Rainfall (mm) Forecast (Day 1)
based on 14-08-2022. ‘or 03 UTC of 15-08-2022 based on 14-08-2022 valid for 03 UTC of 15-08-2022 based on 14-08-2022 valid for 03 UTC of 15-08-2022
{'N\‘/\ Heavy Rainfall (M\v*- V. Heavy Rainfall (’M\V_\ N E. Heavy Rainfall
351 ) 351 a 351 a J
3
30 30 S 301
25 1 25 1 25
20 20 A 20
151 151 15 1
101 ) 10 101
s
70 75 80 85 90 95 70 75 80 85 90 95 70 75 80 85 90 95
\ No H.Rain ISO WM SCT I FWS I WS
T T
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Verification of rainfall intensity over meteorological sub divisions (2023)

MME

DAY1

IMD Observed Rainfall

IMD Observed Rainfall

MME

DAY4

150 4

125 1

100

.
CC=10.63

RMS'D =12.36 mm
Bias = -6.59 mm
No of points = 4248
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150

125

100

CC =0.56
. RMSD = 10.46 mm
Bias = 0.05 mm

eNo of points = 4248

1504

125

1001
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CC=06

'RMSD =9.72 mm
Bias = 0.29 mm
No of points = 4248
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MME rainfall forecast (Day 4) GFS rainfall forecast (Day 4) GEFS rainfall forecast (Day 4)
175 A .
CC=057 200 CC = 0.61 1501 cC=04
150 4 ¢ RMSD = 15.42 mm 175 RMSD = 13.18 mm RMSD = 32.44 mm
Bias = -7.17 mm Bias = -1.92 mm 1254 Bias = -24.19 mm
No of ponts = 4248 150 . No of points = 4248 No of points = 4248
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fee e 100 1 tee
751 S . :
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75 100 125 150 175
NCEP rainfall forecast (Day 4)

0 T — T —
0 25 50 75 100 125 150 175 200

NCUM rainfall forecast (Day 4)

» MME performing well in terms of CC and RMSE
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. . .
150 cC =079 1501 cc=07 150 1 cc =072
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0.6 4

2004

2 0.0

Skill scores of Day 1 forecast against IMD observed rainfall

0.24

0.5

Skill scores of station
rainfall  predicted from
various models at different
rainfall thresholds

» As rainfall thresholds are
Increasing, different skill
scores (POD, CSI, CTS)
are reducing.
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INTERACTIVE MAP FOR HEAVY RAINFALL

INDIA METEOROLOGICAL DEPARTMENT, NEW DELHI
MINISTRY OF EARTH SCIENCES

OBSERVATION EXPOSURE DISTRCT WISE METSUBDIV WISE MODEL ORIGINAL FLASH FLOOD IMPACT MATRIX EXPOSURE_DETAIL Export Featires
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4 N
Day 5 skill in 2023 (53%) is better than Day 1 skill in 2016 (52%) and all

proceeding years. Hence, there is improvement in lead period of forecast by 4
days
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‘How impact of heavy related hazards have been reduced by improvement skill of N

Heavy rainfall warnings and Switching over to Impact based warning: Reduction of
lives lost 2014-2022

Major Extreme rain events when more than 44 lives lost 2014 to 2022
from all types of hazards

S00 483 s |ives Lost
e
E mmw Rain during this spell 2 to 7 days
E i = | inear (Lives Lost )
= T
E 300 - memw Linear (Rain during this spell 2 to 7 days)
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Some Examples
(Success & Failure)

Extended and Medium Range




|- Case Study:- Qualitative comparison of extremely heavy rainfall reported at
Uttarakhand state on 19th October 2021.

IMD Observed Rainfall (mm) 19-10-2021 IMD MME Rainfall (mm) Forecast (Day 1)
based on 18-10-2021 valid for 03 UTC of 19-102021
(=) 1 <25 = 210-70 c— <25 = 40-70
2.5-10 70-130 (b) 2.5-10 70-130
35 1 10-20 - 130 35 1 = ’ 19-20 =130
R = 20-30 s = 20-40
The extremel
25 25 A : y
heavy rainfall
e observed at
- 0] khand
_ . Uttarakhand Is
70 75 80 85 %0 o5 70 75 80 85 20 os W eI I p red I C t e d
IMD MME Rainfall (mm) Forecast (Day 2) IMD MME Rainfall (mm) Forecast (Day 3) 1
based on 17-10-2021 valid for 03 UTC of 19-10-2021 based on 16-10-2021 valid for 03 UTC of 19-10-2021 M M E d 1
/O <25 N 30-70 3 <25 . 40-70 I n ay ’
(<) 2.5-10 70-130 (d) 2.5-10 70-130
35 A ¥ 10-20 - >130 35 - o 10-20 - =130
e - day 2 and day
30 + 30
3 forecast.
20 20 A
15 1s 4
10 10
70 75 80 85 90 95 70 75 80 85 90 o5 *\\
S EENCTE =R~ E<I=SEE—E E<EI=EE-=g i
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30 1
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10

II- Case studies: Ex. Heavy rainfall events over central India (23 Aug 2022)

IMD Observed Rainfall (mm) 23-08-2022

<25 HE 70
2510 W 70-130

IMD_MME Rainfall (mm) Forecast (Day 1)
based on 22-08-2022 valid for 03 UTC of 23-08-2022

IMD_MME Rainfall (mm) Forecast (Day 2)
based on 21-08-2022 valid for 03 UTC of 23-08-2022
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IMD_MME Rainfall (mm) Forecast (Day 3)
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based on 20-08-2022 valid for 03 UTC of 23-08-2022

IMD_MME Rainfall (mm) Forecast (Day 4)

based on 19-08-2022 valid for 03 UTC of 23-08-2022

IMD_MME Rainfall (mm) Forecast (Day 5)

based on 18-08-2022 valid for 03 UTC of 23-08-2022
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lli- Failed case:- Heavy rainfall over NE of India.

IMD Observed Rainfall (mm) 13-06-2022

IMD_MME Rainfall (mmm) Forecast (Day 1)
based on 12-06-2022 valid for 03 UTC of 13-06-2022
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IMD_MME Rainfall (mm) Forecast (Day 3)
based on 10-06-2022 valid for 03 UTC of 13-06-2022

) <25 . 40-70
2.5-10 s 70-130
35 4 e 10-20 - =130
20-40
30 A
25 4
20 A
15 A
10 A
.h

IMD_MME Rainfall (mm) Forecast (Day 4)
based on 09-06-2022 valid for 03 UTC of 13-06-2022

IMD_MME Rainfall (mm) Forecast (Day 2)
based on 11-06-2022 valid for 03 UTC of 13-06-2022
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IMD_MME Rainfall (mm) Forecast (Day 5)
based on 08-06-2022 valid for 03 UTC of 13-06-2022
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Some Challenaging Issues

IMID NWP RESEARCH REPORT No.: 02/2023

Ministry of Earth Sciences
india Meteorological Department
A Report
on
Assessment of NWP Models Forecast of the
Unprecedented Rainfall over North India
During 8-13 July, 2023

D. R. Pattanaik, M. T. Bushair, C. J. Johny, Akhil Srivastava,
Amit Bhardwaj, Trisanu Banik, T. Arulalan, D.S. Pai and M. Mohapatra

Numerical Weather Prediction division
india Meteorological Department

Ministry of Earth Sciences
Government of India

Though the ERF has got
useful skill upto 2 to 3
weeks, there are
occasions when the lead
period is only one week.

The unprecedented
rainfall over North India
during 8-13 July
associated with westerly-
monsoon Interaction

could predict the active
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-Leadtime of this event was small

day 5th(b\]oL'sIr| LIIaZmQaZy§rIng07-13]ul,ZOB ERF . 28 June’ 2023

(a) Obs weekly rainfall (7'IE| in fIﬂ:"l/daY MME Waakly maan 350 hPa wind
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= Fri % w7
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£ ™ 23 wic B
Fig. 17 : The weekly mean rainfall and its anomaly for the period from 07-13 July, 2023. It indicates a large
positive anomaly over the northwest India.
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Met subdivision-wise forecast rainfall from the NWP model and MME valid for 10" July 0300 UTC
(a) Day 5 forecast based on §th July IC (Valid for 1_[,‘1t|1 July)

GF S - ECMWF
MEA, BAAK ME IMEA, m PE.A% NIV 3
11 WEST UTTAR PRADESH

12 LT TARARHAMD

13 HAR. CHD & DELHI
14 PLUMN.JAB

15 HiMACHAL PRADESH

15 ATARL AND HASHMIR

(b) Day 4 forecast based on 6™ JGIY IC (Vvalid Tor 10™ Tuly) -

| GFS LA MM MNCEFP_GFS SEF S MNEPS ECMWF MME
12 UTTARARHAMD 19 (TH
12 HAR. CHD & DELHI 2a¢65) g |B 13(74) g
14 PUMIAE 36 (65) a7 (115) oz
15 HIMACHAL PRADOESH 25 20 (82 13 =) 15 (B2 ‘ 3T {114 - 20 (1D0&
16 MAMMU AND KASHMIR 5 (102

- -
(c) Day 3 forecast based on 7™ July IC (valid for 10™ JGIY)
HMCEP_GFS SEFS
1 WEST UTTAR PRADESH ﬂﬁi\ ’%\
12 UT TAaRAKHAMD 13 (108 -
13 HaR CHD & DELHI L 25 (93)
14 P UM AR 21 o
15 HikACHAL PRADESH 21 {11Q
16 JAamL AND KASHMMIR
—

(d) Day 2 forecast based on 8™ July IC (Vvalid for 10" July)

1 MEST UTTAR PRADESH
12 UT TARSRKHANMD
13 HaR. CHID & DELHI
14 FURL AR
15 HIMACHAL FRADESH
16 AU ARMND KASHMIR

(e) Day 1 forecast based on 9 JuI*,,-r IC {Valld Tor 10”' July}

GFS T e MC LM
1 ]
11 WEST UTTAR PRADESH |
12 T A RARHAND s 16 (BB W |
13 HAR. CHD & DELHI g 22




IMD Observed Rainfall (mm) 09-07-2023

IMD_MME Rainfall (mm) Forecast (Day 1)
baszed on 0B-07-2023 wvalid for 03 UTC of 09-07-2023
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IMD_MME Rainfall {rmm) Forecast (Day 3)
bas&d on 06-07-2023 wvalid for 03 UTC of 09-07-2023

70

IMD_MME Rainfall (mm) Forecast (Day 4)
based aon 05-07-Z2023 valid Tor 03 UTC of 39-07-2023

IMD_MME Rainfall (mm) Farecast (Day 2)
Dasaed on 07-07-2023 walid for 03 UTC of 09-07-2023
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IMD_MME Rainfall (mm) Forecast (Day 5)
bas@d om 04-07-2023 valid for 03 UTC of 00-07-2023
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Fig. 25 : (MME-based forecast rainfall for 5 days (24 hr to 120 hr) wvalid for 9™ July 2023 along
with the observed rainfall of the day.

The high rainfall belt over northern India is well predicted in the MME forecast on day 1 and davy

2 forecasts.

The day 3 to day 5 forecasts are predicted
howewver, their intensity is slightly underestimated.

werell

weith

regard to the location,




CASE-V: SYNOPTIC SYSTEM 28 29 MAY2024)

FORECAST TRACK ALONGWITH CONE OF UNCERTAINITY IN ASSOCIATION WITH
DEPRESSION {(REMANANT OF CYCLONIC STORM ‘REMAL’) OVER EAST BANGLADESH
BASED ON 0300 UTC (0830 IST) OF 28" MAY 2024,
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DD: DEEP DEPRESSION {2833 KT)

CS: CYCLONIC STORM (3447 KT)

SCS: SEVERE CYCLONIC STORM {48-63KT)

VSCS: VERY SEVERE CYCLONIC STORM (6489 KT)

ESCS: EXTREMELY SEVERE CYCLONIC STORM (90-119 KT)
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Meghalaya: Sohra RKM 590 mm. Heavy Rain Warning for Day 1 and Day 2

28-05-2024

29-05-2024

Legends

® Very Light to Light Rainfall (0.1 - 15.5 mm)
® Moderate Rainfall (15.6 - 64.4 mm)
Heavy Rainfall (64.5 - 115.5 mm)
@ \ery Heavy Rainfall (115.6 - 204.4 mm)
® Extremely Heavy Rainfall (==204.5 mm) -

INDIA METEOROLOGICAL




Case —vi :24 hr RF, 18 Dec, 2023 (946 mm

IMD Observed Rainfall (mm) 18-12-2023

= “‘“ o
35 - o
. 20-40
30 1
25 A ey : ; s
20 4 ; 3 )
15/
§
!1
10 A
7'0 8I5 9l0 9|5 ‘ﬁ
Forecast valid for
20231218 GFS GEFS (mean) NCEP NCUM JMA
Observation (946 mm)
Day 1 126.6 46.4 200.0 856.3 64.0
Day 2 172.4 90.0 43.0 408.9 57.2
Day 3 351.6 189.0 124 160.6 38.4
Day 4 143.3 46.8 66.9 57.3 30.4
Day 5 103.9 40.0 126.3 97.2 24.9
Day 6 113.0 37.7 36.8 329.3 12.0

Day 7 98.5 27.5 217.2 59.4 14.0

ECMWF

373.1
310.1
162.2
60.4
134.9
23.1
73.4

ERF week 2 (15 — 21 Dec 2023); IC -6t" Dec

INDIA METROROLOGICAL DEPARTMENT
NUMERICAL WEATHER PREDICLION DIVISION, NEW DELHIE
FOR THE PERIOD WEEK 2 (15 12 2023 Tu 21 12 2023}

CENTAGE DEPARTURES OF RAINFALL

%



. ERF of Western Disturbances (1-7 Mar), 2024

7 days cumulative rainfall recorded over different stations
during 0830 IST of 28-2-2024 to 0830 IST of 6-3-2024
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0.1-15mm
® 15.1-35mm
35.1 - 65 mm

T T
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® 65.1-115mm 300.1 - 400 mm
115.1 -200 mm ® 400.1-500 mm
200.1-300mm ® > 500 mm

Hail Storms
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®

@ o1-03-2024

@ 02-03-2024
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Surface chart (2"d Mar, 03 UTC)

02032024 03_ SUR-
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& GFS analysis at 850, 700, 500 & 200 hPa

IMD:GFS MODEL(12 Km) 850 hPa WIND (lkt) FORECAST (00 HR)

based om 00 UTC of 02—03—2024 wvalid for 00 UTC of 02—-03—-2024
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700 hPa

IMD:GFS MODEL{12 Km) 700 hPa WIND (kt) FORECAST (00 HR)
based on 00 UTC of 02-03-2024 valid for 00 UTC of 02-03-2024

500 hPa

IMD:GFS MODEL(12 Km) 500 hPa WIND (kt) FORECAST (00 HR)

based on 00 UTC of 02-03-2024 valid

for

00 UTC of 02-03-2024

200 hPa

IMD :GFS MODEL(12Z Km) 200 hPa WIND (kt) FORECAST (00 HR)
based on 00 UTC of 02-03 24 valid for 00 UTC of 03-2024
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ERF Predicted weekly rainfall anomaly (1-7 Mar) :1Cs : 28,21 and 14 Feb

IC= 28 Feb IC= 21 Feb

Forecast Rainfall Ancomaly (rmrmsday) (O0Z=0530 hrsa IST) Forecast Rainfall Anomaly (mmyoday) (O0Z=A530 hra IST)
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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

VVVYYVY

A\

Enhancement of observational network to detect mesoscale systems
Improve data assimilation of models for these systems

Use High Resolution Models

To address uncertainty, provide probabilistic forecast

Warning system & dissemination be made smarter to utilise reduced lead
time to reach the last mile

Capacity building of forecasters, disaster managers, media & general
public



Future Plan

»Significant improvement in MHEWS and DRR in recent years leading to a drastic
reduction in loss of lives, especially due to cyclones and Heat Waves

»Scope for weather hazard monitoring and forecasting to meet Early Warning for
All Initiative of UN and WMO based on following:

*Improved Value Chain (Observation—Modeling— Forecasting — Severe weather
warning—Sectoral Applications) including R&D.

**Dual engine concept : AlI/ML application in conjunction with Numerical Weather
Prediction (NWP) modeling to improve the point rainfall

*Improvement in forecast accuracy by 10-15% by 2030

“*Forecasting of severe weather Hazards at Gram Panchayat level(5x5km) by 2030
*Dynamic Impact based forecasting & risk based warning for all severe weather
ssLast mile connectivity to meet early warning for all (Har Pal Mausam and Har Ghar
Mausam) by 2025
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