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Temporal Scales of weather prediction

** Nowcasting (up to 3 to 6 hrs)
“* Very short range forecasting (Up to 12 hrs)
*» Short range forecasting (Uo to 3 days)

“* Medium range forecast (Up to 10 days)
> Extended range forecast (up to 3 to 4 weeks to a month)

> Seasonal forecast (3 months to 4 months average)
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v MOES recently installed two HPC (2018); One each at NCMRWEF,
Noida and IITM Pune with computing capacity of 6.8 Peta Flops.

v" The MoES combined HPC capacity now is 8.0 Peta Flops and
India is placed at 4t Position after Japan, UK, USA for
dedicated HPC resources for Weather/Climate services.

v The NWP division IMD uses these HPC capacities for its
operational needs.

MIHIR HPC @NCMRWF,Noida PRATYUSH HPC @IITM Pune
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Weather and Climate Prediction in different

temporal scales

A Seamless Prediction Framework
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IMD Operational Models

Temporal Numerical NWP/Climate | Resolutions and Frequency
scales Models of Update

 HWRF - (Coupled) 5 days
forecast

Mediumrange °* Global Forecast System (GFS) °* 12 km (Run twice a day) for 10
forecast atmospheric model days

* Global Ensemble Forecast * 12 km (Run once a day) for 10
System (GEFS) atmospheric days
model (20 members)

Extended range Climate Forecast System (CFS) ¢ 38 km (Run once in a week) for
forecast (ERF) coupled models (16 members) 32 days
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Typical observed and forecast tracks based on 0530 hrs IST of

30t April, 15t & 2"d May, 72 hrs, 48hrs & 24 hrs prior to landfall
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(FANI, 2019)

IMD  continuously
predicted on 30t
April, 1st & 2" May
that it will cross
around Puri as an
extremely  severe
cyclonic storm
(ESCS) with wind
speed of 175-185
kmph gusting to 205
kmph on 3 May.
The forecast issued
on 30" April, 1t &
2 May  were
almost same as
actual track as
shown in Fig.
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-04-2019

IMD: GFS(IEKm) 10m WIND (barb)& GUST (Shaded:kt) FORECAST (00 HR)
based on 00 UTC of 29-04-2019 valid for 00 UTC of 29
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IMD: GFS(12Km) 10m WIND (barb)& GUST (shaded:kt) FORECAST (00 HR)
based on 00 UTC of 30-04—2019 valid for 00 UTC of 30-04-2019
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IMD: GFS(12Km) 10m WIND (barb)& GUST (shaded:kt) FORECAST (00 HR)
based on 00 UTC of 01-05-2019 valid for 00 UTC of 01-05-2019
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GFS T1534:

The Forecast with 5 days lead time are reliable and consistent in
every cycle.

The forecast base on the initial condition on 00UTC OF 20 April
2019 shows the formation of a cyclonic storm over south East
Bay of Bengal on 28 April 2019, But it shows landfall over
Tamilnadu coast.

Forecast based on 22" April 00 UTC shows the re-curvature of
the cyclone track off Indian coast towards NE direction.

The forecast with lead time more than 5 days before land fall
has an inconsistency between consecutive cycles.( 00,12 UTC of
any day)
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ESCS ‘TAUKTAE’ & VSCS ‘YASS’

Government of indla
Ministry of Earfh Sciances
indla Matsorological Deparimant

A Report on
Operational NWP Models Forecast Performance for Extremely
Severe Cyclonic Storm '"TAUKTAE' over the Arabian Sea
{14 — 19 May 2021)

Numerical Weather Prediction Division
India Meteorological Department

HERS TE Poretant Trachn: anil Hriis
Probabalty tor 02311905 1600

Numerical Weather Prediction Division
India Meteorological Depariment
New Delhi
June, 2021

A Report on
Operational NWP Models Forecast Performance for Very
Severe Cyclonic Storm "YASS' over the Bay of Bengal

(23-28 May 2021)

Numerical Weather Prediction Division
India Meteorological Department

Numerical Weather Prediction Division
India Meteorological Department
New Delhi
June, 2021



Tentative observed track of ESCS “TAUKTAE"

TENTATIVE OBSERVED TRACK OF ESCS “TAUKTAE" DURING 14-19
May, 2021
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Tentative observed track of VSCS “YASS"
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GFS T1534 GEFS T1534

31 Track & Intensity Errors of TAUKTAE Cyclone formed over Arabian i€ 2021051412
Ensemble Tracks Strike Prabability
::!:,:l_:" ._,:-I;lf‘i,.r;j._'tl:\g:; .l“.r:.l-.lj.- T-Ir::L' *roxbiabili storm passing within GSnm
Cyclone TAUKTAE Track -., T SeN{ i ST
26N . 34c00
J2N 1
2N q e s |
BestTrack ZEM 1
EﬁN d 50N -
————— 1 Fan A
20N 1 BD210514.120TC [
& — PON 1 TOM 4
24N - ROR105615.00UTE |
P SN | 16H 4
24N 1 20210615,13UTC [
P —— 12H
2eN i 20210818 00UTC -
BN
21N 1 af GOFE BAE f0E JHE BOE 85F 90E  9SE BBE T72E FGE BUE  BAE
$ Farscouie Begredéng I02MN 1413 M or TLE L H—-J:l"lll'g TOFICN1E) 3
20N A 20210617, DOUT
I.gN i £ 2021 Tropieal Cyelons Intensity
Storm: AA05F1 (TAUKTAEY
].'BN i bl c . 1104
LN 1 202000181 20T 100
901
16N | ap.
16N 4 =y
601
14N 1
501
13N 40 4
12N 4 i
o 201
LIN] . _’ ; 0
1ON 1 W - 4 0 12 4 34 48 &0 72 84 g8 108 120
" Farecosts: Beainning 2021031412
G6E ©68E VOE YiE Y4E  Y6E  YE  BOF Intensity (Max. Sustained Wind Speed (kts))

)

1

gl

INDIA METEOROLOGICAL DEPARTMENT 3



GFDL Vortex tracker installation and cyclone track prediction

» The performance of the Global forecast system (GFS) model in prediction of Tropical
Cyclone tracks, formed over the North Indian Ocean is evaluated using a vortex tracker
developed by Geophysical Fluid Dynamics Laboratory (GFDL).

»The GFDL tracker program analyzes the forecast data and provides an estimation of
the vortex center position i.e., Latitude & Longitude and track the storm for the duration
of the forecast. It also provides the metrics of the forecast storm, such as intensity (10m
maximum sustained wind speed (WS) and minimum mean sea level pressure (MSLP)),
wind structure (wind radii for 34, 50 and 64 knot thresholds in each quadrant).

»The ‘tcvital’ provided by Regional Specialised Meteorological Centre (RSMC), India
Meteorological Department (IMD), New Delhi are used to relocate the Tropical
Cyclone from the GFS model output.

» The forecast ficlds used by the tracker are

1. Relative Vorticity at 10m, 850 hPa and 700 hPa levels
2. Mean Sea Level Pressure (MSLP)

3. Geopotential height at 850 and 700 hPa levels

4 Wind speed-at10m;-850-and-700-hPalevels

§:200-500 hPa and 00 NP YIRS o 2 haer ¥
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»8 Tropical cyclones (TC’s) formed during 2019
» 5 TC’s during 2020

»5 TC’s during 2021

> The predicted tracks are evaluated against the Best track data developed by RSMC, IMD, New
Delhi. The average track forecast error i.e. Direct position error (DPE) in km at different forecast
lead periods (hours) are calculated for each cyclone. Along with the DPE, the Cross Track Error
(CTE) and Along Track Error (ATE) (Heming, 2017) also calculated.

» The DPE is the great circle distance between the GFS forecasted track position and the RSMC
best track position at the corresponding forecast verification time (Mohapatra et. al., 2013). The
Positive/negative values of ATE indicate that the movement of the cyclone in the
forecasts is faster/slower compared to the observed best track and the
positive/negative values of CTE indicate that forecast track is right/left of the observed
track.

» The predicted cyclone intensity verified in terms of mean error (ME) and root mean square
error (RMSE) for maximum wind speed (WS) and central mean seal level pressure (MSLP)
(Mohapatra et.al., 2013).
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Annual Mean Track Errors over NIO

2019 2020 2021
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Annual Mean Intensity Errors over NIO

2019 2020 2021

NIO MaxWS Errors (kt) for 2019 & . NIO MaxWSs Errors (kt) for 2020 NIO MaxWSs Errors (kt) for 2021
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The model under predicted the intensity of maximum sustained wind speed (MaxWS)
during 2019 & 2020 and under/over predicted during 2021. The minimum mean sea
level pressure (MinMSLP) also under predicted all the three years. The under
estimation is high for the year 2021.
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Forecast Tracks and Strike Probability

Fiz. 21 show the observed and predicted tracks based on O0UTC of 16MMay 2021. The
model predicted tracks mmdicate that the svstem would cross the coast very close to the
observed position (over Gujarat). The forecast track errors are discussed in the mext
section: The strike probability and member tracks (Fig. 22) based on the 23 member
NEP5-G ensemble indicate that the cyclone would cross the coast of Gujarat near
Saurashira remon. These plots are available in real fime and can be accessed throusgh
https-/"wrarw nemrwt. gowv in‘index php (CNICO Tropical Cyvclone™).

B e L

m. Observed and forecast tracks of Taukte based on 00UTC on 16™ Alay 2021

I_ X 23] MEPS TC Forecast Tracks and Strike
Probability for 0022021051600

Fignre 22 ; NEPS-G strike probability and ensemble members racks
2B

NCUM

NEPS




ECMWF - Genesis & Track forecasts

48hr FC : 16 May 00 U N Sl s | S P e
IC ; 14 May 00 UTC N e IC : 14 May 00 UTC

96 hr FC : 18 May 00
IC : 14 May 00 UTC

120 br FC : 19 May 00
IC: 14 May MO UTC

(e
IL“th.-"-

i 2& JECMWF forecasts 850 hPa wind and Qeopotcnnal height based on 14 M'a}

hldlcatmg the gradual intensification and movement in north-northwest direction crossing
Gujarat coast and recurving to east Rajasthan,

.'ﬁ"' \ECMWF forecasts 850 hPa wind and geopotential height based on 11 May.
Indicating the genesis of the system on 13 May and further mtensification.
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Fig 337 MME and individual model tracks based on 15™ May 00 UTC.
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Forecast Summa

7.1 Direct Position Error For Tropical Cyclone " Tauktae"

Director Positon Error (DF)
1000
900 B DMD-MAME
EECMWE
—_— O NCEP-GFS
B UKMO
0 W IMA
O DMD-GFS
[N
-_E 500 4
L
300 4
200 -
il
et i il
1 24 36 18 &0 7 54
Lend time (k)
fig;:ﬁ Direct Position Error from IMD MME and individual models .
Table 7.1 1 Direct Position Ervor For Tropical Cyclone
Np |12n| 24n | 36h | 48h | GOh | 72h | S4b | 96h | 108h | 120h

IMD-MME | 36(7)| 36(7) | 34(7) | 83(7) | 112(6) | 151(5) | 202(4) | 333(3) | 360(1) | 435(1)
ECMWE | o7 66 66 78 05 03 123 184 154 182
NCEP-GES| 77 54 93 13§ 190 178 388 576 543 683
TEMO 62 61 70 161 151 163 262 367 373 443
JMA-ZS | 43 62 108 165 239 35 454 6101 711 530
IMD-GES | 67 42 3 87 124 36 212 317 415 335 _—
* The numbers within the parenthsses against DP Errors for IMD-MME indicate the number of

forecasis issued corresponding to the lead-rime. The number of forecasts, corresponding to a
particular lead-time, is the same jor all the modsls.
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JAWAD-2021

ECMWEF-IFS-TC-TRACKER
USING TIGGE MULTI MODEL



26°N

24°N

22°N | e

20°N

18°N

16°N

14°N

10°N

MU":I Model IFS-TC-Tracker Forecast IC 2021 11- 30 122 (6 Hourly Intervals)

2
-0- MME- Mean
' —e— BOM i

- mtm . ECCC

— ECMWF
== |MD
IMA

[ KMA
=== NCEP

== NCMRWF

- Y"\

W 76°E 78°E B0°E  82°FE  B4°E  86°F  88°E  90°E  92°FE O4°E 96°E 98°E 100°E 102°F 104°E

* Dates/Windspeed/Pressure are pointing to the MME-Mean Forecast 24-Hourly Positions
MME-Mean of 9 TIGGE Models (BOM,ECCC,ECMWF,IMD, JMA,KMA,NCEP,NCMRWF,UKMO)

At 2.5 days lag
time,

we can make use
of IFS-TC-Tracker
by feeding in 9
models outputs
(as grib file) from
TIGGE and
followed by Multi
Model Mean.

Yet to configure
for feeding all the
model’s
ensemble
members
individually.

£



On real-time,
T F [ ] we can make

Multi Model IFS-TC-Tracker Forecast 1C:2021-11-30-12Z (6-Hourly Intervals)

o

= MME-II'-'Iean : | g |
g MR use of IFS-TC-
B L L Tracker by
=—— NCMRWF : :
= feeding in 5

models outputs
(as grib file)
from TIGGE
and followed by

20°N

18°N

ey Multi Model

" Mean.

o Yet to

i configure for
feeding the
TR real-time
g\\ \ IMDGEFS and

TEE  BOE B2°E B4°E  BE°E BB°E G0°E 92°E 94°E  96°E 98°E 100°E 102°E 104°E _N_Eps_model

* Dates/Windspeed/Pressure are pointing ta the MME-Mean Forecast 24-Hourly Positians

MME-Mean of 5 TIGGE Models (ECMWF,IMD,NCEP,NCMRWF,UKMO) outputs. #ﬁ\
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MultiModel-Mean IFS-TC-Tracker Forecast 1C:2021-11-30-12Z MME-MEAN
25°N

DBATE LAT Lok WEKEl MSLE ihPa)

0311130182 [EFIIR 1 1.0 1007.8

2N L 12401008 tad | o | as 100667
] 1008 st | wmon | s 11058

- b  BEL B P 91 | sans | anse 100533
311201187 0y | mos | e 1006,

™, 1211307002 wal | wass | 268 1005,0

N ;_I)" WAL 067 e | wse | 2 1005 11
"-\.\H W10 132 1196 | sl 1 1nga.22

18 L w10 {28 | ol | 263 101,44
.\) 1303002 25| B | nam 100,85

L HI-430306 un | se | an 100856

L I[ = W01R03002 s | omer | o3 994,13
: 011303182 o | ez | oase 1008.33

14N ! > == H21-13-04-002 56 | s | na 40,67

l 001-12-08-067 1636 | A3 L .70

: . W10 i | wse | dns TR

1N ] i T W10 inos | pam | 3s6 544,44

I 0211305002 1864 | maz | 307 9,33

0N -ll-_- iR e e e e i i *j:: WI-1205.082 Wi | s | 0 100112
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el . I b : 1011200000 wo | ey | oma {0040

: ; . | : 020006 am | war | an 106,

BN | A | | - 20111200422 N | w2 LA 10046

: : l I : 2011306182 a4 | w7 | ns 41060

: : I | ; | 1207002 s | sz i 1007.0

T6'E WE BYE B2°E BA"E BE°E BE°E H'E R'E ME O5°E O8°'E 1ME 102°E 104°E
* Dates/Windspeed/Pressure arg pointing to the MME-Mean Forecast 24-Hourly Positions Windspeed >= 34 Knots ane marked in red color

MME-Mean of 8 TIGGE Models (BOM ECCCECMWE IMD JMA KMA NCEP NCMBWE LIKMO)




24°N

22°N

20°N

o Multl Mndel IFS-TC-Tracker {CS jAWAD} Fnrecast Veriflcatlon IC 2021—11»30 OOZ

S 76°E 78°E 80°E B2°E G4°E 86°F 8B°E O0°E 92°FE O4°E  O96°E 9B°E 100°F 102°E 104°F

| =Om aestTrack mbs}
O MME-Mean
- BOM
—— ECCC
—— ECMWF
"t MD
[ MA
== NCMRWF
| —— UKMO

* Dates/Windspeed/Pressure are pointing to the Best-Track {Obs) of 24-Hourly Positions
MME-Mean of 7 TIGGE Models (BOM,ECCC,ECMWF,IMD,JMA,NCMRWF,UKMO)

Verification
with Best
Track
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DPE (Kilometers)

MultiModel IFS-TC-Tracker (CS:JAWAD) Direct Position Error 2021-12-02-127 to 2021-12-04-12Z

450

= BOM

| =—— ECCC

—— ECMWF
—— IMD
e |MA
e KMA
—e— NCEP
e NCMRWF
—— UKMO

mesm MME-Mean

[ |
24 30 36 42 48 54
Forecast Hours
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Extended Range Forecast
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Evolution of IMD's operational extended range
forecast system of tropical cyclogenesis over North
Indian Ocean during 2010-2020
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Accurate tropical cyclone genesis

forecasting is important because of

* The need to provide extended community response
planning, especially in remote or large communities

* The need to provide advisories at extended forecast
ranges for offshore and onshore commercial activities

*» The requirement for National Meteorological Services to
manage forecasting and reconnaissance resources

*» The potential to reduce future track, intensity, and size
errors by more accurately defining the likely genesis
location
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Background

+*With the improvement in numerical model and use of
wide ranges of non conventional data in the assimilation
system of the model there has been considerable
improvement in the forecast skill of tropical cyclones
particularly in the short range up to 72 hr.

**Significant amount of work have been done over the
Atlantic and other Basins in forecasting in the extended
range. (Monthly to Seasonal)

*There is large gap areas in prediction of tropical cyclone
genesis with longer lead time.

* For North Indian Ocean, prediction of tropical cyclone
genesis up to about two weeks time can be very useful.
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Earlier Attempt of Extended Range Forecast of
Cyclogenesis in IMD

) Case-1; SCS JAL (01-07 Nov 2010)

i) Case -2 ; Active Arabian Sea (Oct-Nov, 2015)
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Cyclonic Disturbance “JAL” during 2010

W
%!:l};'. i{i!ﬁ

3 It was seen as a LOPAR on 2",
Nov D at 00 UTC of 4, DD at 00
g UTC of 5t and then intensified
\ into a CS at 0600 UTC of 5t
N SCS at 2100 UTC of 5
o \w“’i . November 2010. SCS ¢4Jal’
| followed northwestward track
./ during its entire life span.
i \ .;3?'9.:“;1”:{}/" i T
— ™
3 il -5‘ il EIIZI Ef ol Qc: E 100
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INDIA METEOROLOGICAL DEPARTMENT A




Forecast winds for 2 weeks from
ECMWF and NCEP Coupled models

Valid for 01-07 Nov, 2010
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Figs. 8{a-d). Forecast 850 weekly mean wind for SCS “Jal” during the penod 01-07 November, 2010, {a) ECMWEF. days -11 forecast
(IC=28 Oct) (b) ECMWEF, days 12-18 forecast (IC=21 Oct) {c} NCEP CFS, days 3-11 forecast {(IC=28 Oct) and
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Quantification of dynamical parameters

Dynamical parameters like vorticity and divergence from the forecast fields in case of SC5 *Jal"

Dynamical Parameters ~ Mean and Week 1 (days 3-11) forecast Week 2 forecast (days 12-18)
Anomaly Based on 28 Oct and vahid for Based on 21 Oct and valid for

01-07 November, 2010 01-07 November, 2010
(Area : 80°E-90°E, 03-15N) (Area : 80°E-90°E, 05-13°N)

ECMWF NCEF IMAVE ECMWF NCEP IMAVE

850 hPa Mean 3.52 4.36 454 342 347 336
MAX_vor

(1x 107 sec?) Anomaly 433 3.8l 403 2.00 281 231
850 hPa Mean 302 {0 -1.65 -1.37 .60 .82
mm_div

(12107 sec™) Anomaly -3.03 058 -1.57 -142 043 -0.80

D. R. Pattanaik, M. Mohapatra, B.
Muhopadhyay and Ajit Tyagi
4

P LT
s o

MAUSAM, 64, 1 (Janmary 2013), 171-188
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MME Rainfall for the period 01-07 Nov 2010

Days 5-11 (01-07 Nov, 2010)

Days 12-18 (01-07 Nov, 2010)
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1. Cyclogenesis potential for 3 weeks

i) Low level vorticity

i) Low level convergence
ifi) Wind shear

iv) MJO Phase

4 bl
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large values of low-level relative Necessary Conditions
vorticity for Cyclogenesis in
Tropics

Coriolis parameter (at least a few
degrees poleward of the equator)

DYNAMIC

weak vertical shear of the
horizontal winds

high SSTs exceeding 26°C and a
deep thermocline

conditional instability through a
deep atmospheric layer

THERMODYNAMIC

large values of relative humidity
in the lower and middle
troposphere.
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Mcbride and
Zehr ,1981

Zehr et.
Al, 1992

DeMaria et

ER T
(2004)

Murakami et
al 2011

e Showed that , out of Gray’s 6 climatological parameters required for genesis, thermodynamic
parameters are seasonal where as the three dynamic parameters had a large day to day
variation.

¢ 1 parameter Daily Genesis Potential (DGP) defined as vorticity difference between 900 and 200
hPa, DGP = {g05mb-C200mb

e Used vorticity at 850 hPa, divergence at 850 hPa, and vertical wind shear to derive a genesis
parameter (GP).

e Showed that this GP was useful in differentiating between non-developing and developing
tropical disturbances in the western North Pacific

e Developed a genesis parameter to evaluate the potential of tropical cyclone formation in the N
North Atlantic between Africa and the Caribbean islands.

¢ used scaled 5-day running mean vertical wind shear, instability, and moisture variables

e genesis parameter could explain intra- and interseasonal variability in tropical cyclone
formation.

* Genesis Potential index (GP) was developed motivated by the work of Gray (1979).

* The set of chosen predictors used includes the potential intensity (Emanuel, 1986), relative
humidity and absolute vorticity at various levels, and vertical wind shear.

e Studied the possible future changes in TC activity associated with Global warming and modified the GP
of Emanuel and Nolan including vertical velocity term.

* Modified GPI includes vertical velocity at 500hPa which enables correct reproducibility of TC genesis
over regions with strong ascending motions, such as ITCZ.

I ~<1 SiS1+1 Id=ii-1 191150
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The proposed GPP is defined as:

if Cgs0 >0, M > 0and /! >0

=0 if ¢

where Cgsg = low-level relative vorticity (at 850 hPa) in 10 °s
S = vertical wind shear between 200 and 850 hPa (m s_l)

B [RH — 40]
N 30

s, SOM<OorlI<0 |

B3
1

M = Middle troposphererelative humidity,

I = (Tgsp — T5pp) °C = Middle-tropospheric instability

Each of the four variables are estimated by averaging of all grid point values within
a circle of radius 2.5 around the centre of cyclonic system for the computation of
GPP value.

Results showed that most developing cases had a GPP value greater than 8 and
non-developing cases had a GPP less than 8. So GPP=8 is set as the threshold

value.
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IMD’s New Operational System

Objective of MOES was to have a indigenously developed Coupled
Modelling System for IMD to run operationally.

IMD current ERF system is rendered through joint collaboration of
IMD, IITM, NCMRWF and INCOIS.

The system was developed at IITM and was transferred to IMD in
Jan 2017.

IMD is running this ERF system operationally every week with
adopting following three changes

To migrate from the existing pentad system of ITM to weekly system

Operational and hindcast runs to be carried out based on a fixed day of
every week

The atmospheric and oceanic initial conditions are to be used based on the
analysis available from NCMRWF and INCOIS

INDIA METEOROLOGICAL DEPARTMENT A,



: AtmosphericICs
/ NCMRWE g

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

Total 16 ensemble members
(1 control + 3 perturbed) each
CF5v2 T126 (4 mem)
CF5v2 T382 (4 mem)
GFSv2bc T126 (4 mem)
GFSv2bc T382 (4 mem)

(Based on Wednesday ICs

IMD’s Operational Extended Range Forecast (ERF) System

| Ocean Ics-IncoIs |~

_hh_‘_‘_‘_‘_-_'-_-_-_._._._'_..r._

Atmospheric ICs
/ NCMRWF \

13 years Hindcast run for 32 days
(2003 to 2015) based on same date ICs
Total 16 ensemble members
(1 control + 3 perturbed) each
CFSv2 T126 (4 mem)

CF5v2 T382 {4 mem)
GFSv2bc T126 (4 mem)
GFSv2bc T382 (4 mem)

(Based on Corresponding Date ICs)

Bias Corrected
Forecasts for 4 weeks

(Wind, Rainfall, Tmax and Tmin)
and its anomaly

Friday to Thursday

Week 1 : (Days 03-09)
Week 2 : (Days 10-16)
Week 3 : (Days 17-23)
Week 4 : (Days 24-30)

\ Ocean ICs - INCOIS //
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ATION ~  MISO SPATIAL PLOT ~ MISO PHASE PLOT MJO ANIMATION ~ MJO SPATIAL PLOT
MJO ANIMATION
MJO Filtered spatial anomalies Real Time MJO forecast based on 0704 2018
OLR(shaded) and Chi at 200hPa(contourx10A6) R
C=20180704 Fost valid for 20180717
R >SN
10N T

MJO forecast
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FANI Cyclone, 26 April- 05 May 2019
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IMD ERF 850 hPa wind animation (IC—24 Apr 2019)
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IMD ERF MJO (IC—24 Apr 2019)

MJO filtered spatial anomalies
olr (shaded), 850 mb Wind (vector,T ) &200 mb chi (contoursX10~6)
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IMD ERF (IC — 24 Apr 2019)

MME Weekly mean 850 hPa wind

~ (Weekl: 26Apr—02May) {Week2: D3May—-0%May)
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Modified GPP (Applicable over both land and Ocean)
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IC — 24 April, 2019

Cyclogenesis & Evolution Probability (&) from MME
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IC — 1t May, 2019

Cyclogenesis & Evolution Probability (&) from MME
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Amphan®  during
period 16-21 May, 2020
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Cyclogenesis probability (Week wise plots) IC: 22 Sep 2021 (GULAB)
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Cyclogenesis probability (Week wise plots) : IC: 06 October, 2021

Cyclogenesis & Evolution Probability (%), IMDERF (MME)
45 - — o
4GH-% {a)W1i: 0BOot—1400t % (p)w2: 150ct-2100t
EEE
0N
25N 4
Z0M 1
15HM
TN A

5N-7
E& A
b5 -
10%

7

50E &0E 7UE ®0E 90E 1G0E 11GE &0E a0k
— I [ 1T [ s (%)
10 20 S0 4] 50 S Fie =0

=EE =<8 =al-=a=3 TFTa=s=smr—w TS rv>r
INDILA MET EOROLOGICAL DERPARTMVMENT




Tropical Cyclogenesis - MJO
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Modulation of bay of bengal tropical cyclone activity by the madden-julian | f) |
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Pankaj Bhardwaj’, Omvir Singh™", D.R. Pattanaik’, Philip J. Klotzbach"
* Department of Geography, Kurukshetra University, Kurukshetra 136119, India
b India Meteorological Department, Mausam Bhawan, Lodhi Road, New Delhi 110003, India
* Department of Atmospheric Science, Colorado State University, Fort Collins, CO, USA
ARTICLE INFO ABSTRACT
Keywords: The influence of the Madden-Julian oscillation (MJO) on global tropical cyclone (TC) activity has been w
Madden-Julian oscillation documented in many earlier studies. However, no prior studies have focused specifically on the MJO's impa
TmPi':‘"I fFfl“’f‘-‘f on TCs in the Bay of Bengal (BoB). Therefore, the present study examines the impact of the MJO on BoB
Convective activity activity during the two peak TC periods i.e. April-June (AMJ) and October-December (OND) from 1974 to 20

Syt oiions The MJO considerably modulates various measures of TC activity in the BoB, including the number of TCs, 1

Bay of Bengal G : ;
Rl number of TC days, accumulated cyclone energy, the power dissipation index, TC genesis location and TC trac
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TC genesis and MJO phase
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Genesis location
(dots) and tracks
(lines) of TCs in
each MJO phase




Table: The averaged anomalous values of OLR (Wm2), 500-hPa RH (%), SSTA (°C), SLP (hPa), 200-hPa U, 850-hPa U, and the
difference of 200 and 850-hPa U (e.g., zonal wind shear) by MJO phase for all days during AMJ and OND for the period
1974-2015. Anomalies are calculated from the 1981-2010 average. Anomalies are calculated over the BoB region (5°-
22.5°N, 80-100°E). The values that are 95% significant in a positive (negative) manner for TCs are bold faced (italicized).

MJO OLR RHy,,  SSTA SLP Uso Usso Uson.s50 (s
Phase (Wm?) (%) cO) (hPa) (ms) (ms1) 1)
AMJ
1 5.80 2.28 0.01 0.03 1.58 -0.92 251
2 112 1.22 0.04 0.18 1.68 L 2.89
3 -6.69 2.49 0.13 -0.47 111 -0.84 1.96
4 7.54 2.45 0.1 -0.89 -1.24 20.09 .14
5 5.52 3.1 -0.05 -0.67 -2.40 1.09 -3.49
6 2.93 0.58 -0.18 0.01 -1.57 1.69 3.25
7 10.91 4.22 0.17 0.55 0.04 0.89 0.93
8 10.81 4.17 -0.09 0.56 0.80 0.72 1.52
OND
1 6.45 3.10 -0.02 0.87 4.03 -1.63 5.66
2 -2.88 0.50 0.03 20.20 2.99 -1.36 435
3 9.77 2.28 0.10 -0.76 -0.96 0.26 -0.70
4 -10.05 130 0.08 -0.90 3.47 0.86 4.33
5 -2.99 1.97 0.00 -0.68 3.25 135 -4.60
6 6.58 0.62 -0.02 0.01 -1.34 1.47 -2.81

. 11.78 -3.32 0.17 0.84 1.65 0.07 1.58
T 8 9.42 -3.79 -0.18 0.90 2.60 -0.95 3@
; / =Fw~=<" =A== FTa=—mwr—a TSa=awv=7%w
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Cyclongenesis Outlook for Next Two Weeks
Based on 3 Nov 2021

Cyclogenesis & Evolution Probability (%), IMDERF (MME) NORTH INDIAN OCEAN EXTENDED RANGE OUTLOOK
45N FOR CYCLOGENESIS
4DN_}3 U(o)\\"l: A= [y YS hfb)\"z! {2Nov="18Nov Week1: 05.11.2021-11.11.2021 Week?: 12.11.2021-18.11.2021
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A ‘Low’ probability for cyclogenesis is assigned over the east-central Arabian Sea
during Week-1. The indication is that the present Low Pressure Area located over
southeast Arabian Sea & adjoining Lakshadweep area is likely to move north-
northwestwards and become more marked over east-central AS during next 48
hours. The chances of its further intensification into a Depression during the
subsequent period is demarcated with ‘Low’ probability. Also another Low
Pressure area is likely to form over southeast BoB and move west-northwestwards
gwith marginal intensification during 9t — 12" November 2021.
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Summary

s NWP models (GFS, GEFS, MME, etc) forecast are providing very
useful guidance in the medium range time scale.

» All global models and MME is giving skillful forecast both for the
track and intensity.

s The ERF of cyclogenesis is useful for providing guidance to the
forecasters for about two weeks.

% In case of “FANI”, based on 17 April IC genesis of the system was
not very clear with weak MJO

s 24 April initial condition indicated strong MJO associated with
formation as well as re-curvature of the system FANI to the
northeast, which is found to be slightly better with modified GPP.

» ERF forecast for AMPHAN & GULAB also very encouraging.

% The Two weeks cyclogenesis forecasts is issued by RSMC based
on model forecasts as well as others parameters like MJO.
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