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Status of CFS/GFS EPS in India

Seasonal Forecasting (44 member) CFSv2 T382 (~38km)

Extended Range 4 pentad forecast with 44 members,
multi model (CFSv2 T126, CFSv2T382, GFS T126,
6FST382 with bias corrected SST from CFS)

Weather (up to 10 days)

GEFS and NCUM (12km), 21 members, GFS T1534, L64
since June 2018.

Earlier versions

GEFS T574 (Ensemble)

GFS T574 (Deterministic)

GFS T254

GFS T82




Flowchart of GEFS
GDAS
EnKF - GSI Hybrid Data Analysis
. et s (Control)
Assimilation System
Ensemble Initialization
method: Ensemble Kalman 20
Filter (EnKF) scheme. berturbed
The 6-hr forecasts from the members

previous cycle

POST PROCESSING
240 hr (10 days) forecast

Resolution: 0.125°x0.125°

6 hrinterval

Products: 212 members, Ensemble mean,
Ensemble Spread

The Global (Ensemble)
Forecast Model

Tropical Storm Relocation
(if storm is present)

Centering of the
perturbations on the
ensemble control analysis
(Distributes the spread
around analysis instead of
Ensemble Mean

Flowchart of deterministic GFS

FORECAST: 21 members
runs for 192 hrs (8 days)
GFS Semi-Lagrangian
Ta534 (approx 12 km at
equator); L64 vertical
resolution.

The stochastic total
tendency perturbation
(STTP) to enhance model
uncertainty

GDAS
EnKF — GSI Hybrid Data Assimilation System
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FORECAST: GFS Semi-Lagrangian T1534
(approx 12 km at equator)
L64 vertical resolution, runs for 240 hrs (10 days)

POST PROCESSING
240hr (10 days) forecast
Resolution: Regular grid and Gaussian grid at
different resolutions
0.125°X0.125°




Verification Rainfall forecasts GFS (2012-2018) over India

DAY 3
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o Verification of Rainfall forecasts over India
Verification Scores
Monsoon Core Zone(66.5-88E,18-28N)

i Day-1  (a). Day-2 (b)_ Day-3 (c] Bias Score: Frequency Bias
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Peirce Skill Score (High Resolution global 12.5 km model gives better
skill (The skill of GFS T574 with 3 day lead is now extended to 5 days
with T1534 ~12.5 km global GFS

0.5 - ——— day-1(T1534)

045 - ——— day-3(T1534)

04 - —— day-5(T1534)
£ 035 - - ==~ day-1(T574)
2 03 - _— - ==~ day-3(T574)
= oo - === day-5(T574
=t (.25 - day-3(1571)
A it
8 02 - EES
=
€4 -
A 0.15

0.1 -

0.05 - )

0

25 S5 15 20 30 35 65
Rainfall Threshold (mm)



High resolution (12Km) Global Ensemble Weather Forecasting
System (GEFS)

HIGH RESOLUTION (12 km) GFS MODEL APPLICATION TO THE SOCIETY
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THE KERALA DELUGE AUGUST 2018

CWC Report, Sept, 2018
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Synoptic Systems: Monson Depressions JJAS 2018

10-11 June Depression over northeast Bay of Bengal and adjoining
Bangladesh

21-23 July Depression over northwest Bay of Bengal

07-08 August Depression over northwest Bay of Bengal and
neighbourhood.

15-17 August Depression over coastal Odisha
06-07 September Deep Depression over Bay of Bengal

19-22 September Cyclonic Storm Daye over eastcentral Bay of
Bengal and adjoining Myanmar



http://www.rsmcnewdelhi.imd.gov.in/images/pdf/publications/preliminary-report/d10-11June.pdf
http://www.rsmcnewdelhi.imd.gov.in/images/pdf/publications/preliminary-report/d21-23July.pdf
http://www.rsmcnewdelhi.imd.gov.in/images/pdf/publications/preliminary-report/dd06-07sep.pdf
http://www.rsmcnewdelhi.imd.gov.in/images/pdf/publications/preliminary-report/daye19-22sep.pdf

Analysis from GFS T1534
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Analysis from GFS T1534
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Period Normal Rainfall Actual Rainfall Departure from normal
(mm) (mm) (%)
June, 2018 649.8 749.6 15
July, 2018 726.1 857.4 18
1-19. August, 2018 287.6 758.6 164
Total 1649.5 2346.6 42
Districts Normal Rainfall Actual Rainfall Departure from Normal (%)
(mm) (mm)
Kerala State 1701.4 2394.1 41 Excess
Alappuzha 1380.6 1784 29 Excess
Kannur 2333.2 2573.3 10 Normal
Ernakulam 1680.4 2477.8 7 Excess
Idukki 1851.7 35555 92 Large Excess
Kasaragode 2609.8 2287.1 -12 Normal
Kollam 1038.9 1579.3 52 Excess
Kottayam 1531.1 2307 51 Excess
Kozhikode 22504 2898 29 Excess
Malappuram 1761.9 2637.2 50 Excess
Palakkad 321.7 2285.6 73 Large Excess
Pathanamthitta 1357.5 1968 45 Excess
Thiruvananthapuram 672.1 966.7 44 Excess
Thrissur 1824.2 2077.6 14 Normal
Wayanad 2281.3 2884.5 26 Excess




INDIA METEOROLOGICAL DEPARTMENT
MC THIRUVANANTHAPURAM

Rainfall % Departures from the L.ong Period Averages
for Districts in KERALA

SEASON'S RAINFALL (1.6.18 TO 19.8.2018)
ACTUAL ::2346.6 mm
NORMAL :1649.5 mm

DEP FRUM NORMAL: 45 95

Districts in _

Kerala: Py s
1. Kasargode

2. Kannur

3. Kozhikode

4. Wayanad

5. Malappuram

6. Palakkad ——

7. Thrissur 2720 RO,
8. Ernakulam B Excese (20% to 59%)
9. Idukki i G
10. Kottayam = R T )
11. Alappuzha sy

12. Pathanamthitta

13.Kollam

14. Thiruvananthapuram



Climatological extreme during August over Kerala (mm day!) based on Tropical
Rainfall Measuring Mission
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95th percentile: Day—3 99th percentile: Day-—23
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kochi_weather_2018_08_15_06_32_10_dsoim db_kochi.dwr
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The merged lightening & satellite cloud top temperature operational product is a joint collaboration of IMD, IITM & IAF



ITM GFS T1534 : Rainfall (mm/day) 11 AugIC
Forecast valid for 03Z12AUG2018
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Deterministic Forecast Rainfall (mm/day) time series over Kerala
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Weekly forecast extended range

10=18 Aug [OBS) WHT: 10-16 Aug [IC 0608 Aug) WEZ: 1016 Aug (1€ 30July-01 Augl) WES: 1016 Aug |IC 2325 July) WEa: 1016 Aug (IC 16=18 July]
an 15
i a0°H o
oy 25T A
20" Z0°N
159 = 15N =
rh 4 10°H
+

T T T T T 1 T T T T T T T T * T T T T T T T T T T T T T
EVE TO'E M'E BOE IE GI'E SR°E 1BME EE'= TI'E FE'E BME BE'E SO0'E OEE WDOE 8% TE Y'E BIFE ER'E Ot BE'E 14°E BE'E TPE MTE 3'E BM'E 30°F E 100%E ER'E WFE TR'E HIE BERE DR OEE 100°E

[ I i f
20 -15 -10 -5 -1 : 5 10 15 20

Valid period 10-16 Aug 2018
Above Plot: Rainfall anom from NCEP CFS (T126) ~ 100 km
Bottom Plot: rainfall anom from NCMRWF Coupled model ™~ 60 km

10-18 Aug (083) W 10-18 Aug (|G 38-09 Aug) WHE: 10-18 Aug (|0 30July01 Auggl) WK 10-18 Aug (|G 23-25 July) WHS: 10-18 Aug {13 18-18 July)
o

5"H AE"H IE'H

i ey N 4 1N =
257 = 2E"H -—'\L IEH

e 21N HPK

5oH = 16N 16N

10°H = 107N 1o

L] L T L T L .l n T L T L] L L] L} T L T L T L L] T L L] n L T L]
BE'E TUTE TRE ROE BSE WPE OS°F 1ME BSE JE TEE BOE REPE OOOE OS'E 100E 4 TWE TH'E BIE BS'E OIPE G5°E 1ME BA"E TOE TE°E BO'E BEE OOCE OF'F 100°E ASE TE TS'E BIPE BS'E DIPE OS°E 100°F

[ — | | | | | [ oo —
20 -1 10 5 -1 1 5 10 15 20




MME Weekly Rainfall Anomaly (rmm/day)
(Week1: 10Aug—16Aug)
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ENS weekly TP fc over India for 20180813-0819

Analysis and ECMWF ENS Forecasting System
Precipitation anomaly
Verification pariod: 13-08-2018TOA908-2018
ansambls size = 51 climaie size = 660
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GFST1534 Model Verification with IMD

ICs From 7June-15June 2019
TRACK PREDICTIONS FOR VAYU
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Probabilistic rainfall forecast from GEFS T1534

GEFS T1534 - Rainfall (l:m/dl.‘.ly), Fns Mean (20 Ens) GEFS SL T1534 Probabiliatic of Excecedance Precipitation GEFS SL T1534 Probabiliatic of Exccadance Pracipitation

24—hr Forecast valid for 03Z12JUNZ019 (IC=00Z11JUNZ019) 2019061100 Day—1 Forecast valid for 032120UN2019  IC:2019061 100 Day—1 Forecast vaiid for 03712JUN201S
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GEFS verification with IMD observations

2019 Tropical Cyclone Intensity
Storm: AADZ1S (VAYU)
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1C:2019061100

Prebability (%) of storm passing within 5nm during next 72h

Strike Probability
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GEFS verification with IMD observations

1C:2019061300

2019 Tropical Cyclone Intensity
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FANI Cyclone Apr-2019 (26 Apr- 2 May)

TRACK PREDICTIONS FOR FANI
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IMD - Observation

Cyclone ‘FANI’ over Bay of Bengal ACOO - control run
AEMN-Ensemble Mean

---- Ensemble members

2018 Tropical Cyelans Tracks
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GEFS based track Prediction for 1C:2019043000

2019 Tropical Cyelone Intensity
Storm: NIG119 (FANI)

=]

MSW (kt)

1 IMD

IMD - Observation
ACOO - control run
AEMN-Ensemble Mean
---- Ensemble members

43 50 7z ) 96 108 120 132 144
Forecasts: Beginning 2019043000

2019 Tropical Cyclone Intensity
Storm: NIOT19 (FAND
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Forecasts: Beginning 2018043000



IC: 2019050100
Probability of Gust
associated with TC FANI

GEFS T1534: Probability of wind gust >25kt
Forecast Valid for 00Z0O1MAY2019 (IC : 00Z01MAY2019)
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Landfall Error : Cyclone Fani

Initial Landfall Point Landfall Error | Landfall Time

Condition Lat lon (km)

2019042600 [20.8995°N (92.3808°F 746 bet 12Z-15Z 04MAY2019
2019042700 121.8801°N [90.1575°F 543 at 00Z 05May2019
2013042800 119.8126°N [86.1251°F 47 bet 12-15Z 04MAY2019
2019042900 |19.81260N [85.9901°F 33 at 06Z 04May2019
2019043000 |19.55039N [85.27°F 52 at 09Z 03May2019
2013050100 119.8876°N [86.0351°F 40 bet 09-12Z 03May2019
2019050200 |19.4003°N [85.09°F 77 at 18Z 02May2019

IMD Observation: Crossed Odisha coast close to Puri (near lat. 19.75°N and Long.
85.7°E ) between 0230 to 0430 UTC of 3rd May 2019




Date Time (IST) Santacruz (mm) Colaba (mm)

1-07-2019 8.30-09.30 5.5 12.0
09.30-10.30 4.7 1.5
10.30-11.30 2.0 1.5
11.30-12.30 7.0 12.0
12.30-13.30 3.0 20
13.30-14.30 13.0 10
14.30-15.30 15.5 5.0
15.30-16.30 13.5 9.6
16.30-17.30 17.6 0.0
17.30-18.30 13 0.5
18.30-19.30 24 0.5
19.30-20.30 2.6 0.2
20.30-21.30 1.7 6.5
21.30-22.30 6.0 16.0
22.30-23.30 26.7 4.0
23.30-00.30 56.5 0.0

2-07-2019 00.30-1.30 60 0.0
01.30-02.30 48.1 2.0
02.30-03.30 26.3 3.5
03.30-04.30 20 1.0
04.30-05.30 11.5 6.0
05.30-06.30 3.1 4.0
06.30-07.30 10.5 8.0
07.30-08.30 5.0 14.0

Extreme
Precipitation
over Mumbai
city 1-2 July
2019



The Satellite brightness temp says
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SAT :INSAT-3D IMG 01-07-2019/21:00 GMT
IMG_TIR1 10.8 um 02-07-2019/02:30 IST
L1C Mercator (LINEAR STRETCH: 1.0% )

and the Satellite says

SAT :INSAT-3D IMG 01-07-2019/20:00 GMT
IMG_TIR1_TEMP 10.8 um 02-07-2019/01:30 IST
L1C Mercator

190 240 260 270 280 290 320

IMD/Delhi




What the RADAR says

Peflectivity in dBZ
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GFS (12 km) forecast of rainfall
valid for 03UTC of 2 July

IMD :GFS MODEL(12 Km) RAINFALL (mm) FORECAST (72 HR)
based on 00 UTC of 29-06-2019 valid for 03 UTC of 02-07-2019
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Colaba, Mumbai
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GEFS SL T1534 Probabilistic of Exccedance Precipitation

1C:20190701 Day-1 Forecast Valid for 03Z02JUL2019
Probability of > 2.5 mm/day rainfall
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GEFS SL T1534 Probabilistic of Exccedance Precipitation

1€:20190701 Da'y—1 Forecast Valid fer 03Z02JUL2019
Probability of > 115 mm/day rainfall
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GEFS SL T1534 Probabilistic of E: d Precipi

1€:20190701 Day—1 Forecast Valid for 03Z02JUL2019
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GEFS SL T1534 Probabilistic of Exccedance Precipitation
IC:20190701 Doy—1 Forecast Valid for 03Z02JUL2019

Probability of 185mm or more/day rainfall
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GEFS SL T1534 Probability of Excedance Precipitation for FMO bengaluru_kerala

IC:2019081800 - Forecast Valid for 24 hrs

Probability of:0<rain<0.1 Probability of:0.1<rain<10 Probability of:10<rain<25




Strategy for
Operational forecast
improvement

Strategy Model
Development




Land Use Land Cover data
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IMD : Rainfall (cm /day) ITM GFS T1534 (LULC) : Rainfall (cm/day)
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Major Future Update in Dynamic Core: Spectral
Cubic Octahedral grid T1534 => Tco765 =>Tco1534

Conventional Spectral grid:

* Not scalable

e 1/0

* Artificial diffusi
damping

* Negative tracer

=Improved representation

of orography

=*Global mass conservation

improves i resolution [km]

=Computationally more 5 2 10 — —

efficient

"Local derivative calculation Figure (adopted from ECMWF News Letter 146) demonstrates
is more accurate . .
=Works well with scale that the octahedfal mesh (right) has a locally more uniform
aware physics dual-mesh resolution than the mesh (left).

Numerical simulation of an idelaised baroclinic instability, conducted using IFS model on
both the mesh showed the octahedral grid results in higher accuracy and substantially
reduced unphysical flow distortions accuracy mainly as the approach depends on the
underlying mesh which defines the shape of the elementary volumes around which the
computations are made (ECMWF New Letter, No. 146, 2015).



Forecast comparison with GFS T1534 and GFS Tco 764 with Initial condition of 2018081000
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Summary

The way forward is the probabilistic forecast of extremes.

In India, currentky operational is the globally high resolution EPS

(12.5km) for 10 days forecast and made operational since June
2018

A Suite of societal application initiated e. g. forest fire
forecasting, block level rainfall forecasting, cyclogenesis
forecasting, solar and wind energy forecasting etc.

New Dycore, stochastic convection and Cloud microphysics and
stochastic multicloud parameterization constrained by ~Indian
RADAR data, new LULC data is attempted in improving the
systematic bias of GFS/GEF.

Remaining is Impact based forecast




Thank You |




	Slide Number 1
	Slide Number 2
	Status of CFS/GFS EPS in India
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	ENS weekly TP fc over India for 20180813-0819
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Slide Number 41
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 48
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 54
	Slide Number 55
	Thank You !

