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Outline

• Present status of CFS/GFS based ensemble forecast 

over India

• Deterministic and Probabilistic skill of GEFS, NEPS and 

ECMWF for the extremely heavy precipitation over 

Kerala, India

• Latest Development and future strategies 

• Summary



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,
GFST382 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



POST PROCESSING

240 hr (10 days) forecast

Resolution:  0.1250x0.1250  

6 hr interval

Products: 21 members,  Ensemble mean, 
Ensemble Spread

Ensemble Initialization 
method: Ensemble Kalman

Filter (EnKF) scheme.

The 6-hr forecasts from the 
previous cycle

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

GDAS

EnKF – GSI Hybrid Data 
Assimilation System

20
Perturbed 
members

Analysis 
(Control)

FORECAST: 21 members 
runs for 192 hrs (8 days)  
GFS Semi-Lagrangian

T1534 (approx 12 km at 
equator); L64 vertical 

resolution.

The stochastic total 
tendency perturbation 

(STTP)  to enhance model 
uncertainty POST PROCESSING

240hr (10 days) forecast
Resolution: Regular grid and Gaussian grid at 

different resolutions 
0.1250x0.1250

GDAS
EnKF – GSI Hybrid Data Assimilation System

FORECAST: GFS Semi-Lagrangian T1534 
(approx 12 km at equator)

L64 vertical resolution, runs for 240 hrs (10 days)

A
nalysis(

Control)

Flowchart of GEFS

Flowchart of deterministic GFS

The Global (Ensemble) 
Forecast Model



• Bias Score: Frequency Bias
• >1 implies model overestimates 

observed rain
• >1 implies model 

underestimates observed rain
• Probability of Detection (POD): 

Fraction of correct forecasts
• 0 No Skill
• 1 Perfect Score

• False Alarm Ratio (FAR): Fraction of 
false alarms

• 1 Worst
• 0 Best

• Critical Success Index (CSI) : Threat 
Score

• 0 No Skill
• 1 Perfect Score

Verification Rainfall forecasts GFS (2012-2018) over India
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• Bias Score: Frequency Bias
• >1 implies model overestimates observed rain
• >1 implies model underestimates observed rain

• Improvement in Bias score in NCUM forecasts

• Probability of Detection (POD): Fraction of correct forecasts
• 0 No Skill
• 1 Perfect Score

• Increasing trend in POD in NCUM forecasts

• False Alarm Ratio (FAR): Fraction of false alarms
• 1 Worst
• 0 Best

• Decreasing trend in FAR in NCUM forecasts

• Critical Success Index (CSI) : Threat Score
• 0 No Skill
• 1 Perfect Score

• Increasing trend in CSI in NCUM forecasts

Verification of Rainfall forecasts over India

2 cm/day
5 cm/day



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



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

HIGH RESOLUTION (12 km) GFS MODEL APPLICATION TO THE SOCIETY

Cyclogene
sis with 3 
to 4 days 
lead time

Heavy 
rainfall 
forecast 
with GFS 

12km

Forest Fire 
monitorin
g with GFS 

12 km 
forecast

Solar and 
Wind 

energy 
forecasting 
with GFS 12 
km forecast

Application 
to district 
& blocks 

for 
agricultural 

forecast

Winter 
Fog 

Experime
nt 

River 
basin 

forecast 
probabil

ty



Ref: CWC Report, Sept, 2018

THE KERALA DELUGE AUGUST 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

Synoptic Systems: Monson Depressions JJAS 2018

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  
2018080700 2018080800

FCST from 2018080600 IC, valid for
2018080700 2018080800

Monsoon Depression in August



Analysis from GFS T1534
2018081500 2018081600 2018081700

FCST from 2018081400 IC, valid for
2018081500 2018081600 2018081700





Districts in 
Kerala:

1. Kasargode
2. Kannur
3. Kozhikode
4. Wayanad
5. Malappuram
6. Palakkad
7. Thrissur
8. Ernakulam
9. Idukki
10. Kottayam
11. Alappuzha
12. Pathanamthitta
13.Kollam
14. Thiruvananthapuram



Climatological extreme during August over Kerala (mm day-1) based on Tropical 
Rainfall Measuring Mission



Extreme from TIGGE forecast CFS

(THORPEX Interactive Grand Global 
Ensemble is an implementation of 
ensemble forecasting for global weather 
forecasting)



Courtesy: IMD



The merged lightening & satellite cloud top temperature operational product is a joint collaboration of IMD, IITM & IAF



11 Aug IC



Deterministic Forecast Rainfall (mm/day) time series over Kerala 
during 06-19Aug, 2018

GFS version 14

ECMWF

NCUM



Weekly forecast extended range



IMD/IITM extended 
range forecast based 
on CFS/GFS



October 29, 2014 23

ENS weekly TP fc over India for 20180813-0819

Slide borrowed from Roberto Buizza, ECMWF
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IC 20180812



GEFS

ECMWF

NCUM

Climatology+1SD Climatology+2SD Climatology+3SD







Mumbai during 1-2 July 
2019

Floods ravage 
north-east India & 
Bihar, IMD 
declares red color
warning for Assam
14-17 July

Chennai:Train
arrives with 2.5 
million lt water

VSCS VAYU 10-19 June



VSCS TC VAYU 13 June



GFST1534 Model Verification with IMD

ICs From 7June-15June 2019



Probabilistic rainfall forecast from GEFS T1534



Percentile based extreme rainfall forecast from GFS T1534



GEFS verification with IMD observations

MSW 

CSLP 

IC:2019061100

Strike Probability  



GEFS verification with IMD observations

MSW 

CSLP 

IC:2019061300

Strike Probability  



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



IMD  - Observation
AC00 - control run  
AEMN-Ensemble Mean
---- Ensemble members

Cyclone ‘FANI’ over Bay of Bengal



GEFS based track Prediction for IC:2019043000

IMD  - Observation
AC00 - control run  
AEMN-Ensemble Mean
---- Ensemble members

CSLP (hPa)

MSW (kt)



IC: 2019050100
Probability of Gust 
associated with TC FANI



Initial 
Condition

Landfall Point Landfall Error 
(km)

Landfall Time

Lat lon

2019042600 20.89950N 92.38080E 746 bet 12Z-15Z 04MAY2019

2019042700 21.88010N 90.15750E 543 at 00Z 05May2019

2019042800 19.81260N 86.12510E 47 bet 12-15Z 04MAY2019

2019042900 19.81260N 85.99010E 33 at 06Z 04May2019

2019043000 19.55030N 85.270E 52 at 09Z 03May2019

2019050100 19.88760N 86.03510E 40 bet 09-12Z 03May2019

2019050200 19.40030N 85.090E 77 at 18Z 02May2019

IMD Observation: Crossed Odisha coast close to Puri (near lat. 19.750N and Long. 
85.70E ) between 0230 to 0430 UTC of 3rd May 2019

Landfall Error : Cyclone Fani



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 2.4 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



and the Satellite says



What the RADAR says



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



Santacruz, Mumbai
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Colaba, Mumbai

0

50

100

150

200

250

300

350

400

Day 1 (IC:20190629) Day 1 (IC:20190630) Day 1 (IC:20190701) Day 1 (IC:20190702)

OBS CTRL ens1 ens2 ens3
ens4 ens5 ens6 ens7 ens8
ens9 ens10 ens11 ens12 ens13
ens14 ens15 ens16 ens17 ens18
ens19 ens20



IC:2019070100





Strategy Model 
Development

Strategy for 
Operational forecast 
improvement



LULC USGS

Land Use Land Cover data



IMD OBS GFS with default 
LULC

GFS with Modified 
LULC NRSC



Major Future Update in Dynamic Core: Spectral 
Cubic Octahedral grid T1534 => Tco765 =>Tco1534

Conventional Spectral grid:
• Not scalable
• I/O
• Artificial diffusion

damping
• Negative tracer

Figure (adopted from ECMWF News Letter 146) demonstrates
that the octahedral mesh (right) has a locally more uniform
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).

Improved representation 
of orography
Global mass conservation 
improves
Computationally more 
efficient
Local derivative calculation 
is more accurate
Works well with scale 
aware physics



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

GFS Tco 764 shows better
precipitation distribution and too
much rain over ocean also appears
to be reduced.

GFS T1534 GFS Tco764 IMD Merged data



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 !
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