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Outline of the talk 

• Introduction  
 

• Deterministic GFS vs GEFS 
 

• Under-dispersive nature of forecast 
 
• Possible future pathways to overcome the issues 
 
• Conclusion  



P Bauer et al. Nature 525, 47-55 (2015) doi:10.1038/nature14956 

Key challenge areas for NWP in the future 
• Advances in forecast skill will come 

from scientific and technological 
innovation in computing 

• The representation of physical 
processes in parameterizations, 

• Coupling of Earth-system 
components, 

• The use of observations with 
advanced data assimilation 
algorithms, and the consistent 
description of uncertainties through 
ensemble methods and how they 
interact across scales.  

• The ellipses show key phenomena 
relevant for NWP as a function of 
scales between 10-2 and 104 km 
resolved in numerical models and the 
modelled complexity of processes 
characterizing the small-scale flow 
up to the fully coupled Earth system.  

• The boxes represent scale-
complexity regions where the most 
significant challenges for future 
predictive skill improvement exist.  

• The arrow highlights the importance 
of error propagation across 
resolution range and Earth-system 
components. 

The quiet revolution of numerical weather 
prediction 
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WMO 2015 



Taraphdar et al. 2016 



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 
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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) 
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Flowchart of GEFS (Ensemble) 

Flowchart of GFS (Deterministic) 

The Global (Ensemble) 
Forecast Model 



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 



Rainfall (mm/day) time series over Kerala during 06-19Aug from GFS T1534 

2019 

2018 



Vertically integrated moisture convergence and 
tendency of precipitable water vapour daily 
(mm/day) 

Tendency in PWV is 
governed by source 
(moisture 
convergence) and 
Sink  (Precipitation) 
terms. Tendency 
term is relatively 
small, giving an 
indication that 
moisture 
convergence is 
balanced by 
precipitation upto a 
large extent 



Weekly forecast 



October 29, 2014 12 

ENS weekly TP fc over India for 20180813-0819 

Slide borrowed from Roberto Buizza, ECMWF 
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Summer Monsoon Rainfall Prediction Skill 

Anomaly Correlation 

 

ERPv1 
 

MPMME 

Wk 1 

Wk 2 

Wk 3- 4 

Skill is not 
improving in 3-4 
week 

From Dr. Sahai et al. 
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Summer Monsoon Rainfall Prediction Skill 

Anomaly Correlation 

CFS 
(MPMME) 

Week 1 

Week 2 

Week 3- 4 

 
ERPv1 

From Dr. Sahai et al. 



Time series of rainfall from all ensemble members for Mumbai (1st row) and Bhopal region 
(2nd row) for the month of August 2020 
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Slide adopted from: Sarah-Jane Lock, ECMWF 



Model Configuration 

MonsoonMission-IMD  GFS Model (T382)   (Euler-Lagrangian)   : 4 Weeks 

MonsoonMission-IMD  CFS Model  (T382)   (Euler-Lagrangian)   : 4 Weeks  

MonsoonMission-IMD  GFS Model  (T574)  (Semi-Lagrangian)    : 10 days 

 

All models are run with  

 1) same horizontal resolution 

               2) Same IC’s  

               3) June-July-August 2020 (Every Wednesday) 

               4) Minimum of 4 Ensembles each IC. 

 



RMSE Daily vs Weekly 

Over 10-40N, 60-90E 



RMSE and Spread for 
rainfall over 10-40N, 
60-90E 



Slide: Sarah-Jane Lock, ECMWF 



Slide: Sarah-Jane Lock 



Slide: Sarah-Jane Lock, ECMWF 







B. B. Goswami et al. 2017, JAS 
B. B. Goswami et al., 2017 JAMES 
B. B. Goswami, 2017, GRL 





Superparameterized CFSv2-T62 (SPCFS) Analyses of 6.5 year free run 

Convective tendencies are explicitly 
simulated with a Cloud Resolving Model 
running in each GCM grid column which 

replaces the traditional cumulus 
parameterization of the GCM. 

• Model integrated for 6.5 years and 
five years are analyzed 

B. B. Goswami et al. 2015, J. Cli. 
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Presentation of a feed forward neural network architecture and the inputs used 
as well as the predicted tendencies 

From 
the 
CRMs 
of SP 



machine learning from high-resolution cloud-resolving models 

High-resolution (SP) constraints 

Gentine P., Pritchard M., Rasp S., Reinaudi G., GRL, 2018 

Rasp, Pritchard and Gentine, PNAS 2018 

Precipitation Radiation 

HiRes  
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Machine  

learning  

model 

Gentine et al. 2018 



Summary 

 
 

• The ensemble forecast based on GFS at 12km show good skill in predicting 
extreme/high impact weather events. Though the forecast is under-dispersive. 
 

• The daily scale error growth from Ics and Physics modulates the weekly growth 
of error 
 

• Models show tendency to shift to a drier regime. 
 =================================== 
• Improving the resolution of GFS from 12km to ~5km using Tco Dycore and 

vertical from L64 to L128 shows promise to provide improved prediction of 
extremes in general and orographic rainfall of western Ghats in particular.  

 

• SPPT and Stochastic Multi cloud parameterization could be helpful to improve the 
spread and RMSE. 
 

• AI/ML could help to breakthrough the cloud/convection uncertainty deadlock. 
 

• GEFS forecast data is available in TIGGE archive of ECMWF since July 2020 
(https://apps.ecmwf.int/datasets/history/tigge-prod/) 

 

 
 



Satellite Obs. 
Brightness 
temperature 

Following Lopez et al. 2020, BAMS 

GFS T1534 24H FCST 

Thank You 


