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Lorenz’s Equation

Lorenz showed that the atmosphere has a finite limit of predictability

Ed. Lorenz
(1917-2008)



Lorenz Attractor:Buterfly effect



 An ensemble weather forecast is a set of forecasts that present the range of future weather
possibilities.

 Multiple simulations are run, each with a slight variation of its initial conditions and with slightly
perturbed weather models. These variations represent the inevitable uncertainty in the initial
conditions and approximations in the models. They produce a range of possible weather
conditions.

 The uncertainty associated with every forecast means that different scenarios are possible, and
the forecast should reflect that. Single ‘deterministic’ forecasts can be misleading as they fail to
provide this information.

What is an ensemble forecast?

GEFS  has 20 ensemble members 
with 1 Control
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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)
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Flowchart of GEFS

Flowchart of deterministic GFS

The Global (Ensemble) 
Forecast Model

The GEFS is running operationally on Mihir HPCS at NCMRWF 
The 21 member ensemble forecast takes nearly 90 minutes on 483 nodes 

Plus, about 75 minutes for pre and post processing thus total of approximately 165 
Minutes



About GEFS and GFS Model physics

Physics Description

Convection
Revised Scale Aware Simplified Arakawa-Schubert (RSAS)  and mass flux based SAS 
shallow convection scheme 

Microphysics
Zhao-Carr-Moorthi microphysics formulation for grid-scale condensation and 
precipitation

Gravity 
Wave Drag

Orographic gravity wave drag, mountain-drag and stationary convective gravity wave 
drag

PBL Hybrid Eddy Diffusion Mass flux turbulence/vertical diffusion scheme

Radiation
Solar radiation and IR based on RRTM (originally from AER, modified at EMC) with 
Monte Carlo Independent Column Approximation (McICA). Cloud fraction for radiation 
computed diagnostically from prognostic cloud condensate



Initial 
Condition

Analysis

Forecast Uncertainty of 
different ensemble members 
which is addressed by 
computing probability over a 
certain threshold

Probability of 
Rainfall > 6 cm/day

IC 7 June 2018 00Z: forecast valid for 10 June 2018 00Z (+72h forecast)

Control run 
shown as 

Observed 
Rainfall
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Application of GFS/GEFS products over Indian region



Slide Courtesy: Dr. Raghu



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

Rao et al. 2019, BAMS
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IMD  - Observation
AC00 - control run  
AEMN-Ensemble Mean
---- Ensemble members



IC: 13 May 
2020

IC: 14 May 
2020

Analysis
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Super cyclone AMPHAN

Originated as a LPA  on 13th 

May 
Concentrated into a 
depression on 16th May
It underwent Rapid 
Intensification and reached 
Super Cyclonic Storm Strength 
on 18th May. 
Weakened slightly and crossed 
West Bengal – Bangladesh 
coast as a VSCS on 20th May.

Radar image : IMD



Tropical Cyclone VAYU



Tropical Cyclone VAYU strike probability and Intensity





IC : 2021051600
TC “TAUKTE” 14-19 May 2021

Probability (%) of storm passing within 65nm during next 96h 

Ensemble Tracks Strike Probability



Intensity  (Max. Sustained Wind Speed (kts)
M

ax
. S

u
st

ai
n

ed
 W

in
d

 S
p

e
ed

 (
kt

s)

Forecast Hours



Rainfall associated with cyclone “Yaas” 
22-28 May 2021 



Fcst valid for 24 May based on 15 May 0000Z ICEarly detection



Fcst valid for 24 May based on 16 May 0000Z IC



Fcst valid for 24 May based on 17 May 0000Z IC



Fcst valid for 24 May based on 18 May 0000Z IC



Day-1

Observed rainfall 
(cmday-1)

26th May

Day-2 Day-3
GFS T1534 forecast valid for 26th May 

Day-1 Day-2 Day-3

GEFS T1534 forecast valid for 26th May 



GEFS T1534 Probabilistic rainfall forecast based on 24th May IC valid for 26th May
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Probability (%) of storm passing within 65nm during next 240hrs 
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Probabilistic 5 days Forecast of Rainfall over blocks of Odisha with 23 May 2021 0000 UTC IC
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Forecast skill of extreme 
precipitation (exceeding 
95th percentile) estimated 
using the coefficient of 
correlation, NRMSE, and 
bias (%) at 1-3 day lead 
time before (FCST-RAW) 
and after the bias 
correction (FCST-BC) during 
the monsoon season for 

the 2000-2018 period over 

Narmada basin

Tiwari et al. J. Hydromet. 2021, DOI 
10.1175/JHM-D-20-0235.1.



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

Rao et al. 2019, BAMS
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Ref: CWC Report, Sept, 2018

THE KERALA DELUGE AUGUST 2018





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



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



15th August 2018 
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ENS weekly TP fc over India for 20180813-0819

Slide borrowed from Roberto Buizza, ECMWF





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

2019

2018



24hr 
FCST GFS 
T1534

120 hr
FCST GFS 
T1534Rossby wave filtered anomaly of rainfall from 

1 Aug to 31 Aug 2018



24 hr Forecast Rossby
wave filtered 
anomalous rainfall

120 hr FCST



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

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



Threshold~Clim +1sd Clim+2sd Clim+3sd

GEFS( a)
( b)

( c)

GEFS Probabilistic forecast for Kerala heavy rain during August 2018 and 2019

Better skill in 2019 in general is achieved by sorting out/resolving initial condition issues in 2018





New Approach of Dycore in GFS



Update in Dynamic Core: Spectral Cubic Octahedral grid

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).



96 hour forecast OBS

Tco765
T1534



Summary

• The way forward is the probabilistic forecast of extremes
• Ensemble prediction system based on GEFS is able to provide

better forecast for extreme events/high impact events with
longer lead time.

• Ensemble prediction provides better skill for high impact
weather in longer lead.

• The heavy rain of Kerala of 2018 and 2019 appear to be 
influenced by westward propagating Rossby wave phase and 
large scale moisture convergence resulting extremely heavy rain.

• Models show fidelity in capturing the Rossby wave propagation 
but limited fidelity in moisture convergence.

• Percentile based forecast provide better forecast guidance with 
longer lead time

• Tco shows promise in improving the rainfall forecast over 
western Ghat. Tco based GFS is under development



Satellite Obs. 
Brightness 
temperature

Following Lopez et al. 2020, BAMS

GFS T1534 24H FCST


