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National Centre for Medium
Range Weather Forecasting

(NCMRWF)

Core Operational Capabilities:

High Resolution Regional Models for Short
Range NWP

Global NWP system for Medium Range
forecast

Coupled Forecast System for S2S forecast
(Coupled Medium-Range forecast system will
be operational soon)

Data Assimilation — Atmosphere, Ocean,

Sea-lce & Land Surface

Global & Regional Reanalysis (NGFS &
IMDAA Reanalysis)
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NCMRWEF:
Operational
NWP since 1994

(Analysis/Forecast Charts
Valid on 30 Oct 1996 from
operational T80L18 global
model)



NCMRWF
Operational
Global Model

Forecast Skill :
Last 25 years

Day-3 Forecast 850hPa against Radiosonde
over Indian region (Jan 1999-Feb 2024)
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Improvement in NWP : Efforts of NCMRWF

* Improvement in model resolution (Global & Regional)
* Use of Coupled Systems

* Better representation of Physical process - Use of advance Physical
Parametrization

* Data Assimilation improvements — Advanced Methods & Use of more
observations

* Focus on Diagnostics & Verification
* Development of products based on user needs

All are achieved though collaborations & in-house R&D



Meteorological Observation Reception System

« DBNet « INSAT3D Imager
+ EOS-6 (Oceansate-3 |SRO |MD + INSAR 3DR Sounder & Im:

Observation Reception &
Processing —

« CUSAT ST RADAR

« Navy Wind Profilers
« Suominet (GPS-IPW)
+ CMA (FY4A)

« Satellite Winds
-+ Satellite Radianci
v « Other Satellite Ot

* KMA (COMS2)

v NCMRWEF Data Assimilation (DA)

« Surface Ob - « Satellite Winds
e * Upper Air Ob EUMET " . sateliite Radiances
+ Satellite wind: « DBNet
systems uses millions of ! S A= —

observations from global sources

daily to produce Atmospheric,

Ocean, Sea-Ice and Land Surface Rttt

analyses, which serve as the initial P

conditions for model forecasts. (@ ¢ 0@ ‘& 0 €9
v' NCMRWEF DA systems provide 900 @ 4 & ©

nodelinitial condition to GFS/GEES N @

systems of IMD and UM based L» G SRR pe R

NCUM/NEPS NWP systems of
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Reception of Global Observations (Atmosphere, Ocean, Sea Ilce & Land Surface)

FTP (GB/day)

Data reception volume: GTS and FTP
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Major Upgrades of NCMRWF Global Data Assimilation Systems

Optimal Spectral Statistical Grid Statistical 4D-Var Hybrid 4D-Var
Interpolation Interpolation Interpolation & &
(Ol) (SSI) (GSIl)/3D-Var Ensemble 3D- Hybrid 4D-EnVar
Var(3D-EnVar)
1989 2012 2015

2015 l T574L64 Model

1989 @ R40L18 Model 1992 ¢ T80L18 Model 2008¢) T254L64 Model 2012 @ N512 L70 Model (GFS, Hybrid 4D-EnVar)
(COLA) (GFS) (GFS) (NCUM-DA1,UM7.7
4D-Var T1534 L64 Model
2005 Ié7osk28 Model 2010 ¢ T382L64 Model ) 20150 (GFS, Hybrido4I§-EnVar)
F GFS
( ) 2012. N512 L70 Model 2016 . N768 L70 Model
2006 ¢) T170L42 Model 2010 ¢» T574L64 Model (NCUM-DA2,UM7.9 (NCUM-DA4,UM10.2)
(GFS) (GFS) 4D-Var)
2018 ® N1024 L70 Model
2007 ¢) T254L64 Model 2014 @ T574L64 Model (NCUM-DA5,UM10.8)
(GFS) (GFS, 3D-EnVar)
2020® N1024 L70 Model
Z015® 765170 Model (NCUM-DA6,UM11.2)

(NCUM-DA3,UM8.5  9g91@ N1024 L70 Model
4D-Var) f (NCUM-DA7,UM11.2)



Indian Satellite Data

Added to the NCMRWF
NWP System: Timeline Oceansat:3 (2023)

Sankhala et al., (2024)
Srinivas et al., (2024)

INSAT-3DS (2024)

Prasad et al., (2023)
Rani et al., (2023)
Gupta etal., (2023)

Scatsat-1 (2017)

Johny etal., (2019)
Bushair et al., (2021) INSAT-3DR (2017)
Sharma etal., (2021)

INSAT-3D (2013-2014)
Prasad et al.,(2014),

Rani et al., (2016, 2019)
Sharma etal., (2021)

Megha-Tropiques (2014)
SAPHIR: Singh et al., (2015), Rani et al., (2016),

~—— Dohertyet al., (2018), Kumar et al., (2018)
ROSA: Johny et al., (2018)

Oceansat-2 (2012)

Prasad et al., (2013),
Rani and Das Gupta (2013)
Rani etal., (2014)

Kalpana (2009-2010)

Das Gupta and Rani (2013)
Rani and Das Gupta (2013)

Oceansat-1 (2000)

Rupa et al., (2002)
Kar et al., (2003)
Das et al., (2004)

INSAT-1D (1996)
Prasad et al., (2003)




Prasad et al.,
Rani et al.

Rani et al.

Dutta and Prasad
Dutta et al.,
Johny and Prasad
Johny and Prasad
Kumar et al.
Chaudhury et al.
Doherty, Rani et al.
Kumar et al.,
Singh et al.,

Rani et al.,
Jangid et al.,
Bushair et al.,
Rani et al.,

Dutta and Prasad
George et al.,
Rani et al.,

Rani et al.,
Shenoy et al.,
Sankhala et al
Bushair et al.
Sharma et al.,
Prasad et al

Rani et al.,

Impact of observations in the NCMRWF Data Assimilation System

2014-2024
NGIfS Reanalysis
IMDAA Reanalysis
GNSS-R
GNSS-Rx
GNSS-RO
GNSS-RO
SAPHIR
SAPHIR
Hyperspecirl
SEVIRI Imader
INSAT-3D Imgger
[Acolus]]
Aeolus
Gceansats
Oceansat}3
ASCAT+Scatsat
AMV
Oceansat-2
1 1 I I I | 1 I I
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024



Impact of Observation on 24-hour Forecast Calculated using FSOI

ATOVS
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Percentage (Impact per day (J/kg))

(Left) Relative impact of observation on 24 hr global NCUM forecast, obtained using
adjoint-based Forecast Sensitivity to Observation Impact (FSOI ) method during the
Indian Summer Monsoon period (JJAS) of 2020, 2021, 2022 and 2023




Global Atmospheric Models : Resolution
Improvements

Current Operational Global NWP System

Model Data Assimilation
NCMRWF's Global Name:NCUM-G Atmospheric DA: Hybrid 4D-
. Resolution: 12km Var
Numerical Weather UM vn: 11.2 Cycling periods: 00,06,12,18
L . Domain: Global Observation cut off: 3hours
PI'EdICtIOﬂ EVOIUtlon Levels:70 Land DA: seEKF (only soil
Grids: 2048x1536 moisture)
Timesteps: 5min
Science : GA7
2010 Dynamics: ENDGame
Lﬁﬂ: 3 .
?22340\‘“.‘\ / Forecast lead time: 10
) ° days

Experimental Systems:

(1) Coupled Global NWP system of 10 km
horizontal resolution atmosphere, 25 km
Ocean with weakly coupled DA - will
operation in mid-2025.

(2) 6 km resolution Global Atmospheric Model

(1%



24 HOUR RAINFALL OVER KERALA & MAHE

KERALA (WAYANAD) HEAVY RAIN (cm/day) PREDICTION BY NCUM-Global
VALID FOR 03Z 30 JULY 2024

Extremely heavy
rainfall forecast (>
32cm) upto

5 daysin advance
by NCUM global
model

AND LAKSHADWEEP DATED 30-7-2024




MEAN RAINFALL NCUM-G 15 JUN - 14 JUL 2024 DAY-5 FCST BIAS

(a)GA7 (operational) (b)GA8 (a)GA7-Obs (b)GA8-Obs

-10
=15
=20

(c)COMORPH-A (d)OBS

= 20°
7 207, 0 S 0
20 50E 70°E 90°E OS°E 70°E 90°E S0°E 70°E 90°E

Compared to observations GAL7 shows — more precipitation along the west coast
Precipitation maxima was slightly towards the south along the west coast.

More precipitation over CoMorph-A over the open ocean.

Overall slightly improved performance for GAL8 compared to GALY.



NCUM-Global Lightning scheme — Improvements
Monsoon case study (IC 14 July 2023)

Modified PR92

500 Total Lightning Flash Counts (PR92)
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Developments in Coupled Modelling

Short & Medium-Range Weather Prediction
(Experimental)

* The new coupled NCUM model has s atmosphere, ocean, NCMRWF Coupled Modelling

seaice, and land components with 10 km atmospheric and
25 km ocean resolution. It successfully produced
experimental forecasts during the 2024 summer monsoon.

Global (NWP)

Atmosphere (10km)
Ocean (25km)
Frequency: Daily
Forecast Length: 5 days

* NCMRWEF is also developing a high-resolution regional
model for India with 4 km atmospheric and 2.2 km ocean
resolution to improve forecasts for tropical storms and
extreme weather. Subseasonal to Seasonal(S2S)

——

15-day Forecast Daily
S2S Prediction System (Operational) Secaenal Forecast(s5 ENS) Monthly
* NCMRWEF developed a Subseasonal-to-Seasonal (S2S)

prediction system in the late 1990s using the T80L18 global
model with observed Sea Surface Temperature (SST).
Ocean (2.2km)

* A decade ago, NCMRWF adopted the UK Met Office’s ' Froquency: Dally
GLOSea coupled model system (GC2) for S2S forecasts. orecestrengi v e

Regional (NWP)
Atmosphere (4km)




Coupled Model for Medium-Range NWP

1 Coupled Model Forecast has shown reduction in Bias over
Mean Bias pled M
the eq. Indian Ocean and core monsoon zone

(b) NC

UMG: Day03 (c) NCUMG: Day05

L

"Vt




Coupled Global Model : Comparison of Forecast Skill

July 2024

July 2023
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COU pled Glo bal MOdel : Himachal Pradesh experienced an
unprecedented 436% more rainfall than

EXtreme Eve nt Case Stu dy normal from July 7th to 10th, 2023, resulting in

devastating landslides, flash floods, and
significant socio-economic losses.

Performance of Coupled Model seems better in long lead times

Forecast Valid for 00 UTC 10t" July, 2023
Obs NCUMG: DO1 NCUMG: D03 NCUMG: D05

‘ Uncoupled Global Model

‘ Coupled Global Model




High Resoluti : =
Ig e S 0 u I 0 n Atmospheric Energy Spectra / S
Global Model ST
= -3
® 5 1000s km m -nr OrecaSt
e 3 K NCUM 6km 24-hrF
)
Tg', PR
NCUM 6 km Model : .
turbulence
100s km
Skamarock et al (2014) kms
>
log (wavenumber k)
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The atmospheric kinetic energy (KE) spectrum has (a) Gridded infrared imagery (GridSat-B1) of the Global ISCCP
el cluepdepicioduschomatieat B1 Browse System (GIBBS) on 13 August 2020, 0000 UTC. (b)
° Spectral magnitude  decr eases with scalg. Outgoing long-wave radiation (OLR) 24 hr forecast valid on 13
At m O S p h e rl c 1)steeper-sloped power-law region (close to -3) in August 2020, 0000 UTC, simulated using the global 6 km
synoptic scales 2) shallower slope -5/3 in NCUM model.
° ° mesoscale
KI n et I c E n e rgy 10° (a)Tropical Latitudes 10° (b)NH Mid Latitllxdes 10° (c)NH Polar Latit‘udes
+PIICUMG-6km —4=NCUMG-6km —4—=NCUMG-6km
S t ~¥-NCUMG-12km -v-NCUMG-12km ~v-NCUMG-12km
pec ra “‘21011 F 10" 1
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Accurate representation of the global B ] L o \
Kinetic Energy wavenumber Spectrum is & . .
considered essential in weather and £ N N
climate models, partly because it < 10°] 4 10
establishes the saturation bounds for
forecast errors at each scale 105 , , , 10 : , 10 ; ,
10* 10° 10? 10 10° 10? 10* 10° 10?
Wavelength[km] Wavelength[km] Wavelength[km]

Figure indicates the spectral slope in the 6 km global model is closer to the -5/3 slope and
Niranjan Kumar et al., (2023), QJRMS, https://doi.org/10.1002/q9].4531 hence a better representation of mesoscales in NCUMG-6 km than the NCUMG-12 km.



https://doi.org/10.1002/qj.4531

Gridded Satellite (GridSat) Image 10 JUL 2023 09UTC
% SaglF ~ 3 &

Explicit

[ ] [ ]
S b % n ' 8 Ja . ) Sl
™ . el - S g W W —0°
g 500 g g 0° g o
1 1 L
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— Infrared Temperature(K)

Improvements is seen in the

~ TROPICS
mesoscale energy spectral e S—
i i ~=NCUM-6G -
slope, particularly with the ot O NCMRWF-6km Global Model

explicit convection (EXPL)
scheme in a high-resolution
model from NCMRWF, showing
better agreement with the -5/3

* Tropics has shown significant
improvement in explicit convection
experiment , particularly in terms of
energy spectra and a spectral slope
approaching -5/3 in the mesoscale
region.

slope.




Operational Runs of Global Coupled Model (60 km) for S2S Forecast <>

(NCUM-+JULES+NEMO+CICE) N
Multi-week/Extended Range: Seasonal (23" Day of month)
15-Days forecast Weekly (every Thursday)
Coupled Course Number of Forecast members: 55
resolution NWP
Frequency: Daily * Number of Forecast members: 16

Start dates: 12t to 22"d of each month & 5
member per start date

* Lag Ensemble Day= Sunday to
Wednesday, 4 member per start date :
Number of hindcast members: 23 years*6 per

S e i year (1993-2015)
* Number of hindcast members: 23
60Km UM/JULES years*6 per year (1993-2015)
Atmosphere/Land- Hindcasts are used to define the normal for
Surface percentage departures

* Hindcasts are used to define the
weekly anomalies

Hindcasts are used to define threshold for
tercile categories for probabilistic forecasts

Since 2020
Since 2018 Since 2018




Verification of 2024 ERP

19-25jul2024 OBS

IC14-17]Jul2024

ICO7-10jul2024

IC30-03)Jul2024

IC23-26jun2024
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110E
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Jun Jul Aug

Coupled
NCUM
Model,

JJIA 2024

- Near Horma -
3450607080 3350607080 3450607080
W

—-10.0-6.0-4.0—-2.0-1.0-0.5 0.5 1.0 2.0 4.0 6.0 10.0

Observed
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NCMRWEF : Milestones of Global Ensemble

Prediction System

1995: Installed 8-member global ensemble
prediction system using T80L18 model, focusing
on significant weather events.

2012: Upgraded GFS-based ensemble to
T170L28 with 20 members for real-time
probabilistic forecasting.

2015: Implemented advanced global ensemble
system based on Unified Model (UM) with 45
members at 33 km resolution; 10-day forecasts
operational.

2018: Global ensemble system upgraded
to 12 km resolution with 22 members -
Highest resolution global ensemble
prediction at that time

2019: Regional ensemble system (NCUM-R) for 3-day high-
resolution probabilistic forecasts at 4 km with 12 members
(Experimental)

8-member experimental
ensemble system (T80L18,
~150km horizontal
resolution) based on
breeding method
(medium range prediction)

@ NCMRWEF Global
Ensemble(22 member)

Prediction System based
on ETKF

(~12km horizontal
resolution)

(medium range prediction

NCMRWEF Global
Ensemble(44 member)
Prediction System based
on ETKF

(~33km horizontal
resolution)

(medium range prediction) @



NCMRWF: Advancement of High-Resolution Regional Models

Regional Spectra

Model (RSM)
Year: 1994

Ax = 50km

Initial nesting with
T80 model at 50km
resolution

Upgrade: 2005 —
Installed NCEP RSM
for dynamical
downscaling.

Use: Verification
against T80 over
specific sites in
August 2005.

Eta Model
Year: 2001
Ax ~ 48km

Special Use:
Forecasts for Indian
army Everest
expedition (2001).

Operational from
2002 (72-hour
forecasts)

Implemented at Sri
Lankan
Meteorological
Department.

MM5 Model
Year: 2003
Ax =~ 30km

Nested Domain:
30km (outer) and
10km (inner)

Application: Tested in
Jammu and Kashmir
and eastern India.

Innovations:
Assimilation of real-
time satellite and
synoptic data.

WRF Model
Year: 2005
Ax ~ 9km

Nested Domain: 9km
(outer) and 3km
(inner) for the 2010
Commonwealth
Games.

Integration of satellite
and conventional
observations with
3DVAR system.

Operational till 2012

UM Regional
Model
Year: 2018
Ax =~ 4km

Covers the Indian
domain.

Capability: Explicit
representation of
deep convection.

Regional Coupled

interaction.

High-Resolution
Rapid Refresh
Model(HRRR)
Year: 2021
Ax =~ 1.5km

NCMRWF developed
the 1.5 km HRRR
model with an hourly
data assimilation
cycle.

It focuses on
accurately simulating
extreme weather
events across India,
integrating advanced
radar and lightning
data.

DM-Chem Mod¥g
Year: 2021
Ax = 330m

The DM-Chem
model is a city-scale
system used every
winter to predict fog
and visibility for
Delhi.

With a high-
resolution of 330
meters, it plays a
crucial role in
improving predicti
of fog and air gidality
in the regiop




NCMRWEF: Experimental Regional Coupled Model

For the extreme events and coupled process studies

Regional coupled environmental model with

“Ocean”, “Atmosphere” and “Wave”
components.

ATMOSPHERE & LAND SURFACE
Resolution: 4.05 km x 4.05 km, Easternmost
Longitude: 64.9835 E, Southernmost Latitude: 3.464
N, Westernmost Longitude: 101.393 E, Northernmost
Latitude: 40.0355 N
Domain Size: 900x904x80 grids

OCEAN & WAVE

Resolution: 2.2 km x 2.2 km, Wave Model: WaveWatch il
Easternmost Longitude: 64.9835 E, Southernmost
Latitude: 3.464 N, Westernmost Longitude: 101.393 E,
Northernmost Latitude: 26.558 N, Domain Size:
1100x1760x75 grids

umMi3
NEMO 4.0.4
WAVEWATCH Il (vn7.12)
Successfully Installed & tested
(with MetOffice IC/LBC)

A

UM-Regional Land Surface, JULES (4 Km)
Atmosphere (4 Km) __Precipitation__ Heat Evaporation CO, CH, Momentum

Radiation \ /' /' /‘ /' /'

Regional Ocean NEMO WaveWatch Il (2.2 Km)
(2.2 Km)

I I I

Global/Regional Boundary Conditions: Forecasts/Analyses
Experiments: UNCOUPLED - PARTIALLY COUPLED - FULLY COUPLED
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Community

NCMRWEF plays a crucial role in the
global weather forecasting community
by contributing verification scores for
both deterministic and ensemble
models to key World Meteorological
Organization (WMO) platforms. These
platforms include the Lead Centre for
Deterministic NWP Verification and
the Lead Centre for Ensemble
Prediction System Verification.
Through these contributions,
NCMRWEF ensures transparency and
alignment with global forecasting
standards, helping improve the
consistency and reliability of forecasts
worldwide while fostering
collaboration among international
meteorological agencies.



NCMRWEF Reanalysis for Weather & Climate Applications

IMDAA Regional Reanalysis
(1979-2020)

Domain: 30°E-120°E, 15°S—45°N
Boundary Data: ERA-Interim

5400
4800
4200

3600
Assimilation: 4D-Var for Atmosphere, EKF for Soil Moisture

Atmosphere Model: Unified Model

43000

{2400
Resolution: ~12 km, 63 vertical levels (up to 40 km)

Observation Sources: NCMRWF, IMD, ECMWF, UK Met Office
Surface Insights: Soil moisture across 4 layers (3 meters deep)
Sea Surface Temperatures: HadSST2 & OSTIA
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NGFS Global Reanalysis
N’ (1999-2019)
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12400 Assimilation: 3D-Var for Atmosphere

{1800 Atmosphere Model: GFS

{1200 Resolution: ~12 km, 64 vertical levels (up to 40 km)
600 Observation Sources: NCMRWF, IMD, NOAA, NCEP
0 Sea Surface Temperatures: NOAA Ol SST




. . ) IMDAA Products & distribution
IMDAA Regional Reanalysis (42 years since 1979) (https://rds.ncmrwf.gov.in)
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IMDAA Reanalysis Updates - 18 October 2023

S. Indira Rani https://orcid.org/0000-0003-0262-256X, T. Arulalan,
John P. George, E. N. Rajagopal, Richard Renshaw, Adam Maycock,

+ Revised and updated the procedure to run WRF with IMDAA reanalysis (README)
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Use of AlI/ML at NCMRWEF : New initiatives

Al/ML Applications at NCMRWEF for Weather Forecasting

Downscaling and Bias
Correction

v' Objective: Enhancing coarse satellite-
based rainfall estimates through
downscaling

v'  Data: IMERG precipitation data (10 km
and high-resolution orography (4 km

v"  Key Features: Models trained on
augmented extreme events with weighted
loss functions.

Extreme Event Prediction

v' Objective: Predicting heatwaves in the
Delhi region using meteorological data and
ML techniques

- -0

v' Key Variables: Temperature, geopotential G e i

height, specific humidity, and precipitation.

v" Model: Random Forest trained to classify
heatwave thresholds (HW, SHW, EHW).

v' Outcome: Delivered heatwave
classifications, indices, and insights into
heatwave dynamics

v Al-Driven Weather Forecasting
* Integrated Machine Learning Techniques

v'  Hybrid Model Architecture
* CNNs: Extract spatial features.
* GRUs: Capture temporal dependencies
* Multi-Head Attention: Focus on significant
temporal relationships

v"  10-Day Forecast: Hourly updates with spatial
(grid-based) and point-specific forecasts

Radar-Based Nowcasting with
U-Net

v'  Deep-Learning Model: U-Net leverages
radar data for short-term rainfall prediction.

v' Data Source: Utilizes Bhopal S-band DWR
radar reflectivity data

v Operational Potential: Promises significant
advancements in weather forecasting.



Key Focus Areas:

1. NWP Science & Technology: Developing high-resolution coupled models with improved representation
of physical process to provide more accurate forecasts.

2. Improved DA - Methodology, Use of more observations

3. Products for Diverse Applications: Providing tailored NWP products for sectoral applications in
agriculture, energy, water resources, disaster management etc.

4. Al/ML in Weather Prediction: Incorporating Artificial Intelligence and Machine Learning to optimize and
improve forecast models, developing full Al models.

5. Capacity Building & Collaboration: Strengthening technical expertise to build a skilled workforce
capable of advancing NWP.
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