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Why Forecasting Extreme weather is so important for our Country?
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10 countries hardest hit by weather disaste

Bl Top 10 countries with highest proportion of affected people over the total population
(per 100,000 inhabitants)

B Top 10 countries with the highest absolute number of affected people (in million)
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Why Prediction of EREs is Important
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Why Prediction of ERESs is Important
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Data Used for Validation
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Computer\Weather Forecasts-are-like an experiment! Canwe believe the computer-weatherforecast model?

Numerical models are not expected to be perfect: Forecast Models are susceptible to inherent errors
Forecast errors can be due to imperfections in

V Data (Initial and Boundary conditions)

V Physics

V Numeric

V Approximation in basic equations

V Model grid

Systematic errors tnherent with the model, generally follows specific pattern
Relatively easier to eliminate
How to eliminate: Using methods like bias correction

Non-Systematic errorsRandom errors, not follows any specific pattern, Relatively difficult to eliminate, most
due to errors in data (Initial and boundary condition)
How to eliminate: Using methods likqata Assimilation



Operational Weather First Guess: LEVEL-I QUALITY

Forecast System FG (Model CONTROLL - Data not
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a0 € possible range are
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U Domain Resolution: 27, 9 & 3 km for dO1, dO2 & dO3 respectively

U Grid Points:3003 300 (d01), 352 352 (d02) and 271 376 (d03)

U Initial & Boundary Condition DataNCEP Global Forecast System (GFS)
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|dentification of EREs from coastal Karnataka

U Distribution of rainfall events from coastal Karnataka region and ERE threshold at 99.993
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|dentification of EREs from South Interior Karnataka (SIK)

U Distribution of rainfall events from SIK region and ERE threshold at 99.993 percentile
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Identification of EREs from North Interior Karnataka (NIK)

U Distribution of rainfall events from NIK region and ERE threshold at 99.993 percentile
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Domain Configuration & Locations of ERES
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Spatial Distribution of Average Observed & Predicted Rainfall
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b) Rain-Gauge
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Spatial Distribution of Errors in 24 -h Accumulated Rainfall
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Data Assimilation (DA) to Improve the Analysis

Model Forecast (with errors) Observations (with errors)
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Data assimilation is the technique whereby observational data are
combined with output from a numerical model to produce an
optimal estimate of the evolving state of the system.

The Data Assimilation Process

Forecasts

observations

compare
reject
adjust

estimates of statec



WRF 3DVar Workflow
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Cost Function for Three Dimensional Variational (3DVar) DA
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Data Used in Assimilation

Source of the data Variables assimilated in WRF
AIRS Temperature, Relative Humidity, Dew Point Temperati
ASCAT Wind Speed, Wind Direction
Buoy (RAMA & Moored) Pressgre, Temp, Relative Humidity, Wind Speed &
Direction
KSNDMC Temperature, Relative Humidity, Wind Speed
MODIS Temperature, Dew Point Temperature
Radiosonde Pressure, Height, Temperature, Dew Point Temperatu

Relative Humidity, Wind Speed & Direction
SSMI Wind Speed, Precipitable Water

WINndSAT Wind Speed, Wind Direction, & Precipitable Water




Experimental Setup

Assimilation Window

Model spirup time
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Experiment Name

Source of the data assimilated

Control (CNT)
Ocean Winds
Satellite Profile

Station Data

All Observations

None
ASCAT, Buoy, SSMI & WIndSAT
AIRS & MODIS

KSNDMC & Radiosonde

ASCAT, AIRS, Buoy, KSNDMC, MODIS,
Radiosonde, SSMI & WIindSAT




Locations of Observations Used in Assimilation
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3D-Var DA Iin Cyclic mode

b) 3DVar
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A Extreme rainfall event (June 21, 2015)
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Comparison different assimilation Datasets

114 August 2017
Rain - Gauge
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A Historical rainfall case over Bangalore: August 14, 20:
A Simulation performed using 3Mar at 0000 UTC

A 24 hour accumulated rainfall is compared vip6000
In-situ observations from TRG network of KSNDMC

A CNTL represents rainfall from experiment without
assimilation

A DA_Satellite & insitu obs represents rainfall from
experiment with 3Bvar data assimilation using satellite
profiles & in-situ data from buoy & station data from
network ofD650 TWS stations

A DA_GTS_OBS represent rainfall from experiment witt
3D-Var DA using NCEP prepbufr data



Spatial distribution of 24-h accumulated rainfall

U In assimilationexperimenusingOceanwinds,the spatialdistributionof rainfall is simulatedoetter

U After assimilation,overpredictionin comparisono the control experiments reducedn the state'ssouth
easftregions



