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Numerical Weather Prediction!Numerical Weather Prediction!

� The technique used to obtain an objective forecast of 
the future weather (up to possibly two weeks) by 
solving a set of governing equations that describe the 
evolution of variables that define the present state of 
the atmosphere. 

� Feasible only using computers

Components of an NWP Components of an NWP modelmodel
 1.  Governing equations

• F=ma, conservation of mass, moisture, and thermodynamic eqn.,  
gas law

 2. Numerical procedures: 
• approximations used to estimate each term  (especially      
important for advection terms)

• approximations used to integrate model forward in time
• boundary conditions

 3. Approximations of physical processes 
(parameterizations)

 4. Initial conditions:
• Observing systems, objective analysis, initialization, and data
assimilation

Model DescriptionModel Description
Model : WRFV3 (ARW) 

Horizontal Resolution   : 27 km 

Vertical Resolution : 28 sigma levels 

Domain : Lat 6.50 N– 38.50 N

Long   66.50 E– 100.50E

Time Step : 90 sec 

Forecast run : 72hours

Initial Condition : GFS, USA at 10 x 10 lat/long.

Boundary Condition : 6 hourly from GFS Forecast

Physics & DynamicsPhysics & Dynamics
Dynamics :Eulerian Mass Coordinate  

Physics

Microphysics : WSM-3

Cumulous Physics : KF, BMJ, & GD 

PBL Scheme : YSU

LW Radiation : RRTM

SW Radiation : Dudhiya

Surface Layer Physics : Monin -Obukhov

Land Surface Scheme : 5 Layer thermal diffusion

Convective parameterizationsConvective parameterizations

 All convective parameterization schemes must answer these 
key questions

1 How does the large-scale weather pattern control the 
initiation, location, and intensity of convection?

2 How does convection modify the environment?

3 What are the properties of parameterized clouds?
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Experiment Conducted!Experiment Conducted!

Case Study:A depression over coastal Orissa is considered here for the case
study which occurred on 9th to 10th Aug 2008, creating vigorous Monsoon over 
coastal Andhra Pradesh and extremely heavy rainfall occurred over coastal 
Orissa, moderate to heavy also occurred over Chattisgarh, West Bengal and  
Madhya Pradesh during the period.

In the present study an attempt is made to investigate the phenomena using the 
Weather Research & Forecasting Model (WRF-V3) at horizontal resolution of 
27 km/L28 forecast up to 2 days with initial conditions from 7 to 9. The 
sensitivity experiments are conducted with the WRF model to test the impact of 
various cumulus parameterization schemes in capturing the extreme heavy 
rainfall event.

Cumulous schemes used : KF, BMJ, & GD  

Actual track for the land depression that occurred on
9th-10th Aug 08

24hrs FC wind valid for 00 UTC of 924hrs FC wind valid for 00 UTC of 9 thth Aug08 (8Aug08 (8 thth IC)IC)

Analysis Wind by 
Model for 9 th Aug 08

KF-scheme
Valid For 9 th Aug 08

BMJ-scheme GD-scheme
Valid For 9 th Aug 08 Valid For 9 th Aug 08

24 hrs FC rainfall valid for 03 UTC of 9 th Aug (8 th IC)

Observed  
9th Aug 08

KF-scheme

BMJ-scheme GD-scheme Valid For 
9th Aug 08

Valid For 
9th Aug 08

Valid For 
9th Aug 08

48hrs FC wind valid for 00 UTC of 1048hrs FC wind valid for 00 UTC of 10 thth Aug08Aug08 (8(8thth IC)IC)

Analysis Wind by 
Model for 10 th Aug 08

KF-scheme
Valid For 10th Aug 08

BMJ-scheme
Valid For 10th Aug 08 Valid For 10th Aug 08

GD-scheme

48 hrs FC rainfall valid for 03 UTC of 1048 hrs FC rainfall valid for 03 UTC of 10thth Aug (8Aug (8thth IC)IC)

Observed  
10th Aug 08

KF-scheme

BMJ-scheme GD-scheme
Valid For 
10th Aug
08

Valid For 
10th Aug
08

Valid For 
10th Aug
08

KF-scheme
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KF-scheme
Valid For 10th Aug 08

BMJ-scheme
Valid For 10th Aug 08 Valid For 10th Aug 08

GD-scheme

Analysis Wind by 
Model for 10 th Aug 08

24hrs FC wind valid for 00 UTC of 1024hrs FC wind valid for 00 UTC of 10 thth Aug08 (9Aug08 (9 thth IC)IC)

Observed  
10th Aug 08

KF-scheme
Valid For 
10th Aug
08

BMJ-scheme
Valid For 
10th Aug
08

GD-scheme Valid For 
10th Aug
08

24 hrs FC rainfall valid for 03 UTC of 10 th Aug (9 th IC)

Analysis Wind by 
Model for 11 th Aug 08

KF-scheme
Valid For 11th Aug 08

BMJ-scheme
Valid For 11th Aug 08

GD-scheme
Valid For 11th Aug 08

24hrs FC wind valid for 00 UTC of 1124hrs FC wind valid for 00 UTC of 11 thth Aug08 (10Aug08 (10 thth IC)IC) 24 hrs FC rainfall valid for 03 UTC of 1124 hrs FC rainfall valid for 03 UTC of 11 thth (10(10th th IC)IC)

Observed  
11th Aug 08

KF-scheme

BMJ-scheme GD-schemeValid For 
11th Aug
08

Valid For 
11th Aug
08

Valid For 
11th Aug
08

Comparing convective Parameterization Comparing convective Parameterization 
SchemesSchemes

ConclusionsConclusions ……

The key features regarding the precipitation forecast skill:

� The Betts-Miller-Janjic scheme was found to be superior during the initial 
period of the system intensification

� The KF scheme was found to be superior during the latter part , when the 
system was intensified.  

� The heavy rainfall event over Orissa and adjoining areas are well captured in 
the in both Kain-Fritsch and Grell-Devenyischemes.

� Conclusively,KainKain --Fritsch Fritsch scheme is found to be more consistent.

The present result is based on one case study, more experiments are undertaken 
for detailed analysis
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ImprovementsImprovements ……
� Increasing the spatial resolution of the model 

(smaller grid spacing in both horizontal and vertical) 

This shall help in reducing errors resulting from surface averaging effects, 
from lack of resolved topography & from model’s finite-difference 
equation lacking proper resolution of actual atmospheric differences. 

(Of course, errors due to other factors ,such as initial conditions errors 
cannot be reduced by using finer resolution.)

� Assimilating more data into the Model.

� Modification in the parameterization scheme.

THANKS


