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ABSTRACT 

Thunderstorms associated with severe gusty winds and 

lightening cause loss of life and property even though they 

last for an hour or so. Forecasting of these severe weather 

events is highly essential due to their impact on socio-

economic conditions of affected regions. Kharagpur (22°30′ 

N, 87°20′ E) is in the region of Gangetic West Bengal (GWB) 

affected by high frequency of occurrence of thunderstorms 

during pre-monsoon months. In the present study an attempt 

has been made to understand the performance of convective 

parameterization schemes (e.g. Kain-Fritsch, Grell-Devenyi 

ensemble and Betts-Miller-Janjic) of a meso-scale model 

WRF-ARW version 3.2 in simulating pre-monsoon 

thunderstorm events that occurred during 12 May 2009 and 5 

May 2010 over Kharagpur. Numerical experiments are carried 

out by considering convection explicitly. The model 

simulations are compared with the available observations. 

Statistical evaluation of simulated parameters along with the 

observations revealed Grell-Devenyi ensemble and Kain-

Fritsch schemes performed reasonably well in representing 

the thermo- dynamical state of atmosphere during the 

thunderstorm events.    

General Terms 

Mesoscale model, Statistical evaluation, Simulation. 

Keywords 

Numerical Experiments, Convection parameterization, 
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1. INTRODUCTION 
During pre-monsoon months (March to May), occurrence of 

thunderstorms are quite frequent over  Eastern, North Eastern 

India and GWB regions which are locally known as 

‘Kalbaishakhi’ or Nor’westers. Pre-monsoon season is the 

transition period from winter monsoon to summer monsoon 

circulations. Two different air masses, west to northwesterly 

winds of land origin and moist winds from the Bay, co-exist 

over West Bengal region [1]. There exists a low pressure 

system over Chota Nagpur Plateau, West Bengal, Assam, 

Bangladesh and the adjoining regions and a seasonal high 

over the Bay of Bengal during this time [2,3]. 

Climatologically, thunderstorms generate over Chota Nagpur 

region and moved over to GWB region in SE direction [4]. 

Forecasting of thunderstorms is one of the most difficult tasks 

in weather prediction due to their small spatial and temporal 

scales. Meteorological conditions, the inherent non-linearity 

of their dynamics and physics associated with the days of 

thunderstorm and no thunderstorm give a clear idea of 

atmospheric variation and primary factors in triggering of 

thunderstorm [5]. 

Even though the life time of the thunderstorms are of few 

hours, they cause huge damage to the life and property 

thereby result in severe socio-economic impact in the affected 

regions [6,7]. Forecasting of thunderstorms is essential in 

order to safeguard the casualties and loss of property. Various 

thermodynamic parameters and stability indices are being 

used to predict the possibility of thunderstorm occurrence 

over different parts of the globe 

[8,9,10,11,12,13,14,15,16,17,18]. Few observational studies 

have been reported for pre-monsoon thunderstorms analysis 

over the GWB region in attempt to predict the development of 

these events [e.g. 18, 19, 20]. 

Simulation of these thunderstorms with the help of mesoscale 

models is one of the ways to understand the physics and 

dynamics of these severe thunderstorms and attempted by 

various researchers for the Indian region [e.g. 

15,17,21,22,23,24,25,26,27]. These studies are using non-

hydrostatic meso-scale models like the PSU/NCAR 

community model (MM5), Advanced Regional Prediction 

System (ARPS), Regional Atmospheric Modeling System 

(RAMS), Weather Research and Forecasting model (WRF) 

with two options: WRF-ARW (WRF Advanced Research) 

and WRF-NMM (Nonhydrostatic Mesoscale Model). These 

models are having different physics and dynamics options 

compare to each other.  

Present study focuses on simulation of two thunderstorm 

events occurred on 12 May 2009, and 5 May 2010 over 

Kharagpur (22°30′ N, 87°20′ E) region of GWB. GWB 

affected by high frequency of occurrence of thunderstorms 
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during pre-monsoon months. To improve the forecasting 

capability of these storms Department of Science & 

Technology (DST), New Delhi, Government of India had 

initiated multi-institutional field experiment, Severe 

Thunderstorm – Observations and Regional Modeling 

(STORM) spanning over GWB and Northeastern states of 

India. Present study utilizes the STORM data. The mesoscale 

model used for thunderstorm simulation in the present study is 

Weather Research Forecasting (WRF ARW Version 3.2) with 

triple nested domain: outermost domain (d1) with 27 km 

resolution, second domain (d2) with 9 km resolution and the 

inner most domain (d3) with 3 km grid resolution. The main 

focus of the present study is to examine the performance of 

different Convective Parameterization Schemes (CPSs) in 

simulating thermodynamical structure of the atmosphere, 

variations in surface layer meteorological variables and 

rainfall during the thunderstorm events.  

2. STUDY SITE  
The site for the present study is Kharagpur region of west 

Midnapore, GWB, India. The study area is in agriculture 

farms at Indian Institute of Technology Kharagpur. A 50-m 

instrumented micrometeorological tower and upper 

atmospheric sounding system (DigiCORA radiosondes) has 

been established at this site as part of research projects 

sponsored by DST, Government of India under STORM 

programme [28]. Details of site map and the sensors used for 

taking the observations are given in [19, 29]. This site consists 

of sandy loam soil, which is amixture of sand (64.1 %), silt 

(20.1 %), and clay (15.8 %) [30,31]. Topographically the site 

is flat and grassy. 

 

3. DATA USED  
Two thunderstorm events (12 May 2009 and 5 May 2010) 

occurred over Kharagpur are considered for the present study. 

The thunderstorm event occurred during 0642-0751 UTC on 

12 May 2009 with a rainfall of 25.1 mm during thunderstorm 

hour and a total of 35.4 mm rainfall during the day. On 5 May 

2010, thunderstorm event occurs during 0937-1042 UTC with 

a rainfall of 19.6 mm during thunderstorm hour and a total of 

23.8 mm rainfall during the day. The following data sets have 

been used for the present study: 

1. Upper air Radiosonde observations consists of pressure 

(hPa), temperature (oC), relative humidity (%), wind speed 

(ms-1) and wind direction (degrees). 

2. 50 m micro-meteorological tower observations (From Slow 

sensors: atmospheric pressure, wind speed, wind direction, 

temperature and relative humidity at 6 heights, 2 m, 4 m, 8 

m, 16 m, 32 m and 50 m., and Rainfall )  

3. FNL data 1.0°×1.0° 

4. TRMM 3B42V7 accumulated rainfall 

5. Doppler Weather Radar (DWR) imageries obtained from 

Cyclone Detection Radar centre, India Meteorological 

Department, Kolkata. 

6. Synoptic weather information was provided by STORM 

advisory group over the region for the Intensive 

Observation Period (IOP) days 

4. DESCRIPTION OF NUMERICAL 

MODEL 
The Advanced Research Weather Research and Forecast 

(ARW) version 3.2 mesoscale model developed by the 

National Center for Atmospheric Research (NCAR) [32] is 

used in this study. The model consists of fully compressible 

non-hydrostatic equations and the prognostic variables include 

the three-dimensional wind, perturbation quantities of 

pressure, potential temperature, geo-potential, surface 

pressure, turbulent kinetic energy and scalars (water vapor 

mixing ratio, cloud water etc.) [33,34]. Terrain following 

vertical coordinate system and Arakawa C-grid staggering in 

the horizontal is used in the present study. Third-order 

Runge–Kutta time integration is employed in the model. For 

the present study the model is configured with three 

interactive nested domains. Model specifications used in the 

present study are provided in (Table 1).  

The model was integrated for a period of 24 h, starting from 

of 0000 UTC on 12 May 2009 and 5 May 2010. Initial 

conditions for the parent domain (d01) are derived from 6 h 

global final analysis (FNL) at 1.0°×1.0° grids generated by the 

National Center for Environmental Prediction (NCEP)'s 

global forecast system (GFS). Analysis fields, including 

temperature, moisture, geopotential height and wind, are 

interpolated to the mesoscale grids by the WRF Pre-

processing System (WPS). These derived fields served as 

initial conditions for the present experiments. The domain is 

configured with vertical structure of 59 unequally spaced 

sigma (non-dimensional pressure) levels with the top of model 

at 50 hPa. The outer domain (d01) covers a larger region with 

27-km resolution and 40*49 grids. The second inner domain 

(d02) has 9-km resolution with 73*91 and innermost domain 

(d03) has 3-km resolution with 109*121. These three domains 

used in present study are shown in Figure 1.  

 

 

 

 

 

 

 

 

 

                          Fig 1: WRF-ARW Domain 

The physics schemes used in the present study are the Mellor-

Yamada-Janjic (MYJ) [35,36] for PBL processes, Kain–

Fritsch (KF) [37,38], Grell-Devenyi ensemble scheme(GD) 

[39] and Betts-Miller-Janjic (BMJ) scheme [40,41,42] for 

cumulus convection. In addition, a simulation without a 

convective scheme in third domain: (KF-NO) and (GD-NO) is 

performed for each case to determine if the model could 

simulate the convection explicitly. Noah land Surface Scheme 

[43], Eta microphysics [44] for Microphysics options, Rapid 

Radiation Transfer Model (RRTM) for long-wave radiation 

[45] and Dudhia scheme [46] for shortwave radiation are 

opted for the study. 

5. RESULTS AND DISCUSSION 
This section presents model simulation with different CPSs 

and analysis of resulted meteorological variables, 

thermodynamic indices and their variations during 

thunderstorm events compared with the available in-situ 
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observations. Statistical analysis is also done to identify the 

most significant CPS for thunderstorm modeling studies over 

the study region. 

Table1. Overview of WRF model 

Dynamics Non hydrostatic 

Data NCEP FNL 

Interval 6 hrs 

 

Grid size 

Domain1: (40× 49) × 59 

Domain2: (73× 91) × 59 

Domain3: (109× 121) × 59 

 

Resolution 

Domain1: 27km × 27km 

Domain2: 9km × 9km 

Domain3: 3km × 3km 

Covered area 16.3º-27.4º N and 83.1º-92.8º E 

Map Projection Mercator 

Horizontal grid system Arakawa-C grid 

Integration time step 60 sec 

Vertical coordinates Terrain-following hydrostatic 

pressure vertical co-ordinate 

with 59 vertical levels 

Time integration scheme 
3

rd

 order Runga-Kutta Scheme 

Spatial differencing scheme 
6

th

 order center differencing 

PBL Scheme MYJ 

Surface layer Parameterization Noah land Surface Scheme 

Microphysics Eta microphysics 

Short wave radiation Dudhia scheme 

Long wave radiation RRTM scheme 

 

Cumulus Parameterization 

1) Kain-Fritsch scheme 

2) Grell-Devenyi 

ensemble scheme 

3) Betts-Miller-Janjic 

scheme 

 

5.1 Variation of surface meteorological 

variables 
The diurnal variation of surface meteorological variables such 

as air temperature (AT), relative humidity (RH), wind speed 

(WS) and surface level pressure (SLP) simulated by different 

CPSs along with the available observations during 12 May 

2009 (12 May 0000 UTC to 13 May 0000 UTC) and 5 May 

2010 (5 May 0000 UTC to 6 May 0000 UTC) are depicted in 

Figures 2 and 3, respectively. 

Case 1 (12 May 2009): 

Observations revealed a sudden rise of RH during 0700 to 

0900 UTC from around 70% to 92% (Figure 2a) which is the 

period of the thunderstorm event. This is attributed to the 

moist air incursion and associated rainfall during the 

thunderstorm at site. This sudden rise is not captured well by 

any schemes but to some small rise in RH is seen in GD-NO. 

It is also noticed that the magnitudes of CPSs are less than the 

observations. But on close examination of the results, one can 

see that KF and GD only exhibit rise in RH during the time of 

the event and afterwards as seen in the observations. During 

the event, a sudden fall of 8 oC is seen in the observed AT 

(see Figure 2b). No scheme has captured this feature except 

GD-NO, which shows a marginal fall in AT. It is seen that all 

the schemes are producing too warm atmosphere and close to 

each other. Figure 2c depicts the typical diurnal variation of 

SLP. The pre-squall low at 1000 UTC, meso-high at 1400 

UTC and wake low at 1600 UTC is showing the typical 

thunderstorm feature in SLP observations [19]. This feature is 

not captured by any of CPSs. But the semi-diurnal variation of 

SLP as expected and noticed in the observations was 

reasonably captured by all the schemes. 

 

 

 

 

 

 

 

 

 

Fig 2: The inter-comparison of different CPSs simulations 

with the observations of the surface meteorological 

variables (a) relative humidity (%) (b) temperature (º C)    

(c) sea level pressure (hPa) (d) wind speed (ms-1) over 

Kharagpur during 12 May 2009 0000 UTC to 13 May 2009 

0000 UTC 

As seen in Figure 2d, all the schemes in general over-

estimated WS for most of the day. On the close examination, 

we noticed that KF winds are close to observations till  0700 

UTC where as GD-NO could able to reproduce the WS 

variations with subtle differences in the magnitude. 

Case 2 (5 May 2010): 

As seen in Case 1, a sudden rise of RH (48% to 95% during 

0900-1100 UTC) is noticed in the observations depicted in 

Figure 3a. The KF, GD and KF-NO are able to capture the 

increase of RH after 0900 UTC but not able to capture the 

sharp rise. Among these three CPSs, GD scheme seems to be 

closely agreeing with the observations. Figure 3b delineates 

the typical variation of AT noticed in the observations and the 

model simulations with different cumulus schemes. AT with 

magnitude of 25oC at 0000 UTC reached to a maximum value 

of 34.9oC at 0800 UTC. But a sharp decrease of AT of the 
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order of around 13oC can be seen in observations during 0900 

to 1000 UTC, which was the thunderstorm period. The 

magnitude of AT simulated by various schemes is higher than 

observations at 0000 UTC (29oC) as seen in CASE 1. 

However, GD-NO and KF-NO schemes are able to capture 

the sharp decrease during thunderstorm event. In general one 

can conclude that GD-NO values are better than KF-NO. As 

noticed in CASE 1, AT obtained from KF are close to 

observations after 1500 UTC. The SLP inter-comparisons are 

portrayed in Figure 3c. As seen in the observations,  KF-NO 

and GD-NO schemes could able to capture the pre-squall low, 

meso high and wake-low features approximately one hour 

before the occurrence of the event. The observed and model 

simulated WS are compared in Figure 3d. As seen in CASE 1, 

the model simulations over-estimated for most of the day. WS 

simulations by various schemes are close to observed winds 

up to 0700 UTC. From close examination of results, it is seen 

that KF, GD and GD-NO could able to capture the observed 

variations with reasonable degree of accuracy in magnitude. 

 

 

 

 

 

 

 

 

 

 

 

Fig 3: The inter-comparison of different CPSs simulations 

with the observations of the surface meteorological 

variables (a) relative humidity (%) (b) temperature (ºC)    

(c) sea level pressure (hPa) (d) wind speed (ms-1) over 

Kharagpur during 5 May 2010 0000 UTC to 6 May 2010 

0000 UTC. 

5.2 Vertical Profiles of zonal and 

meridional wind components, equivalent 

potential temperature and relative 

humidity 

The model simulations using different CSPs of vertical 

profiles of zonal and meridional wind components, RH and 

equivalent potential temperature along with the available 

observations obtained from high resolution radiosonde ascents 

are presented in Figures 4 and 5, respectively at 0600 UTC of 

Case 1 and Case 2. After careful examination of the 

simulations, it is found that KF and GD schemes are 

reasonably good and hence analysis using these two only has 

been presented. 

Case 1: During this day, the wind data is not available hence 

only the model simulations of vertical profiles of zonal and 

meridional wind obtained from KF and GD are only analyzed 

(Figs.4a and 4b). Interestingly both the schemes almost 

exhibited identical wind variation with height. In the layer 

from surface to 1000 m winds are north-easterly; above this 

layer up to 2000 m winds are south-easterly. Change of wind 

direction (smaller magnitude of wind speeds) noticed and 

winds are found to be south-westerly in the layer from 2000 to 

4000 m and above this layer north-westerly winds are noticed. 

The site geography indicates that winds from the southeast to 

southwest come from the Bay of Bengal (BoB), while 

northerly and north-westerly winds are of land mass origin. 

KF and GD simulations along with the observed RH profiles 

are shown in Figure 4c. Upon comparing with the 

observations, KF simulations are close to the observations in 

the lower layers approximately up to 1500 m, above that GD 

performance is improved. But qualitatively both the schemed 

could able to capture the observed variation of the humidity. 

We noticed that the layer from surface to 2000 m is highly 

humid and above that up to around 4500 m moderately humid 

layer and above that humidity decreased drastically. 

 

 

 

 

 

 

 

 

 

 

 

Fig 4: Validation of KF and GD simulated profiles of (a) 

relative humidity (%), (b) equivalent potential 

temperature (θe) (K) with available observations at 

Kharagpur at 12 May 2009, 0600 UTC 

More humidity in the lower layers are brought by the winds 

blowing from BoB and the supply of moisture seized in the 

higher levels as the winds are land origin as reported by [19]. 

The observed vertical variation of equivalent potential 

temperature was captured by KF and GD schemes except less 

in magnitude of around 5 K up to 2500 m (Fig.4d). From the 

observations, we can see the existence of convective 

instability up to the layer 2500 m having super-adiabatic and 

neutral layer in the lower levels near to the surface. Above 

this layer up to around 5000 m very less gradient of 

temperature is noticed indicating the existence of potential 

instability. Above this height atmosphere tend to become 

stable. 
 
 

Case 2: From Figures 5a and 5b, it is noticed that the KF and 

GD simulations of wind components are in good comparison 

with the observed variation as well as magnitude. Mostly 

south-westerly winds are noticed in the entire vertical column 

of the atmosphere except at little variation near the surface 

level. 
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Fig 5: Validation of KF and GD simulated profiles of (a) 

zonal wind (ms-1) , (b) meridional wind (ms-1), (c) relative 

humidity (%), (d) equivalent potential temperature (θe) 

(K) with available observations at Kharagpur at 5 May 

2010 0600 UTC  

Highly humid layer up to around 4000 m is seen in the 

observations as well as simulations as depicted in Figure 5c. 

Above this layer also reasonable magnitudes of humidity are 

noticed than in Case 1. This clearly establishes the fact that 

the moisture laden winds from BOB are responsible for 

bringing moisture into the study area. As noticed in Case 1, it 

is noticed convective instability in the layer up to 4500 m and 

above that potential instability from the observations of 

equivalent potential temperature profile shown in Figure 5d. 

KF and GD could able to capture the thermal structure of the 

atmosphere as explained above.  

5.3 Accumulated rainfall  
Every three hourly accumulated rainfall obtained from 

observations, TRMM, and simulations from different CPSs 

for Case 1 and Case 2 are presented in Figure 6a and Figure 

6b respectively. In Case 1, KF and GD simulated 24 hour 

accumulated rainfall is 59 mm and 15 mm, where as 

observations and TRMM reported 35.4 mm and 30.5 mm 

respectively. Remaining schemes failed to capture rainfall 

magnitude. In this event, KF simulations are better than GD. 

In Case 2, KF and GD simulated 24 hour accumulated rainfall 

is 17 mm and 22 mm, where as observations and TRMM 

reported 23.8 mm and 16 mm respectively. Based on these 

results, it is seen that KF and GD simulations are close to 

TRMM and observed rainfall, respectively.  In both the cases, 

these schemes have shown the rainfall three hours before the 

surface rainfall observations and TRMM. 

5.4 Simulation of Thermodynamical 

Stability Indices 
Convection in the atmosphere is strongly depended on its 

thermodynamic state. In the present study, an attempt is made 

to examine different stability indices obtained from 

simulations with different CPSs on 12 May 2009 at 0600 UTC 

and 5 May 2010 at 0600 UTC over Kharagpur.   

 

 

 

 

 

 

 

 

 

Fig 6: Validation of different CPSs simulated accumulated 

rainfall with TRMM and observed rainfall during (a) 12 

May 2009 0000 UTC to 13 May 2009 0000 UTC and b) 5 

May 2010 0000 UTC to 6 May 2010 0000 UTC at 

Kharagpur   

Observed radiosonde profile data obtained over the study area 

using DigiCORA system has been used to validate the model 

simulated stability indices. [18] proposed threshold values of 

various thermodynamic indices to forecast the occurrence of 

thunderstorms over Kolkata. In the subsequent studies [47] 

reported that these threshold values hold good for Kharagpur 

as well. Convective Available Potential Energy (CAPE) 

represents the amount of buoyant energy available to 

accelerate a parcel vertically. Total totals index (TTI) is useful 

to assess the storm strength. KI index is used for determining 

the air mass thunderstorm and it is a combination of moisture 

at 850 and 700 hPa and temperature difference between 850 

and 500 hPa. Humidity Index (HI) gives a combination of the 

measure of saturation at 850, 700 and 500 hPa which is very 

important in the thunderstorm generation and intensification. 

The threshold values of the indices: CAPE > 1000 J kg-1, TTI 

≥ 46, KI (°C) ≥ 24 and HI ≤ 45 is suggested by [18] is 

necessary for severe thunderstorms to occur. Table 2 shows 

the inter-comparison of observations and model simulated 

stability indices with different CPSs over Kharagpur valid for 

12 May 2009 and 5 May 2010 at 0600 UTC. The 

thermodynamic indices during the two cases both simulated as 

well as observed followed the threshold values as referred 

above and observed that thunderstorms occurred over the 

study area. 

5.5 Statistical Evaluation of surface 

meteorological variables   
A statistical analysis based on mean absolute error (MAE), 

root mean square error (RMSE) and correlation coefficient 

(CC) is performed for comparisons between the simulated and 

observed surface meteorological variables such as RH, AT, 

SLP and WS with different CPSs for two thunderstorm cases 

considered in the present study are given in (Tables 3, 4, 5 and 

6). From the (Table 3), we can clearly see that, RH simulated 

by GD scheme has less MAE and RMSE and good CC, 

followed by KF scheme compared to all other schemes. In the 

case of AT (Table 4), in general all the schemes have shown 

similar error and CC. But on close examination, statistically 

KF performance is better followed by GD, KF-NO. 
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Table 2.  The inter comparison of Observation and model 

simulated stability indices with different CPSs over 

Kharagpur for 12 May 2009 (CASE 1) and 5 May 2010 

(CASE 2) at 0060 UTC 

 

 

Table 3.  Statistical analysis of surface relative humidity 

(%) with different CPSs over Kharagpur for 12 May 2009 

(CASE 1) and 5 May 2010 (CASE 2) 

 CASES KF KF-

NO 

GD GD-

NO 

BMJ 

 

MAE 

CASE 1 11.88 19.21 11.67 15.75 17.77 

CASE 2 19.69 22.01 13.41 22.78 22.99 

 

RMSE 

CASE 1 14.10 24.00 14.91 19.35 22.28 

CASE 2 22.99 24.74 16.77 25.80 25.40 

 

CC 

CASE 1 0.42 0.44 0.36 0.2 0.41 

CASE 2 0.67 0.51 0.76 0.49 0.69 

 

Table 5 revealed the SLP simulated by GD is good followed 

by KF scheme. In the case of WS, KF scheme followed by 

BMJ has shown better statistical performance based on the 

results given in (Table 6).  

6. CONCLUSIONS 
The preset paper mainly focus on the performance of various 

convection parameterization schemes of WRF-ARW version 

3.2 in simulating thunderstorms that occurred over Kharagpur 

on 12 May 2009 and 5 May 2010 using STORM data sets. In 

this study the model simulated thermodynamical structure of 

the atmosphere, variation of surface meteorological variables 

and rainfall variations are validated with the available 

observations to evaluate the capability of the model for 

forecasting the thunderstorms. Except the use of different 

convection parameterization schemes, the rest of the model 

setup were the same in all the numerical experiments 

conducted.   
 

Table 4.  Statistical analysis of Air temperature (0 C) with 

different CPSs over Kharagpur for 12 May 2009 (CASE 1) 

and 5 May 2010 (CASE 2) 

 CASES KF KF-

NO 

GD GD-

NO 

BMJ 

 

MAE 

CASE 1 5.21 4.86 5.24 5.06 5.79 

CASE 2 4.26 4.72 5.02 4.75 4.34 

 

RMSE 

CASE 1 5.82 5.53 6.12 5.52 6.71 

CASE 2 4.94 5.14 5.83 5.10 4.56 

 

CC 

CASE 1 0.56 0.55 0.39 0.65 0.38 

CASE 2 0.87 0.73 0.79 0.74 0.89 

 

Table 5.  Statistical analysis of surface pressure (hPa) with 

different CPSs over Kharagpur valid for 12 May 2009 

(CASE 1) and 5 May 2010 (CASE 2) 

 CASES KF KF-NO GD GD-

NO 

BMJ 

 

MAE 

CASE 1 1.05 1.17 1.19 1.24 1.36 

CASE 2 1.27 1.34 1.16 1.31 1.43 

 

RMSE 

CASE 1 1.54 1.67 1.721 1.66 1.82 

CASE 2 1.68 1.72 1.51 1.69 1.71 

 

CC 

CASE 1 0.46 0.42 0.39 0.49 0.45 

CASE 2 0.36 0.10 0.43 0.14 0.10 

 

Table 6.  Statistical analysis of surface wind speed (ms-1) 

with different CPSs over Kharagpur for 12 May 2009 

(CASE 1) and 5 May 2010 (CASE 2) 

 CASES KF KF-NO GD GD-NO BMJ 

 

MAE 

CASE 1 1.50 1.20 1.85 1.37 1.56 

CASE 2 1.41 2.12 1.67 2.25 1.57 

 

RMSE 

CASE 1 1.95 1.75 2.22 1.63 2.05 

CASE 2 1.97 3.17 2.41 3.25 2.28 

 

CC 

CASE 1 0.35 0.67 0.48 0.64 0.70 

CASE 2 0.52 0.23 0.13 0.16 0.52 

 

Hence the variations in the simulated parameters can be 

attributed to the sensitivity of the convective schemes. Sudden 

rise in RH, fall of AT, variations in WS during the 

thunderstorm events are reasonably captured by GD and KF 

schemes with one hour lead and/or lag. But the schemes are 

failed capture the typical variation of SLP (pre squall low, 

meso high and wake low as seen in the observations. The 

thermal structure, wind components and RH with height are 

well captured by GD and KF schemes. These schemes could 

able to capture the presence of convective instability in lower 

layers and potential instability in upper layers with sufficient 

Stability 

Index 

CASES 

 

KF KF-
NO 

GD GD-
NO 

BMJ OBS 

 

CAPE 

CASE 1 3959 4067 3753 3516 1416 2853 

CASE 2 2526 2532 2530 2552 2415 2245 

CASE 2 53 53 53 53 54 50 

 

HI 

CASE 1 24 32 30 22 22 21 

CASE 2 24 24 23 23 17 45 

 

KI 

CASE 1 40 38 34 38 32 37 

CASE 2 41 41 41 42 42 39 
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moisture which is a necessary and sufficient condition for the 

occurrence of the thunderstorm. GD and KF schemes 

simulated the accumulated rainfall with reasonable accuracy 

and are validated with TRMM as well as rainfall 

measurements at the study area. All the schemes could able to 

simulate the thermo dynamical indices reasonably well and 

the values are in accordance with the tested threshold values 

in identifying the occurrence of thunderstorms over the study 

area. A statistical analysis based on mean absolute error, root 

mean square error and correlation coefficient revealed good 

performance of GD scheme followed by KF scheme on 

simulating various parameters associated with the 

thunderstorms over the study region. This work advocates the 

usefulness of this model and identified GD (first option) and 

KF (second option) convection parameterization schemes 

efficiency in forecasting the thunderstorms over Gangetic 

West Bengal region. 
 

7. ACKNOWLEDGMENTS 
We gratefully acknowledge the Department of Science & 

Technology, Govt. of India, New Delhi for providing funding 

in conducting experiment under the STORM programme 

during pre-monsoon months at Kharagpur. We acknowledge 

with thanks to STORM Advisory Committee and its 

Chairman, Prof. U. C. Mohanty, IIT Delhi for STORM 

weather summaries and academic advice. Thanks are due to 

Dr M. Mandal for providing us tower data. Mr Srikanth 

Madala would like to acknowledge IIT Kharagpur for 

providing research fellowship and necessary facilities to 

conduct PhD work. 
 

8. REFERENCES 
[1] Pramanik, S. K., (1939), Forecasting of Nor’westers in 

Bengal.http://www.new.dli.ernet.in/rawdataupload/uploa

d/insa/INSA_1/20005b81_93.pdf 

[2] Weston, K. J., (1972), The dryline of northern India and its 

role in cumulonimbus convection, Quarterly Journal of 

the Royal Meteorological Society, Vol.  98, pp. 519–531. 

[3] Lohar, D., Pal, B., (1995), The effect of irrigation on pre-

monsoon season precipitation over south west Bengal, 

India, Journal of Climate, Vol. 8, pp. 2567–2570. 

[4] Ghosh, A., Lohar, D., Das, J., (2008), Initiation of 

Nor’wester in relation to mid-upper and low-level water 

vapor patterns on METEOSAT-5 images, Atmospheric 

Research, Vol. 87, pp. 116–135. 

[5] Rodriguez, C. A. M., da Rocha R.P., Bombardi, R., 

(2010), On the development of summer thunderstorms in 

the city of Sao Paulo, Mean meteorological 

characteristics and pollution effect, Atmospheric 

Research, Vol. 96, pp. 477-488. 

[6] Yamane, Y., Hyashi, T., (2006), Evaluation of 

environmental conditions for the formation of severe 

local storms across the Indian subcontinent, Geophysical 

Research Letters, doi:10.1029/2006GL026823. 

[7] Tyagi, A., (2007), Thunderstorm climatology over Indian 

region, Mausam, vol. 58(2), pp.189–212. 

[8] Litynska, Z., Parfiniewicz, J., Pinkowski, H., (1976), The 

prediction of air mass thunderstorms and hails, WMO 

Bulletin, Vol. 450, pp. 128–130. 

[9] Peppier, R. A., (1988), A review of static stability indices 

and related thermodynamic parameters, SWS 

Miscellaneous Publication 104. 

[10] Jacovides, C. P., Yonetani, T., (1990), An evaluation of 

stability indices for thunderstorm prediction in Greater 

Cyprus, Weather Forecasting Vol. 5, pp. 559–569. 

[11] Ravi, N., Mohanty, U. C., Madan, O. P., Paliwal, R. K., 

(1999), Forecasting of thunderstorms in the pre-monsoon 

season at Delhi, Meteorological Applications, Vol. 6, pp. 

29–38. 

[12] Haklander, A. J., Delden, A. V., (2003), Thunderstorm 

predictors and their forecast skill for The Netherlands, 

Atmospheric Research Vol. 67–68, pp. 273–299. 

[13] Mukhopadhyay, P., (2003), Idealized simulation of a 

thunderstorm over Kolkata using RAMS, Journal of 

Indian Geophysical Union., Vol.  8(4), pp. 253-256. 

[14] Kunz, M., (2007), The skill of convective parameters and 

indices to predict isolated and severe thunderstorms, 

Natural Hazards and Earth System  Science, Vol. 7, pp. 

327–342. 

[15] Litta, A. J., and Mohanty, U. C., (2008), Simulation of a 

severe thunderstorm event during the field experiment of  

STORM programme 2006, using WRF-NMM model. 

Current Science. 95, 204-215 

[16] Sa´nchez, J. L., Lo´pez, L., Bustos, C., Marcos, J. L., 

Garcı´a, O. E., (2008), Short-term forecast of 

thunderstorms in Argentina, Atmospheric Research, 

Vol.88, pp. 36–45. 

[17] Latha, R., Murthy, B.S., (2011), Boundary layer 

signatures of consecutive thunderstorms as observed by 

Doppler sodar over western India, Atmospheric Research 

Vol. 99, pp. 230–240. 

[18] Tyagi, B., Naresh Krishna, V., Satyanarayana, A.N.V., 

(2011). Skill of Thermodynamic indices for forecasting 

pre-monsoon thunderstorms over Kolkata during 

STORM pilot phase 2006-2008, Natural Hazards 56, 

681-698, DOI: 10.1007/s11069-010-9582-x 

[19] Tyagi, B., Satyanarayana, A.N.V., Kumar, M., and 

Mahanti, N.C., (2012). Surface energy and radiation 

budget over a tropical station: An Observational study, 

Asia-Pacific Journal of Atmospheric Science 48(4), 411-

421, DOI: 10.1007/s13143-012-0037-z 

[20] Tyagi, B., Satyanarayana, A.N.V., and Naresh Krishna, 

V., (2013), Thermodynamical structure of atmosphere 

during pre-monsoon thunderstorm season over 

Kharagpur as revealed by STORM data, Pure and 

Applied Geophysics 170(4), 675-687, Published Online, 

DOI: 10.1007/s00024-012-0566-5  

[21] Vaidya, S.S., (2007), Simulation of weather systems over 

Indian region using mesoscale models. Meteorology and 

Atmospheric Physics 95, 15-26. 

[22] Litta, A. J., Mohanty, U. C., and Sumam M. I., (2009), 

Simulation of Severe Squall Line over Kolkata using 

WRFNMM model. Lectures on Modeling and 

Simulation. 10(1), 73-83 

[23] Litta, A. J., Mohanty, U. C., and Bhan, S. C., (2010), 

Numerical Simulation of a Tornado over Ludhiana 

(India)  using WRF-NMM model. Meteorological 

Applications. 16, 164-175 

[24] Litta, A. J., Sumam M. I., Mohanty, U. C., (2011), A 

Comparative Study of Convective Parameterization 



International Journal of Computer Applications (0975 – 8887)  

Volume 71– No.15, May 2013 

50 

Schemes in WRF-NMM Model. International Journal of 

Computer Applications 33 (6), 32-39  

[25] Rajeevan, M., Kesarkar A., Thampi, S.B., Rao K.N., 

Radhakrishna, B., Rajsekhar, M., (2010), Sensitivity of 

WRF cloud microphysics to simulations of a severe 

thunderstorm event over Southeast India. Annales 

Geophysicae 28, 603-619. 

[26] Srinivas, C.V., Hariprasad, D., Bhaskar Rao, D.V., 

Anjaneyulu, Y., Baskaran, R., Venkatraman, B., (2013), 

Simulation of the Indian Summer Monsoon regional 

climate using advanced research WRF model. 

International Journal of Climatology 33: 1195-1210. 

[27] Deshpande M.S., Pattnaik S., Salvekar P.S., (2012), 

Impact of cloud parametrization on the numerical 

simulation of a super cyclone. Annales Geophysicae 30, 

775-795. 

[28] STORM Science Plan (2005), Severe Thunderstorms – 

Observations & Regional Modeling (STROM) 

Programme, Department of Science & Technology, 

Government of India, New Delhi, December 2005. 

[29] Tyagi, B., Satyanarayana, A.N.V., (2010), Modeling of 

Soil Surface Temperature and Heat Flux during Pre-

monsoon season at two Tropical Stations, Journal of 

Atmospheric and Solar–Terrestrial Physics (Elsevier 

Publications), 72 (2-3), 224-233, 

DOI:10.1016/j.jastp.2009.11.015 

[30] Panigrahi, B., Panda, S.N., (2003), Field test of a soil 

water balance simulation model. Agr Water Manage 58: 

223-240. 

[31] Roy, D., (2006), Development of software for the design 

of the on farm reservoir under rain fed farming system, 

Unpublished M.Tech. Thesis, Department of Agriculture 

and Food Engineering, Indian Institute of Technology 

Kharagpur, pp. 85. 

 

[32] Skamarock, W. C. and Weisman, M.L, (2009), The 

impact of positive-definite moisture transport on NWP 

precipitation forecasts, Mon. Wea. Rev. 137, 488-494. 

[33] Michalakes, J., Dudhia, J., Gill, D., Henderson, T., 

Klemp, J., Skamarock, W., and Wang, W., (2004), The 

Weather Research and Forecast Model: Software 

Architecture and Performance. Proceeding of the 

Eleventh ECMWF Workshop on the Use of High 

Performance Computing in Meteorology. 25–29 October 

2004, Reading, U.K., Ed. George Mozdzynski. 

[34] Skamarock W. C., (2005), Timesplitting techniques for 

multidimensional transport, available at 

http://www.mmm.ucar.edu/individual/skamarock/advect

3d  

[35] Janjic, Z. I., (1996), The Surface Layer in the NCEP Eta 

Model. 11th Conf. on NWP, Norfolk, VA, American 

Meteorological Society, 354–355 

[36] Janjic, Z. I., (2002), Nonsingular Implementation of the 

Mellor–Yamada Level 2.5 Scheme in the NCEP Meso 

model, NCEP Office Note, No. 437, 61 

[37] Kain, J. S., and Fritsch, J. M., (1993), Convective 

parameterization for mesoscale models: The Kain-Fritcsh 

scheme. The representation of cumulus convection in 

numerical models, K.A. Emanuel and D.J. Raymond, 

Eds., Amer. Meteor. Soc. 246 

[38] Kain, J. S., (2004), The Kain–Fritsch Convective 

Parameterization: An Update. Journal of Applied 

Meteorology 43 (1), 170–181 

[39] Grell, G. A., and Devenyi, D., (2002), A generalized 

approach to parameterizing convection combining 

ensemble and data assimilation techniques. Geophysical 

Research Letter. 29, Article 1963 

[40] Janjic, Z. I., (1994), The step–mountain eta coordinate 

model: further developments of the convection, viscous 

sublayer and turbulence closure schemes. Mon. Wea. 

Rev. 122, 927–945 

[41] Janjic, Z. I., (2000), Comments on “Development and 

Evaluation of a Convection Scheme for Use in Climate 

Models. J. Atmos. Sci. 57, 3686 

 [42] Betts, A. K., (1986), A new convective adjustment 

scheme. Part I: Observational and theoretical basis. 

Quart. J. Roy. Meteor. Soc., 112, 677–691. 

[43] Chen, F., and J. Dudhia, (2001), Coupling an advanced 

land-surface/ hydrology model with the Penn State/ 

NCAR MM5 modeling system. Part I: Model description 

and implementation. Mon. Wea. Rev., 129, 569–585. 

[44] Ferrier B.S, Lin Y., Black T., Rogers E., DiMego G., 

(2002), Implementation of a new grid-scale cloud and 

precipitation scheme in the NCEP Eta model. In: 

Proceedings of the 15th Conference on Numerical 

Weather Prediction; San Antonio, Tex, USA. American 

Meteorological Society; pp. 280–283. 

[45] Mlawer, E. J., Taubman, S.J., Brown, P.D., Iacono, M.J., 

and Clough, S.A., (1997), Radiative transfer for 

inhomogeneous atmosphere: RRTM, a validated 

correlated-k model for the longwave. J. Geophys. Res., 

102 (D14), 16663–16682. 

[46] Dudhia, J., (1989), Numerical study of convection 

observed during the winter monsoon experiment using a 

mesoscale two-dimensional model, J. Atmos. Sci., 46, 

3077–3107. 

[47] Tyagi, B., Satyanarayana, A.N.V., Rajvanshi R.K., and 

Mandal., M.M., (2013), Surface Energy Exchanges 

during Pre-monsoon Thunderstorm Activity over a 

Tropical Station Kharagpur, Pure and Applied 

Geophysics, DOI 10.1007/s00024-013-0682-x

 

IJCATM : www.ijcaonline.org 

http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%236062%232010%23999279997%231609121%23FLA%23&_cdi=6062&_pubType=J&view=c&_auth=y&_acct=C000021538&_version=1&_urlVersion=0&_userid=450750&md5=b3302a39a2f531b358c2d4cc6d71117a

