International Journal of Scientific and Research Publications, VVolume 5, Issue 6, J
ISSN 2250-3153

une 2015 1

Numerical Simulation of a Severe Thunderstorm over
Delhi Using WRF Model

Jaya Singh', Ajay Gairola', Someshwar Das’

1 CoEDMM, Center of Excellence in Disaster Mitigation and Management, IIT Roorkee, Roorkee-247667, INDIA
2 India Meteorological Department, New Delhi, INDIA

Abstract- A severe thunderstorm affected Delhi and adjoining
region between 1630 hrs IST and 1730 hrs IST of 30" May 2014,
Weather Research and Forecasting (WRF) system version 3.6.1
has been wused to simulate and investigate the severe
thunderstorm. Sensitivity experiments are conducted to study the
impact of using different grid resolution (9km and 3km) with
terrain resolution 5 min (~10 km) and 1 min (~2 km) respectively
and the same microphysics (MPs) and cumulus parameterization
(CPs) schemes on the simulation of the system. The results
demonstrate that the model simulates better structure and
intensity of the thunderstorm at higher resolution domain.

Index Terms- Numerical simulation; Thunderstorm; Weather
Research and Forecasting model; Sensitivity experiment.

l. INTRODUCTION

hunderstorms/dust storms develop due to intense convection
and are generally associated with thunder, heavy rainfall,
lightening, hail and squall line [1]. The lightning and thunder are
produced by cumulonimbus clouds of convective origin having
high vertical extent [2]. In India, when continental air and warm

moist oceanic air meets, the severity of thunderstorm increases,
particularly in April - May (pre-monsoon season). In this period,
the northern, northwestern and eastern part of India is influenced
by thunderstorms. As these thunderstorms mostly move from
north-west to south-east, they are also called Nor'westers [3]. On
the basis of the development of thunderclouds, the life cycle of
thunderstorms is divided in three phases [4] i.e. formative stage,
mature stage and dissipative stage as shown in fig 1.1.

The characteristics of the three phases of thunderstorm are
summarized below.

1. The updraft lasts throughout the cell.

2. Both updraft and downdraft are present in this stage.
Since the upper level shear discriminate the updraft zone and
downdraft zone, its presence adds severity to the storm. The
duration of the life of cell is also extended by it.

3. The final stage is vanishing stage dominated by
downdraft throughout the cell.

The focus of this paper is to use the Numerical Weather
Prediction (NWP) system (WRF model) for simulation of the
above severe weather phenomena and its structure of the event,
at finer grid (domain) resolution to understand the atmospheric
phenomena in the storm.
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Figure 1.1: Life cycle of the single cell thunderstorm: (a) Towering Cumulus Stage (b) Mature Stage (c) Dissipating Stage,

(Source: Markowski

Il. SCOPE OF THE STUDY

Over north India the terrain and the environment conditions
are different at different places so the behavior and strength of
the severe thunderstorms are different at different places. The
scope of this study is to improve the prediction of this important

and Richardson, 2010).

weather phenomenon. For this, numerical simulation of the
severe weather event is important to predict the precise time,
location and intensity of the upcoming hazard & disaster (fig 1.2)
so that advance warning can be issued to the people and
preventive measures can be taken.
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Figure (1.2): Scope of the study.

I1l. NUMERICAL MODEL AND CONFIGURATIONS

Model Description- WRF model (Version 3.6.1) with the
Advanced Research WRF (ARW) is used to simulate the severe
norwester’s. It is a multi-organization endeavor planned to make
available a genX mesoscale predictable system. This is the
system to serve both the interpretation and forecast of such
mesoscale phenomenon and convey the advance research into
operations.

Model Initial and Boundary Conditions- The United State
Geographical Survey (USGS) 5min (~10 kilometer) and 1min

(~2 kilometer) resolution terrain topographical data have been
used for two domains in the WRF pre-processing system (WPS).
The 0.25° resolution outputs from the India Meteorological
Department-Global Forecasting System (IMD-GFS) real time
prediction has been used. The initial and boundary conditions are
29-05-2014 of 00 UTC and 31-05-2014 of 00 UTC. WRF model
has been used to make 48 hours simulation of the event using
different horizontal resolutions i.e. 9 and 3 km.

Model Configuration- Table - 1 provides the details of the
two different experiments.

Table 1: Description of the model

Map projection Mercator Mercator
Reference latitude of the

domain 22.00°N 28.30°N
Reference longitude of the

domain 80.00°E 81.50°E
Number of domain 1 1

Number of vertical layers

27 sigma levels

27 sigma levels

Horizontal Resolution

9km 3km
Time step 30s 10s
Number of grid points
e-we 360 680
e-sn 360 570
Resolution of
geographical data 5min(~10kilometer) Imin(~2kilometer)
Topography USGS USGS
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WPS Domain Configuration
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Figure(1.3): Experimental Domain 9 km resolution.

IV. RESULTS AND DISCUSSIONS

Sensitivity Experiments

The WRF V-3.6.1 model has been run for 48 hours to
simulate the severe thunderstorm. The output is post processed to
obtain geopotential (850hPa), wind vector (850 hPa), wind speed
(10m), convective available potential energy (CAPE), reflectivity
and rainfall. The results were obtained at different grid resolution
(9 and 3km) with the same MPs and CPs schemes. The USGS
terrain/vegetation data was used at 5 min (~10 km) and 1 min (~2
km) corresponding to the grid resolution at 9 km and 3 km.
These variables are plotted through Grid Analysis and Display
System (GrADS) and discussed are as follows.

(i) Geopotential and Wind vector

Fig (1.5 & 1.6) illustrate the simulated wind vectors and
geo-potential at 500 hPa, valid at 00 UTC of 30 May 2014 based
on the initial condition of 00 UTC of 20 May 2014 at grid
resolutions of 9 km and 3 km respectively. The diagrams indicate
predominately north westerly winds over Delhi and
neighborhood. The simulation at 3 km indicate a convergence
line extending from north to south over east Rajasthan and West
U.P illustrated by a thick line in the fig (1.6).

WFS Domain Configuration
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Figure(1.4): Experimental Domain 3 km resolution.
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Figure (1.5): Simulated Geopotential and Wind vector at 500
hPa valid at 12 UTC, 30052014 based on the IC: 00 UTC,
29052014, using WRF model at 9 km resolution.
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Figure (1.6): Asin fig (1.5) but at 3 km resolution.

(if) Wind vector and Wind speed

Fig (1.7 & 1.8) illustrate wind vector at 850 hPa and wind
speed at 10 m valid at 00 UTC of 30 May 2014 based on the
initial condition of 00 UTC of 29 May 2014, at grid resolution of
9 and 3 km respectively. The diagrams indicate pockets of high
wind speed surrounding Delhi region in the 3 km simulation
which is not seen in the 9 km resolution. Thus the simulation at
higher resolution is closer to the reality.

20
Figure (1.7): Simulated Wind vector at 850 hPa and Wind
speed at 10 m valid at 12 UTC, 30052014 based on the IC: 00
UTC, 29052014, using WRF model at 9 km resolution. The
shaded values indicate iso-tech.
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Figure (1.8): Asin fig (1.7) but at 3 km resolution.

(iii) Convective Available Potential Energy

Fig (1.9 & 2.0) illustrate the simulated CAPE valid at 12
UTC of 30 May 2014 based on the initial condition of 00 UTC of
29 May 2014 at grid resolutions of 9 km and 3 km respectively.
The diagrams indicate that the highest CAPE value is greater
than 2000 (j/kg) over the northwest India in 9 km resolution
while the highest CAPE value from 3 km resolution is 2400
(i’kg). The simulation from very high resolution WRF model (3
km) shows the higher value of CAPE as compare to the lower
resolution (9 km).

Figure (1.9): Simulated CAPE valid at 12 UTC, 30052014
based on the IC: 00 UTC, 29052014, using WRF model at 9
km resolution.
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Figure (2.0): Asin fig (1.9) but at 3 km resolution.

(iv) Reflectivity and Rainfall

The reflectivity values simulated by the model show some
echoes south of the Delhi region by simulation in the 3 km
resolution. Whereas the simulation at 9 km resolution does not
show any echo surrounding Delhi fig (2.1 & 2.2). None of the
simulations (at 9 and 3 km resolution) rainfall values around
Delhi region. This may be because the observed rainfall was very
less. A few pockets of rainfall are seen over Punjab and Haryana
in the 9 km resolution which is not seen in the 3 km resolution. It
may be noted that echoes may be obtained from rain bearing
clouds, which may not rain in reality fig (2.3 & 2.4).
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Figure (2.1): Simulated reflectivity valid at 12 UTC,
30052014 based on the IC: 00 UTC,29052014, using WRF
model at 9 km resolution.

Figure (2.3): Simulated Rainfall valid at 12 UTC, 30052014
based on the IC: 00 UTC, 29052014, using WRF model
at 9 km resolution.

Figure (2.4): Asin fig (2.3) but at 3 km resolution.

V. CONCLUSION

WRF V3.6.1 has been used to simulate and investigate the
severe thunderstorm which affected Delhi and adjoining region
between 1630 hours IST and 1730 hours IST of 30 May 2014.
The system moved eastward and steered by a westerly trough. It
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was accompanied by strong wind, lightning, thunder and squall
causing destruction to the life and property.

Results demonstrate that the simulation at 3 km resolution
provides better distributions of convergence zone in the wind
fields at lower level then compare to simulation at 9 km
resolution. The simulation at higher resolution also demonstrates
better resolution. However there are many deficiencies in the
simulated results in terms of maximum wind speed observed at
the surface, precise time, location and intensity of the storm.
Many experiments need to be conducted using nested domain,
better physical parameterization schemes, data assimilation and
ensemble forecasting.
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