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Abstract

The radar data analysis in this study were to extract the radar reflectivity to individual rain-storms and present the study
on rain-storm characteristics with their crucial features in northern Thailand over 80 days between April and August 2012.
This study classified the two seasonal variations of rain-storm characteristics derived from Thunderstorm Identification and
Tracking Analysis and Nowcasting (TITAN) algorithm including 11 variables of storm numbers, duration, volume, mass,
sizes, maximum reflectivity and movement in the data set. Additionally, the study also evaluated statistically the relationship
between storm characteristics and standard instability indices including lift index (LI) and convective available potential
energy (CAPE).

It can be seen that in summer season had a smaller number of storms but the storms were of longer average duration,
greater maximum reflectivity as well as larger areas, volume and mass. Most rain-storms in both summer and rainy seasons
were less than 2 hours and the storm altitudes (base to top height) were between around 2 and 8 km MSL. The storm veloc-
ity was not exceeding 20 km/hr and their movement was southeasterly wind accordingly along the north-south mountain
ranges in northern Thailand. Storm area was the most important factor determining the convective weather in the large scale
environment during summer season since it was illustrated the strongest correlation in both LI (negative; -0.67) and CAPE
(positive; 0.65). Alternatively, the storm duration was the most important variable in wet season, which was exhibited the

strongest correlation (0.68) with CAPE as well; moreover, no such strong correlation was found for LI.
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1. Introduction

A convective storm is meteorological phenomena
that are generated by the heating of the earth and with
deep moisture. The convective storm accompanied by
lightning and thunder and a variety of weather such
as locally heavy rains leading to flash flooding, strong
winds, sudden temperature changes, and in some cases
hail (Doswell et al., 2000). In Thailand during rainy
season, major flash flooding is often caused by heavy
raining from severe convective weather. However,
the convective rain-storm is still an important key
to possible rain enhancement feasibility potential in
order to relieve draught in summer season as well. For
this reason the comprehension in convective weather
structures and characteristics are leading to the basic of
development in atmospheric water resources manage-
ment in Thailand.

Nowadays, weather radar is widely used to detect
the convective storms and study of convective storm
structure due to its capability for spatial and temporal
storm profiles measurement. Radar data-based storm
characteristics studies appeared in the USA in the
1950s following the invention and first use of weather
radars (Braham, 1958; Battan, 1963). Subsequently,

there are many storm studies using weather radar e.g.
Zipser et al., 1994; Toracinta et al., 2002. Goudenhoofdt
et al., 2010 studied 5 years of convective storm char-
acteristics data based on reflectivity measurement from
weather radar in South-east Belgium in order to study
storm evolution characteristic which aimed to improve
its nowcasting. While, Potts ef al. (2000) using radar
echoes in Sydney, Australia to study 12 cases of active
diurnal convection in the summer of 1995/96. Besides
the result shown that both maximum reflectivity and
storm height are correlated with the logarithm of storm
volume, they also found out that even there were a
number of small storms but the volume of precipitation
flux are mostly contributed by few large-scale storms.
Walther et al. (2006) used 3 years of weather radar
data composites over the Baltic region to determine the
criterion of distinguishing “frontal” and “convective”
precipitation. Meanwhile in Thailand there are still
a few studies in cloud and rain-storm characteristics
using radar data. Rain-cloud studies using radar-based
have been performed by Chumchean (2009), who in-
vestigated and classified rainfall event using rain-cloud
horizontal characteristics obtained from radar reflec-
tivity images with 2.5-km CAPPI (Constant altitude
plan position indicator) from of Royal Rain-making
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and Agricultural Aviation (BRRAA)’s radar station at
Pimai district, Nakhon Ratchasima during 2003-2005
in northeast Thailand.

The purpose of this paper is to present the study
of rain-storm characteristics and identify the intrasea-
sonal variation between summer and rainy seasons over
northern Thailand. The important storm properties,
structures and their behaviors are analyzed and the
relationship between storm characteristics and standard
instability indices are discussed (Cifelli, 2007). Radar
reflectivity and sounding data were obtained from
weather station of DRRAA which situated at omkoi
district, Chiang Mai. The storm characteristics were run
through the Thunderstorm Identification and Tracking
Analysis and Nowcasting (TITAN) (Dixon et al., 1993)
and standard instability indices were computed by using
sounding data. These instrumentations can provide an
efficient way to study and observe the storm character-
istics as well as their essential features which derived
from 80 days during April to August 2012. There were
carried out over radar effective radius 240 km in the
northern Thailand (Fig. 1).

2. Data Sets and Method

The data sets that were used in this study includ-
ing (1) rain-storm characteristics obtained from radar
reflectivity measurement and (2) instability indices
computed by radiosonde observation. These data were
chosen merely in a day of available completion both
in radar and sounding data. Total data were selected
for 80 days during 32 days in dry summer and 48 days
in rainy season between Apr 2012 and Aug 2012 over
northern Thailand.

RADAR: This study was used radar reflectivity-
derived parameters from S-band Doppler radar with
dual polarization (SIDPOL) which is operated by

DRRAA. SIDPOL is situated in Omkoi district,
Chiangmai, northern part of Thailand as shown in Fig. 1.
This radar has collected the reflectivity data as volume
scan to the highest altitude at 20 km provided in the
universal format files (UF) (Barnes, 1980), which are
obtained every 6-minute interval by using 15 elevation
angles; 0.6°,1.4°,2.2°,3.1°,4.0°,4.8°,5.6°,6.5°,7.7°,
9.1°,10.7°, 12.6°, 14.9° 17.5° and 20.2°, with the
effective range of 240 km.

TITAN: The SIDPOL reflectivity data were run
through the TITAN. The TITAN algorithm could objec-
tively identify the storms, track the storm movements
and analyze their properties as Table 1.

The storms were selected for this study’s dataset
form the following criteria as followed: (Dixon, 1998;
Bampzelis et al., 2012)

1) Strom track within 240 km of the radar.

2) Reflectivity threshold 30 dBz or greater.

3) Minimum storm size as 10 km’.

4) Using the Marshall-Palmer Z-R relationship
applied to estimate precipitation in the storm.

5) The storm mass is computed using the Z-M
relationship; m=20300*Z""", where m is the water
content in g/m’ and Z is the radar reflectivity factor in
mm®/m’.

Table 1 lists the 11-TITAN storm characteristics
used in this study. The dataset contained 80 days during
summer and rainy season 2012.

SOUNDING DATA: Soundings are routinely taken
at weather observational station locating at Omkoi
district, Chiangmai, Thailand (Fig. 1) during summer to
late rainy season every year. Providing insight into the
environment conditions within the Omkoi radar domain
for each day, these indices compose of lifted index
(LI) (Galway, 1956) and convective available potential
energy (CAPE) (Moncrieffet al., 1976; Gettleman et al.,
2002) were determined for the 0000UTC sounding.

Table 1 Radar-obtained storm characteristics from TITAN and their units

Rain-storm characteristics Variables Units
(1) Number of storms NoS Counts
(2) Storm duration S Dur hrs
(3) Maximum volume S Vol km’
(4) Maximum mass S Mas ktons
(5) Maximum envelope area S Area km’
(6) Maximum precipitation area Precip_ Area km’
(7) Maximum storm-top height S Top km MSL
(8) Maximum storm-base S Base km MSL
(9) Maximum reflectivity S dBz dBZ
(10) Mean speed S Vel km/hr
(11) Mean direction S Dir deg
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Figure 1. The study area in radar effective range 240 km over northern Thailand (18 00 N 100 00 E) and DRRAA observa-
tional weather station at Omkoi (18 47 54 N, 98 25 S6E, 1163m MSL), Chiang Mai, Thailand.

The LI is computed by the determination of the
lifted parcel pressure, temperature and dewponit. The
parcel is assigned the mean mixing ratio of the lowest
50 mb as the formal definition is given by

LI = Temperature of Environment at 500 mb - Parcel
temperature at 500 mb (D)

In contrast, to single level stability indices, CAPE is
a vertically integrated index and measures the cumula-
tive buoyant energy in the free convective layer (FCL)
from the level of free convection (LFC) to the equilib-
rium level (EL) (David, 1998). The formal definition
is given by

Where T, is the virtual temperature of the parcel and
T,. is the virtual temperature of the environment, Z, is
the height of the equilibrium level, Z, . is the level of
free convective, and g is gravity. The calculation CAPE
(J/kg) was based on lifting a well-mixed parcel from
lowest 50mb (mean temperature and mixing ratio).

3. Result
3.1. Characteristics of Rain-Storm

3.1.1. Rain-storm number and lifetime

The result and example from this study exhibits that
an average number of storms were found in summertime
is extremely smaller than in rainy season as indicated
in Fig. 2 and 3, respectively. From daily individual
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Figure 2. Show the number of storms (left) and frequency distribution (right) during summer and rainy season.
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Figure 3. Some cases of rain-storm number from TITAN analysis: (a) April 13, 2012, 16:12:02 in summer season and (b)

July 06, 2012, 17:06:02 in rainy season.

storm tracking is shown that the numbers of storms are
between 6 and 384 in summer period but between 80
and 600 in rainy season.

As for storm duration is the time elapsed from the
first radar echo of 30 dBz until the disappearance of
precipitation. In this study revealed that the average
individual storm duration during summertime was
longer than in rainy season, around 1 hour in summer
and 40 minutes in rainy season, respectively and almost
all storm durations in both seasons were less than 2
hours. It is apparent that in summertime had a smaller
number of storms but the storms were of longer aver-
age duration (0.5 to 2.0 hr) as well. The time series of
storm duration on each season is illustrated in Fig. 4.

3.1.2. Rain-storm height

The storm bases and tops show the minimum and
maximum height of radar reflectivity, respectively as
determined threshold. In this study were setting up the
minimum reflectivity threshold at 30 dBZ; therefore,
the radar will only report those bases and tops that are
at a reflectivity of 30 dBZ or higher. The results of this

study showed that an average of echo bases and tops
are quit similar in both seasons, about 2.0 to 7.3 km
MSL in summer and about 2.3 to 7.6 km MSL in wet
season. The seasonal variation of the storm bases and
tops as shown in Fig. 5.

3.1.3. Rain-storm mass and volume

Regarding storm’s volume and mass it is found
that average maximum cell volume is around 254 km’
in summer and 170 km® in wet season. In addition,
an average-maximum cell mass is around 185 ktons
in summer and smaller in wet season, 75 ktons. The
additional information of statistical analysis is presented
as Table 2 and Table 3.

The result from this study exhibits that the storm
volume and mass in summertime is greater than in rainy
season with up to about 30% and 60%, respectively. The
variation of these properties along seasonal period is
presented in Fig. 6.

3.1.4. Rain-storm reflectivity
The result from this study showed that on average
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Figure 4. The average storm duration (hours) (left) and frequency distribution (right) during summer and rainy season.
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Figure 5. Show the average maximum storm (a) top (km MSL) and (b) base (km MSL) (left) and frequency distribution
(right) during summer and rainy season.

Table 2. The storm characteristics during summer season 2012 over northern Thailand

Storm characteristics, LI and CAPE: Summer Season

NoS S Dur S Vol S Mas S Area Pzerc;’— S Top S Base S dBz S Vel S Dir LI CAPE
3 2 2 km km 15}
counts hrs km ktons km km MSL  MSL dBZ  km/hr deg C J/kg
Median 56.00 0.82 24250 187.21 68.26 5.98 6.29 2.55 4924 1097 12130 -1.83 2939.50
Mean 100.78 0.94 254.83 201.03 70.37 8.63 6.25 2.54 4944 1099 12298 -1.70 3041.50
STD. 105.04 0.32 9451 109.99 24.04 8.89 0.58 0.26 3.40 292 3201 126 2017.08
Min 6.00 0.57 102.18  69.49 39.13 0.00 4.93 1.93 41.82 6.30 7030 -3.85 202.00
Max 384.00 2.05 505.79 510.27 123.19 34.97 7.34 3.02 5895 1843 266.05 0.49 7819.00
Table 3. The storm characteristics during rainy season 2012 over northern Thailand
Storm characteristics, LI and CAPE: Rainy Season
Precip_ .
NoS S Dur S_Vol S Mas S_Area Area S Top S_Base S dBz S Vel S Dir LI CAPE
3 2 2 km km
counts hrs km ktons km km MSL  MSL dBZ  km/hr deg - J/kg
Median 215.00 0.71 165.11 67.24 47.84 2.62 6.41 2.66  44.07 9.59 140.20 -0.27  306.00
Mean 252.71 0.72 172.07 7544 48.29 3.06 6.33 2.67 4410 10.64 149.86 -0.27 597.96
STD. 125.52 0.10 47.44  25.73 12.22 1.95 0.39 0.19 1.77 330 5121 1.02  768.16
Min 81.00 0.53  93.63 3232 24.52 0.40 5.47 225 3837 6.50 69.24 -2.39 0.00
Max 600.00 1.17 31039 150.56 85.71 10.84 7.17 3.04 48.13 19.07 262.83 2.03 4221.00
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Figure 6. The average maximum value of (a) cell volume (km”) and (b) mass (ktons) (left) and frequency distribution (right)

during summer and rainy season.

maximum value, storm’s reflectivity peaks that occurred
during summer at about 50 dBz ranging between 42
and 59 dBz. However, the smaller reflectivity occurred
during rainy season which was approximately to 44 dBz
ranging between 38 and 52 dBz. The average maximum
value of reflectivity was presented in Fig. 7.

3.1.5. Rain-storm area and precipitation area

Storm and rainy area of each season are distin-
guished between summer and rainy season. The larger
average raining area from individual storm cell is shown
in summer that is approximately 70 km” and, 48 km” in
rainy season. Although the number of storms in summer
is smaller comparing in wet season, summer rain-storm

composes of several large cells, and they can lead to
larger areas obviously. The average area of rain-storm
was presented in Fig. 8.

3.1.6. Rain-storm movement

TITAN algorithm can provide the information of
storm tracking and its movement. The results obtained
from this study showed that the mean velocity and
direction of summer rain-storm are 11 km/hr and 122
degree (ESE; 101.25 °-123.75°), while in rainy season
the value of average storm velocity and direction are
10 km/hr and 177 degree (S; 168.75 ° -181.25 °). The
average rain-storm movement in both seasons was
illustrated in Fig. 9.
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Figure 7. Show the mean value of maximum storm reflectivity (dBz) (left) and frequency distribution (right) during sum-

mer and rainy season.
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Figure 8. The mean value of (a) rain-storm area (km’) and (b) precipitation area (km®) (left) and frequency distribution
(right) during summer and rainy season.
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and frequency distribution (right) during summer and rainy season.
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3.2. Assessing the Relationship between Thunderstorm
Characteristics and Standard Instability Indices

The purpose of this study is to use sounding data
to examine several parameters commonly used to
forecast storm and severe weather. Then the chosen
stability indices are designed specially to evaluate
mostly in the convective and severe weather applied
to rain-storm forecasting including LI and CAPE (Fig.
10). As the result, assessing the possible correlations
of reflectivity feature with changes in the large scale
environment, the rain-storms were interpolated to the
upper air sounding station that is located in effective
range of radar observation.

The statistical result in this study illustrated an
average LI and CAPE (Table 2 and Table 3) occurring
during summer at around -1.7 and 3000 J/kg and dur-
ing wet season at around -0.27 and 600 J/kg. However
from the frequency distribution, values of LI normally
distributed about a mean of approximately ‘-2’ in sum-
mertime and ‘0’ in wet season, as indicated in Fig. 10(a).
CAPE values are distributed close to 1000 J/kg in both
season but they have a wider distribution around to
8000 J/kg in summer season, as indicated in Fig. 10(b).
Accordingly, the higher negative in LI and the stronger
CAPE value exhibited that in the summertime the storm
occurrences have a tendency to stronger instability and

more possible thunderstorm availability.

Pearson’s correlation coefficient between two vari-
ables is defined as the covariance of the two variables
divided by the product of their standard deviations. The
formula for the Pearson product moment correlation
coefficient, r, is:

_ > (x-X)r-v)
Sx-xP>(r-r)

Where x and y are the sample of two variable

For the Pearson’s linear product moment correla-
tion coefficient analysis were shown that the relation-
ships between rain-storm characteristics and stability
indices by classified into two periods during summer
and rainy season as illustrated in Table 4. The result
obtained from this study showed as followed.

1) The strong correlation (|r[>=0.5) between
rain-storm characteristics and LI was obtained from
TITAN including maximum volume, maximum mass
and maximum envelope area in summer while in rainy
season all characteristics were a smaller correlation. The
strongest correlation (-0.67) was shown relationships
between maximum envelope area and LI in summer
season.

2) As the strong correlation during summertime
between rain-storm characteristics and CAPE includ-
ing maximum volume, maximum mass, maximum

)
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Figure 10. Time series of LI (a) and CAPE (J/kg) (b) derived from sounding (left) and frequency distribution (right) during

summer and rainy season.
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Table 4. LI and CAPE and rain-storm characteristic product
moment correlation coefficient

Pearson’s r LI CAPE
N(SS)=32,

N(RS)=48 SS RS SS RS
(1) NoS 0.34 -0.27  -0.33 0.13
(2) S_Dur -0.22  -0.48 0.28 0.68
(3) S_Vol -0.58  -0.03 0.52 0.09
(4) S_Mas -0.58  -0.39 0.55 0.47
(5)S_Area -0.67  0.04 0.65 0.09
(6) Precip_Area -0.30  -0.23 0.43 0.57
(7) S_Top 0.23 -0.12  -0.29 -0.15
(8) S_Base 0.24 0.02 -0.30  -0.30
(9)S_dBz -0.47  -0.31 0.52 0.52
(10) S Vel -0.29 0.37 0.10 -0.29
(11) S_Dir 0.11 -0.24  -0.10 0.22

SS = Summer season, RS=Rainy season

reflectivity and maximum envelope area and including
storm duration, maximum reflectivity and maximum
precipitation area in rainy season, respectively. The
strongest correlation (0.68) was shown relationships
between storm duration and CAPE in rainy season.

4. Conclusions

In this study has examined statically the intrasea-
sonal variations of essentially 11-storms characteristics
obtained from TITAN including storm numbers, dura-
tion, volume, mass, sizes, reflectivity and movement
in the data set. Frequency distribution of storm char-
acteristics indicated their extensions and limitations,
providing an integrated view of storm behavior over
the examined area. It is relevant that in summer season
(Table 2 and Table 3) almost storm characteristics had
greater values of storm duration, volume, mass, areas
and maximum reflectivity than in rainy season. During
the time that in wet season, the number of storms is
greater than double in summer period.

The other storm properties including storm alti-
tudes (base to top height) and their movement are quite
similar in both seasons. Most rain-storms had the storm
altitudes between around 2 and 8 km MSL from base
to top. The storm velocity was not exceeding 20 km/hr
and their movement was southeasterly wind consistent
along the north-south mountain ranges in northern
Thailand.

The relationship between these storm character-
istics and the chosen stability indices derived from
sounding data consist of LI and CAPE (J/kg) were
exhibited that the strongest negative correlation (-0.67)
was shown relationships between LI and storm area in
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summer season but all characteristics were a smaller
correlation in rainy season. The strongest positive cor-
relation (0.68) was shown relationships between CAPE
and storm duration in rainy season and there are a num-
ber of stronger correlation than LI. Consistently with
previous study, these results confirm those of Blanchard
(1998), Mackeen et al. (1999) and Derubertis (2006)
who point out the correlation among storm character-
istics, CAPE and LI in the United States respectively
for thunderstorms. Consequently in both season, the
CAPE is appropriately stability index which is applied
to forecast the convective and severe weather changes
in the large scale environment.
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