LISAT 2017 . - IOP Publishing
IOP Conf. Series: Earth and Environmental Science 149 (2018) 012058 doi:10.1088/1755-1315/149/1/012058

Application of rain scanner SANTANU and transportable
weather radar in analyze of Mesoscale Convective System
(MCS) events over Bandung, West Java

G A Nugroho, T Sinatra, Trismidianto and { Fathrio

Center of Atmospheric Science and Technology, National Institute of Aeronautics and
Space, Bandung, Indonesia

E-mail address: ginaldi.ari@lapan.go.id

Abstract. Simultaneous observation of transportable weather radar LAPAN-GMR25SP and
rain-scanner SANTANU were conducted in Bandung and vicinity. The objective is to observe
and analyse the weather condition in this area during rainy and transition season from March
until April 2017. From the observation result reported some heavy rainfail with hail and strong
winds occurred on March 17th and April 19th 2017. This events were Iasted within 1 to 2
hours damaged some properties and trees in Bandung. Mesoscale convective system (MCS).
are assumed to be the cause of this heavy rainfall. From two radar data analysis showed a

more local convective activity in around 11.00 until 13.00 LT. This local convective activity
are showed from the SANTANU observation supported by the VSECT and CMAX of the

Transportable radar data that signify the convective activity within those area. MCS activity
were observed one hour after that. This event are confirm by the classification of convective-

stratiform echoes from radar data and also from the high convective index from Tw Himawari

8 sateliite data. The different MCS activity from this two case study is that April 19 have much

more MCS activity than in March 17, 2017.

1. Introduction

Mesoscale convective system (MCS) are defined as an organized convective components that have a
longer duration than the individual convective elements and also have the largest area than the
convective storros [1]. In the tropics, MCS play different part in the mass transport and heating process
[2-3], where made an impact on the global general circulation [4-5] . . i

MCS in a meteorological radar point of view is a precipitation that consist of two type of
precipitation (convective and stratiform precipitation) [6], with a minimum of 30% are associated with
convective rainfall [7]. Characteristic between convective and stratiform precipitation based on
meteorological radar detection showed different pattern of gradient reflectivity, where convective
precipitation have a sharp peaks gradient of reflectivity resemble its core while stratiform precipitation
have a weak gradient reflectifivity [8]. Spatial distribution of the reflectivity pixel from meteorological
radar data were also used to distinguish between convective, stratiform and also mixed precipitation
{91

Simultaneous observation of two x band radar system, transportable weather radar LAPAN-
GMR25SP and rain-scanner SANTANU, were conducted during rainy season and transition season
from Match until April 2017. The observation area were focused in the Bandung Basin in West Java
Indonesia. During this period, there are reported of some heavy rainfall with hail and strong winds
occurred at Bandung and vicinity on March 17th and April 19th 2017. The heavy rainfall are lasted
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within | to 2 hours damaged some properties and trees in Bandung. These two type of x band radar
system are complement to cach other. The transportable weather radar is a doppler x band radar that
could generate doppler velocity and spectrum width beside reflectivity that could not generated in
SANTANU. But since this doppler radar needs to conduct a volume scan, its temporal resolution are
less than SANTANU. .

This paper are discussed about the application of this two type of X-band radar during the heavy
rainfall in two case study. Different with other observation [10] , in this paper two type of X-band
radar data are used to investigate not only the spatial distribution but also the vertical structure of the

precipitation [11] and also to analyze if there is any connection between the heavy rainfall with the
MCS activity. The MCS indicator are based {rom the radar data and Tbb Himawari satelitte data.

2. Data and method

Transportable weather radar is a cost effective x band radar manufactured by GAMIC mbH with the
type of GMWR-25-SP. This radar is a single polarization doppler weather radar mounted on a vehicle
for conducting weather observation in different location site [12]. This radar were operated by
LAPAN for research activities mainly on atmospheric research. A volume scan strategy using 20
elevation scan of altitude were applied. The volume data can reach from ground surface until up to 15
km of detection, with spatial and temporal resolution of 250 x 250 meter in every 10 minutes. Three
main product from this radar were reflectivity, doppler velocity, and spectrum width, with other
derivative product such as CAPPIL, CMAX, VSECT, etc [13]. CAPPI (Constant Altitude Plan Position
Indicator) represent the radar data in horizontal cross section at selected height above sea mean level.
CMAX (column maximum) represent the vertical column maximum value. VSECT (Vertical Section)
represent the vertical cross section through the volume radar data between two coordinate (start and
stop coordinate).

SANTANU is a x band rain scanner based on marine radar development. This radar have a wide
vertical beam that could scan a very large volume of precipitation. A clutter map were applied to
extract the ground clutter in order to achieve the precipitation data [14]. Spatial and temporal
resolution are 240x240 meter in every 2 minutes. High temporal resolution can be utilized to analyse
the precipitation movement and also the rate of growth/decay area of precipitation [15].

Three X band radar are used in this research. Two rain scanner radar type and one transportable
Doppler radar type are used to scan around Bandung arca. Figure 1 is the scheme of the location of
the X-band radar, with coloured circle represent the coverage area. A and B are the two X band rain
scanner SANTANU. Each of the SANTANU radar are complementing cach other due to limited

coverage area and also very sensitive to attenuation. Meanwhile C is the X band Transportable
Doppler radar.

Latitude (°)

U G N Figure 1. Coverage area of SANTANU A,
| Longm;;f’ ' B, and Transportable Weather Radar.

Observation period were conducted from March 2017 until End of April 2017. During the period of
March 17 and April 19 2017 there are a heavy storm that suspected from the generation of an MCS
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phenomena. In order to prove this, several data were used such as VSECT and CMAX of reflectivity
and doppler velocity from transportable radar to analyse the convective process within those heavy
storm. In order to distinguish between convective and stratiform precipitation, Steiner method were
applied to the CAPPI 3 km data. Meanwhile PPI of reflectivity from SANTANU were used to confirm
the location of the heavy storm followed with heavy precipitation.

Steiner method are able to distinguish between convective and stratiform precipitation from the
reflectivity radar data. This method are based from the intensity of the reflectivity and also the
sharpest maxima from the spatial pattern of the radar reflectivity [16]. Steiner method in this paper are
only applied to the Transportable Radar since the SANTANU have less range of reflectivity value than
the Transportable radar. Steiner method applied to the CAPPI 3 km product since this product have
less ground clutter and noise but still represent the echo activity in the mid-level of the precipitation
[17]. Satelitte data from Himawari were also used to confirm the MCS activity during the observation

period. MCS is indicated by the largest area and thc black body temperature (hereafter Tbb) value
[18].

3. Result and discussion

3.1. Case study in March 17, 2017

Two case study were presented in this paper. In March 17. Precipitation were occurred from 11.00 LT
until 20.00 LT to 21.00 LT. This precipitation were spread almost the entire Bandung area based on
SANTANU observation (figure 2). SANTANU A and B are detected the early stage of precipitation in
the middle of Bandung city area which started around 11.00 LT. In thirty minutes this object then -
grow into a wider area, with the SANTANU B showed a unique form similar with a v shape. In the
next thirty minutes the object lost the v shape consistency and change its form until disappeared in
12.48 LT. There are time with less precipitation from 13.00 until 13.30, but after that several
precipitation were occurred. Long span of precipitation area were observed between 16.00 — 16.30 LT
in the north side of Bandung with reflectivity from 15 — 28 dbz. Large area of precipitation were
observed between 18.00 — 20.00 LT in the east and in the south east of Bandung ranging from 12- 30
dbz.

Figure 3 is the CMAX product from the Transportable radar in March 17 2017 from 10.50 LT until
11.30 LT with no data after that due to electrical failure. This figure not only confirm the early stage
of the convective precipitation but also more detailed information about the forming of the v-shape
area. From the maximum value of the CMAX in 11.30 LT there are differences between the two part
of the V-shape (left flank and right flank), with the right flank possess higher reflectivity than the other
flank. Using a vertical point of view from the VSECT data showed more detail of the vertical structure
of this right flank. Figure 4 is the VSECT in 11.30 LT data of the v-shape side (right flank). This"
VSECT showed towering reflectivity from near surface until 12 km. Based on the higher reflectivity,
there are three consecutive convective cell. First cell is located in the altitude between 620 meter until
7 km, stretched honzontally within 6 k. Second cell is a possess smaller reflectivity with altitude

from 2 km until 4 km. Meanwhile the third cell showed a vertical convective reflectivity with altitude
in 620 meter until 3.5 km.
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Figure 2. SANTANU in March 17.

MAXZ 17.03.2017 jam 10207

-y BAX Z 1793-2017 form 1169LT A L MAXZATE3301Tjem 11.00LT

A =1 +8 - -
| | ‘ f
| i i |
a08; 1oeas <88 =
] | .h |
49! 4,.%- =4 <9 a
| el ¥ i
i i =7, {
293} ,'41 m[‘ < 4):} »
3 o 1: E 5 al =
. [ 1
105 _ s ¥ o8 i 3 i Th3p - »
| v W 4 ! W i TR |
Ghie i ar 3 L s e S | (o 0 M,
1014 ors 1076 1017 107 iera wrs wre 1ory W i s 1616 o1y wrs
MAX 2 1743-2017 jom 11.20 LY WA T 1703-2917 Tima 1130 LY s
AR = ~
us} w
”l a
«us% »
.:i »
-7.“[ w
TAS
iora o]

Figure 3. CMAX in March 17.

Based on the steiner method on the v shape (figure 5) object contain 2 type of precipitation
(convective and stratiform). First stage from this figure showed two early convective in 10.50 LT and
combined into one single convective cell in 11.00 LT, with the later process of convective type are
located inside the V-shape area with the stratiform around those area from 11.10 until 11.30 LT.
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Figure 5. Steiner method in March 17.

Based on the Tbb from Himawari data (figure 6) showed MCS development occurs started from 13 LT
until 21 LT. Cloud activity was still low, and then developed into a mesoscale convective system
several hours after 11 LT The Tbb activity were captured above Bandung area at 15 LT until 16 LT

3
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Figure 6. Tbb Himawari on March 17.



LISAT 2017 IOP Publishing
doi:10.1088/1755-1315/149/1/012058

[OP Conf. Series: Earth and Environmental Science 149 (2018) 012058

3.2. Case study in April 19, 2017

In April 19, SANTANU were detecting precipitation from 11.00 LT until 19.00 to 20.00 LT (figure 7).
Various precipitation object were observed during those period. Heavy rainfall are occur in the middle
of Bandung area from 13.20 until 14.40 LT. Twenty minutes later heavy precipitation were also
observed in almost every coverage area of the SANTANU A and B.
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Figure 7. SANTANU in April 19.

Figure 8 is the CMAX from the heavy rainfall in the middle of Bandung city. Convective cell were
located in Bandung city on 13.20 LT. This cell then grew until 13.50 LT and decrease until 14.10 LT.
Based on data sample in 13.30 LT, VSECT data observed (figure 9) showed having maximum values
at 1-2 km height and 4-6 km height, with the cloud top height reached about 12 km. After this event
from 14.20 until 18.00 LT, CMAX observed more reflectivity value with the maxima in around 15.00
LT until 17.00 LT. In 16.30 LT detected a widespread reflectivity area reaching until 40 - 50 km.
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Figure 8. CMAX in April 19.
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Figure 9. VSECT in April 19.

From steiner method showed a’combination between convective and stratiform in case study on April
19 (figure 10). In 16.30 LT with maximum area are also having a combination between convective and
stratiform with the convective index are having more than 50% of the area.
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Figure 10. Steiner method in April 19.
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In contrast with case study before, the Tbb from Himawari data showed a larger scale of MCS
development. This occur from 14 LT until 18 LT. There are no data available in 17 LT.

Figure 11. Tbb Himawari on April 19.

4. Conclusion

The heavy rainfall on March 17 and April 19 that occur in Bandung city around 11.00 until 13.00 LT
are based from a local convective cell in the middle of Bandung city based on two type of x-band
radar. This local convective activity are showed from the SANTANU observation supported by the
VSECT and CMAX of the Transportable radar data that signify the convective activity within those
area. A unique reflectivity forming a v-shape area are observed from this x-band radar.

After this heavy rainfall, there are MCS activity occur around Bandung areca. This event are
confirm by the classification of convective-stratiform echoes from radar data and also from the Tbhb
Himawari 8§ sateliite data. The different MCS activity from this two case study is that April 19 have
much more MCS activity than in March 17, 2017. The maximum of MCS activity in April 19 on 16.30
LT were having a combination of convective and stratiform with an area reached up to 40 - 50 km.
More observation are needed to observe the MCS based on combination of X-band radar and satellite
data.

Acknowledgement
This research were supported by the Center of Atmospheric Science and Technology, National
Institute of Aeronautics and Space - PSTA LAPAN and also from Indonesian Center of Excellence

Research Fund. The authors thank the Rancakasumba electric substation for support and providing the
radar location site.

References

[1] Maddox R A 1980 Mesoscale convective complexes Bull. Amer. Meteor. Soc. 61 1374-1387

[2] Houze R 1989 Observed structure of mesoscale convective systems and implications for large-
scale heating Quart. J. Roy.Meteor. Soc.115,425-461

[3] Johnson R H, Rickenbach T M, Rutledge S A, Ciesielski P E and Schubert W H 1999 Trimodal
charactenstlcs of tropical convection J. Climate. 12, 2397-2418

[4] Hartmann D L, Hendon H H and Houze Jr. R A 1984 Some implications of the mesoscale
circulations in tropical cloud clusters for large-scale dynamics and climate J. Atmos. Sci. 41
113-121

[5]  Schumacher C, Houze Jr. R A and Kraucunas | 2004 The tropical dynamical response to latent
heating estimates derived from the TRMM Precipitation Radar J. Afmos. Sci. 61 13411358

[6] Houze R 1993 Cloud Dynamics, International Geophysic series, Academic Press, 53

[7]  Rigo T and Llasat M C 2004 A Methodology for the Classification of Convective Structures
using Meteorological Radar: Applica-tion to Heavy Rainfall Events on the Mediterranean
Coast of the Iberian Peninsula Nat. Hazards Earth Syst. Sci. 4 59—-68

[8]  Steiner M, Houze Jr. R A and Yuter S E 1995 Climatological characterization of three-
dimensional storm structure from operational radar and rain gauge data. J. Appl. Meteor. 34,
1978-2007

[9] Nanding N, Rico-Ramirez M A and Han D 2015 Comparison of different radar-raingauge



LISAT 2017

IOP Publishing

IOP Conf. Series: Earth and Environmental Science 149 (2018) 012058

(10]
[i1]
[12]

{13}
[14]
(15]

(16]

[17}
(18]

(19]
[20]

doi:10.1088/1755-1315/149/1/012058

rainfall merging techniques Journal of Hydroinformatics 17 422-445

Rigo T and Llasat M C 2005 Radar analysis of the life cycle of Mesoscale Convective Systems
during the 10 June 2000 event Natural Hazards and Earth System Sciences 5 959-970

Davini P, Bechini R, Cremonini R and Cassardo C 2012 Radar-Based Analysis of Convective
Storms over Northwestern Italy Atmosphere 3 33-58

Sinatra T, Noersomadi, Nugroho G A and Trilaksono N J 2014 Characterizing the diurnal cycle
of convective activity over the south of west java using doppler x-band radar observation

The 4th international symposium for sustainable humanosphere (ISSH)-a forum of the
humanosphere science school (HSS) 2014 ISSN:2088-9127

Ahmed S M 2014 GAMIC meteor product description manual, Aachen, Edition 2 Rev 25,
GAMIC mbH.

Nugroho G A, Munir M M and Khairurrijal 2015 Computer-Based Marine Automatic Radar for
Rain Detection Applied Mechanics and Materials 771 (2015) pp 9-12

Nugroho G A, Sinatra T, Awaludin A, Halimurrahman and Handiana D 2016 Hail Detection By
a Low Cost Local Weather Radar Operated For Disaster Early Warning System Proceeding
of The 7 Indonesian Japan Joint Scientific Symposium 2016

Steiner M R and Houze Jr. R A 1997 Sensitivity of the estimated monthly convective rain
fraction to the choice of Z-R relation J. Appl. Meteor. 36 452462

Ahmed S M 2012 ENIGMA IV user manual, Aachen, Edition 2 Rev 19, GAMIC mbH. ,

Trismidianto, Yulihastin E, Satyawardhana H and Ishida S 2017 A composite analysis of the
Mesoscale Convective Complexes (MCCs) development over the Central Kalimantan and its
relation with the propagation of the rainfall systems [OP Conf. Series: Earth and
Environmental Science 54 (2017)

Houze Jr. R A 2004 Mesoscale convective systems Rev. Geophys. 42-43

Leary C A and Houze Jr. R A 1979 The structure and evolution of convection in a tropical cloud
cluster J. Atmos. Sci. 36 437457




