
1 
 

Development Processes of Oceanic Convective Systems 1 

Inducing the Heavy Rainfall over the Western Coast of 2 

Sumatra on 28 October 2007 3 

 4 

Trismidianto1,2, Tri Wahyu Hadi3, Sachinobu Ishida1, Atsuyoshi Manda4, Satoshi 5 

Iizuka5, and Qoosaku Moteki6 6 

1Meteorological Laboratory, Graduate School of Science and Technology, Hirosaki 7 

University, Hirosaki, Japan 8 

2Center of Atmospherics Science and Technology, National of Aeronautics and Space 9 

(LAPAN), Jakarta, Indonesia 10 

3Departement of Earth Sciences, Faculty of Earth Sciences and Technology, Institut 11 

Teknologi Bandung, Bandung, Indonesia 12 

4Graduate School of Fisheries Science and Environmental Studies, Nagasaki University, 13 

Nagasaki, Japan 14 

5Monitoring and Forecast Research Department, National Research Institute for Earth 15 

Science and Disaster Prevention, Tsukuba, Japan 16 

6Japan Agency for Marine-Earth Science and Technology, Yokosuka, Japan 17 

 18 

Corresponding author: Trismidianto, Graduate School of Science and Technology, 19 

Hirosaki University, 3 Bunkyo-cho, Hirosaki-shi, Aomori 036-8561, Japan. E-mail: 20 

h132ds252@hirosaki-u.ac.jp. 21 

 22 

 23 



2 
 

 24 

Abstract 25 

This study analyzed the oceanic convective systems that induced heavy rainfall over the 26 

western coast of Sumatra on 28 October 2007. The convective systems that satisfied the 27 

definition of a mesoscale convective complex (MCC), as identified by infrared satellite 28 

imagery, developed repeatedly for 16 hours over the Indian Ocean near Sumatra. The 29 

MCC developed from midnight on 27 October until the early morning of 28 October, 30 

and it was intensified by the land breeze from Sumatra. New convective systems around 31 

the decaying MCC were generated during the daytime of 28 October, and they 32 

propagated to the western coast of Sumatra in the evening because of a divergent 33 

outflow from a cold pool. The combination of the land breeze from Sumatra and cold 34 

pool outflows from the decaying MCC was a significant factor in the formation of the 35 

convective system that induced strong rainfall up to 46 mm h−1 over the western coast 36 

of Sumatra.  37 

 38 

1. Introduction  39 

 The Indonesian Maritime Continent (IMC) is the area of greatest convective 40 

activity within the tropics, and it receives the largest amount of rainfall of anywhere in 41 

the world (Ramage 1968). Sumatra is one region within the IMC where deep convection 42 

occurs frequently (Yamanaka et al. 2008), generating the largest volumetric rainfall 43 

especially on the western coast of Sumatra (Hirose et al. 2009; Love et al. 2011). Mori 44 

et al. (2011) showed that average annual rainfall greater than 3,000 mm y-1 on 10-year 45 

period (1998-2007) was observed along the southwestern coast of Sumatra. Sumatra is 46 

the second region most frequently floods within Indonesia which approximately 1401 47 
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flood events recorded during the 13-year period from 2002 to 2014, and about 38.62% 48 

of those occurred on the western coast of Sumatra based on data from the National 49 

Board for Disaster Management (source data: http://dibi.bnpb.go.id/). 50 

 Many previous studies have described the characteristics and propagation of the 51 

diurnal convection near Sumatra (e.g., Mori et al. 2004; Sakurai et al. 2005). Mori et al. 52 

(2004) showed that diurnal convection, which develops over the western coast of 53 

Sumatra in the late evening, could migrate up to 400 km from the coastline under the 54 

influence of low-level westerly winds. Generally, diurnal convection develops over the 55 

mountainous region of Sumatra because of strong daytime surface heating, although 56 

larger-scale convective systems are sometimes organized by interactions between land 57 

and sea breeze circulations and large-scale environment flows (Nitta and Sekine 1994; 58 

Mori et al. 2004). Shibagaki et al. (2006) showed that westward-propagating meso-β-59 

scale cloud clusters (horizontal scale of ~100 km) that develop in the eastern 60 

mountainous region of Sumatra, can act as triggers for the development of larger-scale 61 

systems, the so-called super cloud clusters (Nakazawa 1988). Houze et al. (1981) have 62 

documented that convection over the island of Borneo, related to sea breeze 63 

convergence, is able to aggregate and move off the coast to produce the greatest amount 64 

of precipitation during the morning over the oceans (Williams and Houze 1987).  65 

There are several definitions of convective systems depending on the parameters 66 

used and several phrases used to describe them, e.g., mesoscale convective systems 67 

(MCSs), mesoscale convective complexes (MCCs), as the largest subclass of MCSs 68 

(Maddox 1980), and super cloud clusters (Nakazawa 1988). Here, for ease of 69 

comparison with previous studies, the definition of the MCC based on a universal rule 70 

using only satellite data. Several previous studies (e.g., Yuan and Houze 2010; Virts and 71 
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Houze 2015) have documented the climatology of the largest MCSs over the entire area 72 

of the tropics, including the IMC, and they have identified the existence of MCCs over 73 

the Indian Ocean. However, there have been few studies analyzing the surface winds 74 

around MCCs in the tropics because observations over the ocean are too sparse to detect 75 

the detailed surface wind distribution.  76 

This study focused on the elucidation of the role of the MCC that occurred over 77 

the Indian Ocean near Sumatra on 27–28 October 2007 in inducing the generation of 78 

new convective systems that produce heavy rainfall on the western coast of Sumatra. 79 

Analysis of Cross Calibrated Multi Platform (CCMP) data was attempted to give a 80 

deeper insight into the mechanism of eastward-propagating convective systems, which 81 

previously have been reported to occur in the region (e.g., Mori et al. 2004). The effect 82 

of the cold pool from the decaying MCC and its interaction with the land and sea breeze 83 

circulations are the subjects of discussions in this article. 84 

 85 

2. Data and study method  86 

 The equivalent black body temperature (TBB), derived from the hourly infrared 87 

data of MTSAT-1R (Multi-functional Transport Satellite) with spatial resolution of 88 

0.05° × 0.05°, was used to identify the MCCs and their physical characteristics based on 89 

the parameters given by Maddox (1980) as shown in Table 1. In addition, the 90 

convective index (CI) was determined by taking the temperature below a threshold value 91 

if TBB was smaller than the threshold value (CI = threshold − TBB, for TBB < threshold) 92 

and making CI equal to zero for TBB values that were greater than or equal to the 93 

threshold value (CI = 0, for TBB ≥ threshold). In this study, the threshold value was set at 94 

253 K as suggested by Adler and Negri (1988). The estimated rainfall data, 95 
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corresponding to the MCCs, were obtained from the Tropical Rainfall Measuring 96 

Mission’s (TRMM) 3B42 v6 data set, which has 3-hourly temporal resolution and 0.25° 97 

× 0.25° spatial resolution.  98 

The surface wind data were obtained from the CCMP, which covers the global 99 

ocean for the period of 20-years with 6-hourly temporal resolution and 25-km spatial 100 

resolution. The dataset is produced using a variational analysis method to combine 101 

extensive cross-calibrated multiple satellite datasets with in situ data and ECMWF 102 

(European Centre for Medium-Range Weather Forecasts) analyses (Atlas et al. 2011). 103 

In order to identify the cloud-induced surface flows, wind vector anomalies were 104 

calculated by subtracting the resultant daily wind speed from the 6-hourly wind speed. 105 

The existence of cold pool was examined using the surface potential temperature from 106 

the ECMWF ERA-Interim analysis fields, which are available at 6-hourly intervals with 107 

0.25° horizontal resolution (Dee et al. 2011).  108 

The representativeness of the TRMM and ERA-Interim data over land were 109 

assessed by comparing with observational data obtained at Pulau Baai weather station in 110 

Bengkulu (3.47°S, 101.80°E) and synoptic data over Sumatra from several weather 111 

stations, i.e., at Tabing in Padang (0.53°S, 100.21°E), Simpang-tiga in Pekanbaru 112 

(0.28°N, 101.27°E), and Padang Kemiling in Bengkulu (3.53°S, 102.20°E) obtained 113 

from the OGIMET meteorological database (Valor and López 2014). The temporal 114 

trend of the global data was confirmed to be consistent with that of observations from 115 

the several weather stations over Sumatra that shows high correlations of more than 0.7. 116 

Over the ocean, comparison with data obtained from TRITON (Triangle Trans-Ocean 117 

buoy Network, Ando et al. 2005) buoy at (5°S, 95°E) shows high correlations of more 118 

than 0.7. 119 
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 120 

3. Results and discussion 121 

3.1. Evolution of the development of the MCC 122 

 Figure 1 shows the evolution of the MCC that occurred near Sumatra on 27–28 123 

October 2007. Cotton et al. (1989) have defined eight stages in the life cycle of an 124 

MCC: MCC-12 h, pre-MCC, initial, growth, mature, decay, dissipation, and post-MCC; 125 

however, the most important period for an MCC is from the initial to the dissipation 126 

stage. The MCC-12 h stage defines the condition of the MCC around 10–15 hours 127 

before the initial stage, as shown in Fig. 1a. In addition, the MCC developed under a 128 

large-scale environmental situation in which the Madden-Julian oscillation index 129 

(Wheeler and Hendon 2004) was positive but its amplitude was very weak.  130 

The MCC that is the topic of this study began to develop from the pre-MCC 131 

stage at 2200 local time (LT) on 27 October 2007. At that time, small-scale clouds were 132 

located over the western coast of Sumatra and the nearby Indian Ocean, as shown in Fig. 133 

1b. These groups of clouds grew rapidly until around midnight (0100 LT), which 134 

marked the onset of the initial stage (Fig. 1c). By 0400 LT on 28 October 2007 (Fig. 1d), 135 

during the growth stage of the MCC, the sizes of the clouds had increased further and 136 

they began merging with each other, such that the maximum extent of the MCC was 137 

attained at 0700 LT (Fig. 1e). During the mature stage, the MCC had a cloud shield with 138 

an area of around 319,083 km2 and the interior cold cloud covered an area of around 139 

211,059 km2. The center of the MCC during this stage was around 3.21°S, 97.46°E with 140 

an eccentricity of around 0.76. At 1300 LT, during the decay stage, the MCC began to 141 

split and dissipated (Fig. 1f). During the dissipation stage in the late afternoon (1600 142 

LT) (Fig. 1g) and by the post-MCC stage later that evening (1900 LT) (Fig. 1h), the 143 
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MCC had split into small-scale clouds that propagated eastward toward the western 144 

coast of Sumatra. 145 

3.2. The Development of New Convective Systems 146 

 Figure 2a shows that some of the clouds mentioned in subsection 3.1 are 147 

convective clouds indicated by high CI values. The convergent surface wind flow 148 

indicates that the land breeze triggered the development of some of the clouds over the 149 

western coast of Sumatra, whereas the westerly wind in the lower atmosphere triggered 150 

the development of some of the clouds over the nearby Indian Ocean. This is consistent 151 

with the findings of Mori et al. (2004) and Sakurai et al. (2005), who concluded that 152 

ocean convection occurs in the morning until noon, owing to the propagation of 153 

convective systems along the western coast of Sumatra, triggered by this strong land 154 

breeze, but in this study, the convective systems discussed are defined as MCC. During 155 

the mature stage of the MCC early in the morning (0700 LT) of 28 October, as shown in 156 

Fig. 2b, some of the clouds over the western coast of Sumatra and the nearby Indian 157 

Ocean merged to create the maximum extent of the MCC. The convergence of the land 158 

breeze and the westerly wind clearly supported the development of the MCC. The 159 

potential temperature at the center of the MCC was relatively low (at around 297.5 K) 160 

compared with the surrounding area (299–300 K). According to Engerer et al. (2008), 161 

this area is the so-called cold pool, which is an area of downdraft air cooled by 162 

evaporation that spreads out horizontally beneath a precipitating cloud. In addition, the 163 

cold pools were associated with potential temperature decreases (Tompkins 2001) and 164 

generated by these individual convective cells in an MCS typically spread out at the 165 

surface and combine to form a large mesoscale cold pool covering a contiguous area on 166 

the scale of the entire MCS (Houze 2004). 167 
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 In this case study, the cold pool began to develop during the mature stage and it 168 

spread increasingly until the decay stage, as shown in Fig. 2c. The difference in 169 

potential temperature could have acted as a trigger for the development of new 170 

convective systems to form along the leading edge of the cold pool, as in frontal theory 171 

(Fig. 2c), which is consistent with the findings of Wilson and Schreber (1986). Such 172 

new convective systems, which are generated over the ocean in the daytime, eastward-173 

propagating to the western coast of Sumatra due to of the divergent outflow of the cold 174 

pool, in conjunction with the evening sea breeze. Convective activities over Sumatra are 175 

more extensive during the evening (1900 LT) due to the new convective systems induce 176 

the land convection over the western coast of Sumatra (Fig. 2d). Therefore, this study 177 

give a deeper insight into the mechanism of eastward-propagating convective systems, 178 

which previously have been reported to occur in the region (e.g., Mori et al. 2004). The 179 

structure and evolution of MCCs over the Indian Ocean are related to the diurnal 180 

convective activities over Sumatra. 181 

3.3. Diurnal rainfall variation during the MCC event 182 

Figure 3 shows the horizontal distribution of rainfall during the studied MCC 183 

event. During the initial stage at 0100 LT (Fig. 3a), only light rainfall (<6 mm h−1) was 184 

observed over the Indian Ocean. However, the observed early morning (0700 LT) 185 

maximum occurred because of the increase in the number of convective clouds (Fig. 2a), 186 

rather than because of the increase in extent of the coverage of the MCC during the 187 

mature stage (Fig. 3b). The rainfall system began to propagate slowly eastward from the 188 

Indian Ocean toward the western coast of Sumatra (Fig. 3c) during the new convective 189 

systems which generated by MCC propagate eastward to the western coast of Sumatra 190 

at the decay stages at the daytime (1300 LT), and the peak rainfall on the western coast 191 
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of Sumatra began in the evening at 1600 LT (Fig. 3d) until 1900 LT (Fig. 3e) is caused 192 

by the interaction of new convective systems with land convection which make the 193 

convective activity becomes intense on the western coast of Sumatra during the 194 

dissipation stages until post-MCC stages. Compared with the observational data, the 195 

rainfall intensity increased significantly, especially during the dissipation and the post-196 

MCC stages over some parts of western Sumatra, as shown in Fig. 4. Heavy rainfall 197 

occurred over southwestern coastal ocean at Pulau Baai (Bengkulu) from 1400–1900 198 

LT, which reached a maximum intensity of around 35 mm hr−1 at 1600–1700 LT during 199 

the dissipation stage of the MCC. During the post-MCC stage at 1900 LT, a significant 200 

increase in rainfall (up to 46 mm h−1) occurred over southwestern coastal land at Padang 201 

Kemiling (Bengkulu). Rainfall also occurred over northwestern coastal land at Tabing 202 

(Padang) and over inland at Simpang-tiga (Pekanbaru) but it was only light in intensity 203 

because of the weaker effect of the MCC compared with the area around Bengkulu. The 204 

diurnal rainfall associated with the MCC had a similar pattern. The rainfall over the 205 

Indian Ocean occurred when the MCC started developing and it reached a maximum 206 

when the MCC began to decay, at which time, the rain started to move toward the 207 

western coast of Sumatra. This is consistent with previous studies, which have stated 208 

that MCCs possess the potential to exert considerable impact on regional rainfall 209 

patterns, as mentioned in section 1.  210 

Schematic representations of the MCCs evolution and migration over the Indian 211 

Ocean, related to the diurnal variation of rainfall over the western coast of Sumatra, are 212 

shown in Fig. 5 based on the results described above. Figure 5a shows the initial stage 213 

of the MCC at around midnight on 28 October 2007. The development of the MCC over 214 

the Indian Ocean began from several convective clouds generated by the land breeze 215 
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and westerly wind. Figure 5b shows the mature stage of the MCC in the early morning 216 

on 28 October. The MCC reached its maximum extent and the peak rainfall occurred 217 

over the Indian Ocean because of the propagation and merging of several areas of 218 

convective cloud, triggered by the convergence between the land breeze and the 219 

westerly wind. Figure 5c shows the decay and dissipation stages of the MCC, which 220 

occurred during the daytime through to the evening. The MCC began to dissipate and 221 

new convective systems were generated owing to the development of the cold pool. The 222 

new convective system generated over the Indian Ocean during the daytime propagated 223 

to the western coast of Sumatra because of the divergent outflow of the cold pool, in 224 

conjunction with the evening sea breeze.  225 

This evolutionary scheme differs from the scenarios outlined previously by Mori 226 

et al. (2004) and Shibagaki et al. (2006), who described the westward propagation of 227 

developing convective systems over Sumatra, as mentioned at the second paragraph in 228 

section 1. However, the convective systems described by Houze et al. (1981) are similar 229 

and they share common features with those of the present study. Houze et al. (1981) 230 

showed that the convective systems over the South China Sea begin to develop around 231 

midnight and mature in the early morning, helped by the land breeze from the island of 232 

Borneo to the east. This study presented a more detailed evolution of the MCCs in the 233 

IMC region and a description of the convective systems generated by the interaction of 234 

the cold pool outflow and the land breeze, based on high-resolution surface wind data 235 

retrieved by the CCMP and the ERA-interim temperature field.  236 

 237 

4. Summary 238 
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 This study analyzed the oceanic convective system that caused heavy rainfall 239 

over the western coast of Sumatra on 28 October 2007. The convective system satisfied 240 

the criteria for an MCC, as defined by Maddox (1980), and followed the developmental 241 

stages outlined by Cotton et al. (1989). The MCC developed from around midnight on 242 

27 October until the early morning of 28 October. Several convective systems were 243 

generated during the decay stage of the MCC because of convergence between the land 244 

breeze and westerly wind. The new convective systems around the decaying MCC were 245 

generated during the daytime on 28 October, and they propagated toward the western 246 

coast of Sumatra during the evening of 28 October because of the divergent outflow 247 

from the cold pool. The combination of the land breeze from Sumatra and the cold pool 248 

outflow from the decaying MCC was a significant factor in the formation of the 249 

convective system that caused the heavy rainfall up to 46 mm h−1 over the western coast 250 

of Sumatra.  251 

 252 
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 383 

Figure Captions 384 

Fig. 1. Horizontal distribution of black body temperature (TBB) for Mesoscale 385 

Convective Complex (MCC) criteria from infrared data obtained by MTSAT-1R 386 

over the Indian Ocean near Sumatra on 27–28 October 2007, showing the eight 387 

stages of MCC evolution: (a) MCC-12h stage (1000 local time (LT)), 27 October 388 

2007; (b) pre-MCC stage (2200 LT), 27 October 2007; (c) initial stage (0100 LT), 389 

28 October 2007; (d) growth stage (0400 LT), 28 October 2007; (e) mature stage 390 

(0700 LT), 28 October 2007; (f) decay stage (1300 LT), 28 October 2007; (g) 391 

dissipation stage (1600 LT), 28 October 2007; (h) post-MCC stage (1900 LT), 28 392 

October 2007. Red color indicates interior cold cloud with TBB ≤ 221 K and blue 393 

color indicates cloud shield with TBB ≤ 241 K. Tb, ST, PB and PK are respectively 394 

Tabing, Simpang-tiga, Pulau Baai and Padang Kemiling shows the location of 395 

weather stations. 396 

 397 

Fig. 2. Horizontal distribution of convective index (CI) (shaded) from infrared data of 398 

MTSAT-1R, wind surface vector anomaly (vector) from Cross-Calibrated Multi-399 

Platform (CCMP) data, and potential temperature (contour) from the European 400 

Centre for Medium-Range Weather Forecasts (ECMWF) ERA-Interim data during 401 

the occurrence of the Mesoscale Convective Complex (MCC) over the Indian 402 

http://dx.doi.org/10.1175/2010JCLI3671.1
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Ocean near Sumatra on28 October 2007: (a) initial stage (0100 local time (LT)), 403 

showing merging of some convective clouds to create the MCC; (b) mature stage 404 

(0700 LT), showing cold pool area forming in the center of the MCC, as indicated 405 

by the low potential temperature; (c) decay stage (1300 LT), showing several new 406 

convective systems forming on the leading edge of the cold pool; (d) post-MCC 407 

stage (1900 LT), showing the new convective systems migrating from over the 408 

Indian Ocean near Sumatra toward the western coast of Sumatra. Tb, ST, PB and 409 

PK are respectively Tabing, Simpang-tiga, Pulau Baai and Padang Kemiling 410 

shows the location of weather stations. 411 

 412 

Fig. 3. Horizontal distribution of rainfall from Tropical Rainfall Measuring Mission 413 

(TRMM) 3B42 v6 data (shaded) and wind vector anomaly (vector) from Cross-414 

Calibrated Multi-Platform (CCMP) data during the occurrence of the Mesoscale 415 

Convective Complex (MCC) over the Indian Ocean near Sumatra on 28 October 416 

2007: (a) initial stage (0100 local time (LT)); (b) mature stage (0700 LT); (c) 417 

decay stage (1300 LT); (d) dissipation stage (1600 LT) but when wind data were 418 

not available; and (e) post-MCC stage (1900 LT). Tb, ST, PB and PK are 419 

respectively Tabing, Simpang-tiga, Pulau Baai and Padang Kemiling shows the 420 

location of weather stations. 421 

 422 

Fig. 4. Rainfall observational data during the occurrence of the Mesoscale Convective 423 

Complex (MCC) over the Indian Ocean near Sumatra on 28 October 2007 (1300–424 

2400 local time (LT)) at specific sites on the western coast of Sumatra: Pulau Baai 425 

weather station in Bengkulu, Tabing weather station in Padang, Simpang-tiga 426 



19 
 

weather station in Pekanbaru, and Padang Kemiling weather station in Bengkulu. 427 

The figure panel shows the location of weather stations. 428 

 429 

Fig. 5. Schematic representations of the evolution and migration of the mesoscale 430 

convective complex (MCC) over the Indian Ocean near Sumatra related to the 431 

diurnal rainfall variation over the western coast of Sumatra. (a) MCC initial stage 432 

around midnight; (b) MCC mature stage during the morning; (c) MCC decay stage 433 

during the daytime; and (d) MCC dissipation stage during the evening. Light and 434 

dark gray areas indicate the MCC cloud shield and convective clouds, respectively. 435 

Cores of heavy rainfall are represented by green circles. Convergent and divergent 436 

flows are indicated by the blue and red arrows, respectively. The cold pools in (b) 437 

and (c) are indicated by blue ellipses.  438 

 439 

 440 

 441 



Table 1. Physical characteristics of MCCs (Maddox 1980) 
Size: A-Cloud shield with continuously low TBB ≤ - 32ºC (241 K) must 

have an area ≥ 100,000 km2 
B-Interior cold cloud region with TBB ≤ - 52ºC (221 K) must have an 
area ≥ 50,000 km2 

Initiate: Size definitions A and B are first satisfied 
Duration: Size definition A and B must be met for a period of  ≥ 6 hours 
Maximum extent: Contiguous cold cloud shield (TBB ≤ - 32ºC (241 K) ) reaches a 

maximum size 
Shape:  Eccentricity (minor axis/major axis) ≥ 0.7 at time of maximum 

extent 
Terminate: Size definitions A and B no longer satisfied 
 

	  



 

    

    
Fig. 1. Horizontal distribution of black body temperature (TBB) for Mesoscale Convective 

Complex (MCC) criteria from infrared data obtained by MTSAT-1R over the Indian Ocean 

near Sumatra on 27–28 October 2007, showing the eight stages of MCC evolution: (a) 

MCC-12h stage (1000 local time (LT)), 27 October 2007; (b) pre-MCC stage (2200 LT), 

27 October 2007; (c) initial stage (0100 LT), 28 October 2007; (d) growth stage (0400 LT), 

28 October 2007; (e) mature stage (0700 LT), 28 October 2007; (f) decay stage (1300 LT), 

28 October 2007; (g) dissipation stage (1600 LT), 28 October 2007; (h) post-MCC stage 

(1900 LT), 28 October 2007. Red color indicates interior cold cloud with TBB ≤ 221 K and 

blue color indicates cloud shield with TBB ≤ 241 K. Tb, ST, PB and PK are respectively 

Tabing, Simpang-tiga, Pulau Baai and Padang Kemiling shows the location of weather 

stations. 

 

 

 



 

  

  
Fig. 2. Horizontal distribution of convective index (CI) (shaded) from infrared data of 

MTSAT-1R, wind surface vector anomaly (vector) from Cross-Calibrated Multi-Platform 

(CCMP) data, and potential temperature (contour) from the European Centre for 

Medium-Range Weather Forecasts (ECMWF) ERA-Interim data during the occurrence 

of the Mesoscale Convective Complex (MCC) over the Indian Ocean near Sumatra on28 

October 2007: (a) initial stage (0100 local time (LT)), showing merging of some 

convective clouds to create the MCC; (b) mature stage (0700 LT), showing cold pool 

area forming in the center of the MCC, as indicated by the low potential temperature; (c) 

decay stage (1300 LT), showing several new convective systems forming on the leading 



edge of the cold pool; (d) post-MCC stage (1900 LT), showing the new convective 

systems migrating from over the Indian Ocean near Sumatra toward the western coast of 

Sumatra. Tb, ST, PB and PK are respectively Tabing, Simpang-tiga, Pulau Baai and 

Padang Kemiling shows the location of weather stations. 

 

   

  

 

Fig. 3. Horizontal distribution of rainfall from Tropical Rainfall Measuring Mission 

(TRMM) 3B42 v6 data (shaded) and wind vector anomaly (vector) from Cross-

Calibrated Multi-Platform (CCMP) data during the occurrence of the Mesoscale 

Convective Complex (MCC) over the Indian Ocean near Sumatra on 28 October 2007: 

(a) initial stage (0100 local time (LT)); (b) mature stage (0700 LT); (c) decay stage 

(1300 LT); (d) dissipation stage (1600 LT) but when wind data were not available; and 

(e) post-MCC stage (1900 LT). Tb, ST, PB and PK are respectively Tabing, Simpang-



tiga, Pulau Baai and Padang Kemiling shows the location of weather stations. 

 

 

 

Fig. 4. Rainfall observational data during the occurrence of the Mesoscale Convective 

Complex (MCC) over the Indian Ocean near Sumatra on 28 October 2007 (1300–2400 

local time (LT)) at specific sites on the western coast of Sumatra: Pulau Baai weather 

station in Bengkulu, Tabing weather station in Padang, Simpang Tiga weather station in 

Pekanbaru, and Padang Kemiling weather station in Bengkulu. The figure panel shows 

the location of weather stations. 

 

 

 

 



 

 

Fig. 5. Schematic representations of the evolution and migration of the mesoscale 

convective complex (MCC) over the Indian Ocean near Sumatra related to the diurnal 

rainfall variation over the western coast of Sumatra. (a) MCC initial stage around 

midnight; (b) MCC mature stage during the morning; (c) MCC decay stage during the 

daytime; and (d) MCC dissipation stage during the evening. Light and dark gray areas 

indicate the MCC cloud shield and convective clouds, respectively. Cores of heavy 

rainfall are represented by green circles. Convergent and divergent flows are indicated by 

the blue and red arrows, respectively. The cold pools in (b) and (c) are indicated by blue 

ellipses. 
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