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ABSTRACT

Mesoscale convective systems (MCSs) are severe disaster-producing weather systems. Radar data and
infrared satellite image are useful tools in MCS surveillance. The previous method of MCS census is to
look through the printed infrared imagery manually. This method is not only subjective and inaccurate,
but also inefficient. Different from previous studies, a new automatic MCS identification (AMI) method,
which overcomes the above disadvantages, is used in the present study. The AMI method takes three steps:
searching potential MCS profiles, tracking the MCS, and assessing the MCS, so as to capture MCSs from
infrared satellite images. Finally, 47468 MCSs are identified over Asia and the western Pacific region during
the warm seasons (May–October) from 1995 to 2008.

From this database, the geographical distribution and diurnal variation of MCSs are analyzed. The
results show that different types of MCSs have similar geographical distributions. Latitude is the main
control factor for MCS distribution. MCSs are most frequent over the central Tibetan Plateau; meanwhile,
this area also has the highest hail frequency according to previous studies. Further, it is found that the
diurnal variation of MCSs has little to do with MCSs’ size or shape; MCSs in different areas have their own
particular diurnal variation patterns. Based on the diurnal variation characteristics, MCSs are classified
into four categories: the whole-day occurring MCSs in low latitude, the whole-day occurring MCSs in high
latitude, the nocturnal MCSs, and the postmeridian MCSs. MCSs over most places of mainland China are
postmeridian; but MCSs over the Sichuan basin and its vicinity are nocturnal. This conclusion is coincidental
with the hail climatology of China.
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1. Introduction

Mesoscale convective systems (MCSs) may pro-
duce heavy rains in a broad range (Fritsch et al.,
1986; Rafiuddin et al., 2010; Romatschke and Houze,
2011a, b). In addition, they can cause other convec-
tive weather, such as tornado, hailstorm, gale, and
lightning (Maddox et al., 1982; Houze et al., 1990;
Romatschke and Houze, 2010). Due to their impor-
tant impact, it is imperative to gain a deeper insight
into these disastrous systems. Recently, infrared satel-
lite image and radar data are the main tools for MCS
statistics study.

By means of infrared satellite imagery, Maddox
(1980) first classified a particular type of MCS, i.e.,
mesoscale convective complex (MCC). Augustine and
Howard (1988, 1991) examined the MCCs over the
United States during 1985–1987 and obtained basic
understanding of MCC activities in North America.
Laing and Fritsch (1993a, b), Velasco and Fritsch
(1987), and Miller and Fritsch (1991) investigated
MCC activities in the Indian subcontinent, Africa,
south of 20◦N of America, and West Pacific, respec-
tively. Anderson and Arritt (1998) defined another
large class of MCS, i.e., persistent elongated convec-
tive system (PECS), which has eccentricities between

Supported by the National (Key) Basic Research and Development (973) Program of China (2013CB430103), National Natural
Science Foundation of China (40875028), and Forecaster Special Project Funded by the Jiangsu Meteorological Bureau (2012-8).

∗Corresponding author: pyn@nju.edu.cn.

©The Chinese Meteorological Society and Springer-Verlag Berlin Heidelberg 2013



436 ACTA METEOROLOGICA SINICA VOL.27

0.2 and 0.7, in contrast to the � 0.7 eccentricities of
MCCs. Ma et al. (1997) termed two circular MCS
categories: Meso-α Convective System (MαCS) and
Meso-β Convective System (MβCS). Furthermore,
they surveyed the MαCSs and MβCSs over China and
its vicinity during 1993–1995 and studied the tempo-
ral and spatial variations of the MCSs. Jirak et al.
(2003) classified MCSs over the United States during
1996–1998 into four categories by means of both satel-
lite and radar data. Besides, based on the Tropical
Rainfall Measuring Mission (TRMM) satellite data,
Romatschke et al. (2010) studied the extreme convec-
tion in the South Asian region and pointed out that
land convection and oceanic convection formed prefer-
entially in the afternoon and the evening, respectively.
Zheng et al. (2008) uncovered some diurnal cycle char-
acteristics of MCSs over China.

The past studies have greatly enriched our knowl-
edge of MCSs. However, due to the method used in
the MCS census, these studies have some limitations.
Most of previous MCS censuses were done manually.
To find the potential MCS, researchers need to eyeball
and examine every printed nephogram. This man-
ual method is inefficient and time-consuming. As a
result, previous studies are confined to either a rel-
atively small time frame and limited space coverage
or a particular type of MCSs. What is worse, sub-
jectivity and inaccuracy are inevitably involved in the
manual MCS identifying process. It is noteworthy that
Zheng et al. (2008) developed an automatic method
to study MCSs. They analyzed the local MCS activity
frequency. If the cloud top temperature was lower than
–52℃, the number of MCS activities in that place
would increase by one. This improved method well
overcomes the disadvantages of the manual identifica-
tion method. But, it has its own disadvantages. First
of all, it is hard to catch the whole lifecycle of MCSs,
and difficult to judge if the identified system is an
MCS or not, according to the MCS definition. Conse-
quently, this method fails to classify MCSs into cate-
gories. Secondly, the method is unable to be applied in
study of the lifecycle and movement of MCSs. Thirdly,
since the cloud top temperature of many non-MCS
systems such as tropical cyclones (TCs) and some up-

per cirrus are low enough to meet the MCS definition,
they are included in the MCS dataset when identifying
MCSs; thus, the final results are not so accurate.

The above disadvantages hinder the statistic
study of MCSs, and make the comprehensive and accu-
rate MCS climatology study scarce and urgent. Such
a background motivates the present work, in which
a new MCS identification method—automatic MCS
identification (AMI) method is used to establish a
MCS database. The AMI method (Shu and Pan, 2010)
can greatly reduce the consumption of labor and time,
and eliminate the subjectivity arising from the iden-
tifying process. Besides, the AMI method can catch
the whole MCS lifecycle from formation to dissipation.
Hence, identifying MCSs becomes efficient and accu-
rate. In this paper, using the AMI method, four types
of MCSs with different sizes and shapes are recognized
over Asia and the western Pacific region (AWPR) dur-
ing the warm seasons of 1995–2008. Furthermore, geo-
graphical distributions and diurnal cycles of the MCSs
over AWPR are analyzed.

2. Definition, data, and method

2.1 Terminology and MCS classification

Similar to the study by Shu et al. (2012),
the present study attempts to classify MCSs into
four discrete categories (Table 1) according to their
size and shape: Meso-α Circular Convective Sys-
tem (MαCCS), Meso-α Elongated Convective Sys-
tem (MαECS), Meso-β Circular Convective System
(MβCCS), and Meso-β Elongated Convective System
(MβECS). Following previous studies on MCCs and
MCSs (Maddox, 1980; Ma et al., 1997; Jirak et al.,
2003), –52℃ is used to define the cold cloud shield. In
Table 1, the 50000- and 30000-km2 size criterions are
adopted from Jirak’s definitions of meso-α and meso-
β systems, respectively. To accord with past MCS
studies in China (Ma et al., 1997), 0.5 is chosen as
the eccentricity criterion to distinguish circular from
linear MCSs, although the classical MCC eccentricity
criterion is 0.7. On the other hand, similar to conven-
tional PECS definition (Anderson and Arritt, 1998),
0.2 is used to limit the lower bound of linear MCSs.
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Table 1. Definitions of MCS categories based on satellite infrared image (Shu et al., 2012)

MCS category Area size of cold cloud shield Duration Eccentricity (ε)

MαCCS � 50000 km2 � 3 h ε � 0.5

MαECS � 50000 km2 � 3 h 0.2 � ε < 0.5

MβCCS � 30000 km2, and � 3 h ε � 0.5

maximum size � 50000 km2

MβECS � 30000 km2, and � 3 h 0.2 � ε < 0.5

maximum size � 50000 km2

Note: –52℃ is used to define the cold cloud shield. Duration denotes the time period when size condition is satisfied. Eccentricity

is calculated at the time of maximum extent of each MCS category.

Besides, according to Parker and Johnson (2000), the
typical time scale of MCSs is 3 h. Hence, in the present
work, the duration criterion for all the MCSs is set at
3 h, while the duration criterion for MCCs and PECSs
are at least 6 h. As a result, MαCCS and MαECS in
Table 1 are different from classical definitions of MCC
and PECS in both eccentricity and duration.

In the following, formation of MCS is defined as
the time when the size criterion is firstly satisfied.
Maturation is the time when the cold cloud shield
reaches the maximum extent. Dissipation is the time
when the size criterion is no longer satisfied. Based
on previous MCS studies, the period May–October is
chosen as the convective season of AWPR. Further-
more, the 14-yr period from 1995 to 2008 is selected
to obtain a large sample of MCSs. During this period,
any system that meets the MCS criteria in Table 1
and matures within the region 0◦–70◦N, 70◦–160◦E is
recorded. This large spatial domain covers most parts
of AWPR.

2.2 Data

In this study, we use geostationary satellite in-
frared data from May to October of 1995–2008. The
satellite data are from three satellites: Geostation-
ary Meteorological Satellite 5 (GMS5), Geostationary
Operational Environment Satellite 9 (GOES9), and
Multi-functional Transport Satellite 1R (MTSAT-1R).
The temporal resolution of the data is 1 h. For the
year 1995, the data from May to August are not avail-
able. Thus, the dataset spans for 80 months. The
satellite infrared data have been interpolated onto a
0.05◦×0.05◦ grid over the domain of interest (0◦–70◦N,
70◦–160◦E).

2.3 MCS identification method

In present study, we use the AMI method (Shu
and Pan, 2010) to establish an MCS database. The
AMI method takes three steps to capture MCS from
satellite infrared data. The first step is to capture all
the potential MCS profiles of each time. All the cloud
clusters with temperature lower than –52℃ are con-
sidered as potential MCS profiles. The second step is
to track the potential MCS from its initial profile to
its last profile. The third step is to assess if the sys-
tem found in step 2 is an MCS or not according to
Table 1. After the AMI process, we obtain a database
consisting of systems that meet the definitions in Ta-
ble 1. TCs can easily meet the definitions, and are
unavoidably involved in the database. Therefore, we
remove TCs from the MCS database according to TC
annuals. This procedure is somewhat subjective, and
the preceding squall lines in association with TCs are
also removed from the MCS database. Since it is hard
for the cirrus to meet the MCS definitions in Table 1,
the cirrus is not considered.

Shu and Pan (2010) indicated that when identify-
ing MCSs with the AMI method, the error rate of MCS
number is lower than 2% after removing TCs, and the
accuracy of capturing the whole MCS lifecycle could
reach about 85%.

3. Geographical distribution

In this study, by means of the AMI processing,
47468 MCSs are found over AWPR during the warm
seasons of 1995–2008. In fact, they consist of 9241
MαCCSs, 3981 MβCCSs, 25126 MαECSs, and 9120
MβECSs. Based on this MCS database, the geograph-
ical distribution and diurnal variation of MCSs are an-
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alyzed.
Geographical distributions of four different types

of MCSs are plotted respectively (figure omitted). The
results show that they have similar patterns, i.e., ge-
ographical distribution of MCSs has little to do with
MCS size or shape. Hence, in the following, we just
need to analyze the spatial distribution of the whole
MCS database (Fig. 1). Figure 1 shows that lati-
tude is the main control factor for MCS distribution.
In AWPR, MCSs are mainly zonally distributed, with
three zonations weakening from south to north.

The low latitude zone lies to the south of 25◦N.
High MCS frequency occurs over the Amindivi and
Laccadive Islands, the Pakistan and Gangetic Plain,
oceans in the east of the Bay of Bengal, the Strait of
Malacca, the Indochina Peninsula, the South China
Sea, and the Caroline Islands to the east of the Philip-
pines. This active zone is mainly related to the inter-
tropical convergence zone (ITCZ), which can provide
strong lower troposphere convergence and upward mo-
tion (Lu and Duan, 2011). In addition, plentiful wa-
ter vapor favors MCS activities in this zone (Roy et
al., 2008). Furthermore, the low levels are always

of high temperature and humidity, which results in
strong convective instability in the low latitude zone.

The midlatitude zone lies between 25◦ and 38◦N.
The MCSs occur mainly over the north of the Indus
Plain, the central and western parts of the Tibetan
Plateau, the Hengduan Mountains, the Sichuan basin,
East China, and oceans near the Ryukyu Islands. The
MCSs in this zone are primarily related to the South
Asian summer monsoon (SASM) and the East Asian
summer monsoon (EASM). Shu and Pan (2012) an-
alyzed the MCS geographical distribution by month,
and pointed out that the SASM and EASM control
the advance and retreat of the MCS active zone in
mid and low latitudes. Besides, MCSs over the Ti-
betan Plateau are favored by the heating effect of the
plateau.

The high latitude zone lies to the north of 38◦N.
MCSs are inactive in this zone because the summer
monsoon could hardly reach this region. The com-
paratively active regions in this zone include the cen-
tral part of the West Siberian Plain, Lake Balkhash
and Lake Issyk-Kul areas, Sayan Mountains and Lake
Baikal areas, and areas in the east of the Great Khin-

Fig. 1. Geographical distribution of all MCSs during May–October of 1995–2008. The shading denotes the number

of MCSs, which is counted in 5◦×5◦ rectangular boxes centered at the corresponding grid points. MCSs are counted

according to their maturing positions.
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gan Mountains. These MCSs are basically related to
some high latitude weather systems such as trough of
a low pressure system, front, and so on.

As far as the mainland China is concerned,
MCSs occur most frequently over the central Tibetan
Plateau. Zhang et al. (2008) pointed out that, in
China, hail frequency is also the highest over the cen-
tral Tibetan Plateau. Though hail seldom occurs in
MCSs, they are both intense convective activities. The
above conclusions indicate that the central Tibetan
Plateau is really favorable for intense convective ac-
tivities.

4. Diurnal cycles

4.1 Diurnal cycles over the whole region

To study the diurnal cycles of the four MCS types
defined in Table 1, the frequency distribution of each
type is plotted at each time (figure omitted). The re-
sults show that diurnal cycles of the four MCS types
are similar on the whole. That is to say, the diur-
nal cycle of MCSs has little to do with MCSs’ shape
or size. Hence, in the following, to study the diur-
nal cycles of MCSs in each area, all MCSs are used as

samples. However, because of the special geographical
or climatic environment, diurnal cycles of MCSs over
different areas differ. Figure 2 gives the frequency dis-
tributions of all MCSs at each time.

Figure 2 shows that over the Indian Peninsula, the
MCSs are active during 1200–2100 UTC, i.e., from af-
ternoon to midnight. The MCSs over the Bay of Ben-
gal are most active during 2100–0000 UTC, and sec-
ond active during 0600–0900 UTC, i.e., there are two
peaks of MCS activities: the first peak is in the latter
half of the night, and the second is in the afternoon.
Our results are in agreement with Romatschke et al.
(2010) who pointed out that in the South Asian region,
extreme convections over the India Peninsula tend to
form in the afternoon; but the extreme convections
over the Bay of Bengal mainly form after midnight,
with afternoon coming next. Moreover, the MCSs over
the Indus River Plain and the South China Sea are ac-
tive all day long, and have almost the same frequency
at each time of the day. In the Indochina Peninsula,
the MCSs form before 0900 UTC (afternoon), mature
at about 1200 UTC (nightfall), weaken during 1500–
2100 UTC (midnight), and dissipate during 2100–0000
UTC (next early morning). However, to the east of

Fig. 2. Geographical distributions of all MCSs at (a) 0000, (b) 0300, (c) 0600, (d) 0900, (e) 1200, (f) 1500, (g) 1800,

and (h) 2100 UTC. Other specifications are the same as in Fig. 1.
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the Philippines, the MCS diurnal cycle exhibits an-
other kind. They are nocturnal. The MCSs over there
form at about 1500–1800 UTC (midnight), mature
during 2100–0000 UTC (next early morning), weaken
during 0000–0600 UTC (daytime), and dissipate at
about 0600–0900 UTC (afternoon).

For the midlatitude zone, the MCSs over the
Tibetan Plateau, Hengduan Mountains, and Yungui
Plateau form mainly during 0600–0900 UTC (after-
noon), mature during 1200–1800 UTC (the first half
of the night), weaken and dissipate during the latter
half of the night. The MCSs with this kind of lifecycle
belong to the typical thermal convections. The MCSs
over East China and the coastal area of South China
are most active during 0900–1200 UTC (afternoon to
nightfall), and most inactive during 2100–0300 UTC
(morning). Affected by mountain-valley breeze circu-
lation, the MCSs over the Sichuan basin (including
northern Guizhou Province) occur nocturnally. They
are most active during 1800–2100 UTC (night). Zhang

et al. (2008) indicated that the hail frequency in the
Sichuan basin and Guizhou is the highest at night,
which agrees with the present work.

In high latitude, the MCSs are inactive all day
long. The MCSs over the comparatively active re-
gions, such as the central part of the West Siberian
Plain, and Lake Balkhash and Lake Issyk-Kul areas,
have almost the same frequency at each time of the
day.

4.2 Diurnal cycles along meridian lines

To study the MCS diurnal variations over differ-
ent areas in detail, the time-latitude (longitude) cross-
sections of MCS frequency (Figs. 3 and 4) are plot-
ted along different meridians and parallels. The cross-
sections along 75◦, 90◦, 105◦, 120◦, 135◦, and 150◦E
are given in Figs. 3a–3f, respectively. Figures 4a–4c
give the cross-sections along 10◦, 20◦, and 30◦N, re-
spectively. Figure 3 will be analyzed in this subsection,
and Fig. 4 will be analyzed in the next subsection.

Fig. 3. Time-latitude cross-sections of MCS frequency along (a) 75◦E, (b) 90◦E, (c) 105◦E, (d) 120◦E, (e) 135◦E, and

(f) 150◦E. The abscissa axis is time (UTC). Other specifications are the same as in Fig. 1.
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From south to north, the 75◦E meridian passes
through the vicinity of the Maldive Islands, Deccan
Plateau, Marwa Plateau, and the central part of the
West Siberian Plain. Figure 3a shows that the MCSs
near the Maldive Islands (south of 12◦N) are active
all day long, and they are more active during 1200–
0000 UTC within 8◦–12◦N. The MCSs over the Dec-
can Plateau and Marwa Plateau concentrate between
1100 and 0000 UTC (afternoon to the latter half of
the night). In the central part of the West Siberian
Plain (about 60◦N), the MCS frequencies are nearly
the same at each time of the day.

From south to north, the 90◦E meridian passes
through the Bay of Bengal, Tibetan Plateau, and
Sayan Mountains. The MCSs over the Bay of Bengal
(10◦–22◦N) have two life cycle peaks at 0001 (early
morning) and 0700 (afternoon) UTC (Fig. 3b). The
MCSs over there concentrate during 2100–0300 and
0500–0900 UTC, i.e., a majority of them are nocturnal
MCSs and most of the rest are afternoon MCSs. Be-
sides, it is noticed in Fig. 3b that almost all MCSs over
the Tibetan Plateau (30◦–37◦N) concentrate between
0800 and 2000 UTC (afternoon–midnight). These
MCSs are typical thermal convections. They form
in the afternoon and dissipate in the first half of the
night. There are some MCS activities over the Sayan
Mountains (around 50◦N), and these MCSs have sim-
ilar frequency at each time of the day.

From south to north, the 105◦E meridian passes
through oceans to the east of the Malay Peninsula,
Indochina Peninsula, Yungui Plateau, Sichuan basin,
Loess Plateau, Mongolian Plateau, and Lake Baikal.
Figure 3c indicates that there are two obvious bound-
aries at 10◦ and 18◦N, which reflect the influence of
the underlying surface on the MCS diurnal cycle. The
MCSs over the oceans to the east of the Malay Penin-
sula (south of 10◦N) concentrate between 1900 and
0900 UTC (midnight to next afternoon), and there
are two peaks at 0100 and 0700 UTC. This diurnal
variation is similar to that of the MCSs over the Bay
of Bengal. Oppositely, the MCSs over the plain ar-
eas of southern Indochina Peninsula (10◦–18◦N) per-
sist mainly during 0800–1800 UTC (afternoon to mid-
night), while the MCSs over the mountain areas of

northern Indochina Peninsula (18◦–23◦N) and Yungui
Plateau (23◦–28◦N) mainly occur during 1000–2300
UTC (afternoon to the next early morning). They
are postmeridian MCSs. In addition, the MCSs over
the Sichuan basin (28◦–32◦N) are nocturnal, and they
concentrate between 1800 and 2300 UTC (the latter
half of the night). There are few MCSs to the north of
35◦N except the Lake Baikal region. The MCSs over
the Lake Baikal region occur during 1200–1800 UTC
(the first half of the night).

Figure 3d indicates that, along the 120◦E merid-
ian, the MCSs south of 11◦N are nocturnal, and they
concentrate during 1600–0200 UTC. The MCSs over
the South China Sea (11◦–21◦N) are active at each
time of the day. It is noteworthy that, in the plain ar-
eas of eastern China, the MCSs have a peak frequency
during 0800–1300 UTC (afternoon to nightfall).

In addition, Fig. 3e indicates that, the MCSs
near the Caroline Islands (8◦–12◦N) and Ryukyu Is-
lands (25◦–32◦N) are nocturnal, and concentrate dur-
ing 1500–0300 UTC (midnight to noon). Figure 3f
shows a similar pattern to Fig. 3e. Along 150◦E, the
MCSs over the oceans near 10◦N and east of Japan
are both nocturnal, and they form around 1500 UTC
(midnight).

4.3 Diurnal cycles along latitudes

Figure 4a shows the MCS diurnal cycle along
10◦N. From west to east, it passes through the Amin-
divi and Laccadive Islands, Bay of Bengal, Gulf of
Thailand, South China Sea, and oceans east of the
Philippines. There are two obvious characteristics in
Fig. 4a. First, the MCSs over the Amindivi and Lac-
cadive Islands regions (70◦–75◦E) and over the Gulf
of Thailand (100◦–105◦E) are active all day long, and
have nearly the same frequency at each time of the
day. Second, along 10◦N, the MCSs over other areas
concentrate mainly during 1700–1100 UTC. There are
two frequency peaks at 0100 UTC (early morning) and
0700 UTC (afternoon). The afternoon peak is obvious
to the west of 120◦E and inconspicuous to the east of
120◦E. This implies that, along 10◦N, there are two
MCS types to the west of 120◦E: the nocturnal MCS
and the afternoon MCS; while MCSs to the east of
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Fig. 4. Time-longitude cross-sections of MCS frequency along (a) 10◦N, (b) 20◦N, and (c) 30◦N. Other specifications

are the same as in Fig. 1.

120◦E are mainly nocturnal. Sui et al. (1997a) stud-
ied the diurnal variations of cumulus convection over
the equatorial Pacific warm pool region, and pointed
out that there were two convection peaks in the early
morning and afternoon respectively. Sui et al. (1997a,
b) indicated that the reason for the high convection
frequency over oceans at night was the comparatively
high humidity and radiative cooling.

From west to east, the 20◦N parallel passes
through the Deccan Plateau, northern areas of the
Bay of Bengal, northern areas of the Indochina Penin-
sula, and northern areas of the South China Sea. As
seen in Fig. 4b, the MCSs over the Deccan Plateau
(73◦–85◦E) and the northern areas of the Indochina
Peninsula (100◦–106◦E) are postmeridian MCSs, and
they concentrate during 0900–2300 UTC. The MCSs
over the northern areas of the Bay of Bengal (85◦–
93◦E) are nocturnal MCSs. They concentrate during
1900–0900 UTC (midnight to afternoon). As far as the
MCSs over the northern areas of the South China Sea
(106◦–115◦E) are concerned, they are active during

0000–0900 UTC (early morning to afternoon). That
is to say, these MCSs initiate in the latter half of the
night.

From west to east, the 30◦N parallel passes
through the Indus River Plain, Tibetan Plateau,
Sichuan basin, mid-lower reaches of the Yangtze River,
and Ryukyu Islands. Figure 4c shows that the MCSs
over the Indus River Plain (70◦–81◦E) occur all the
time of the day, and have a weak peak during 0900–
1400 UTC (afternoon). It is eye-catching that the
MCSs over the central Tibetan Plateau (83◦–92◦E)
are concentrated during 0900–2000 UTC (afternoon
to midnight). This is in agreement with the analy-
sis above. Between 92◦E and 96◦E of the Tibetan
Plateau, there are fewer MCSs. The diurnal cycle
of the MCSs over the eastern Tibetan Plateau (96◦–
102◦E) is similar to that of the MCSs over the cen-
tral Tibetan Plateau, but these MCSs have a longer
duration: they can last from 0900 to 2200 UTC. Fur-
thermore, affected by the mountain-valley breeze cir-
culation, the active region of MCSs shifts eastward
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from the plateau to the Sichuan basin (102◦–106◦E)
at about 1800 UTC (midnight). Once again, the
MCSs over the Sichuan basin are found to be noc-
turnal. Their active period is 1800–2300 UTC. In the
mid-lower reaches of the Yangtze River (110◦–120◦E),
where mountain and plain alternate, the MCS fre-
quency peaks during 0900–1200 UTC (nightfall), and
the convective systems form mostly in the afternoon.
The MCSs near the Ryukyu Islands are partly noctur-
nal. They tend to form at about 1800 UTC (the latter
half of the night), and dissipate at about 0900 UTC
(nightfall).

4.4 MCS classification

In the above three subsections, we analyze the
MCS diurnal cycles in different areas in Asia and the
western Pacific region. Generally, we find that the
MCS diurnal variation is related to both the large-
scale circulation and the local circulation. MCSs in
different places have their own special diurnal cycles.
Accordingly, MCSs can be classified into four cate-
gories: the whole-day occurring MCSs in low latitude,
the whole-day occurring MCSs in high latitude, the
nocturnal MCSs, and the postmeridian MCSs.

The whole-day occurring MCSs in low latitude
are related to favorable convective conditions. The
representative areas include the Amindivi, Laccadive,
and Maldive Islands, Indus River Plain, Gulf of Thai-
land, and the South China Sea. The whole-day oc-
curring MCSs in high latitude are related to the high
latitude weather systems, such as trough of pressure,
cold front, and so on. The representative areas in-
clude the central part of the West Siberian Plain, and
the Lake Balkhash and Lake Issyk-Kul areas. MCSs
of these two categories have nearly the same occur-
ring frequency at each time of the day. However,
the whole-day occurring MCS in low latitude is active
while the whole-day occurring MCS in high latitude is
inactive. The nocturnal MCSs are related to favorable
convective conditions at night, such as the compara-
tively high humidity and radiative cooling over the
oceans (Sui et al., 1997a, b), and the upward motions
in the basin (Xue et al., 2012). The representative
areas include the Bay of Bengal, oceans near Spratly
Islands, oceans to the east of the Malay Peninsula,

the northern areas of South China Sea, oceans to the
east of Philippines, Ryukyu Islands, oceans to the east
of Japan, Sichuan basin, and Lake Baikal areas. The
postmeridian MCSs mostly take place over plateaus
and plains. The thermal effect plays an important
role in the formation process of these MCSs. The rep-
resentative areas include the Tibetan Plateau, Yungui
Plateau, Deccan Plateau, Marwa Plateau, Indochina
Peninsula, and the area east of China.

In summary, the classification of MCSs over
AWPR is shown in Fig. 5. It is noteworthy that such
MCS categories occupy a large portion of the MCSs in
this region, but not the whole.

5. Summary and conclusion

This study employs the automatic MCS identifi-
cation method to identify MCSs from satellite infrared
imagery. A total of 9241 MαCCSs, 3981 MβCCSs,
25126 MαECSs, and 9120 MβECSs are found over
Asia and the western Pacific region during the warm
seasons of 1995–2008.

Analysis of geographical distribution of MCSs
shows that the MCS geographical distribution has lit-
tle to do with MCSs’ size or shape, and is affected
by both the climatic environment and the local cir-
culation. In AWPR, latitude is the primary control
factor for the MCS distribution. MCSs are zonally dis-
tributed, with three zonations weakening from south
to north. The low latitude zone is mainly related to
the ITCZ. The midlatitude zone is related to the sum-
mer monsoon, and the high latitude zone is related to
the high latitude weather systems.

Analysis of diurnal variations of MCSs shows that
the MCS diurnal variation has little to do with MCSs’
size or shape; MCSs in different areas have their own
particular diurnal variation features. Accordingly,
MCSs are classified into four categories: the whole-day
occurring MCSs in low latitude, the whole-day occur-
ring MCSs in high latitude, the nocturnal MCSs, and
the postmeridian MCSs. The nocturnal MCSs are re-
lated to favorable convective conditions at night, such
as the comparatively high humidity and radiative cool-
ing over the oceans, and the upward motions over the
basin at night. The postmeridian MCSs take place
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Fig. 5. Classification of MCS diurnal cycles in Asia and the western Pacific region.

over plateaus and plains. The thermal effect plays an
important role in the formation of these MCSs.

Compared with past studies on hail and extreme
convection (Zhang et al., 2008; Romatschke et al.,
2010; Zheng et al., 2008), this study has obtained
some consistent conclusions. For example, the central
Tibetan Plateau has both the highest MCS frequency
and the highest hail frequency; severe convections over
the Indian Peninsula and the Bay of Bengal tend to
occur in the afternoon and in the evening, respec-
tively; MCSs and hail occur mainly in the afternoon
in most of mainland China except in the Sichuan basin
and its vicinity, where MCSs and hail often occur dur-
ing nighttime. These consistent conclusions kind of
support the reliability of the present work. Different
from past studies, this study employs a new automatic
MCS identification method, which is more objective,
accurate, and time-saving. On this basis, we have
analyzed the diurnal variations of MCSs over Asia
and the western Pacific region and found that there
are four diurnal cycle categories of MCSs in the study
area. In the future, we will make climatic studies of
MCSs over other regions by means of the automatic
MCS identification method.
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