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Abstract
This paper uses the daily precipitation observation data and Doppler weather
radar observation data from 2017 observatories and regional automatic stations in Fujian, China from 2009 to 2015. The characteristics of formation
mode, organization mode, moving direction and duration of linear mesoscale
convective system during non-typhoon continuous rainstorm in Fujian were
analyzed. This paper gives the definition of linear mesoscale convective systems, trailing and parallel mesoscale convective systems. The above characteristics of the linear mesoscale convective system during the continuous heavy
rain in Fujian differ greatly from the non-sustained heavy rain process: The
linear mesoscale convective system in the continuous heavy rain in Fujian is
mainly constructed later, and the trailing and parallel mesoscale convective
system is conducive to the occurrence of continuous heavy rain in Fujian.
The moving direction of the linear mesoscale convective system and convective monomer is mainly in the east direction, and the system duration is
mostly 4 - 10 hours. The formation time of the monomer to form a linear
convection time is mainly 1 - 3 hours, which is 2 hours earlier than the organization process of the general linear mesoscale convective system. The linear convective system formed to a dead time of an average of 5 hours,
slightly longer than the general linear mesoscale convective system.
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1. Introduction
The mesoscale convective system (MCS) is a kind of weather system with small
space-time scale. Its formation mode, organizational mode and structural evoluDOI: 10.4236/gep.2018.69001
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tion directly determine the type, distribution and intensity of storm weather
such as heavy rain [1] [2] [3]. Under the appropriate climate background, the
occurrence of severe weather such as heavy rain is inseparable from the occurrence and development of MCS. MCS can be divided into linear type, irregular
type and scorpion type, of which linear type MCS reaches 68% [4]. According to
radar reflectivity data (Figure 1), Bluestein et al. [5] subdivided the linear MCS
into four types: broken type (BL), broken type (BA), rear built type (BB) and
embedded type (EA). Parker et al. [6] further classified 88 linear convective systems in the central United States based on the location of the layered clouds and
convective zones: The layered cloud is located at the rear of the trailing type
(TS), the layered cloud is located at the front of the leading type (LS) and the
layered cloud is located at both sides of the parallel type (PS) (Figure 1(b)).
Meng et al. [7] studied 96 linear convective cases in eastern China from 2008 to
2009, revealing that the linear MCS formation period is mostly broken during
the heavy rain in eastern China, and the tailing type is dominant in the mature
period.
Sustained heavy rains can easily lead to widespread floods and serious economic losses, which have been widely concerned in China [8] [9] [10]. However,
previous studies have focused on the interannual and interdecadal characteristics
of the continuous heavy rain process and the large-scale circulation situation.
The study of meteorology is mainly based on case analysis or model simulation
[11] [12] [13]. Based on the influence of MCS, the continuous heavy rain process
is complex and variable. The characteristics of MCS in continuous heavy rain
and the commonality of MCS in the context of different persistent rain events
are worthy of further study. Studies have shown that [14] [15] [16], disconnected
and post-built linear MCS is more conducive to the occurrence of persistent

Figure 1. Formation mode (a) and tissue mode division of linear mesoscale convective system (b).
DOI: 10.4236/gep.2018.69001
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heavy rain in the Guangdong and Guangxi regions. The movement of MCS is
mainly in the east-northeast direction of the northeast and northeast, and the
formation time is longer than the general linear MCS. What are the characteristics of MCS in the continuous heavy rain in Fujian, which is the scientific issue
that is discussed in this paper? In the past, the continuous heavy rain research in
Fujian used the base station data. Based on the observation data of daily observation stations in 2017 and regional automatic stations ranged from 2009 to
2015 in Fujian, the paper analyzed the characteristics of mesoscale convective
system during the non-typhoon continuous heavy rain in Fujian. It reveals the
characteristics of the type, formation and organization mode of the mesoscale
convective system during the continuous heavy rain, and improves the forecast
and early warning of severe weather.

2. Research Areas, Data and Methods
2.1. Research Areas and Data
This paper selects 2017 observation stations and regional automatic stations in
Fujian area as Fujian representative stations (Figure 2). The main data used in
this paper are: daily-time, hourly precipitation observation data and Doppler
weather radar observation data of the Fujian regional automatic station from
2009 to 2015. Persistent rainstorms can be given different definitions from different focuses. This paper uses the name of Bao [2] on the definition of continuous rainstorm process in a single station: The daily precipitation is more than
50 mm for 3 consecutive days and above, or one day for 5 consecutive days, the
precipitation is less than 50 mm and the remaining four days are greater than 50
mm, and the precipitation is less than 50 mm. This will ensure the continuity of
the rainstorm process and ensure the extremity of continuous heavy rain. The
torrential rain caused by the typhoon is not within the scope of this article because of its uniqueness. This paper aims to understand the characteristics of the
mesoscale convective system in Fujian’s non-typhoon continuous heavy rain
from a common perspective, focusing on the persistence and catastrophicity of
the non-typhoon continuous heavy rain process.

2.2. Research Methods
For the types and modal classification of MCS features during continuous heavy
rain, the classification method of the literature in the introduction is used [7] [8]
[9] [10].
The average daily precipitation of non-typhoon continuous rainstorms in Fujian single station was distributed (Figure 3). In 2009-2015, there were 167 stations in 154 stations in Fujian, which showed continuous heavy rains at 167 stations, mainly in the coastal areas of the south central and northwest. The specific season, or specific months, in which the “heavy rain in Fujian” are given
in Table 1. In terms of strength, the daily average precipitation of non-typhoon
continuous heavy rain in Fujian single station is 50 - 75 mm/d (79 stations,
DOI: 10.4236/gep.2018.69001
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Figure 2. Location of Fujian Province in China.

Figure 3. Daily average precipitation (mm/d) distribution of persistent
heavy rain in Fujian single station.

accounting for 48%), followed by 75 - 100 mm/d (69 stations, accounting for
41%). Considering the coincidence of time (at least one day) and the proximity
of the space to the site, except for the single station case, there were 15
non-typhoon continuous heavy rains in Fujian from 2009 to 2015. Each process
contains 3 to 24 sites, the duration of the process is 3 days (7 cases), the occurrence time is 4 - 8 months, and the most cases in June (6 cases) (Table 1).
DOI: 10.4236/gep.2018.69001

4

Journal of Geoscience and Environment Protection

H. Guo et al.
Table 1. Non-typhoon continuous rainstorm process in Fujian from 2009 to 2015.
Processes

Time

Duration/days

Number of Station

1

Jul. 1-3, 2009

3

6

2

Jun. 13-17, 2010

5

12

3

Jun. 17-21, 2010

5

24

4

Jun. 21-25, 2010

5

24

5

Jun. 21-27, 2010

3

6

6

Jun. 5-7, 2011

3

4

7

Jun. 27-30, 2011

4

3

8

Jul. 15-18, 2011

4

6

9

Apr. 29-May 1, 2012

3

16

10

May 19-22, 2013

4

12

11

Apr. 24-26, 2014

3

3

12

May 14-19, 2014

6

5

13

Aug. 10-12, 2014

3

7

14

Jun. 9-11, 2015

3

12

15

Aug. 28-Sep. 2, 2015

6

11

3. Mesoscale Convective System Characteristics of
Continuous Heavy Rainfall
Table 2 reveals that 96 mesoscale convective systems occurred during 15 consecutive rainstorms, and a continuous heavy rain process consisted of 4 - 10
mesoscale convective system processes. Among them, the number of mesoscale
convective systems that occurred during the continuous heavy rain on May
14-19, 2014 was the highest (10 cases), which was related to its longer duration
(6 days). Morphological characteristics, the mesoscale convective system causing
persistent heavy rain (62 cases) reached 64%, consistent with the results of
Blanchard et al. (68%) [4]. That is to say, the mesoscale convective system has no
obvious relationship with the three types of prisoner type, fragment type and linear type, and whether it is conducive to continuous heavy rain.
Different from the parallel linear mesoscale convective system in the continuous heavy rain in South China [14], the proportion of tissue modal tailing in
the continuous heavy rain in Fujian is much higher than that of parallel and
leading. In 62 cases of linear MCS, 50%, that is, trailing linear MCS is the most
likely to cause persistent heavy rain in Fujian (Table 3). This is similar to the
statistical results of Parker [6] and Meng [7] regarding linear MCS tissue modalities. In the modal form, 62 cases of linear mesoscale convective system were
mainly built in the continuous heavy rain in Fujian (44%), and the proportion of
broken line type was less. This is quite different from the statistical results of
Bluestein et al. [6], Meng et al. [5] and South China [14].
DOI: 10.4236/gep.2018.69001
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Table 2. Statistics of mesoscale convective systems during continuous heavy rainfall in Fujian.
Time

Number of Systems

Prisoner

Fragment

Linear

Jul. 1-3, 2009

6

0

2

4

Jun. 13-17, 2010

8

0

4

4

Jun. 17-21, 2010

8

1

1

6

Jun. 21-25, 2010

7

0

4

3

Jul. 25-27, 2010

4

0

3

1

Jun. 5-7, 2011

7

0

0

7

Jun. 27-30, 2011

5

0

1

4

Jul. 15-18, 2011

5

0

4

1

Apr. 29-May 1, 2012

7

0

1

6

May 19-22, 2013

5

0

0

5

Apr. 24-26, 2014

8

1

4

3

May 14-19, 2014

10

1

2

7

Aug. 10-12, 2014

5

0

3

2

Jun. 9-11, 2015

5

0

0

5

Aug. 28-Sep. 6, 2015

6

1

1

4

Total

95

4

30

61

Table 3. Formation of linear mesoscale convective system and comparison of histological modal characteristics.
Forming Mode

Broken
Line (%)

After Construction
(%)

Sustained heavy rain in
Fujian

28

44

18

Sustained heavy rain in
South China [14]

42

29

12

Organizational Mode

Trailing
(%)

Parallel
(%)

Leading
(%)

10

Sustained heavy rain in
Fujian

50

27

23

17

Sustained heavy rain in
South China [14]

34

56

10

Fragment
Embed (%)
(%)

Bluestein and Jain [5]

35

33

20

13

Parker and Johnson [6]

60

20

20

Meng and Zhang [7]

38

22

19

21

Meng and Zhang [7]

59

26

15

The convective zone distribution of 62 linear mesoscale convective systems
causing sustained heavy rain in Fujian was dominated by northeast-southwest
(54 cases, 89%). The direction of movement of the linear mesoscale convective
system is dominated by the eastward direction (39 cases, accounting for 64%).
The movement of convective cells in the linear mesoscale convective system is
consistent with the direction of convective movement, mainly in the eastward
direction (37 cases, accounting for 66%) and the northeast direction (10 cases,
16%). The consistency of the two movements may be one of the important reasons for the occurrence of persistent heavy rain (Figure 4), which is similar to
the characteristics of the mesoscale convective system in the continuous heavy
rain in South China [14].
The single-born to linear convective demise time of the linear mesoscale convective system in the continuous heavy rain in Fujian is mainly 4 - 10 hours
DOI: 10.4236/gep.2018.69001
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Figure 4. Convective zone direction (a), convective zone movement direction (b), and convective monomer movement direction
distribution statistics of linear mesoscale convective systems (c).

(Figure 5). This is similar to Meng [7]’s statistical results for 96 linear convective
processes in eastern China from 2008 to 2009. However, the monomer formation-forming linear convection time is usually 1 - 3 hours, 2 hours earlier than
the Meng [7] study results (3 - 5 hours). This is consistent with the convective
monomer generation-forming linear convection time in the continuous heavy
rain in South China [14]. At the same time, the linear mesoscale convective system formation-death time is mainly 2 - 8 hours, with an average of 5 hours,
which is 0.3 hours longer than the Meng [7] study results (4.7 hours). That is to
say, the linear mesoscale convective system in the continuous heavy rain in Fujian is more rapid, and the influence time after the formation of linear convection is longer, which is one of the possible causes of persistent heavy rain.

4. Conclusions
This paper uses the 2017 daily observation stations and regional automatic stations in Fujian from 2009 to 2015 to obtain daily precipitation observation data
and South China Doppler radar observation data. The characteristics of formation mode, organization mode, moving direction, development and duration of
linear mesoscale convective system during non-typhoon continuous heavy rain
in Fujian were analyzed statistically. The main conclusions are as follows:
1) In 2009-2015, there were 167 stations in 154 stations in Fujian, which
showed continuous heavy rains at 167 stations, mainly in the coastal areas of the
south central and northwest.
2) The linear mesoscale convective system in the continuous heavy rain in Fujian is mainly constructed later, and the trailing and parallel mesoscale convective system is more conducive to the occurrence of continuous heavy rain in Fujian.
3) The linear MCS convective direction in the continuous heavy rain in Fujian
is mainly northeast-southwest, and the convective system and convective monomer moving direction are mainly in the east direction.
DOI: 10.4236/gep.2018.69001
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Figure 5. MCS monomer primary-linear convection decay time, monomer nascent-formed
linear convection time and linear convection formation-death time statistics.

4) The linear MCS in the continuous heavy rain in Fujian lasted for 4 - 10
hours. The formation time of the monomer to form a linear convection time is
mainly 1 - 3 hours, which is 2 hours earlier than the organization process of the
general linear mesoscale convective system. The linear convective system formed
to a dead time of an average of 5 hours, slightly longer than the general linear
mesoscale convective system.
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