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Diurnal variation of convective
precipitation during the flood
season in Fujian Province, China

Qianyun Wang1, Junlin Tang1, Yuxuan Zhang1* and Yanan Li2

1Xiamen Meteorological Service Center, Xiamen, China, 2School of Computer and Information
Engineering, Xiamen University of Technology, Xiamen, China

Utilizing hourly observational data fromautomaticweather stations across Fujian
Province from 2008 to 2020, this study defined and classified concepts and
thresholds for convective precipitation, short-duration convective precipitation,
long-duration convective precipitation, localized heavy precipitation, and
widespread heavy precipitation. We explored the fundamental diurnal climatic
characteristics of convective precipitation during the flood season in Fujian
Province’s complex terrain. The results indicate the following. 1) Convective
precipitation during the flood season exhibits distinct diurnal variation, with
a significant spatial distribution along mountainous and coastal terrains. 2)
The frequency of precipitation during the pre-flood season is higher and its
intensity is lower than in the post-flood season. Due to differing primary
weather systems influencing each period, resulting in substantial differences in
the spatial distribution of precipitation frequency and intensity. 3) Both short-
duration and localized precipitation show pronounced afternoon peaks in their
diurnal patterns, predominantly occurring on windward slopes, highlighting
mechanisms of afternoon moist convection and orographic lifting, whereas
long-duration and widespread precipitation lack diurnal variation, reflecting the
influence of large-scale circulation. These results will help forecasters better
understand the unique precipitation characteristics of Fujian Province.

KEYWORDS

convective precipitation, complex terrain, diurnal variation, flood season, Fujian
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1 Introduction

Fujian Province is nestled between mountains and the sea, with a terrain high in the
northwest and low in the southeast. Approximately 90% of the province’s area consists of
mountains and hills. The Wuyi Mountain Range traverses the northwest, while the central
region features the Minzhong Mountain Belt, primarily composed of Jiu Feng, Daiyun,
and Bopingling Mountains, stretching from northeast to southwest. These mountains often
exceed altitudes of 1,000–1,200 m, with some peaks surpassing 1,800 m. The southeastern
coastal areas are primarily plains with lower elevations (Figure 1; Xu et al., 2022).

Fujian experiences a subtropical maritime monsoon climate characterized by
distinct three-dimensional climatic features and high temperatures with abundant
rainfall in summer. Within this climatic framework, warm, moist sea winds from the
southeast regulate the climate. At the same time, the mountainous regions in the
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FIGURE 1
Topographic map of Fujian Province and the main mountain ranges [Reprinted from reference (Xu et al., 2022)].

northwest and central parts block cold air and uplift warm,moist air,
creating unique precipitation patterns.

Interdecadal variations reveal alternating wet and dry periods
in Fujian’s precipitation (Qin et al., 2009). Seasonally, rainfall is
concentrated from March to September, with coastal and central
areas displaying bimodal peaks in June and August due to the
combined effects of the summer monsoon and tropical cyclones.
Meanwhile, less influenced by tropical cyclones, the northwestern
region exhibits a rainfall peak in June (Lin et al., 2013). Therefore,
in forecasting, March to June is referred to as the pre-flood season,
while July to September is the post-flood or typhoon season.

In addition to these temporal scales, the diurnal variation in
precipitation is another critical topic in climate research. Due to
its sensitivity to various thermal and dynamic factors (Trenberth,
1998; Trenberth et al., 2003; Yu et al., 2007a; Yu et al., 2009; Yu et al.,
2014), revealing the spatial features of diurnal variations in
precipitation is helpful not only for understanding the physical
processes related to precipitation formation (Trenberth et al., 2003;
Lin et al., 2000), but also for comprehending regional climate
characteristics, which is valuable for forecasters. Research on diurnal
precipitation variation also contributes to satellite data validation
(Zhou et al., 2008; Xu and Zipser, 2011) and numerical model
evaluation (Dai et al., 2011; Yuan et al., 2013; DeMott et al., 2007).

Summer precipitation in mainland China exhibits significant
diurnal variations with distinct regional characteristics (Yu et al.,
2007a). Numerous studies have investigated the diurnal patterns
of precipitation across various regions (Yu et al., 2014; Shen and
Zhang, 2011; Yu and Li, 2016; Dai et al., 2009; Liu et al., 2023),
The eastern Tibetan Plateau and Sichuan Basin feature a midnight
peak, while the middle reaches of the Yangtze River experience
an early morning peak and Eastern China shows a dual-peak
pattern in the early morning and afternoon. Diurnal variations
in the amount, frequency, and intensity of rainfall over southern
China exhibit substantially different amplitudes from southwestern
to southeastern China (Jiang et al., 2016). Many studies have also
utilized satellite precipitation data (Mao et al., 2012; Bai et al.,
2008) and ERA reanalysis precipitation data (Chow and Chan,
2009). However, a gap exists between these data results and
actual observational data. Several studies (Yu et al., 2009; Yu et al.,
2007b; Yuan et al., 2010; Yin et al., 2011) have utilized long-term
national-level station data with relatively low network density
for provincial regions. With the increasing need for a detailed
understanding of precipitation processes, it is essential to conduct
higher spatial resolution diurnal variation analyses using denser
observation networks to improve the understanding of regional
weather and climate.
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Conversely, Fujian Province’s complex terrain and diverse
weather systems result in various types of precipitation, especially
during the flood season. Therefore, it is necessary to conduct
systematic research using data from dense observation networks.
One study (Zhang et al., 2017) investigated the spatial features
and diurnal variation of precipitation amount (PA), precipitation
frequency (PF), and precipitation intensity (PI), and they found
that notable regional differences in diurnal precipitation cycles
over Fujian Province can be observed between coastal, valley,
hilly, and mountainous areas. On this basis, we defined different
types of convective precipitation in this study and, considering
the intricate topography, we analyzed their respective diurnal
variation characteristics in terms of frequency, intensity, and spatial
distribution. In addition, the diurnal variations of related surface
meteorological elements were examined, laying the foundation
for categorizing and understanding the precipitation mechanisms
during the Fujian Province flood season.

2 Materials and methods

2.1 Data and definitions

The data utilized in this study included hourly precipitation
records from automated weather stations across Fujian Province
from 2008 to 2020. The data underwent quality control, initially
excluding stations with more than 5% missing measurements and
subsequently omitting those with less than 2 years of precipitation
data. As a result, the number of valid stations each year has been as
follows: 357 stations in 2008, 776 stations in 2009, 1,053 stations in
2010, 1,130 stations in 2011, 1,196 stations in 2012, 1,521 stations in
2013, 1,673 stations in 2014, 1,691 stations in 2015, 1,699 stations in
2016, 2,078 stations in 2017, 2,114 stations in 2018, 2,084 stations in
2019, and 2021 stations in 2020.

The definitions are as follows.

(1) Precipitation is considered to have occurred when the actual
rainfall is 0.1 mm or more.

(2) Convective precipitation is defined as single-station rainfall
exceeding 10 mm/h.

(3) Convective precipitation frequency: The ratio of the number
of convective precipitation occurrences at that time to the total
number of such occurrences within the statistical period.

εi =
ni
t

∑
j=1

nj

εi: Frequency of convective precipitation at time i.
ni: the number of convective precipitation occurrences at time i.
t
∑
j=1

nj: the total number of such occurrences within the

statistical period.

(4) Convective precipitation intensity: The ratio of cumulative
precipitation to the number of convective precipitation
instances during that time slot.

(5) Pre-flood and post-flood seasons: In this context, the pre-flood
season in Fujian Province refers to March through June, and
the post-flood season refers to July through September.

(6) Short-duration (long-duration) convective precipitation:
Convective precipitation lasting less than or equal to 6 h
(or more than 6 h) is classified as short-duration (or
long-duration) convective precipitation.

(7) Regional localized heavy precipitation and widespread
systemic precipitation: Based on the definition of convective
precipitation, single-station precipitation exceeding 20 mm/h
is classified as regional localized heavy precipitation.
When 20% of stations experience convective precipitation
at a given time, it is considered widespread systemic
precipitation.

2.2 Computational analysis methods

Calculating single-station averages involves taking the
arithmetic mean of hourly data over the relevant period for each
station. The arithmetic mean of all regional stations at a specific
time was used without any weighted average for regional averages.
For instance, in 2008, the arithmetic mean of the hourly occurrence
frequency (intensity) of convective precipitation across all stations
was defined as the diurnal variation of the annual convective
precipitation frequency (intensity).

Method for selecting different duration precipitation: First,
we identified the long-duration convective precipitation for each
station. After removing the long-duration convective precipitation
from the total, the short-duration convective precipitation
was obtained.

3 General characteristics of
convective precipitation

Our analysis of the diurnal variation in convective precipitation
frequency and intensity from 2008 to 2020, annually and averaged
over 13 years (Figure 2), revealed a consistent yearly trend. The
frequency of convective precipitation shows two peaks: a strong
peak occurring from afternoon to evening between 15:00 and
20:00, with the highest frequency at 17:00, and a weaker peak at
approximately 08:00 in the morning (Figure 2A). The precipitation
intensity shows a single peak between 16:00 and 18:00 (Figure 2B).
This analysis indicates that convective precipitation in
Fujian Province predominantly occurs from afternoon to
evening, during which the intensity is also at its maximum
for the day.

Regarding the spatial distribution of convective precipitation
frequency and intensity (Figure 3A), areas with high precipitation
frequency are primarily located near the windward slopes east of
the Wuyi Mountains and the central mountain ranges of Fujian.
This suggests that the southeast monsoon and typhoons during
summer and autumn significantly affect the precipitation patterns,
with moisture from the southeastern seas being uplifted by the
terrain, resulting in more convective rainfall on the eastern sides
of these mountain ranges. The center of precipitation intensity is
situated at the junction of the coastal plains and mountainous
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FIGURE 2
Diurnal variation in annual average convective precipitation in Fujian Province from 2008 to 2020: (A) precipitation frequency (%); (B) precipitation
intensity (mm/h).

FIGURE 3
Spatial distribution of the 13-year average convective precipitation in Fujian Province: (A) precipitation frequency (%); (B) precipitation intensity (mm/h).

regions in eastern Fujian (Figure 3B). Besides the orographic
lifting mechanism, typhoon precipitation likely makes an important
contribution to the overall precipitation patterns.

Building on the general characteristics of the spatial
distribution of precipitation, we further explored the spatial
features of precipitation frequency and intensity across different
periods (as shown in Supplementary Figures A1, A2). Regarding
precipitation frequency, from 00:00 to 12:00, convective
precipitation was minimal, with larger centers concentrated on
the eastern sides of the northwestern and northeastern mountains
of Fujian. Starting at 14:00, there was a significant increase in
precipitation frequency, with high-value areas aligning with the
orientation of several major mountain ranges. By 16:00, the
frequency of convective precipitation increased further throughout
Fujian. From 20:00, the frequency began to decline, with high-
value areas gradually concentrating along the mountainous
northern regions of Fujian. Regarding precipitation intensity,
from 00:00 to 12:00, sporadic high-value areas were distributed
across Fujian. By 14:00, high-intensity centers became more
prominent along the southeastern coast. At 18:00, these centers
further intensified and increased in the coastal plains and foothills
in the east. By 20:00, the intensity diminished and became
more dispersed.

4 Characteristics of different types of
convective precipitation

4.1 Analysis of convective precipitation
characteristics of different durations

The duration of precipitation is a crucial factor in measuring
the spatiotemporal variations of rainfall. Precipitation of varying
durations may result from weather systems operating on different
temporal scales. Studying the spatiotemporal characteristics and
trends of precipitation for different durations helps us understand
the influencing factors and formation mechanisms across various
time scales (Jin et al., 2015). Yu et al. (2007a) categorized warm-
season precipitation in eastern China into long-duration (>6 h)
and short-duration events, and they discovered significant spatial
distribution differences between these categories and hypothesized
that distinct physical mechanisms might generate precipitation of
varying durations.

In Fujian Province, as shown in Figure 4, there is a considerable
difference in frequency and intensity between long-duration and
short-duration convective precipitation. Long-duration convective
precipitation exhibits an inconspicuous diurnal variationwith gentle
peaks (Figures 4A, C), showing a minor peak at approximately
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FIGURE 4
Diurnal variation in annual average convective precipitation in Fujian Province: (A) frequency of long-duration convective precipitation (%); (B)
frequency of short-duration convective precipitation (%); (C) intensity of long-duration convective precipitation (mm/h); (D) intensity of short-duration
convective precipitation (mm/h).

08:00, with lower average precipitation frequency but higher average
precipitation intensity. Conversely, short-duration convective
precipitation displays pronounced diurnal variation, with peaks
in both frequency and intensity occurring at approximately
16:00–17:00, featuring a higher average precipitation frequency
and relatively lower average precipitation intensity (Figures 4B, D).

In terms of spatial distribution, the frequency of both long-
duration and short-duration precipitation shows a similar pattern
to the overall frequency of convective precipitation (Figure 3A),
with high-value areas primarily located in the Wuyi Mountains and
the eastern parts of the central Fujian mountains (Figures 5A, B).
The high-value regions for long-duration precipitation intensity are
mainly along the eastern coast, mirroring the spatial distribution
of the overall intensity of convective precipitation (Figure 3B). By
contrast, short-duration precipitation intensity is generally weaker.

Overall, only short-duration precipitation exhibits a pronounced
diurnal variation, indicating that afternoon thermal convection is
likely the primary trigger mechanism. The frequency of short-
duration convective precipitation in Fujian Province is significantly
higher, suggesting that the primary form of rainfall during the flood
season is short-duration showers. This finding aligns with previous
research, which noted that short-duration events constitute a larger
proportion of heavy rainfall events in the summer across central and
easternChina (Jin et al., 2015). Some studies on the spatial-temporal
distribution characteristics of typhoon rainstorm in Fujian Province
(He et al., 2019; Author Anonymous, 2008; Lu and Wang, 2013)
show that typhoon precipitation in Fujian province occurs most in
August, the multi-year average typhoon rainstorm days and daily
typhoon rainstorm precipitation both gradually decreased from the
eastern coastal region to the northwestern inland region of Fujian,

the maximum typhoon precipitation occurs in the northeastern and
the southern coast. However, in our research, the greater intensity of
long-duration precipitation, with high-value areas alsomainly along
the eastern coast, so we think that typhoon may be make significant
contributions to long-duration precipitation.

4.2 Analysis of convective precipitation
characteristics across different spatial
scales

The spatial scale of precipitation refers to the extent of the
continuous rain area, which is closely linked to the mechanisms
and physical processes of precipitation formation, representing an
essential characteristic of rainfall. In this paper, regional heavy
rainfall primarily signifies convective rainwithin a limited area, such
as a single city or county. By contrast, large-scale systemic rainfall
involves multiple cities or entire provinces, such as frontal rain or jet
stream-induced rain.

In Fujian Province, regional heavy rainfall exhibits a distinct
afternoon peak, indicative of diurnal variation (Figures 6A, B),
suggesting that afternoon thermal convection is a principal
triggering mechanism. This is consistent with previous studies
showing that Southeastern China is dominated by afternoon rainfall
caused by surface heating, likely aided by local topographical
lifting (Jiang et al., 2016). The frequency maxima are prominently
distributed along major mountain ranges (Figure 7A), highlighting
the significant role of orographic uplift in regional heavy rainfall.
The distribution characteristics of intensity (Figure 7B) are
similar to the general distribution characteristics of convective
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FIGURE 5
Spatial distribution of the 13-year average frequency of convective precipitation in Fujian Province: (A) frequency of long-duration convective
precipitation (%); (B) frequency of short-duration convective precipitation (%); (C) intensity of long-duration convective precipitation (mm/h); (D)
intensity of short-duration convective precipitation (mm/h).

FIGURE 6
Diurnal variation in annual average regional heavy rainfall in Fujian Province: (A) frequency of regional heavy rainfall (%); (B) intensity of regional heavy
rainfall (mm/h).

precipitation (Figure 3B), with the center located at the junction
of the coastal plain and mountainous areas in eastern Fujian.
Large-scale systemic rainfall shows considerable interannual
variability with no pronounced diurnal pattern and generally
weaker peaks (Figures 8A, B).

Only localized heavy rainfall shows obvious diurnal variation,
while large-scale rainfall shows minimal diurnal change, likely
due to differing triggering mechanisms. Large-scale convective
rainfall is typically associated with broad-scale circulations
like fronts, typhoons, and southerly jets. By contrast, localized
convective rainfall is primarily driven by solar radiation-induced

afternoon moist convection, further influenced by orographic
lifting, influencing the precipitation intensity.

4.3 Analysis of convective precipitation
characteristics across different seasons

The pre-flood season in Fujian Province typically begins in
April, peaks in May, and usually concludes in late June, with the
average on 26 June, corresponding with the northward extension of
the subtropical high pressure. During this period, the subtropical
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FIGURE 7
Spatial distribution of regional heavy rainfall in Fujian Province: (A) frequency of regional heavy rainfall (%); (B) intensity of regional heavy rainfall (mm/h).

FIGURE 8
Diurnal variation in annual average large-scale systematic precipitation in Fujian Province: (A) frequency of large-scale systematic precipitation (%); (B)
intensity of large-scale systematic precipitation (mm/h).

high pressure ridge line jump north to around 16°∼20°N, and
frequent frontal trough appear from southern Jiangnan to southern
China, the southerly low-level jet stream was established, they are
all important weather systems that contribute to the precipitation
during the pre flood season in Fujian Province. According to
statistics from 1971 to 2,000, typhoons affecting Fujian are primarily
concentrated between July and September (Lin et al., 2013; Lu
and Wang, 2013). Thus, the post-flood season is also called the
typhoon season (Lu and Wang, 2013). In addition to the impact of
typhoons, the precipitation during the post flood season is mainly
unstable precipitation caused by weak cold air infiltration along the
coast under the control of subtropical high pressure.

The predominant weather systems influencing the early
and late flood seasons differ, resulting in distinct precipitation
characteristics. According to the statistical data of rainstorm days in
Fujian Province (Lin et al., 2013), rainstorm occurs all from January
to December in Fujian Province, but most of them are concentrated
inMarch to September.Themonthly distribution presents a bimodal
pattern, in addition to the rainstorm peak in the rainy season, there
is another rainstorm peak in August affected by tropical cyclones.
Therefore, we analyzed the convective precipitation features for
both periods. The findings reveal that rainfall is most frequent
during the pre-flood flood season (Figure 9A), predominantly in
inland areas, especially the northwestern mountainous regions

(Figure 10A), without major intensity centers (Figure 10C). By
contrast, during the post-flood season, the rainfall center shifts to
thewindward slopes east of the centralmountains (Figure 10B), with
a significantly higher intensity (Figure 9B), primarily concentrated
along the eastern coast (Figure 10D), highlighting the contribution
of typhoon-related precipitation.

As illustrated in Figure 11, the diurnal variation in wind
direction during the flood seasons shows that nocturnal winds
are mainly northerly and northeasterly, while daytime winds,
particularly in the afternoon, are primarily southeasterly, southerly,
and southwesterly (Figures 11A, B). This indicates the unique
land–sea breeze in coastal areas, the sea breeze has also been
proven to cause low‐level convergence,which partially results the
maximum precipitation in the afternoon over land (Tang et al.,
2019). Therefore, we believe that the land–sea breezes has a
significant impact on diurnal variation of wind direction in
Fujian Province, and the diurnal variation of precipitation. On
the other hand, many studies have shown that complex terrain
also has influence on the formation and development of cloud
and precipitation (Li et al., 2024; Houze, 2012; Li et al., 2022).
Turbulent orographic form drag related to complex terrain has
been investigated to affect precipitation through dynamical and
microphysical processes, it can enhance low-level convergence
and high-level divergence, thereby strengthening updraft and
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FIGURE 9
Diurnal variations in annual average convective precipitation in Fujian Province (Blue: pre-flood season, Red: post-flood season): (A) frequency of
convective precipitation; (B) intensity of convective precipitation.

FIGURE 10
Spatial distribution of the 13-year average convective precipitation in Fujian Province: (A) frequency of convective precipitation during the pre-flood
season (%); (B) frequency of convective precipitation during the post-flood season (%); (C) intensity of convective precipitation during the pre-flood
season (mm/h); (D) intensity of convective precipitation during the post-flood season (mm/h).

precipitation processes (Li et al., 2024; Houze, 2012). Moreover,
this effect is more apparent during the daytime (Houze, 2012).
Besides, deep convective events can produce extreme local rainfall
and flooding when they occur near mountain ranges, and
mountains affect diurnal cycles of convective precipitation via
the upslope/downslope wind reversal associated with the daily
cycle of heating and cooling (Li et al., 2022). Based on these
research findings, we believe that the higher relative humidity
in the pre-flood season (shown in Supplementary Figure A3)
makes saturation more likely, with a higher frequency of easterly

and southerly winds (Figure 11A), at the same time, with the
cooperation of mountain uplift, convective precipitation is more
frequent, consistent with our earlier conclusion. Temperature-wise,
the late flood season experiences noticeably higher temperatures
(shown in Supplementary Figures A4A, B), which likely favor
stronger convection, thus affecting the intensity of convective
precipitation. According to climate research in Fujian Province
(Lin et al., 2013; Lu andWang, 2013), the average total precipitation
in the eastern coastal areas is around 600–700 mm during the post
flood season, with typhoon precipitation contributing the most,
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FIGURE 11
Diurnal variation in the frequency of the 10-min wind direction: (A) pre-flood season in Fujian Province; (B) post-flood season in Fujian Province.

reaching 350–500 mm. Typhoon precipitation in various coastal
cities accounts for about 60% of the post-flood season precipitation.
Hence, the greater precipitation intensity during the post-flood
season could be partially attributed to typhoon contributions and
elevated temperatures.

4.3.1 Spatiotemporal characteristics of
convective precipitation with different durations
under various seasonal conditions

Building on the analysis of convective precipitation
characteristics during the pre- and post-flood seasons, we further
examined the spatiotemporal distribution features of short-duration
and long-duration rainfall under different seasonal conditions.

Similar to the overall flood season precipitation characteristics,
both the pre-flood and post-flood periods are dominated by short-
duration rainfall, with long-duration rainfall exhibiting greater
intensity. Notably, besides the strong typhoon-induced precipitation
along the eastern coast during the post-flood season (Figure 12B),
significant centers of long-duration rainfall intensity are also
observed in the western mountainous regions and along the
southern coast during the pre-flood season (Figure 12A), likely
associated with frontal precipitation. This suggests that, in addition
to the need for vigilance against typhoon-related long-duration
heavy rainfall during the post-flood season, it is equally important
to be alert to prolonged intense rainfall events in the western
mountains and southern coastal areas during the pre-flood season.

However, the intensity of short-duration rainfall is significantly
stronger during the post-flood season compared with that during
the pre-flood season (Figures 12C, D), highlighting the more
pronounced and intense afternoon convective activity in Fujian
Province during the post-flood period.

4.3.2 Spatial and temporal characteristics and
possible causes of convective precipitation
across different spatial scales under various
seasonal conditions

Our comparison of diurnal variation characteristics under
different seasonal conditions revealed that the peak frequency

of regional heavy rainfall occurs at 18:00 during the pre-flood
season and at 17:00 during the post-flood season, advancing by 1 h
(Figure 13A). Moreover, air temperature and surface temperature
are significantly higher in the post-flood season by more than 4°C
(Supplementary Figures A4A, B), with elevated temperatures more
likely to trigger convective activity earlier. To verify the speculation,
we have further analyzed the convective available potential energy
(CAPE) data from 2008 to 2020, which based on hourly data from
ERA5 reanalysis data, and the results showed that the average
CAPE of Fujian Province region during the post flood season
was significantly about three times higher than that during the
pre flood season (Supplementary Figure A5). Thus, we suggest that
the higher temperatures and higher unstable energy in the post-
flood season may contribute to the earlier occurrence of regional
heavy rainfall.

The diurnal variation characteristic of widespread convective
rainfall is relatively weak during the post-flood seasons, but with an
afternoon peak in the pre-flood season (Figure 13B). This indicates
that systematic precipitation accounts for a larger proportion of
widespread convective rainfall, particularly in the post-flood season.

5 Conclusion and discussion

This study comprehensively examined the diurnal variations in
convective precipitation during the flood season in Fujian Province
under complex terrain conditions, Further refined and improved
the research on convective precipitation in Fujian Province, which
will help forecasters better understand and master precipitation
characteristics. Convective precipitation predominantly occurring
from afternoon to evening, with peak intensity between 17:00 and
18:00. We believe that intricate topography significantly influences
the spatial distribution of convective precipitation. High-frequency
rainfall centers are located near the windward slopes east of the
Wuyi Mountains and Minzhong Mountain range, where the terrain
uplifts maritime moisture.The intensity center is at the convergence
of coastal plains and mountains in eastern Fujian, suggesting that
typhoon-inducedprecipitation also plays a crucial role in this region.
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FIGURE 12
Spatial distribution of convective precipitation in Fujian Province (mm/h): (A) intensity of long-duration rainfall during the pre-flood season; (B) intensity
of long-duration rainfall during the post-flood season; (C) intensity of short-duration rainfall during the pre-flood season; (D) intensity of
short-duration rainfall during the post-flood season.

FIGURE 13
Diurnal variation in the frequency of convective precipitation (blue: pre-flood season; red: post-flood season): (A) regional heavy rainfall; (B)
large-scale systematic precipitation.

We defined and distinguished different types of convective
precipitation, there are notable differences in frequency and
intensity between long-duration and short-duration convective
precipitation, localized heavy rain and large-scale precipitation.
Short-duration rainfall has a higher frequency than long-duration,
and shows noticeable diurnal characteristics, indicating that
brief, convective showers driven by afternoon thermal convection

dominate the flood season. Long-duration precipitation is more
intense and predominantly occurs in eastern coastal areas, likely
influenced by typhoons. On the otherhand, localized intense rainfall
displays a clear afternoon peak in its diurnal cycle, with high-
frequency centers distributed along major mountain ranges, also
indicating that afternoon thermal convection and orographic uplift
are pivotal mechanisms for regional heavy rainfall formation.
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By contrast, large-scale precipitation events exhibit significant
interannual variability but weak diurnal variation, suggesting they
are primarily associated with synoptic-scale circulations, such as
fronts, typhoons, and southerly jets.

We also explored the differences in convective precipitation
in different seasons, pre-flood season convective precipitation is
more frequent and concentrated inland, influenced by higher
relative humidity, prevailing easterly and southeasterly winds, and
orographic effects. Post-flood season precipitation is more intense,
mainly over eastern coastal areas, facilitated by higher temperatures
that enhance convection, alongside contributions from typhoon
precipitation. Therefore, in forecasting operations, attention must
be given to the prolonged intense precipitation caused by typhoons
in the post-flood season and to sustained heavy rainfall events in
the western mountainous regions and southern coastal areas during
the pre-flood season. We found that localized intense rainfall peaks
approximately 1 h earlier in the pre-flood season than in the post-
flood season, with post-flood temperatures exceeding pre-flood
levels bymore than 4°C, triggering thermal convection earlier.Thus,
elevated temperatures are likely a factor in the advanced diurnal
peak of regional intense rainfall in the post-flood season. Large-
scale convective precipitation shows weak diurnal variation in both
pre- and post-flood seasons, further indicating a predominance of
systematic precipitation, particularly in the post-flood season.

Based on a preliminary diagnostic analysis of observation
data from ground-based meteorological stations, this study offers
limited explanations regarding the spatiotemporal distribution
characteristics of precipitation that rely on forecasting expertise
for potential hypotheses regarding the causes. Further analysis
and discussion incorporating historical case studies, circulation
patterns, influencing systems, vertical dynamical structures, and
topographical factors are needed to develop conceptual models.
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