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Characteristics of the Rainstorm Weather System Causing
Flood in the Jianjiang River Basin
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Abstract Based on the meteorological observation data from 1994 to 2023, the spatiotemporal distribution characteristics and periodic changes of extreme
precipitation were analyzed. The extreme precipitation showed a fluctuating upward trend, and reached a peak of 713.5 mm in 2010. The frequency of
events increased from 7 times in 1994 —2000 to 56 times in 2020 —2023, with significant periodicity of 3 -4 and 7 —8 a. In terms of spatial distribution,
the precipitation intensity in the upper reaches was significantly higher than that in the middle and lower reaches, reaching 421.6 and 405.7 mm respec-
tively. The lowest was in downstream Wuchuan City (268.3 mm) , showing a decreasing trend from upstream to downstream. Extreme precipitation was
mainly concentrated from July to October, especially in September (accounting for 25.8% ). Typhoon was the main cause, with 80% of the TOP10 re-
cords related to typhoons, and the average precipitation intensity of typhoons reached 501.6 mm. The average precipitation intensity from 2020 to 2023
reached 442.8 mm. The correlation coefficient between 12-h rainfall intensity and flood level was 0. 85, and the accuracy of flood warning based on rain-

fall intensity threshold was 78% , which had guiding significance for flood control and disaster reduction.
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Extreme precipitation events often trigger floods and other
disasters with their strong suddenness and catastrophic nature,
seriously threatening the safety of people’s lives and property'” .
Affected by monsoon climate and typhoon activity, extreme precip-
itation occurs frequently and shows an increasing trend”’. In the
past 60 years, the frequency and intensity of extreme weather
and climate events in China have shown a significant upward
trend”’. The Jianjiang River basin originates from the northern
mountainous area of Xinyi City and flows into the South China Sea
in Wuchuan City, with a total length of 232 km and a drainage
area of 9 540 km’.

In recent years, research on extreme precipitation in South
China has shown that the extreme precipitation in the region was
mainly concentrated from May to August, with high incidence are-
as in the coastal areas of western Guangdong and the mountainous
areas of northern Guangdong'' ™. Tt was pointed out that the
change of South China Sea monsoon intensity was the key factor af-
fecting the rainstorm in South China, and the rainstorm in summer
and autumn showed a significant increase trend®’. The analysis
on characteristics and cause mechanism of extreme precipitation in
different regions has been deepened” ™", Research based on GIS
showed that the risk of rainstorm caused by typhoon cannot be ig-
nored in coastal and inland areas'"”’. The short-term heavy precip-
itation forecasting model constructed by Zhang Hualong et al. "’
had good application prospects in South China, but there was still

insufficient research on flood warning based on rainfall intensity
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threshold in the Jianjiang River basin.

In this paper, the climate characteristics and spatiotemporal
variation patterns of extreme precipitation, and the relationship
between extreme precipitation events and weather systems such as
typhoons in the Jianjiang River basin were explored, and its peri-
odic changes were analyzed. The meteorological data from Xinyi,
Gaozhou, Huazhou, Maonan, Dianbai, and downstream Wuchuan

in the basin from 1994 to 2023 were taken as the research basis.

1 Data and methods

1.1 Opverview of the research area The Jianjiang River basin
is one of the largest rivers in western Guangdong. The terrain
within the basin is diverse, with the upper reaches consisting of
medium to low mountainous areas and hills, the middle reaches
dominated by hills and plains, and the lower reaches consisting of
coastal plains. The basin is located in the South Asian tropical
monsoon climate zone, with an annual precipitation of 1 600 —
2 000 mm, mainly concentrated from April to September. In this
paper, the Jianjiang River basin was divided into three regions:
upstream ( Xinyi City, northern Gaozhou City ), midstream
(southern Gaozhou City, Huazhou City, Maonan District), and
downstream ( Dianbai District, Wuchuan City). The focus was on
analyzing the spatiotemporal distribution characteristics of extreme
precipitation in the basin and its relationship with hydrological
processes in the river.

1.2 Data source and processing In this paper, daily and
hourly precipitation observation data from six national meteorologi-
cal stations ( Maoming, Dianbai, Gaozhou, Huazhou, Xinyi, and

Wuchuan) in and around the Jianjiang River basin from 1994 to
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2023 were used, and precipitation data from 30 regional automatic
meteorological stations from 2005 to 2023 were collected as a sup-
plement. The data underwent standardized quality control process-
ing, including missing measurement value testing, outlier han-
dling, and uniformity testing. Simultaneously, 12-h sliding pre-
cipitation data were extracted to analyze the time-effectiveness re-
lationship between short-term heavy rainfall and flood occurrence,
and provide data support for establishing a rapid warning model.
When identifying flood-causing rainstorm events, 120 flood-cau-
sing rainstorm events were identified by comprehensively consider-
ing factors such as precipitation intensity, duration, coverage and
whether flood disaster was caused. In addition, this paper also
collected typhoon data affecting the Jianjiang River basin from
1994 to 2023, including typhoon paths, intensity, movement
speed, and precipitation records.

1.3 Research methods

methods are comprehensively adopted to systematically analyze the

In this paper, multiple analytical

spatiotemporal distribution characteristics and periodic changes of
extreme precipitation, and its relationship with typhoons in the
Jianjiang River basin. The methods such as linear trend analysis
and Mann — Kendall test were used to analyze the temporal varia-
tion trend of extreme precipitation. Using wavelet analysis and
power spectrum analysis, periodic features were detected. Utili-
zing GIS technology and Kriging interpolation, spatial distribution
characteristics were analyzed.

In terms of typhoon correlation analysis, the weather system
configuration analysis of TOP10 rainstorm events was carried out to
reveal the synergistic mechanism between typhoon and other sys-
tems. Through the comprehensive application of the above meth-

ods, the spatial and temporal distribution characteristics and peri-

odic variation laws of extreme precipitation, and its relationship
with weather systems such as typhoons in the Jianjiang River basin
were systematically analyzed, providing scientific basis for the im-
provement of regional extreme precipitation warning and forecas-

ting capabilities.

2 Analysis of extreme precipitation character-
istics in the Jianjiang River basin
2.1 Temporal distribution characteristics The extreme pre-
cipitation in the Jianjiang River basin showed significant interan-
nual fluctuations from 1994 to 2023. From Fig. 1, it can be seen
that the 24-h maximum precipitation has shown an overall fluctua-
ting upward trend (Mann — Kendall test, Z =2.37, P <0.05).
The maximum value appeared in 2010 (713.5 mm) , the minimum
value was in 1994 (205.2 mm) , and the average was 380.5 mm.
Through third-order polynomial fitting, it can be seen that extreme
precipitation has gone through a cyclic process of " first rising,
then falling, and then rising again" , forming two distinct peaks in
2008 —2010 and 2020 —2023. It was worth noting that there was a
trend of increasing extreme precipitation intensity after 2020.

As shown in Table 1, extreme precipitation events in the
Jianjiang River basin were mainly concentrated from May to
October, with September accounting for the highest proportion
(25.8% ), followed by October (21.7% ) and August (20.8% ).
This distribution was basically consistent with the seasonal charac-
teristics of typhoon activity; the active period of typhoons in the
northwest Pacific is from July to October, especially in September
when typhoon intensity is often high, making it the peak period of

extreme precipitation in the Jianjiang River basin.

Table 1 Monthly distribution of extreme precipitation events in the Jianjiang River basin

Month Number of extreme precipitation events Proportion // % Main weather systems

May 15 12.5 Frontal precipitation, monsoon trough
June 6 5.0 Frontal precipitation, early typhoon
July 17 14.2 Typhoon, monsoon

August 25 20.8 Typhoon, monsoon

September 31 25.8 Typhoon, monsoon

October 26 21.7 Typhoon, cold air

Total 120 100.0 -

The number of extreme precipitation events showed a signifi-
cant upward trend at different time periods (Fig. 1): increased
from 7 in 1994 -2000 to 56 in 2020 -2023, and the average pre-
cipitation intensity increased from 304. 6 to 442. 8 mm, an increase
of 45.4% .

According to the wavelet analysis and power spectrum analy-
sis, the extreme precipitation phenomenon in the Jianjiang River
basin exhibited two distinct periodic changes of 3 -4 and 7 -8 a.
The 3 —4-a cycle was mainly related to ENSO events, while the
7 —8-a cycle may be associated with the Pacific decadal oscillation

(PDO). These periodic features were of great significance for pre-

dicting future extreme precipitation trends in the Jianjiang River
basin.

2.2 Spatial distribution characteristics There were signifi-
cant differences in the distribution of extreme precipitation in vari-
ous districts and counties of the Jianjiang River basin (Fig.2).
From the perspective of historical maximum precipitation, Gaozhou
City in the upper reaches of the basin reached 713.5 mm, ranking
first, followed by Xinyi City at 529.2 mm, Maonan District and
Huazhou City in the middle reaches at 513.2 and 493.4 mm re-
spectively, Dianbai District in the lower reaches at 486. 4 mm,

and Wuchuan City at the estuary of Jianjiang River had the lowest
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at 392.0 mm. From the perspective of average precipitation inten-
sity, Xinyi City in the upstream had the highest precipitation
(421.6 mm) , followed by Gaozhou City (405.7 mm) , while Di-
anbai District, Huazhou City, and Maonan District in the mid-
stream had relatively lower precipitation (356.8 —=374.3 mm),
and Wuchuan City in the downstream had the lowest precipitation
(268.3 mm). The spatial coefficient of variation was 0.35, indi-
cating significant regional differences within the watershed.

This spatial distribution pattern was mainly influenced by the
uplift of terrain. The terrain in the upstream mountainous areas
was undulating, which had a significant uplift effect on air flow
and was prone to form heavy precipitation. The downstream terrain
was flat, the uplift effect was weakened, and the precipitation in-

tensity was relatively low.
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Fig.1 Time period distribution and periodic evolution of extreme

precipitation in the Jianjiang River basin

In terms of spatial and temporal distribution, extreme precipi-
tation in the upstream mountainous areas was mainly concentrated
in August — September, while in the middle and downstream are-
as, it was mainly in September and October, reflecting the differ-
entiated effects of summer monsoon and autumn typhoon on differ-

ent regions.

2.3 Relationship between typhoons and precipitation Ty-
phoons were the main cause of extreme precipitation in the Jian-
jiang River basin. From Table 2, it can be seen that extreme pre-
cipitation in the Jianjiang River basin has shown an increasingly
frequent trend ; from 1993 to 2023, the top 10 records all occurred
after 2009, and the frequency has been increasing since then. In
the past 10 years, the frequency has accounted for 7 of the top 10
records. In the top 10 rainstorm events, the precipitation caused
by typhoon accounted for 8 times, accounting for 80.0% of the to-
tal, and the non typhoon weather system only accounted for 2 times
(20.0% ), confirming the dominant position of typhoon in the
flood-causing rainstorm in the basin. Among the 8 typhoons, only
1 typhoon was a frontal attack type, while the remaining 7 were the
result of the influence of typhoon peripheral circulation and mon-
soon. The precipitation intensity in the upstream mountainous are-
as was generally higher than that in the middle and downstream

areas, reflecting the interaction between typhoon circulation and

terrain.
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Fig. 2 Comparison of extreme precipitation differences among

counties and districts in the Jianjiang River basin

Table 2 Top 10 records of maximum precipitation of rainstorm events in the Jianjiang River basin

No. Date Maximum precipitation //' mm Weather system Main affected areas
1 2010 -09 -22 713.5 Typhoon Fanapi Gaozhou City

2 2013 -08 - 15 529.2 Typhoon Utor Xinyi City, Gaozhou City

3 2023 -10 -21 513.2 Typhoon Sanba Maonan District, Xinyi City
4 2023 -09 -09 486.4 Typhoon Haikui Maonan District, Dianbai District
5 2016 -05 -21 455.4 Shear line + southwest jet stream Xinyi City

6 2022 -07 -03 439.6 Southwest monsoon + shear line Dianbai District

7 2011 -09 -30 438.2 Typhoon Nesat Xinyi City

8 2015 -10 -05 407.9 Typhoon Mujigae Gaozhou City

9 2018 =09 -17 402.4 Typhoon Mangkhut Xinyi City, Gaozhou City
10 2009 -09 - 16 380.9 Typhoon Koppu Xinyi City

2.4 Correlation analysis between 24-h, 12-h precipitation

and flood events The flood level prediction model based on 24-h
precipitation showed that precipitation above 600 mm inevitably

caused catastrophic floods, precipitation between 450 and 600 mm

was prone to induce serious floods, and precipitation between 350
and 450 mm may cause moderate floods. By comparing the predic-
ted results with the actual flood levels, it was found that the accu-

racy of predicting catastrophic floods was 100% , serious floods
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was 50% , moderate floods was 50% , and the overall prediction
accuracy was 66.7% . The prediction bias mainly occurred in the
critical areas of serious and moderate floods, which was related to
the complexity of flood formation. In addition to precipitation in-
tensity, it was also affected by multiple factors such as soil mois-
ture content in the early stage, river water level, and engineering
scheduling. Concentrated precipitation in upstream mountainous
areas can easily lead to watershed floods, and the cumulative effect
of continuous extreme precipitation processes is significant. For ex-
ample, the Haikui and Sanba double typhoons in 2023 had a con-
tinuous impact, with long flood duration and wide impact range.

From Fig.3, it can be seen that there was a significant posi-
tive correlation between 12-h rainfall intensity and flood level
(r=0.85, P<0.01), and the correlation was significantly higher
than that of 24-h cumulative rainfall (r =0.72). When the rainfall
intensity exceeded 400 mm within 12 h, the probability of cata-
strophic floods reached 95% . When the 12-h rainfall intensity was
between 300 and 400 mm, the probability of serious floods was
75% . When the 12-h rainfall intensity was between 200 and 300
mm, the probability of moderate floods was 45% .
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Note : The scatter color represents different flood levels, the dashed line is
the rainfall intensity threshold, and the solid line is the linear fit-
ting trend. The correlation coefficient r =0. 85 (P <0.01) indi-
cates a highly positive correlation between 12-h rainfall intensity
and flood level.
Fig.3 Scatter analysis of 12-h rainfall intensity and flood level

The flood warning model based on 12-h rainfall intensity
showed that the accuracy of predicting catastrophic floods was
100% , serious floods was 83% , moderate floods was 65% , and
the overall accuracy was 78% , which was significantly better
than the prediction effect based solely on 24-h cumulative rainfall
(66.7% ). The core of the model lied in the determination of
the rainfall intensity threshold; -catastrophic flood red warning,
= 400 mm; serious flood, 300 —400 mm; moderate flood, 200 —
300 mm.

3 Conclusions

(1) The exireme precipitation in the Jianjiang River basin

showed a fluctuating upward trend, with the frequency of events
increasing from 7 in 1994 —2000 to 56 in 2020 —2023. Extreme
precipitation was mainly concentrated from July to October, with
September accounting for the highest proportion (25.8% ). Tt ex-
hibited significant periodic characteristics of 3 =4 and 7 - 8 a,
closely related to ENSO events and Pacific decadal oscillation.

(2) In terms of spatial distribution, extreme precipitation in
the basin showed a decreasing pattern from upstream to
downstream. The average precipitation intensity in Xinyi City and
Gaozhou City upstream reached 421.6 and 405.7 mm, respective-
ly, while Wuchuan City downstream had the lowest (268.3 mm).
This distribution was mainly influenced by the uplift of terrain,
and the terrain amplification effect in mountainous areas was
significant.

(3) Typhoons were the absolute dominant factor in extreme
precipitation in the Jianjiang River basin. Among the TOPI0 ex-
treme precipitation records, 8 times (80% ) were directly related
to typhoons, with an average precipitation intensity of 501.6 mm,
significantly higher than other weather systems.

(4) Extreme precipitation was highly correlated with flood
events, with an overall correlation of 46.2% . The flood level pre-
diction model based on 24-h precipitation indicated that precipita-
tion above 600 mm inevitably led to catastrophic floods, while pre-
cipitation between 450 and 600 mm was prone to induce severe
floods, with a prediction accuracy of 66.7% . The flood level pre-
diction model based on 12-h precipitation showed that the probabil-
ity of catastrophic floods caused by 12-h precipitation = 400 mm
was 95% , and the probability of serious floods caused by 12-h pre-
cipitation 300 and 400 mm was 75%. The prediction accuracy
reached 78% , which can provide 6 — 12-h advance warning for wa-
tershed floods.

(5) Based on periodic analysis and climate change back-
ground , it was predicted that extreme precipitation activity may en-
ter again from 2025 to 2026. The research results could provide
important scientific basis for the comprehensive management and
disaster prevention and reduction work of the basins, and have im-
portant guiding significance for ensuring flood control safety in the

basins.

References

[1] YANG WT, SUN JH, FU SM, et al. Study on regional extreme precipita-
tion events over South China during 1981 —2020[ J]. Chinese Journal of
Atmospheric Sciences, 2024, 48(3) : 906 —922.

XIAO LS, ZHANG HL, WU NG, et al. Spatiotemporal distribution and

duration characteristics of minute-scale extreme precipitation during flood

2

[

season in Guangdong Province[ J ]. Chinese Journal of Atmospheric Sci-
ences, 2024, 48(5); 1728 —1742.
ZHANG CJ, ZHANG SQ, NING HF. Trends of extreme weather and cli-
mate events in China in recent 60 years and their characteristics in 2023
[J]. Journal of Arid Meteorology, 2024, 42(4) : 536 —552.

(To page 36)

(3

—



36

Meteorological and Environmental Research

2025

[14]

[15]

[16

[l

(17

[

[18

—

[19]

[20

[

[21]

0@00S00#00S00S00S00S00S00S00S00S00S00S

PO] ™ -P adsorption in water on Ce-Zr loaded sludge-based biochar|[ J].
Chinese Journal of Environmental Engineering, 2024 (12). 3517 -
3527.

LIU QH, QIU CS, LIU NN, et al. The impact of biochar on sludge an-
aerobic digestion and heavy metal environmental risks [ J/OL]. Envi-
ronmental Engineering, https://link. cnki. net/urlid/11. 2097. X.
20250221. 1716. 009.

ZHU KJ, LIN MW, CAO R, et al. Preparation of biochar from sludge
straw and its adsorption properties for heavy metals[ J]. The Administra-
tion and Technique of Environmental Monitoring, 2020, 37(1): 87 -
91.

HU Y, ZHOU JW, LI J, et al. Research progress on biochar as an ad-
ditive for organic waste composting[ J/OL]. Journal of Agricultural Re-
sources and Environment. https://doi. org/10. 13254/j. jare. 2024.
08717.

YIN M, GAO YH, XU P, et al. Effect of biochar on soil fertility and
yield and quality of oil flax under different cropping patterns[ J/OL].
Chinese Journal of Eco-Agriculture. https://link. cnki. net/urlid/13.
1432.5.20250217. 1407. 001.

Technical regulations for the application of sludge biochar in landscaping
(DB34 T4763 -2024)[S]. 2024.

SANCHEZ-MONEDERO MA, CAYUELA ML, ROIG A, et al. Role of
biochar as an additive in organic waste composting [ J].
Technology, 2018, 247 1155 - 1164.

LIU RJ, LIU GJ, YOUSAF B, et al. Operating conditions-induced

changes in product yield and characteristics during thermal-conversion of

Bioresource

peanut shell to biochar in relation to economic analysis[J]. Journal of
Cleaner Production, 2018, 193, 479 —490.

WANG MZ, SHEN JH, XU XQ, et al. Biochar as an enhancer of the
stability, mesoporous structure and oxytetracycline adsorption capacity of
ferrihydrite ; Role of the silicon component[ J]. Science of the Total En-

vironment , 2023 (875) : 162652.

(From page 32)

(4]

HU JH. Variation characteristics of rainstorm in South China in recent
40 years and causes of significant increase of rainstorm in summer and
autumn[ D]. Nanjing: Nanjing University of Information Science and
Technology, 2022.

WU XH, SU CQ, PENG RY. On the climatological characteristics of
hard rains of Xinxing from 1991 to 2020[ J].
2022, 44(3): 38 -41.

PENG JJ, ZENG DD, XIAO ]J, et al. On the interannual variations

and circulation characteristics of extreme precipitation in Heyuan in the

Guangdong Meteorology ,

April — June raining season [ J]. Guangdong Meteorology, 2023, 45
(2):23-26.

WEI C, FU BX, HUANG SY, et al. Climatic analysis of winter rain-
storm process in Guangdong Province in recent 50 years[ J]. Journal of
Agricultural Catastrophology, 2024, 14(10) . 208 -210, 213.

CHEN JW, ZHANG JY, WANG WX, et al. Comparative analysis of

two heavy rain processes in Fogang County, northern Guangdong|[ J].

[22]

[23]

[24]

[25

[

[26]
[27]

[28]

[29]

[30]

[31]

[32]

0O®00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S00S

[9]

[10]

[11]

[12]

[13]

CHEN ZM, SHEN JH, XU XQ, et al. Adsorption of antibiotic, heavy
metal and antibiotic plasmid by a wet-state silicon-rich biochar/ferri-
hydrite composite to inhibit antibiotic resistance gene proliferation/trans-
formation[ J ]. Chemosphere, 2023(324) . 138356.

WANG Z, CHENG JL, BIAN Y, et al. Effect of aging on stabilization
of Cd** through biochar use in alkaline soil of Bayan Obo mining area
[J]. Environmental Science, 2022, 43(11) : 5205 -5213.

ZHOU XX, LI P, HE YL. Content and risk of heavy metals and polycy-
clic aromatic hydrocarbons in biochar-based fertilizer[ J ]. Environmental
Science & Technology, 2023, 46(8) : 219 -226.

CALLEGARI A, CAPODAGLIO A. Properties and beneficial uses of
(Bio) Chars, with special attention to products from sewage sludge py-
rolysis[ J]. Resources, 2018, 7(1) ; 20.

SHI TG. Summary of technical manual for sludge pyrolysis fuel system
[J]. Sewer Monthly, 2010, 33(14) . 77 -81.

Japan Specifications Association, Japan Sewerage Association. Solid fuel
from sewage sludge (JISZ7312)[S]. 2014.

Revision Committee of the Technical Guidelines for Energy Utilization of
Wastewater Treatment Sludge in Japan. Technical guidelines for energy
utilization of wastewater sludge (revised edition) [ G]. 2015.

SHI QM, QU CT, LEI YX. Application and research progress of sludge
based activated carbon catalyst in environmental protection[ J]. Applied
Chemical Industry, 2023, 52(12) ; 3411 -3417.

LIU W, XU ZQ, LI HX, et al. Immobilization effect of sludge biochar
on heavy metals in contaminated dredged sediment in river channels in
mining region[ J ]. Environmental Engineering, 2024, 42(2) ; 32 -39.
ZHANG Y, WANG XM, JI HB. Research progress on pyrolysis prepa-
ration and application of sludge AC[J]. New Chemical Materials,
2022, 50(S1): 109 - 116.

NI BJ, WU L, SHI XD, et al. Application of biochar for improving sew-
age sludge treatment|[ M ]. Current Developments in Biotechnology and
Bioengineering, 2023.

CO®00®00S00S00S00S00S00S00S00S00S00S00S00S00S0

Guangdong Meteorology, 2024, 46(5) . 31 -35.
ZHAO LJ, CHEN HW, GAO CC, et al. Comparison and analysis of
two disastrous unusually hard rains in the flood seasons of Wengyuan
County[ J]. Guangdong Meteorology, 2022, 44(3) ; 28 -32.
JIANG XC, XIAN XH, ZHANG JM, et al. Analysis of the causes for
a torrential rain in Guangzhou and Dongguan on May 22, 2020[ J].
Guangdong Meteorology, 2024, 46(6) ;. 17 -22.
WANG HH, ZHANG S, WU ZF, et al. Analysis of the cause of tor-
rential rain on May 18, 2019 in Shaoguan[J]. Journal of Tropical Me-
teorology, 2021, 37(1) : 49 - 60.
ZHANG XY, WEI B, YANG HY, et al. Risk assessment of typhoon
disaster in Guangdong Province based on GIS[J]. Journal of Tropical
Meteorology, 2018, 34(6) : 783 —790.
ZHANG HL, WU ZF, XIAO LS, et al. A probabilistic forecast model
of short-time heavy rainfall in Guangdong Province based on factor a-
nalysis and its operational experiments[ J]. Acta Meteorologica Sini-
ca,2021,79(1) ; 15 -30.



	text of Meteorological and Environmental Research 202504-05 29.pdf
	text of Meteorological and Environmental Research 202504-05 30.pdf
	text of Meteorological and Environmental Research 202504-05 31.pdf
	text of Meteorological and Environmental Research 202504-05 32.pdf
	text of Meteorological and Environmental Research 202504-05 36.pdf

