Long-term Variation Pattern of Heavy
Precipitation Events in the Taihu Economic
Circle under the Background of Climate
Change

Abstract:

Siyu Lu This study focuses on three cities (Suzhou, Wuxi, and
Changzhou) in the Taihu Economic Circle to explore the
long-term variation characteristics of heavy precipitation
Uitersiy o lnffrmmion Setsnes events. Bgsed on daily precip.it.ation'data from the NaFiopal
and Technology, Nanjing, 211800, Aeronautics .and Space Administration (NASA) Prediction
China of Worldwide Energy Resources (NASA POWER)
database from 1982 to 2024, this study defines a heavy
precipitation event as a day with precipitation exceeding
20 mm to analyze the variation further. Results show
annual precipitation increased significantly. Specifically,
June 2024 precipitation surged, while July-August saw
abnormal drops in some cities. Linear regression reveals
annual heavy precipitation frequency rises 1.6-1.9 days
per decade, with other possible influencing factors to
be considered, such as the combined effects of El Nifio/
La Nifia-Southern Oscillation (ENSO), global warming,
and urbanization. This study reveals increased heavy
precipitation risk, which can provide a basis for climate
adaptation strategies. In the future, multivariate analysis
will still be needed to further quantify the contributions of
different influencing factors.
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1. Introduction age infrastructure, and agriculture [1]. According to

statistics, global flood disasters in 2019 caused $80
In the context of global climate change, extreme  yjjjion in economic losses, far exceeding those from
weather events like heavy precipitation have become droughts and earthquakes that year [2]. With intensi-
more frequent, triggering natural disasters such as g4 global warming, the intensity and frequency of
mountain torrents and debris flows. These events heavy precipitation have increased synchronously.
pose threats to water resource management, dam- Many reports indicate that on a global scale, for ev-
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ery 1°C increase in global temperature, the intensity of
extreme daily precipitation events will increase by 5.22%
- 8.57%, and this change has a linear relationship with the
magnitude of global warming [3, 4].

Most regions in China have also been confronted with
severe issues regarding changes in the frequency of heavy
precipitation over the past few decades. Further research-
es point out that there are obvious regional differences in
annual heavy precipitation in China. Some areas show an
increasing trend. For instance, the south of the Yangtze
River’s middle and lower reaches has seen a significant
rise. However, others exhibit a decreasing trend, such as
the northern Huanghuai region, where heavy precipitation
amounts have declined notably [5, 6].

The Taihu Economic Zone is situated in the core circle
of the Yangtze River Delta, boasting an abundant water
resource, and it is one of the regions with the strongest
economic vitality and the highest degree of urbanization
in China. However, cities such as Suzhou, Wuxi, and
Changzhou within this region have been repeatedly at-
tacked by heavy precipitation in recent years, which has
caused a great impact on people’s lives, urban operation,
public transportation, and so on [5]. Nowadays, existing
studies mostly focus on the trends of precipitation change
in a single city. For example, Zhao focused on the heavy
precipitation in Changzhou. The research shows that over
the past nearly 70 years, extreme rainstorms in the main
urban area of Changzhou have become more frequent and
intense. Meanwhile, Zhou, X. et al. looked at precipitation
variation in Wuxi, showing that the interannual variation
of precipitation sees a significant upward trend and pe-
riodicity [7-9]. However, precipitation is often affected
by the combined influences of multiple factors, such as
thermal circulation and topographic features, resulting in
the lack of universality for the Taihu area in China [10].
In addition, most studies put emphasis on the interannual
or diurnal variation characteristics of precipitation, while
insufficient attention has been paid to the changing trends
of the frequency of heavy precipitation and their driving
factors.

To address these gaps, this study focuses on Changzhou,
Wuxi, and Suzhou in the Taihu Economic Zone, using
NASA precipitation data (1982-2024) to examine heavy
precipitation frequency trends. This research is expected
to provide key data support and a scientific basis for re-
vising urban flood control and formulating climate change
adaptation strategies in this region.

2. Method

2.1 Data Sources

The precipitation data required for this study were ob-
tained from the NASA POWER database [11]. This
database integrates satellite observation data and numer-
ical model simulation results, and provides standardized
meteorological element data such as solar radiation and
precipitation, which can meet the needs of global-scale
climate research and applications. In this study, daily pre-
cipitation data from 1982 to 2024 for Suzhou, Changzhou,
and Wuxi were acquired through the Data Access Viewer
(DAV) platform of the NASA POWER database. After
downloading, the data were imported into Microsoft Excel
for integration and standardization, which laid a founda-
tion for subsequent statistical analysis and charting.

2.2 Research Methods

2.2.1 Definition of heavy precipitation events

According to the standards of the China Meteorological
Administration and the national standard GB/T 28592-
2012, precipitation is classified into four grades: light rain
(<10 mm), moderate rain (10.0-24.9 mm), heavy rain
(25.0-49.9 mm), and torrential rain (>50.0 mm).
However, the absolute threshold classification method has
regional limitations: For arid and semi-arid regions, due
to the low total precipitation, events reaching the “torren-
tial rain” threshold are almost non-existent [12]. For the
Suzhou-Wuxi-Changzhou region (the focus of this study),
although torrential rain events (daily precipitation >50
mm) are highly destructive, their annual occurrence fre-
quency is extremely low—such scarce events significantly
increase the uncertainty of trend fitting, leading to a lack
of statistical significance in the results.

Based on the above reasons, this study integrates the re-
gional climate characteristics with findings from scholarly
research and official criteria from the international climate
index dataset CLIMDEX to define precipitation events
with daily rainfall >20 mm as heavy precipitation days
[7,13]. Then, this essay counted the annual occurrence
frequency of such events. This threshold not only con-
forms to internationally common research methods but
also aligns with the actual conditions of the study region,
reducing statistical bias.

1.2.2 Data analysis methods

This article used a linear regression model to fit the inter-
annual variation trend of heavy precipitation frequency.
The least squares method was adopted to construct the
regression equation:



y=ax+b (1)
x represents the year, y represents the annual frequency
of heavy precipitation, and a represents the trend co-
efficient; @ >0 indicates an upward trend in frequency,
while a < 0 indicates a downward trend.

Significance testing (p-test) was further conducted to de-
termine the statistical reliability of the trend. Meanwhile,
data analysis was used to conduct t-tests to determine
whether there was a significant change in precipitation in
the Suzhou-Wuxi-Changzhou area and its strength rela-
tionship with the years. When the significance is less than
or equal to 0.05, it indicates that the precipitation varies
significantly with the years and is not caused by random
fluctuations. In this article, scatter plots and bar charts are
used to visualize data.
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3. Results

3.1 Analysis of Monthly Precipitation Changes
and Their Significance

Table 1 shows a comprehensive analysis of daily precip-
itation data from 1982 and 2024 for Changzhou, Suzhou,
and Wuxi. Results indicate significant changes in both the
total amount and spatiotemporal distribution of precipi-
tation in the region (all p-values were far less than 0.05,
which led to the rejection of the null hypothesis and con-
firmed that the increase in average daily precipitation is
not due to random fluctuations). Furthermore, compared
to 1982, the variance of precipitation in all three cities in-
creased substantially in 2024, suggesting greater variabil-
ity in daily precipitation and a higher frequency of heavy
precipitation events.

Table 1. T-test results of daily precipitation in Suzhou, Wuxi, and Changzhou in 1982 and 2024

City 1982 average daily precipitation/mm | 2024 average daily precipitation/mm | T Stat | P value (Two-tailed test)
Changzhou 2.13 431 -3.67 10.00026
Suzhou 2.25 4.54 -3.73 0.00021
Wuxi 2.32 4.65 -3.67 10.00026

At the monthly scale, the changes in precipitation struc-
ture in Suzhou, Wuxi, and Changzhou were largely con-
sistent. In Fig. 1, the horizontal axis represents the month,
and the bar chart represents two years, which are 1982
and 2024 respectively. The vertical axis represents the
monthly precipitation in millimeter. In 2024, spring, au-
tumn, and winter precipitation all exceeded that in 1982,
indicating an overall increase in total precipitation (Fig.
1). Meanwhile, June 2024 experienced a dramatic surge

in rainfall. Suzhou’s precipitation jumped from 88.47 mm
t0 299.31 mm, Wuxi’s from 96.75 mm to 301.29 mm, and
Changzhou’s from 64.49 mm to 241.50 mm. This pattern
suggests an increasingly extreme regional precipitation
distribution. However, Suzhou and Wuxi exhibited an
unusual decrease in precipitation during July and August
in 2024, potentially linked to that year’s specific climatic
conditions and other influencing factors.
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Fig. 1 Comparison of monthly total precipitation between 1982 and 2024. (a) is the monthly
total precipitation between 1982 and 2024 in Suzhou. (b) is the monthly total precipitation
between 1982 and 2024 in Wuxi. (c) is the monthly total precipitation between 1982 and 2024
in Changzhou.

3.2 Variation Trends in Heavy Precipitation
Frequency in the Suzhou-Wuxi-Changzhou Re-
gion

Linear regression analysis indicates a consistent upward
trend in the annual frequency of heavy precipitation (daily
precipitation > 20 mm) in the Suzhou-Wuxi-Changzhou
region from 1982 to 2024 (Fig. 2). The horizontal axis of
this graph represents the years from 1982 to 2024, and the
vertical axis shows the frequency of heavy precipitation

in each year. The slope values of the trends for Suzhou,
Wuxi, and Changzhou are 0.1811, 0.1607, and 0.1863,
respectively, suggesting an average increase in heavy
precipitation days of approximately 1.6 to 1.9 days per
decade across the three cities. Despite the clear upward
trend, the relatively low R? values of the regression mod-
els indicate that the year factor alone accounts for only
15%-20% of the frequency variation, which implies that
the heavy precipitation events are significantly influenced
by other climate systems.



a T .
@ Frequency of heavy precipitation in Suzhou
305
3 ®
253 y =0.1811x - 350.53 ol
?205 R2=0.195 o o o
0 E e o L vl
g 1SE ®e® o ~’ PR LA ;'
g glOE '5" » %, ¢
% pje 0% Ve e® 0 o o
59 e o
E L J
03

19801985 1990 1995 2000 2005 2010 2015 2020 2025

Dean&Francis

SIYU LU

Frequency of heavy precipitation in Wuxi
40
% n 304 y=0.1607x - 309.11 ®
S ] R2=10.1509 °
3 ® @
§ EZO: ot ® ° )
i 1 07 %% . w00 e W g
gplo__ e%e " '“...$ ®
] ®
0-||||I||||I|||?I|?||I||||I||||I||||I||||I||||

1980 1985 1990 1995 2000 2005 2010 2015 2020 2025

(c)
Frequency of heavy precipitation(>20mm)in Changzhou
357
303
E y=0.1863x-361.12 ®
% e ° R%=0.1667
E [ ]
g 20 ® ® @
0 3 P
¥ p 153 ® o . 0. R Tu
g g E .' o ._’,_g.-.'&'"
E b 10-E P P .. K ... e
E L)
3 L)
O_'.LLLI_LLLLI.LI_I.I‘LI!I_I.LLLLLLI.I.I.I.LLLLI.LLLI.I_LLLLI_

1980 1985 1990 1995 2000 2005 2010 2015 2020 2025

Fig. 2 Trends in heavy precipitation frequency from 1982 to 2024. (a) The trend in heavy
precipitation frequency from 1982 to 2024 in Suzhou, (b) The trend in heavy precipitation
frequency from 1982 to 2024 in Wuxi, (¢) The trend in heavy precipitation frequency from

1982 to 2024 in Changzhou.

4. Discussion

This study compared monthly precipitation between 1982
and 2024 in the Suzhou-Wuxi-Changzhou region using
t-test analysis. It confirms that the total precipitation in
2024 was significantly higher than in 1982, with a marked
increasing trend in the frequency of heavy precipitation
events. At the seasonal scale, rainfall in June 2024 in-
creased dramatically, while July and August exhibited an
anomalous decline. These changes are likely driven by
multiple factors. According to research, the significant
increase in June 2024 precipitation was directly caused
by an anomalous connection between the Western Pacific
Subtropical High and the North African High, forming
an inverted ) circulation pattern [14]. This system con-
verged abundant moisture from the Bay of Bengal and the
Western Pacific toward the Jiangnan region, substantially
enhancing early summer rainfall—consistent with the
sharp increase observed in June 2024. Meanwhile, the pre-
cipitation decline in July and August aligns with findings
from Tao, M. and Sun, S., demonstrating that it was influ-
enced by El Nifio events within the ENSO cycle [15,16].

The strong northward oscillation of the subtropical high
enhanced regional subsidence, which suppressed cloud
and precipitation formation and led to reduced rainfall in
Suzhou and Wuxi.

Meanwhile, this essay used linear regression to analyse
the annual frequency of heavy precipitation events (daily
precipitation > 20 mm) across the three cities, and the re-
sults revealed a consistent upward trend, with an average
increase of approximately 1.6—1.9 days per decade. How-
ever, the low explanatory power (R?) of the linear models
suggests that heavy precipitation is also modulated by
other climatic variables, and a univariate linear relation-
ship is insufficient to fully reveal the driving mechanisms.
Specifically, global warming has increased atmospheric
moisture retention, elevating the climatic potential for
heavy precipitation [17]. Urbanization-induced heat is-
land effects and alterations in underlying surfaces may
further intensify local convective activity, promoting the
occurrence of heavy precipitation [7,18]. Additionally,
interannual variability in the Western Pacific Subtropical
High and the East Asian Summer Monsoon regulates the
spatiotemporal distribution of regional precipitation [14].
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To obtain a more accurate contribution of the impact fac-
tor, the Gamma regression model can be adopted. When
dealing with complex impact factors, the random forest
model can also be applied.

The findings highlight the growing risk of heavy precipi-
tation in the Suzhou-Wuxi-Changzhou region and reveal
potential climatic and anthropogenic influencing factors.
However, this study only identified a univariate relation-
ship between heavy precipitation and temporal trends
using linear regression, without quantifying the contribu-
tions of other key factors such as the intensity of the West-
ern Pacific Subtropical High, urbanization rate, or ENSO
indices. Future research should improve methodologies to
address these limitations.

5. Conclusion

This study examined the long-term characteristics of
heavy precipitation events (daily precipitation > 20 mm)
in Suzhou, Wuxi, and Changzhou—cities within the Taihu
Economic Zone. It used daily precipitation data from the
NASA POWER database for the period between 1982
and 2024. Methods such as linear regression and t-tests
revealed a significant increasing trend in both total annu-
al precipitation and the frequency of heavy precipitation
events, alongside a tendency toward more extreme pre-
cipitation distribution. Notably, June 2024 saw a dramatic
surge in rainfall, while July and August in that year expe-
rienced a decline. The results indicate that the number of
heavy precipitation days increased by approximately 1.6—
1.9 days per decade on average, influenced collectively by
factors such as ENSO, global warming, and urbanization.

This research reveals the heightened risk of heavy precipi-
tation in the Taihu Economic Zone and provides a scientif-
ic basis for urban flood prevention and climate adaptation
planning. However, the study did not quantify the contri-
butions of key factors such as urbanization and ENSO to
changes in heavy precipitation. Future work should adopt
multivariate analysis models to deeper investigate the in-
teractions and driving mechanisms among these variables.
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