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Abstract: High-frequency drought hazards have presented persistent challenges for environmental
management and sustainable development in the South Hebei Plain, China. In this paper, the
assessment of meteorological droughts in the South Hebei Plain was conducted using a multifaceted
approach to ensure a comprehensive analysis. Our results demonstrated that distinct timescale cycles,
ranging from centennial–semicentennial to interdecadal variations, can be identified over the past few
centuries. These cycles aligned with patterns observed in the middle Yangtze basin and corresponded
to regional climatic conditions. The drought cycles in the South Hebei Plain showed significant
correlations with variations in the monsoon climate, sunspot activity, global changes, and human
disturbances. Changes in the frequency, duration, and intensity of droughts have notably impacted
hydrological variations. Extreme droughts, in particular, have heightened concerns about their effects
on river systems, potentially increasing the risk of channel migration. This study enhanced our
understanding of meteorological hazard patterns in the South Hebei Plain and provided valuable
insights into different stages of drought management. It thus can offer lessons for improving drought
preparedness and resilience and for formulating adaptive measures to mitigate future droughts and
promote regional sustainability.

Keywords: drought hazard; oscillational pattern; hydrological variation; risk mitigation; the South
Hebei Plain

1. Introduction

Drought hazards have long threatened socio-economic development and people’s
livelihoods [1–3]. The mismanagement of these hazards can lead to severe risks and
destructive consequences, even in nations with abundant water resources [4,5]. According
to the Intergovernmental Panel on Climate Change (IPCC)’s Sixth Assessment Report
(AR6), human activities have likely been dominant in contributing to climate warming
since the 1950s. This ongoing global warming trend has profoundly affected the frequency,
intensity, and distribution of droughts, posing major challenges for society [6–10]. Over the
past 500 years, in the Holocene, climate change and extreme droughts have significantly
impacted human production and daily life, with anthropogenic factors exacerbating these
effects [11–13]. This period has been marked by significant climate fluctuations, including
the Ming–Qing Little Ice Age and 20th-century warming, which have profoundly influenced
terrestrial processes and ecosystems. Understanding these climate patterns and estimating
future drought tendencies is crucial for addressing the challenges posed by both natural
and anthropogenic factors [14,15].

In recent decades, research on drought hazards has garnered significant attention as
scientists and policymakers have increasingly recognized the need for effective mitigation
and preparedness strategies [16–19]. Efforts to establish various indices have improved
the early identification of droughts, their intensity, and associated Earth surface processes.
Consequently, numerous climate indicators have been estimated from ice cores, stalagmites,
tree rings, and historical documents, significantly advancing the study of the paleoclimate
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and related warning systems worldwide [20–26]. Among these methodologies, the analysis
of historical literature stands out for its unique advantages in studying climate change over
long timescales. It provides precise temporal resolution, an extended time coverage, cost-
effectiveness, and detailed descriptive data, making it an invaluable tool for reconstructing
past climates and understanding the dynamics of climate variability at the centennial and
millennial scales [11,27–30].

The Hebei Plain, located in North China, is particularly vulnerable to severe droughts
due to its geographic location and semi-arid-to-arid environmental conditions. Recent
research on human–land relationships has increasingly focused on drought hazards and
their implications for regional sustainability [10,31–34]. Our study focuses on the South
Hebei Plain, selected for its representative characteristics of meteorological hazards and
pronounced water scarcity issues [10,32,35]. Situated on the east coast of the Eurasian
continent, this region historically featured a network of nearly 20 lakes and depressions.
However, recent climate changes and human activities have significantly altered these
lakes. The combined effects of reduced water inflow and environmental changes have
notably impacted the region’s ecosystem, leading to a dramatic decrease in the number of
lakes. Currently, only two major lakes, Baiyangdian and Qianqingwa, remain [36–38].

This study employed a variety of methods to investigate drought hazard cycles across
different scales, providing valuable insights into their evolution and the implications for
future climate management. Through comparative and overlay analyses, this research iden-
tified key factors influencing drought hazards in the South Hebei Plain and their potential
impacts on its hydrological system. The findings shed light on the patterns and drivers of
drought hazards, offering guidance for developing strategies for drought mitigation, water
resource management, preparedness, and long-term sustainability in the region.

2. Study Area

The South Hebei Plain comprises 70 counties and districts across six cities. These
cities are located in the southern part of Hebei Province, near the margins of Beijing and
Tianjin. The cities included in this region are Baoding, Shijiazhuang, Cangzhou, Hengshui,
Xingtai, and Handan. The research region covers an area of approximately 84,500 km2,
which constitutes 44.76% of the total area of Hebei Province. Distributed within this region
are a total of seven meteorological stations (as shown in Figure 1).
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The region is characterized by a typical warm-temperature monsoon climate, with
an annual mean temperature ranging from 12.6 ◦C to 15.2 ◦C. Precipitation in the region
averages approximately 500 to 900 mm per year, with 50% to 75% of this rainfall occurring
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between May and September. This region is drained by the Ziya River, which is part of the
Haihe River catchment. Major tributaries of the Ziya River, including the Ziya and Hutuo
Rivers, predominantly flow northeastward [37,39]. This dense river network facilitates
their connection of surface runoff, leading to the formation of twenty lakes of varying
sizes across the South Hebei Plain. However, over the past fifty years, the remaining water
surface area has decreased to just 6% due to accelerated aridification and intensive human
disturbance [40,41]. Vegetation coverage in the region is relatively high, reaching up to
30%. The South Hebei Plain features NE- and NWW-oriented blocks, which create several
subsidence centers and zones. Its tectonic activity intensity is relatively weak, resulting in a
limited intensity of tectonic activity and its implications for meteorological hazards.

3. Materials and Methods
3.1. Materials

To characterize the temporal risk levels of meteorological hazards over the past
500 years, we have compiled a dataset that includes meteorological hazards’ frequency and
intensity, the population growth rate (PGR), urban hydrologic variations, sunspot activity,
and potential river channel migration. The major meteorological data utilized in this study
are the Best Track Dataset provided by the Academy of Chinese Meteorological Science of
the China Meteorological Administration (CMA), covering the period from 1873 to 2003.
This dataset was originally created by the China Central Meteorological Bureau (CCMB) for
the years 1873 to 1979 and has since been updated by CMA and other meteorologists [42,43].
Additionally, annual precipitation data relative to the mean value from 1901 to 2016 were
employed in our study [44,45]. To meet the requirements of our present study, we collected
yearly measurements of droughts and floods from various references and reports covering
the period from 1500 to 1996 [42,43,46]. We also created a 3000-year database from recent
and ongoing studies to ensure a comprehensive and rational dataset [13,34,36,45,47–53].

3.2. Methods

In this study, meteorological flood–drought sequences were systematically categorized
into five distinct levels, ranging from major flood (Level 1) to extreme drought (Level 5).
This categorization was essential for understanding the variability and intensity of hydro-
logical events in the study area. To reconstruct the drought and flood level sequence, we
utilized available precipitation data and employed a classification method developed by
the China Meteorological Administration. This scientifically validated approach enabled
us to categorize historical drought and flood conditions based on three key principles:
the disaster period, disaster phenomenon, and size of the disaster area. This five-level
framework was widely adopted for analyzing historical drought and flood data, allowing
for a consistent evaluation of conditions across different meteorological stations as follows:
Level 1 (flood), Level 2 (partial flood), Level 3 (normal), Level 4 (partial drought), and Level
5 (drought) [42,43,46]. Drought and flood levels were primarily determined from historical
records, although precipitation data, when available, provided a more accurate classifica-
tion. The specific evaluation criteria used, outlined in Table 1, incorporated parameters
such as Ri (annual precipitation from May to September), S (standard deviation), and R
(average precipitation for the same period).

For a comprehensive analysis, the temporal patterns of droughts and floods were
compared with precipitation-based drought anomaly maps from the 1960s using data from
four to five meteorological stations within the study area. Their relatively high correlation
coefficients (ranging from 0.66 to 0.81) effectively reflected the variations in drought and
flood conditions within the region [37]. This approach enabled the identification of drought
events and drying processes at various stations over the past few centuries, with drought
levels classified based on well-established research [42,43,46]. To verify the validity of the
historical data, field investigations were conducted to assess the reliability of the data from
various meteorological stations and hydrological records. These field surveys allowed us
to cross-check the historical data with on-the-ground observations, ensuring consistency
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and accuracy in the meteorological and hydrological datasets. This validation strengthened
the conclusions drawn from the analysis, thus providing a more robust foundation for
understanding past climate variations and their impacts on the region.

Table 1. Evaluation criteria for the 5-level drought/flood classification method (referring to [37,42,43,46]).

Level Description Recorded Examples The Formula for Evaluating
Drought and Flood Levels

1 Prolonged and intense precipitation
leading to large-scale floods

Examples include ‘spring and summer
rain’ and ‘countless people and
livestock drowned in spring and
summer floods’

Ri > R + 1.17 S

2 Persistent precipitation accompanied by
minor disasters and localized flooding

Examples include ‘spring rain
damaging crops’ and ‘April floods’ (R + 0.33 S) < Ri ≤ (R + 1.17 S)

3 Harvest year or absence of floods and
droughts

Examples include ‘big harvest’ and ‘a
year of plenty’ (R − 0.33 S) < Ri ≤ (R + 0.33 S)

4 Localized drought with minor disasters
occurring within a single season or month

Examples include ‘spring drought’,
‘autumn drought’, and so on (R − 1.17 S) < Ri ≤ (R − 0.33 S)

5 A continuous drought lasting several
months or a severe large-scale drought

Examples include ‘people eating grass
roots and bark’ and ‘a thousand miles
of bare land’

Ri ≤ (R − 1.17 S)

This study also included a functional spectral analysis [54,55] and continuous wavelet
transform (CWT) [56] to identify the dominant temporal cycles of droughts and floods in
the South Hebei Plain. The Functional spectral analysis was employed to detect dominant
frequencies and energy contributions from different periodic processes in time series data.
This method applied a Fourier transform to a time sequence Xt (t = 1, 2, . . ., N) and
oscillation cycle T1, expressed as

f (t) = a0+∑∞
n−1[an cos(nω1t) + bnsin (nω1t)

]
(1)

The parameters can be determined as follows:

a0 =
1
T

∫ t0+T

t0
f (t)dt (2)

an =
2
T

∫ t0+T

t0
f (t)cos(nω1t)dt (3)

bn =
2
T

∫ t0+T

t0
f (t)sin(nω1t)dt (4)

ω1 = 2π/T1 (5)

Then, the frequency intensity index for each frequency was calculated as follows:

D( fn ) =
(

a2 + b2
)

N/2 (6)

A larger-frequency intensity index indicated a more dominant or significant periodic
cycle in the data.

The CWT was also applied to decompose the signal f (t) into a set of elementary
waveforms, examining the wavelet coefficients, which was defined as

W f (a, b) =
1√
a

∫ ∞

−∞
f (t)ϕ((t− b)/a) dt (7)
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where the mother wavelet function was given by

ϕ(ω) = ω2e−
ω2
2 (8)

Additionally, an overlay analysis and a thorough review of the historical data and
literature [32,37,38,47,57] were conducted to explore the potential effects of climate change
on hydrological systems over time. Through these methods, this research significantly
enhanced our understanding of the historical hydrological processes in the South Hebei
Plain. This deeper insight into climate cycles and their long-term impacts on hydrology
would provide valuable guidance for developing adaptive strategies to address chang-
ing climate conditions, mitigate environmental vulnerabilities, and promote sustainable
resource management and human activities (Figure 2).

Atmosphere 2024, 15, x FOR PEER REVIEW  5  of  15 
 

 

The CWT was also applied to decompose the signal f(t) into a set of elementary wave-

forms, examining the wavelet coefficients, which was defined as 

𝑊௙ሺ𝑎, 𝑏ሻ ൌ
ଵ

√௔
׬ 𝑓ሺ𝑡ሻ𝜑ሺሺ𝑡 െ 𝑏ሻ/𝑎ሻ 𝑑𝑡തതതതതതതതതതതതതതതതതതതതതஶ
ିஶ

    (7)

where the mother wavelet function was given by 

𝜑ሺ𝜔ሻ ൌ 𝜔ଶ𝑒ି
ഘమ

మ     (8)

Additionally, an overlay analysis and a thorough review of the historical data and 

literature [32,37,38,47,57] were conducted to explore the potential effects of climate change 

on hydrological systems over time. Through these methods, this research significantly en-

hanced our understanding of  the historical hydrological processes  in  the South Hebei 

Plain. This deeper insight into climate cycles and their long-term impacts on hydrology 

would provide valuable guidance for developing adaptive strategies to address changing 

climate conditions, mitigate environmental vulnerabilities, and promote sustainable re-

source management and human activities (Figure 2). 

 

Figure 2. The flowchart illustrating the key components of the current study. 

4. Results 

4.1. Temporal Characteristics of Historical Droughts 

Given its unique geographic location, sensitive eco-geological environment, specific 

climatic and hydrological patterns, and increasing anthropogenic activities, the South He-

bei Plain is particularly vulnerable to droughts and floods. These extreme weather events 

have profound implications for resource utilization, regional planning, and the sustaina-

bility of  local economies [33,34,58]. Areas such as Shijiazhuang and Handan frequently 

experience droughts and floods, which are major concerns in this region [44,50,58,59]. 

Our study indicated a total of 291 disaster years, accounting for 58.67% of the past 

five centuries. Of these, 143 years were marked by droughts and 148 by floods, indicating 

a relatively balanced occurrence of both disasters in the region. This finding aligned with 

broader regional and even global trends [11,53,57–68]. Notably, the recurrence interval of 

droughts in the South Hebei Plain has accelerated from every 4–5 years to every 2–3 years 

(as  illustrated  in Figure 3). From 1500  to  the mid-18th century, droughts occurred  less 

frequently,  particularly  during  the  middle  Ming  to  early  Qing  Dynasty.  However, 
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4. Results
4.1. Temporal Characteristics of Historical Droughts

Given its unique geographic location, sensitive eco-geological environment, specific
climatic and hydrological patterns, and increasing anthropogenic activities, the South Hebei
Plain is particularly vulnerable to droughts and floods. These extreme weather events have
profound implications for resource utilization, regional planning, and the sustainability of
local economies [33,34,58]. Areas such as Shijiazhuang and Handan frequently experience
droughts and floods, which are major concerns in this region [44,50,58,59].

Our study indicated a total of 291 disaster years, accounting for 58.67% of the past five
centuries. Of these, 143 years were marked by droughts and 148 by floods, indicating a
relatively balanced occurrence of both disasters in the region. This finding aligned with
broader regional and even global trends [11,53,57–68]. Notably, the recurrence interval of
droughts in the South Hebei Plain has accelerated from every 4–5 years to every 2–3 years
(as illustrated in Figure 3). From 1500 to the mid-18th century, droughts occurred less
frequently, particularly during the middle Ming to early Qing Dynasty. However, significant
changes have been observed in these drought and flood patterns over time, marked by
distinct oscillations.

Using FSA and CWT methods, our research identified centennial-scale climate cycles
ranging from 100 to 120 years (FSA) and 90 to 110 years (CWT). These cycles highlighted
notable climate variability across the centuries. Additionally, from the mid-18th century
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onwards, the frequency of meteorological droughts and floods increased, with cycles
occurring approximately every 70 years. At the interdecadal scale, the variability of drought
hazards has been pronounced, with a discernible rhythm of approximately 20 years (cycles
of 18 to 25 years based on FSA and 16 to 25 years according to CWT). The severity and
frequency of these droughts and floods over the past five centuries have had significant
impacts across most parts of the region [44,58]. These findings underscored the importance
of understanding long-term climate cycles to effectively manage future environmental risks.
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Figure 3. (a) Time sequence of drought–flood occurrences in the South Hebei Plain from 1500 to
1996 (Drought levels and 10-year-average sequences derived from our study dataset, with centennial
and interdecadal cycles obtained through quantitative analysis using both FSA and CWT methods.
The 10-year-average sequence in the Haihe catchment was sourced from previous studies [42,43,46]).
(b) Reconstructed temperature data (Cited from [37]). (c) El Niño-related East Asian Summer Mon-
soon (EASM) anomalies, represented by the Western North Pacific Anomalous Anticyclone (WN-
PAAC) index(Cited from [60]). (d) Sunspot activity data(Derived from [61–64]). (e) the vicissitudes of
dynasties(Drawn from [65]). (f) Population growth rate ((Modified from [66,67]). (g) River migration
under different drought levels ((Modified from [37–39,68]).
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4.2. Hydrological Migrations of the Hutuo River

The South Hebei Plain has indeed faced significant environmental challenges due to
prolonged droughts, resulting in reduced river flows and declining groundwater levels.
These issues have complicated water resource management and efforts to mitigate drought
impacts. To investigate these challenges, we examined the Hutuo River, the second largest
tributary in the region, focusing on its evolution and potential correlation with extreme
droughts and floods since the middle Ming Dynasty (see Figure 4). The Hutuo River
is a vital waterway in the South Hebei Plain, with both historical and contemporary
significance [41,68]. Before the Ming Dynasty, the river exhibited a pattern of low-frequency
diversion or relative stability. However, in the early Ming Dynasty, the Hutuo River began to
shift its course more frequently, averaging one change approximately every 38 years [39,41].
This represented a departure from the previously stable course observed prior to the Ming
Dynasty. By the late Ming Dynasty, around the 16th century, the stability of river channels,
including the Hutuo River, significantly decreased, resulting in a notable increase in the
frequency of course changes (Figure 4a). Between 1517 AD (the 12th year of Zhengde’s
reign) and 1644 AD (the first year of Shunzhi’s reign in the Qing Dynasty), the Hutuo
River underwent at least 11 major northward migrations, averaging about 1 significant
shift every 12 years [39,41,47,68]. This period marked a slight instability in the river’s
course (Figure 4a).
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(a) Migration during the Ming Dynasty, where the numbers indicate ancient villages: 1. Gudicun,
2. Xiangguzhuang, 3. Zhoutou, 4. Diaoyutai, 5. Kongmuzhuang, 6. Dashangcun, 7. Shazhuang,
8. Zicheng, 9. Yaojiazhuang, 10. Niepan, 11. Changjiazhuang, 12. Nanbaitan, 13. Nanweibo,
14. Beixiaochen, 15. Junqi, 16. Hezhuang, 17. Tiangongkou, 18. Shuangjing, 19. Jiucheng, and
20. Fuzhongchi. Here, 1© and 2© represented the main river channels in the early Ming Dynasty,
while 3© and 4© showed the major river channels in the late Ming Dynasty. (b) Migration during
Emperor Yongzheng’s reign of the middle Qing Dynasty. (c) Migration from Emperor Daoguang’s
period to the late Qing Dynasty. Area A indicates the spread of the Hutuo River from 1851 AD to
1855 AD during Emperor Xianfeng’s period, while area B refers to the scattered region of the Hutuo
River after 1868 AD, during Emperor Tongzhi’s period.

During the Qing Dynasty, from 1644 AD to 1868 AD, the Hutuo River channels expe-
rienced frequent migrations, with 52 migrations documented over more than 220 years,
leading to an average recurrence interval of approximately 4 years. This era was char-
acterized by considerable hydrological instability [39,41,59,68]. The river channels were
dispersed and highly variable, particularly during the prosperous mid-Qing Dynasty, when
the river underwent frequent southward migrations (Figures 3 and 4b). After 1868 AD, the
Hutuo River began flowing along a northern route without establishing a fixed channel
(Figure 4c) [37,59,68]. A significant shift occurred in 1881 AD (the seventh year of Guangxu’s
reign) when the river’s flow pattern changed. Initially, the river entered the mouth of the
Ancient Yang River but was later blocked and redirected back to the Ziya River. Since then,
stabilization efforts, including the construction of embankments, channels, distributaries,
and reservoirs, have gradually stabilized the river’s flow.

5. Discussion
5.1. Monsoonal Variability in Relation to Centennial- and Interdecadal-Scale Droughts

The South Hebei Plain, primarily shaped by the alluvial deposits of the Haihe River,
is located between various interior basins. The terrain is relatively flat, with a gradual
elevation gradient from about 100 m to approximately 3 m along the Bohai Sea coast. The
plain features numerous depressions and lakes with significant coverage areas. It expe-
riences a typical warm-temperate monsoonal climate, characterized by distinct cold and
dry winters [33,45,52,58]. Due to its specific geographic location and associated monsoonal
instability, the South Hebei Plain has become particularly vulnerable to meteorological
droughts and floods in recent centuries [13,48].

Our study revealed that from 1500 AD to 1750 AD, the South Hebei Plain experi-
enced pronounced climate variability on a centennial scale, with significant fluctuations
in weather patterns. Historical reports from this period document an increase in the oc-
currences of both droughts and floods, highlighting extreme weather conditions such as
consecutive dry spells and severe floods (see Figure 3). This timeframe appeared to reflect
heightened climatic instability in the region, likely driven by larger shifts in environmental
factors. Notably, significant drying processes were observed in the mid-16th, 17th, and
18th centuries (Figure 3a). Three distinct intensifications of winter monsoon signals were
identified, closely correlating with paleoclimatic changes observed in the middle–lower
Yangtze River Basin (Figures 1 and 3a) [11,55]. Given that a warm-temperate monsoon
climate influences the South Hebei Plain, it likely experienced centennial-scale variations
in monsoonal activity. Periods of intensified winter monsoons are typically associated
with increased drought frequency, while reduced monsoon activity correlates with fewer
droughts, indicating a strong relationship between monsoonal dynamics and climate vari-
ability during this era. Additionally, this study linked these variations to broader global
phenomena, such as the Earth’s climate system and El Niño-related East Asian Summer
Monsoon (EASM) anomalies, driven by centennial-scale fluctuations in solar radiation
during the Holocene. This connection suggested that regional climate changes were part
of a larger global climate pattern. The use of proxies such as the Western North Pacific
Anomalous Anticyclone (WNPAAC) index to correlate monsoon activity with these broader
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trends strengthened the study’s conclusions about the interplay between local and global
climatic factors (Figure 3b,c) [60–64].

Interestingly, a 20-year cycle in climate variability was observed, likely linked to
solar activity. During solar maximum years, when sunspot activity was notably elevated,
anomalies in the East Asian Summer Monsoon could shift the rainfall belt (Figure 3d).
This shift affected the convergence of cold and warm air masses, potentially triggering
regional droughts. Consequently, the frequency and intensity of droughts fluctuated, with
certain interdecadal periods experiencing severe droughts due to reduced precipitation
and higher temperatures. Historical records suggested a strong connection between these
drought variations and fluctuations in the East Asian Summer Monsoon [11,19]. We
proposed that the centennial and interdecadal cycles of climate variability were influenced
by a combination of factors, including sunspot activity, monsoon climate variability, and
broader global changes (Figure 3b–d) [50,57,60]. The drought patterns identified in this
study thus provide new insights into regional and global climatic changes over the past
500 years.

5.2. Human Disturbance in Connection with Semicentennial-Scale Droughts

Human disturbance has significantly influenced the occurrence and intensity of
semicentennial-scale droughts, particularly in regions like the South Hebei Plain in China.
Historical records show that droughts occurring approximately every 70 years often co-
incided with periods of substantial human impact. After the early 18th century, during
the reigns of Emperors Kangxi and Qianlong of the Qing Dynasty, the region experienced
socio-economic prosperity, stability, and population growth (see Figure 3e) [44,65–67]. The
South Hebei Plain, strategically located as a transportation hub, has undergone substantial
urban and topographical changes, especially in the context of national economic develop-
ment. Its favorable terrain and dense transportation network have historically connected
various regions, enhancing its agricultural productivity and economic significance. The
region’s fertile land and high grain production have bolstered its role within China’s
economic framework. Population dynamics in the South Hebei Plain increased notably
from the Ming and early Qing Dynasties, with a growth rate of approximately 3.0–4.0‰
(Stage I). During the Qing Dynasty’s most prosperous period, this rate averaged 6.0‰
(Stage II), surging to 7.3‰ after the 1840s (Stage III) (see Figure 3f). This prosperity spurred
urbanization and modernization, significantly altering the region’s surface and geomor-
phic configuration [40,67]. This rapid population growth and its associated urbanization
have impacted river distributions and Earth surface processes, potentially accelerating the
recurrence of meteorological disasters (Figure 3a). Furthermore, the intensified human
activities and population growth seen since the 1840s have changed regional hydrological
and meteorological conditions (Figure 3), likely correlating with increased drought and
flood risks in the South Hebei Plain.

To validate the natural and anthropogenic factors affecting meteorological droughts
and floods, it is essential to estimate the controlling factors affecting hazard recurrence
over the past 500 years. Calibrating such data can be challenging, especially since in-
strumental records are only available for recent decades [39,41]. However, considerable
efforts have been made to reconstruct climate data for the past 1000 years using natural
records [11,55,57,69]. These reconstructions have offered valuable insights into past cli-
mate variations, validated historical data, and improved hazard assessments. Numerous
proxy-based climate reconstructions in the literature provide insights into historical climate
variations on regional and hemispheric scales, helping to build consensus on the magnitude
and amplitude of major climate deviations over time [57,69].

Our dataset, which presented evidence of centennial and interdecadal meteorological
droughts and floods, aligned with the understanding that these climate anomalies were
often driven by larger global phenomena. This supports previous studies identifying sev-
eral large-scale drivers of climate variability [57,69]. The mechanisms driving precipitation
fluctuations were complex, involving factors such as monsoon instability, fluctuations in
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thermohaline circulation, and solar activity. Despite the challenges in establishing long-
term climatic variations, the observed reduction in recurrence intervals to around 70-year
cycles should suggest a significant anthropogenic influence, corroborated by the prosperity
of the Qing Dynasty and the subsequent rapid urbanization starting in the 1840s. The
rapid urban population expansion seen since that time aligned with earlier observations
(Figure 3) [57,65,68]. While historical data and observations have provided valuable in-
sights into the impact of human activities on climate variability, further discussion and
verification are necessary to strengthen our understanding of these complex interactions.

5.3. Hydrological Migrations in Correlation with Droughts, Floods, or Human Disturbances

The evolution of rivers and changes in water resources are intricately linked to global
environmental dynamics. Previous research has underscored the significant impact of mete-
orological droughts on hydrological variations, highlighting the necessity of understanding
how these droughts interact with broader climate variability. Meteorological droughts
critically influence river runoff, soil erosion, and overall river water content, with cascading
effects on water resources. However, analyzing historical river network patterns has been
challenging due to the limited availability and quality of historical data. Many records
are incomplete or fragmented, complicating the reconstruction of past river dynamics and
rivers’ responses to climatic changes. Overcoming these challenges requires innovative
approaches, such as integrating historical data with modern climatic models to improve
our understanding of past and present drought impacts.

A key observation in this study was the identification of two distinct periods of river-
bank diversion in the South Hebei Plain (highlighted by two gray stripes)—one during
flooding seasons in the early 18th century and another during drought-dominant periods.
These periods provided valuable insights into the historical evolution of river systems
and their interactions with both environmental and human factors (see Figures 3g and 4a).
The first period of frequent riverbank diversion, observed during the early 18th century,
coincided with significant flooding events. This period corresponded to larger-scale precip-
itation variability, where heavy rainfall or prolonged wet conditions directly influenced
river dynamics. Increased moisture levels resulted in higher water volumes, elevated flow
velocities, and instability in riverbeds, prompting rivers to shift their courses. This finding
aligned with previous studies (Figure 4b) [39,41,57]. Cooler temperatures associated with
the Little Ice Age likely exacerbated river dynamics, contributing to frequent flooding and
subsequent river diversions. To manage these challenges, rulers implemented measures
such as river excavation and artificial redirection to mitigate flooding and control water
resources (Figure 4b). In contrast, the second period of frequent riverbank diversion oc-
curred during drought-dominant times, where reduced water variability and lower flow
contributed to river stability. However, the diversions observed during these drought
periods were not solely driven by natural changes in precipitation. The intensified river
migration around the time of the opening-up policy in the 1840s suggested a significant role
of human activity. The socio-economic prosperity of the Qing Dynasty, marked by rapid
urbanization and extensive land reclamation, led to substantial alterations in the region’s
hydrological infrastructure. The construction of dams, irrigation systems, and other river
management projects significantly influenced the stability and behavior of river channels
(Figure 4c) [39,41,68].

The differential impacts of flooding and drought conditions on riverbank diversions in
the South Hebei Plain emphasize the complex interplay between natural and anthropogenic
factors in shaping river systems. Flooding seasons drove changes in river dynamics
through increased moisture and flow variability, while drought periods saw altered river
behaviors influenced by human interventions. This dual influence highlights the need for
an integrated approach to river management that considers both climatic variability and
socio-economic factors. In conclusion, understanding the historical context of riverbank
diversions offers valuable insights into how environmental and human-induced factors
interact to shape the river systems of the region. This knowledge is crucial for developing
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effective water management strategies and mitigating future risks related to both climatic
and anthropogenic changes.

5.4. Recommendations for Water Resource Management

Water resource management in the South Hebei Plain has historically been quite basic,
contributing to significant challenges in local water availability. The findings from this
study provide valuable insights to guide and prioritize water resource allocation, which is
essential for reducing people’s vulnerability to meteorological hazards in the region.

Firstly, optimizing the meteorological database system for risk prevention and mitiga-
tion is essential. Regions like Shijiazhuang and Handan, which are particularly vulnerable
to droughts, should be prioritized in efforts aimed at minimizing meteorological risks.
Implementing advanced automatic monitoring systems, such as the 3S system (GIS, RS,
and GPS), will facilitate a more comprehensive assessment of meteorological disasters.
Establishing real-time monitoring systems in central urban areas will enhance the accuracy
of weather forecasts and improve disaster preparedness. By deploying advanced weather
stations, integrating real-time data, and employing sophisticated forecasting models, cities
can better manage meteorological hazards and provide timely information to residents.
Effective public communication, regular system maintenance, and fostering collabora-
tion with various organizations are also key to the success of these initiatives, ultimately
contributing to greater urban resilience against weather-related challenges.

Secondly, enhancing geological–geomorphological research related to weather events
and updating meteorological disaster monitoring and evaluation systems are critical. Spe-
cial focus should be placed on high-precision disaster prediction. Ongoing collabora-
tion, capacity-building, and continuous improvements in technology and expertise will
strengthen the region’s disaster preparedness and resilience in the face of changing weather
patterns. Effective urban planning, coupled with robust early warning systems and effi-
cient emergency response mechanisms, is vital for managing meteorological hazards and
enhancing resilience.

By integrating sustainable urban planning, deploying advanced warning technologies,
and developing comprehensive response strategies, communities will be better equipped to
prepare for and mitigate the impacts of extreme weather events. Continuous improvement
in these areas, along with increased public awareness, will further bolster the region’s
disaster preparedness and contribute to creating a more resilient urban environment.

6. Conclusions

The South Hebei Plain has historically been prone to severe droughts, significantly
impacting its water resources and socio-economic development. This low-lying, flat region
has faced various challenges related to water scarcity and environmental stress, particularly
influenced by its climate and human activities. This historical and climatic complexity of
the area, coupled with limited data availability, has hindered accurate assessments of its
drought and flood patterns over the past centuries. This article presented a comprehensive
analysis of historical meteorological hazards in the South Hebei Plain, focusing on the
control and impacts of droughts. Our preliminary findings indicate that the region’s
unique topography and variable monsoon circulation make it particularly susceptible to
various meteorological hazards. Our results identified several notable drought and flood
events influenced by both natural climate variability and human factors. Centennial- and
interdecadal-scale metrological variations appeared to be driven by monsoon dynamics,
sunspot activity, and broader global changes, whilst semicentennial oscillations might
be largely modified by economic development and social stability. Human disturbance
and the Earth’s surface processes likely amplified these effects. Additionally, our results
indicated that droughts have rephrased river parameters, such as water volume and flow
velocity, thereby affecting riverbed stability and accelerating the diversion or migration of
rivers. In light of ongoing drought conditions, enhancing water management practices is
crucial for ensuring sustainable water resources and mitigating drought impacts. We have
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proposed several adaptation and mitigation measures aimed at promoting socio-economic
harmony and sustainable regional development.
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