
 
 

Delft University of Technology

Document Version
Final published version

Licence
Dutch Copyright Act (Article 25fa)

Citation (APA)
Xu, C., Yang, Y., Xie, M., Bricker, J. D., Zhang, F., Wang, Y. P., Xia, X., & Jia, J. (2025). Effect of Climate Change-
Induced Tropical Cyclone Track Shift on Sedimentology in the East China Coastal Ocean. Journal of Geophysical
Research: Oceans, 130(8), Article e2024JC022245. https://doi.org/10.1029/2024JC022245

Important note
To cite this publication, please use the final published version (if applicable).
Please check the document version above.

Copyright
In case the licence states “Dutch Copyright Act (Article 25fa)”, this publication was made available Green Open
Access via the TU Delft Institutional Repository pursuant to Dutch Copyright Act (Article 25fa, the Taverne
amendment). This provision does not affect copyright ownership.
Unless copyright is transferred by contract or statute, it remains with the copyright holder.
Sharing and reuse
Other than for strictly personal use, it is not permitted to download, forward or distribute the text or part of it, without
the consent of the author(s) and/or copyright holder(s), unless the work is under an open content license such as
Creative Commons.
Takedown policy
Please contact us and provide details if you believe this document breaches copyrights.
We will remove access to the work immediately and investigate your claim.

This work is downloaded from Delft University of Technology.

https://doi.org/10.1029/2024JC022245


Effect of Climate Change‐Induced Tropical Cyclone Track
Shift on Sedimentology in the East China Coastal Ocean
Chaoran Xu1,2 , Yang Yang3 , Mingxiao Xie1 , Jeremy D. Bricker4,5, Fan Zhang2 ,
Ya Ping Wang2, Xiaoliang Xia6, and Jianjun Jia2

1National Engineering Research Center of Port Hydraulic Construction Technology, Tianjin Research Institute for Water
Transport Engineering, Tianjin, China, 2State Key Laboratory of Estuarine and Coastal Research, School of Marine Sciences,
East China Normal University, Shanghai, China, 3School of Marine Science and Engineering, Nanjing Normal University,
Nanjing, China, 4Department of Civil and Environmental Engineering, University of Michigan, Ann Arbor, MI, USA,
5Faculty of Civil Engineering & Geosciences, Delft University of Technology, Delft, The Netherlands, 6Ningbo Hangzhou
Bay Bridge Development Co., Ltd., Ningbo, China

Abstract Tropical cyclones (TCs) significantly influence coastal sedimentation, geomorphologic features,
and morphodynamic processes through strong winds, heavy rains, and storm surges. These effects are
particularly pronounced in the east China coastal ocean. However, the impacts of poleward and landward shifts
in TC tracks on sedimentology, specifically sediment transport and erosion‐deposition processes, remain
insufficiently understood. This study utilizes the Delft3D‐FM numerical model integrated with TC best track
data and field measurements to investigate sediment transport patterns under historical TC tracks and to quantify
erosion responses to poleward and landward track shifts. From the historical sediment transport pattern derived
from the typical historical TC track, results reveal that sediment in waters shallower than 30m is highly sensitive
to TC activity, with four distinct zones where net sediment transport is sensitive to the change of typical
historical TC tracks. Coastal erosion depth changes due to poleward and landward shifts of typical TC tracks
during the peak TC intensity period are quantified as 0.24–1.63 cm°N− 1 and 0.05–1.06 cm°E− 1, respectively.
Under global warming scenarios, these values are projected to increase by 2.45%–8.00% and 4.71%–13.33%,
respectively. Identifying the coastal areas more susceptible to TC‐induced sediment transport and quantitatively
assessing the effects of poleward and landward track shifts are important for understanding local TC variability
and supporting research on sedimentology during TCs and the future protection of coastal areas.

Plain Language Summary Tropical cyclones (TCs) greatly affect coastal areas through strong
winds, heavy rains, and storm surges. These impacts are especially noticeable along the east China coastal
ocean. However, the effect of changes in TC tracks, such as moving northward or inward, on sediment transport
and erosion is not fully understood. This study uses a numerical model along with TC data and field
measurements to explore sediment transport under historical TC tracks and measure erosion from changes in TC
tracks. The results show that sediment in waters less than 30 m deep is very responsive to TC activity, with four
main zones of active sediment transport. Coastal erosion varies with TC track shifts, ranging from 0.24 to
1.63 cm per degree northward shift and 0.05–1.06 cm per degree eastward shift. Under climate change, these
values could increase by 2.45%–8.00% and 4.71%–13.33%. Identifying areas most vulnerable to TC‐induced
changes helps in understanding TC impacts and improving coastal protection strategies.

1. Introduction
Tropical cyclones (TCs) are one of the most destructive extreme weather events, causing significant social and
economic impacts on coastal cities (Helderop & Grubesic, 2019; Li & Chakraborty, 2020; Muis et al., 2016;
Wang et al., 2021). The direct economic losses caused by TC‐induced storm surges in the east China coastal ocean
(ECCO) are the highest and most volatile in this region (Xu, Yang, et al., 2022). Therefore, understanding the
effects of TC variation, especially on a regional scale in the ECCO, is an important topic. Anthropogenic global
warming has caused temperatures more than 1°C warmer than before industrialization, and this warming trend
will continue to increase in the future (Calvin et al., 2023; IPCC, 2022). Global warming is also changing the state
of TC generation and development (Emanuel, 1986, 2003), resulting in earlier generation and development of
intense TCs (Shan et al., 2023), and increased duration over land, allowing for increased TC impacts on land
(Knutson et al., 2019). Additionally, the lifetime maximum intensity (LMI) of TCs is undergoing a poleward
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(Kossin et al., 2014, 2016; Studholme et al., 2022) and landward shift (Wang & Toumi, 2021). Although the
frequency of global TCs is decreasing (Zhao et al., 2024), an increasing number of TCs affecting the South China
Sea are migrating northeastward, increasing the number of TCs affecting the ECCO, with a clear trend of
poleward and landward shift in this region (Xu et al., 2024; Zhao et al., 2014). As a result, the ECCO is exposed to
increased disaster risk from the effects of TCs. Strong winds during TCs, as well as waves, can cause significant
increases in current velocities and seabed shear stresses, leading to sediment resuspension, increases in suspended
sediment concentration (SSC) (Hawkes & Horton, 2012), and changes in seabed sediment transport patterns
(Schuerch et al., 2014). This can cause substantial impacts on deltaic erosion and sediment redistribution on the
coast (Liu et al., 2023; Lu et al., 2018). Due to the fine grain size of seabed sediments, the hydrodynamic forces
caused by TCs in nearshore waters of the ECCO (with water depths of less than 40 m) can cause severe erosion or
accretion in the short term (Dai, Liu, Wei, & Chen, 2014; Du et al., 2019), which is of great importance to the
sediment dynamics of the shallow waters of the continental shelf (Zhu et al., 2020).

Storm surges caused by TCs can lead to marine hazards such as coastal erosion and harbor siltation in this region.
Currently, there are many studies on the hydrodynamic aspects of extreme water levels and inundation risks
caused by TCs (Guo et al., 2023; Mo et al., 2024; Wang et al., 2021), but the analysis of sediment transport
patterns and erosion‐deposition trends caused by TCs is mostly focused only on certain economically developed
coastal areas, or the analysis of disaster recurrence after a TC (Ren et al., 2021; Yin et al., 2019). Currently, the
impacts of poleward and landward shifts of TCs on sedimentology in the ECCO area, particularly concerning net
sediment transport patterns caused by typical historical TCs and erosion‐deposition processes, remain poorly
understood. There is a notable lack of studies quantitatively assessing sedimentology resulting from the spatial
and temporal changes of TCs. Hypothetical storm tracks representing typical historical TCs can be used to
determine typical sediment transport patterns during different historical periods, in a way that conserves
computational resources. Identifying which coastal areas are more susceptible to TCs and quantitatively
analyzing such effects are urgent challenges. Understanding this variable response is important for the future
protection of coastal areas. However, field sampling and observation during TCs require a lot of material and
financial resources, and observation is difficult. Therefore, integrating numerical simulations with analyses of
measured data offers an effective approach to studying the spatial and temporal characteristics of TCs and their
sedimentology effects in the ECCO, while ensuring accuracy.

This study focuses on the effects of TC changes on sediment transport and erosion‐deposition processes in
sedimentology. In this study, the Delft3D‐FM model is used to simulate the variability in sediment transport and
erosion‐deposition processes during different TCs in the ECCO over a long period by combining the spatial and
temporal data of historical TC meteorology with sediment data. From the historical sediment transport patterns
caused by typical TCs, we determine which coastal areas are more susceptible to TCs and analyze the quantitative
relationship between changes in TC characteristics and changes in erosion and deposition patterns. It is of great
theoretical significance and engineering application value to understand the impacts of spatial and temporal
variations of localized TCs and to improve the disaster prevention and mitigation capability of response‐sensitive
coastal areas in response to TCs.

2. Materials and Methods
2.1. Study Area

The study area ranges from 25.5°N–32.0°N to 119.5°E–124.0°E (Figure 1), which contains the Yangtze River
Estuary, Hangzhou Bay, and the Zhejiang‐Fujian coast. This area is severely affected by TCs. This region, with its
dense population and rapidly growing economy, is highly vulnerable to natural disasters, leading to significant
annual losses due to tropical cyclones (Wang & Song, 2011; Xu & Huang, 2011). For example, Typhoon Winnie
caused 186 deaths and over 22.9 billion yuan in damage in the Jiangsu, Shanghai, and Zhejiang provinces in 1997
(SOA, 1997). Meanwhile, the shelf in this region is one of the most extensive in the world and has a fine‐grain‐
dominated sedimentary system (Gao & Collins, 2014). This area is an ideal region for conducting storm depo-
sition research (Gao et al., 2019). Analyzing the spatiotemporal variation of TCs and the response of sediments
provides a reference for storm deposition studies in this region.

Journal of Geophysical Research: Oceans 10.1029/2024JC022245

XU ET AL. 2 of 20

 21699291, 2025, 8, D
ow

nloaded from
 https://agupubs.onlinelibrary.w

iley.com
/doi/10.1029/2024JC

022245 by T
u D

elft, W
iley O

nline L
ibrary on [11/06/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



2.2. Data Sources

The TC track data used in this study is from the Shanghai Typhoon Institute of the China Meteorological
Administration (CMA) (Lu et al., 2021; Ying et al., 2014). It contains each TC center's longitude, latitude, time,
maximum wind speed, and minimum pressure at 6‐hr intervals.

The observed data during Typhoon 1905 (Danas‐2019) at four sites (Figures 1b and 1c) are from Tang
et al. (2023). It contains the water level, SSC, bottom elevation, waves, and velocity data. The observed data
during Typhoon 9711 (Winnie‐1997) at seven sites are from Ren et al. (2021) and Xu, Tian, et al. (2022). It
contains the storm tide and wind speed data.

Two topography data sets were used to build the model: the General Bathymetric Chart of the Oceans (GEBCO,
15 arc s) for the deep sea and high‐resolution bathymetry from nautical chart digitization near the coast (mean sea
level datum). Astronomical tides (K1, O1, Q1, P1, M2, S2, N2, and K2 on the open boundaries are applied as
harmonics from the OTIS regional and global tidal models (Egbert & Erofeeva, 2002). Because the downstream
reach of the Yangtze River is included in the model, river discharge data as well as the river's SSC were obtained
from the China River Sediment Bulletin. The critical shear stress data used in the sediment module were
determined from two data sets (see Section 2.3.2): measured data from sediment samples using a cohesive
strength meter (CSM) and calculated based on sediment grain size using an existing empirical formula
(Guo, 2020; Xu, Wei, et al., 2022).

2.3. Numerical Model Setup

2.3.1. Tropical Cyclone Model

Reanalysis data sets are too coarse to resolve TC maximum winds, and so underestimate the wind and pressure
during TCs while also showing bias for the location of the TC centers (Schenkel & Hart, 2012). Parametric TC
models calculate more accurate wind and pressure fields near the TC eyewall and are more suitable for the storm
surge simulation. The Delft3D WES (Wind Enhance Scheme) is an integrated module within the Delft3D
dashboard software. It utilizes TC best track data and applies the Holland formula (Holland, 1980, 2008) to
generate wind and pressure fields in the Spiderweb format (Deltares, 2022a). Delft3DWES considers asymmetry
by taking into account the translational speed of the TC center displacement due to the steering flow, as well as
rotation of the wind velocity due to friction (Takagi &Wu, 2016). Wind and pressure fields generated by Delft3D
WES are widely used as input to Delft3D‐FM models (Ke et al., 2021; Xu et al., 2022, 2023).

Figure 1. Study area (a) shows the surface sediment type in the ECCO (adapted from Shi, 2012). (b) Indicates the locations of hydrodynamic observation sites. The
observed data at site B were collected during Typhoon 1905 (Danas‐2019), while data at sites C, D, and E were obtained before Typhoon 1905. Data at sites wsk, cx, hs,
bcj, zj, lcg, and tx were recorded during Typhoon 9711 (Winnie‐1997). (c) Illustrates the tracks of Typhoon 9711, Typhoon 1509 (Chan‐hom‐2015), and Typhoon 1905.
Abbreviations are as follows: wsk, Wusongkou; cx, Changxing; hs, Hengsha; bcj, Beicaozhong; zj, Zhongjun; lcg, Luchaogang; tx, Tanxu; TD, tropical depression; TS,
tropical storm; STS, severe tropical storm; TY, typhoon; STY, severe typhoon; and SuperTY, supertyphoon.
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2.3.2. Delft3D‐FM Flow‐Wave Coupling Model Setup

The Delft3D‐FM model suite used in this study is a two‐dimensional model. It applied in depth‐averaged mode
and solves the nonlinear shallow water equations for unsteady flow, which are derived from the Navier‐Stokes
equations for incompressible free surface flow (Deltares, 2022a). A dynamic time‐stepping approach is
employed, where the model determines the time step for each computational iteration to maintain stability based
on the Courant number criterion. Additionally, it integrates the third‐generation wave model, Simulating Waves
Nearshore (SWAN), a spectral wave model designed to solve the wave action balance equation (Deltares, 2022b).
Delft3D‐FM is capable of simulating tidal circulation and the propagation of storm surges in complex coastal
environments, and it is widely used in modeling flow and waves during TCs (Al‐Attabi et al., 2023; Diaz Loaiza
et al., 2022; Ke et al., 2021; Veeramony et al., 2017; Xu et al., 2022, 2023; Zou et al., 2020).

The computational domain of the model extends from 20.0°N–35.5°N to 116.5°E–127.5°E (Figure 2). The flow
module uses an unstructured grid that gradually increases in cell size from about 400 m in the estuary to about
10,000 m at the open boundary, totaling 110,435 elements (Figures 2a and 2b). The wave module adopts a
structured grid with higher resolution in the estuarine area using nested grids, with the number of large cells being
280 × 171 at a resolution of 5,000–10,000 m, and the number of small cells being 353 × 293 at a resolution of
500 m (Figures 2c and 2d).

Figure 2. The simulation regions and grids for the flow and wave models. (a) Is the flow module grid, (b) is the locally
enlarged flow model region, (c) is the wave module grid, and (d) is the locally enlarged wave model region.
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The simulation time is based on the duration of the TC in the region of in-
terest. A constant Manning's n of 0.02 m s− 1/3 was used for the bot-
tom roughness after model validation. This is a typical value used for the
seabed. The air‐sea drag coefficient was modeled using a trilinear relation:
0.0012 (0–28 m/s), 0.003 (28–60 m/s), and 0.0015 (>60 m/s) (Makin, 2005;
Xu, Xing, et al., 2023). The discharge boundary and initial SSC of the
Yangtze River mouth adopts a multiyear average runoff and sediment load of
30,000 m3 s− 1 and 0.11 kg m− 3 at Datong Station (30.11°N, 117.13°E),
respectively. The rest of the parameter settings use default values (Del-
tares, 2022a). The wave module is evaluated in nonstationary mode, and the
other parameters use default values (Deltares, 2022b). The flow and wave
modules are coupled online at 60‐min intervals.

Sediments in coastal sea areas, such as shallow shelves, tidal flats, coastal
wetlands, and lagoons, are susceptible to TCs. Therefore, it is important to
accurately characterize the nearshore sediment properties in the model. A
series of previous studies have proven that the sediments in the specified
study area are dominated by cohesive sediments; hence, the sediment frac-
tions in the numerical model are set as a single cohesive type. The most
important parameter is the critical shear stress for sediment erosion. The
critical shear stress of the coarser grain sediments at the mouth of the Yangtze
River (Chen et al., 2021) was calculated using an empirical formula based on
the median grain size of the sediments (Guo, 2020). The sediments in the
Yangtze River subaqueous delta and its neighboring seas are dominated by
fine‐grained cohesive sediments, such as silt and clay, for which the critical
shear stress is difficult to accurately express by empirical formulas, so values
from CSM measurements are used (Xu, Wei, et al., 2022). And the critical
shear stress for deposition and erosion are the same. The southern part of the
study area is a muddy area along the coast of Zhejiang and Fujian, where the
sediment grain size is fine and uniformly distributed (Shi, 2012), so the

critical shear stress in this area was set to 0.2 N m− 2 based on CSMmeasurements (Figure 3). The dry bed density
was set to 1,600 kg m− 3 based on measured data and model calibration (Xue et al., 2020). The erosion rate was set
to 2 × 10− 5 kg m− 2 s− 1 after model calibration. A simple flocculation model was used in this study to determine
sediment settling velocity, where fine‐grained, cohesive sediment undergoes flocculation and settles at a rate that
is directly related to water salinity. Flocculation occurs when the salinity exceeds 8 psu (Hu et al., 2009) and the
maximum settling velocity is set to 1 mm s− 1.

2.3.3. Model Validation

In this study, we conducted a comprehensive validation of several key parameters during two distinct typhoon
events. For Typhoon 9711, we validated the water level and wind speed. During Typhoon 1905, we measured
multiple parameters at station B (Figure 1b), including significant wave height, wave period, wave‐current
combined shear stress, SSC, current speed and direction, and bed elevation changes. Additionally, we
analyzed bed elevation changes at stations C, D, and E before Typhoon 1905.

The model's accuracy was quantitatively assessed using two statistical metrics: root mean square error (RMSE,
Equation 1) and the skill number (Equation 2). The skill number, ranging from 0 to 1, provides a robust measure of
model performance. Following the classification established by Willmott (1981), model performance was
categorized as follows: optimal (1), excellent (0.65–1), good (0.5–0.65), average (0.2–0.5), and poor (<0.2). This
systematic evaluation framework ensures a rigorous assessment of model reliability and shows the validated
results by the Taylor diagram (Figure 4); please refer to the supporting information for detailed validation (Table
S1 and Figures S1–S5 in Supporting Information S1).

RMSE =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅

∑
n
i=1(Mi − Si)2

n

√

(1)

Figure 3. Spatial distribution of critical shear stress in model. The three
ellipses from north to south indicate critical shear stresses calculated by the
empirical formula near the Yangtze estuary, the CSM‐measured result in the
subaqueous delta, and the constant value of critical shear stress off the
Zhejiang and Fujian coasts, respectively.
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skill = 1 −
∑

n
i=1|Mi − Si|2

∑
n
i=1(
⃒
⃒Mi − S| + |Si − S

⃒
⃒)
2 (2)

where,M and S represent the modeled and observed values, respectively, S is the average of the observed values,
and n is the number of observed values.

The modeled values are in high agreement with the observed values, indicating the model results are reliable
(Figure 4). Although the bed elevation change data at station B were partly missing during Typhoon 1905, the
overall trend is similar and of the same magnitude. Analysis of nonstorm bed elevation changes at stations C, D,
and E shows that while the skill number is poor at C and D, the model captures the observed trend. The fluc-
tuations at C and D likely stem from a stable seabed with a surface layer of highly erodible mud. In contrast,
station E exhibits strong agreement between modeled and observed trends, reflecting more stable bed behavior.
The simulation of sediment transport processes is more challenging than hydrodynamic processes and sensitive to
the choice of parameterization scheme. The validation results demonstrate that the model is effective and suitable
for simulating and analyzing erosion‐deposition patterns.

2.4. Tropical Cyclone Scenarios Construction

2.4.1. Construction of TCs With Different Typical Tracks

Combining the TC wind field distribution and the M‐K trend test method, TCs affecting the ECCO between 1949
and 2022 are divided into three historical periods (Xu, Yang, et al., 2022). Then, combining the methods of mass
moment, mean cluster, and track interpolation for each TC eye, the TCs in each period are divided into three main
types of characteristic tracks, namely a northwest track (I), a northwest‐northeast turning track (II), and a
northwest‐northeast turning offshore track (III) (Xu et al., 2024). Therefore, the TC tracks affecting this region
can be generalized to 9 typical tracks (Figure 5). Differences in conditions such as TC track, intensity, and
duration over the past 70 years can have a significant impact on sediment transport patterns. Because only the
latitude, longitude, and wind speed of the TC center are available in the classification of TC tracks, the 9 typical
tracks do not include time and pressure information (Xu et al., 2024). Therefore, to simulate the sediment
transport process caused by the 9 typical tracks, it is necessary to artificially assign the full information of the TC
centers. The 9 typical TCs were assigned the full information based on validated Typhoon 9711 intensities to
become 9 complete hypothetically constructed TCs. Then, 9 hypothetically constructed TCs (the black tracks in
Figure 5) are simulated using Delft3D‐FM to analyze the overall sediment transport patterns from the TC impacts
during each of the historical periods, and to determine the areas in the ECCO that are sensitive to the response of
TC‐induced sediment transport processes.

2.4.2. Construction of TCs With Different Longitude and Latitude Based on Typical TC

Globally, TC tracks are undergoing poleward and landward migration (Kossin et al., 2014; Shan et al., 2023;
Wang & Toumi, 2021). TCs affecting the ECCO have shifted poleward by 1.26° in latitude and landward by 0.66°

Figure 4. The validated result on the Taylor diagram. The x‐axis is root mean square error, and the circular axis is the skill number; the station number 1–17 can be found
in Table S1 in Supporting Information S1. (a) Is the validation of storm tide, significant wave height, velocity speed, bed shear stress, and SSC; (b) is the validation of
peak wave period and bed elevation change; and (c) is velocity direction.
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in longitude (Xu et al., 2024) throughout the historical record. This trend of poleward and landward shift will
increase the TC disaster risk for the ECCO in the future. It is important to construct different scenarios of lat-
itudinal and longitudinal variations of TC tracks to quantitatively understand the sedimentology induced by
changes in TC tracks.

The two most significant tracks affecting the ECCO are hypothetical track I and track II. It can be seen from their
locations that the development of typical TC track I displays a landward migration (longitudinal change) with
time, showing a continuous progression toward the shore. Therefore, the impact of latitudinal changes under this
typical track I will be more prominent, and are suitable for analyzing latitudinal migration. The development of
typical TC track II displays a poleward migration (latitudinal change), showing a continuous progression toward
the north. Therefore, the impact of longitudinal changes under this typical track II will be more prominent and
suitable for analyzing longitudinal migration. Typhoon 9711 which belongs to track I had a very serious impact on
the ECCO; Typhoon 1509 which belongs to track II caused 7.99 × 106 m3 of sudden siltation in the deepwater
channel at the mouth of the Yangtze River (Jia et al., 2017) (Figure 1c). Therefore, 10 experimental scenarios were
designed based on the degree of latitudinal and longitudinal shift of historical TCs, latitudinal migration adjusted
to 1°, and longitudinal migration adjusted to 0.7° based on Xu et al. (2024) (Table 1, Figure 6):

Figure 5. Typical TC track for each TC cluster during three historical periods (Xu et al. (2024)). (a–c) Are type I, II, and III
tracks in 1949–1967, (d–f) are type I, II, and III tracks in 1968∼1993, and g–i are type I, II, and III tracks in 1994–2022. The
green dots are mean centroid locations, the black circles are mean‐variance ellipses, the black dots are typical TC tracks, and
the colored lines in panels (a–i) are individual TC tracks.
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1. Numerical simulations to investigate the effect of northward shift of latitude based on the track of Typhoon
9711, changing the latitude of the center of Typhoon 9711 in steps of 1°, obtaining 5 scenarios.

2. Numerical simulations to investigate the effect of the westward shift of longitude based on the track of
Typhoon 1509, changing the longitude of the center of Typhoon 1509 in steps of 0.7°, obtaining 5 scenarios.

2.4.3. Construction of TCs Under Global Warming

The Intergovernmental Panel on Climate Change (IPCC) AR6 has estimated that the global warming caused by
human activities is irreversible (Calvin et al., 2023). With a global temperature increase of 2°C, the maximum
wind speeds of TCs increase by about 5% (Knutson et al., 2020). There is a proportional relationship between TC
center pressure deficit and wind speed (Atkinson & Holliday, 1977) (Equation 3)

Vm = a(1015 − P0)b (3)

where Vm (m s
− 1) is the maximumwind speed near the TC eyewall, P0 (hPa) is the TC center's pressure, and a and

b are the fitting coefficients.

Table 1
Scenarios Based on Typhoon 9711 and Typhoon 1509 With Changes in Latitude and Longitude

Typhoon Changes in latitude and longitude (°) Scenario name

Typhoon 9711 latitude change setup +0 A1

+1 A2

+2 A3

+3 A4

+4 A5

Typhoon 1509 longitude change setup +0 B1

+0.7 B2

+1.4 B3

+2.1 B4

+2.8 B5

Figure 6. Spatial distribution of TC track scenarios. (a) Is the track of Typhoon 9711 for the latitudinal change scenarios and
(b) is the track of Typhoon 1509 for the longitudinal change scenarios. The blue triangles from north to south are the five
coastal observation points of Qidong, Hengsha, Zhoushan, Wenzhou, and Fuzhou, respectively.
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Thus, global warming will lead to an increase in the intensity of TCs. Global warming will also incur a rise in
global sea level, which will rise by up to 1.1 m by the year 2100 under a high carbon dioxide emission scenario
(RCP8.5), with an increase in temperature of about 4°C (Calvin et al., 2023; IPCC, 2022). Therefore, varying the
TC intensity and water depth is an effective way to analyze the different impacts caused by TCs under global
warming (Guo et al., 2023).

Based on the above studies, we assume that a warming of 4°C will increase the maximum wind speed in the 10
scenarios in Section 2.4.2 by 10%. We then use Equation 3 to calculate the wind‐pressure relationships for
Typhoon 9711 and Typhoon 1509 (Figure 7), and then calculate the increase in TC center pressure deficit based
on the increase in wind speed. The initial water depth in the model is increased by 1.1 m (Calvin et al., 2023;
IPCC, 2022) to account for the effect of sea level rise, and a total of 10 new scenarios under global warming
conditions are obtained.

3. Results
3.1. Net Sediment Transport Pattern Under Typical Historical TCs

Net sediment transport reflects the sediment balance of a region and is mainly controlled by tidal currents and
strongly influenced by local topography and extreme events (Xing et al., 2024; Xu, Xing, et al., 2023). To
eliminate the effect of periodic tides, a low‐pass filtering method (the cutoff frequency is 34 hr in this study) was
used to process the flow to obtain the residual current (Thompson, 1983; Walters & Heston, 1982). Flux
decomposition theory (Dyer, 1997) is then used to derive the net sediment transport (Xing et al., 2024; Xu, Xing,
et al., 2023). This section employs a controlled variable approach to analyze the response of net sediment
transport in the ECCO to changes in the typical TC tracks from different historical periods while keeping other
inputs of the model the same. The aim is to identify which regions exhibit significant sensitivity to these typical
TC track variations, thereby demonstrating the potential impact of future trends in TC activity on specific areas
and then focusing on monitoring tropical cyclone activity in these identified regions. The distribution of net
sediment transport flux caused by three typical TCs during the three periods is shown in Figures 8–10. The
magnitude of net sediment transport flux caused each TC of the same track type is similar, while the magnitude
caused by TCs with different track types varies.

From the net sediment transport pattern in each historical period, we find that there are four areas where the net
sediment transport is sensitive to TC type (Figures 8–10, the brown dashed areas from left to right). First, the
shallow area of the Yangtze River Delta with water depth of 20 m or less, and especially the area with a water
depth of 10 m or less in the southern branch of the Yangtze River Estuary, has the most active sediment transport,
and the direction of net sediment transport is mainly to the northeast along the estuary. The net sediment flux in
Hangzhou Bay is weaker. The sediment transport activity in the area shallower than 10 m at the head of Hangzhou
Bay is the most active area in the bay, and the net sediment transport direction is along the bay. Sediment transport
is also active in the area with a water depth of 20–30 m to the east of the Zhoushan Islands. Along the Ningbo‐

Figure 7. The relationships between maximum wind speed and pressure for Typhoon 9711 and Typhoon 1509. (a) Is the
wind‐pressure relationship for Typhoon 9711, and (b) is the wind‐pressure relationship for Typhoon 1509; the black solid
line is the fitted trend, and the red dashed lines are the 95% confidence intervals.
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Taizhou‐Wenzhou line along the coast of Zhejiang and Fujian, where depth is shallower than 30 m, sediment
transport is also active.

TCs from the third and second historical periods cause stronger net sediment transport than those from the first
period due to poleward and shoreward shifts (Xu et al., 2024). The net sediment transport flux is highest along
Track II, primarily due to its spatial characteristics. The typical position of Track II is closer to the ECCO than
Track I (Figure 5). Meanwhile, the strongest portion of Track II is located further north, while Track I extends
further southwest. This spatial difference results in stronger sediment transport intensity induced by Track II
during the second and third historical periods in the ECCO region compared to that caused by Track I. In contrast,
Track III demonstrates weaker net sediment transport as it is situated farther from the study area, over deeper
waters. These spatial relationships suggest that Track II has a greater potential to cause sediment resuspension in
the study region. The net sediment transport direction is mainly consistent with the wind direction during the TC.
Among the nine scenarios simulating TC conditions, the ECCO area predominantly lies west of the TC center
during peak intensity. Under these conditions, the prevailing TC winds originate primarily from the northwesterly
and northerly directions. This consistent wind pattern results in minimal variations in sediment transport direction
across different scenarios. Consequently, the net sediment transport direction in the four sensitive regions is
primarily seaward and southward. By analyzing the historical net sediment transport patterns, the areas sensitive
to TCs are identified. This provides a reference for the quantitative analysis of sediment transport during TCs.

Figure 8. Sediment transport patterns under different typical TC tracks during 1949–1967. (a–c) Are types I, II, and III TCs,
respectively. The black dashed area is enlarged to 1, 2, and 3 on the right. Brown dashed areas are sensitive areas, 1 is the
southern branch of the Yangtze River Estuary; 2 is the head of Hangzhou Bay (left) and Zhoushan Island (right); and 3 is the
Ningbo‐Taizhou‐Wenzhou line (from north to south) along the coast of Zhejiang and Fujian. The green arrow line represents
0.02 kg m− 1 s− 1 of net sediment transport flux.
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3.2. Erosion Distribution Under Latitudinal and Longitudinal Variation of Typhoon Tracks

3.2.1. Normal Conditions

In this section, the distribution of sediment at the peak TC intensity, which is defined as the moment of highest
SSC during each TC, is considered according to the specific changes in latitude and longitude. The state of the
seabed at this time is generally eroded (Figure 11). There is some deposition within the mouth of the Yangtze
River, Zhoushan Islands, and along the coast of Zhejiang and Fujian. The erosional area extends from the TC eye
to the surrounding area, and the magnitude of erosion gradually decreases away from the TC eye. The sediments
along the coast of Zhejiang are fine‐grained, with a small critical shear stress. When the TC eye gradually ap-
proaches this region, the change of erosion‐deposition in this region is the strongest. As the TC track moves
northward, the erosion in this region gradually decreases, and the erosion depth near Hangzhou Bay gradually
increases. As the TC track moves further northward, erosion in the Yangtze River Estuary and its adjacent waters
becomes stronger. The northward shift of the TC track leads to a gradual northward migration of the erosion area,
with an increase in the erosion magnitude in the north and a decrease in the south part of the ECCO. The impact of
TC landward shift is similar to that of poleward shift, in that TC‐induced erosion deepens as the TC moves closer
to the coast, with the mouth of the Yangtze River, Hangzhou Bay, and the coasts of Zhejiang and Fujian being the
most significantly affected. The landward shift of TCs increases the risk of erosion in coastal areas.

Figure 9. Sediment transport patterns under different typical TC tracks during 1968–1993. (a–c) Are type I, II, and III TCs,
respectively. Brown dashed areas are sensitive areas. The black dashed area is enlarged to 1, 2, and 3 on the right. Brown
dashed areas are sensitive areas; 1 is the southern branch of the Yangtze River estuary; 2 is the head of Hangzhou Bay (left)
and Zhoushan Island (right); and 3 is the Ningbo‐Taizhou‐Wenzhou line (from north to south) along the coast of Zhejiang
and Fujian. The green arrow line represents 0.02 kg m− 1 s− 1 of net sediment transport flux.
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3.2.2. Global Warming

At the peak intensity of TCs, the nearshore waters are predominantly characterized by erosion, which is further
intensified under the influence of global warming (Figure 12). Figure 9 a1–e1 shows the difference in bed
elevation between poleward‐shifted TC tracks under global warming versus TC tracks under the present climate.
Global warming leads to an increase in the intensity of TCs, and therefore, the erosion depth in the TC affected
area is also significantly larger. The severely eroded area also shows the same pattern, in which the magnitude of
erosion gradually decreases away from the TC center. As the TC track shifts poleward, the erosive area also shifts
poleward; the erosion magnitude increased in the north, while in the south, the erosion magnitude changed less
because it was generally further away from the TC.

Figure 12 a2–e2 shows the difference between the bed elevation changes of landward‐shifted TC tracks under
global warming versus under the present climate. Scenarios B2, B3, and B4 show severe erosion to the west of the
TC. Scenario B5 shows a trend of decreasing erosion depth, but the magnitude of the change is small. Because the
TC track in this scenario is farther away, the response to changes in the intensity of the TC is small. In this study, a
slight trend of decreasing erosion depth is observed in scenario B5 due to the increased water depth that represents
sea level rise, which leads to the weakening of bed shear stress. In scenario B1, the erosion depth on the right side
of the tropical cyclone decreases, but the magnitude of the change is small. This is due to the weakening of the TC
center in the north, as well as the fact that the area to the right of the track is mainly sand, for which the critical

Figure 10. Sediment transport patterns under different typical TC tracks during 1994–2022. (a–c) Are type I, II, and III TCs,
respectively. Brown dashed areas are sensitive areas. The black dashed area is enlarged to 1, 2, and 3 on the right. Brown
dashed areas are sensitive areas; 1 is the southern branch of the Yangtze River Estuary; 2 is the head of Hangzhou Bay (left)
and Zhoushan Island (right); and 3 is the Ningbo‐Taizhou‐Wenzhou line (from north to south) along the coast of Zhejiang
and Fujian. The green arrow line represents 0.02 kg m− 1 s− 1 of net sediment transport flux.
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shear stress of the sediment is set higher in the model (Figure 3), and the water depth is deeper. Combing these
three factors makes the TC impact on this area weaker, with weak variability. Severe erosion is observed in the
nearshore region, with more pronounced erosion depths on the left side of the TC track. It is concluded that global
warming will still lead to strong erosion of nearshore waters.

4. Discussion
4.1. An Intuitive Perspective for the Analysis of TCs Change Impact

4.1.1. Effects of Latitudinal and Longitudinal Variation Based on Typical TC Tracks

TCs are extreme events with important impacts on the sedimentary environment of shallow shelves and nearshore
waters (Zhu et al., 2020). The strong hydrodynamics caused by TCs can lead to strong sediment transport and
large‐scale erosion of the seabed. The sediments in the subaqueous delta of the Yangtze River have fine grain
sizes and are easily resuspended under strong tidal currents. Especially under the influence of storm surges,
hydrodynamic forces can affect areas as deep as 40 m, causing serious erosion or siltation changes in the un-
derwater delta over a short time period (Dai, Liu, Wei, & Chen, 2014; Du et al., 2019). Section 3.1 identified four
TC‐sensitive sediment transport areas in the ECCO. Combining these with peak TC erosion patterns (Section 3.2),
we selected 5 representative coastal sites (Qidong, Hengsha, Zhoushan, Wenzhou, and Fuzhou; Figure 6) for
maximum erosion depth analysis. Using linear fitting (Fisher, 1925), we quantified erosion intensity relative to
TC track position. This analysis provides an intuitive perspective into seabed erosion extent under future TC
impacts. From Figure 13 a1–e1 and Table 2, the maximum erosion depths change by 0.25, 0.39, 1.63, 0.48, and
0.24 cm, respectively, when the TC track moves by 1° in latitude. Qidong is on the north side of the TC in the five
scenarios, and Hengsha and Zhoushan are on the north side of the TC in the first four scenarios. The northward
shift of the TC tracks makes these three stations closer to the TC, and thus, the erosion depth gradually deepens
here. Wenzhou and Fuzhou, on the other hand, are on the south side of the TC tracks, so when the TC moves
northward, the TC gradually moves away from these two stations, and thus the erosion depth decreases.

From Figure 13 a2–e2 and Table 3, when the TC moves 1° in longitude, the maximum erosion depths change by
0.05, 0.90, 1.06, and 0.08 cm, respectively. Since these five stations are located on the west side of the TC, the

Figure 11. Bed elevation change during Typhoons 9711 and 1509 under latitudinal and longitudinal variation. a1–e1 show
A1, A2, A3, A4, and A5, respectively, and a2–e3 show B1, B2, B3, B4, and B5, respectively.
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westward shift of the TC track will bring these five stations closer to the TC, so the erosion depths are deepened
except for Wenzhou. The Qidong and Fuzhou stations are farther away from the TC, so the changes in these two
stations are smaller. The fluctuation of the erosion change at the Wenzhou station is larger because this station is
farther away from the TC, and there are more islands around, so the response to the TC change is weaker and the
trend of the erosion change is not obvious.

Figure 12. The difference in bed elevation change due to high suspended sediment concentration during Typhoons 9711 and
1509 from latitudinal and longitudinal variation under global warming. a1–e1 are A1, A2, A3, A4, and A5 under global
warming, respectively; a2–e3 are B1, B2, B3, B4, and B5 under global warming, respectively.

Figure 13. Maximum erosion depth at each station due to latitudinal and longitudinal variations of Typhoon 9711 and
Typhoon 1509.
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4.1.2. Effects of Global Warming Based on Typical TC

Global warming leads to an increase in the intensity of TCs as well as a rise in
mean sea level (Section 3.2.2). Because many factors affect TC intensity, this
study focuses on sedimentation changes due to TC intensity and track changes.
We use the previously studied relationship between TC wind speed and tem-
perature under average conditions, simplify TC changes under global warm-
ing, uniformly alter TCs with the formula above, and then intuitively analyze
the impacts on sedimentation trends. The quantitative change in erosion due to
this effect was further analyzed using the same method as in Section 4.1.1:
Themaximum erosion depths at these five stations during the time of strongest
TC intensitywere extracted and fitted to changes in latitude and longitude, thus
deriving a quantitative relationship between changes in erosion depth due to
changes in storm intensity as well as track latitude and longitude.

From Figure 14 a1‐e1 and Table 4, it can be seen that a 1° shift in the latitude of the TC changes the maximum
erosion depth by 0.27, 0.40, 1.67, 0.51, and 0.25 cm, respectively. Erosion depth increases compared to the
present climate. Qidong, Hengsha, and Zhoushan are on the north side of the TC, so the poleward shift of the TC
brings three stations closer to the TC. Sediment resuspension during the TC is enhanced, and the erosion depth
increases with the poleward shift. Wenzhou and Fuzhou are located to the south of the TC, and their erosion depth
gradually decreases with the poleward shift. Therefore, the poleward shift of TCs increases the probability of the
northern coastal areas being exposed to the risk of TCs.

From Figure 14 a2‐e2 and Table 5, the erosion depth on the western side of the TC deepens in scenarios B2, B3,
and B4. Scenario B5 shows a trend of decreasing erosion depth, but the magnitude of this change is small.
Because the TC is relatively far away in this scenario, the response to the change in TC intensity is small. In this
study, slightly decreasing erosion depths occur due to increasing the water depth in the model to represent sea
level rise, which leads to the weakening of bottom shear stresses (Xu, Wei, et al., 2022) in some scenarios. In
scenario B1, the erosion depth on the right side of the TC decreases slightly. The nearshore of the ECCO (left of
the TC) shows a deepening of erosion. It is concluded that global warming will still lead to stronger overall
erosion caused by the westward shift of TC tracks. The maximum erosion depths change by 0.07, 1.02, 1.11, and
0.16 cm for a 1° shift in longitude of the TC. Qidong and Fuzhou, due to their small values of maximum erosion
depth change, and experience a larger relative change than the present climate, with increases of 40% and 50%,
respectively. The sensitivities of Hengsha and Zhoushan increased by 13.33% and 4.71%, respectively, compared
with the present climate. The change in scour at the Wenzhou station is similar to that in Section 4.1.1 and still
fluctuates considerably, while the trend of change in erosion is not obvious.

4.2. Future Impact of TC‐Induced Erosion in the ECCO

Over the past half century, more than 50,000 dams have been built in the Yangtze River Basin, and sediment load
has been reduced by 80%, resulting in a transition from deposition to erosion in the subaqueous delta of the
Yangtze River at depths of less than 10 m (Li et al., 2015; Luan et al., 2017; Yang et al., 2011). The areas of ECCO
deeper than 20 m water depth are less eroded under normal weather conditions (Xu, Wei, et al., 2022). From the
historical sediment transport patterns in Section 3.1, it is clear that TCs can cause active sediment transport at

water depths of around 30 m, with short‐term strong erosion of the seabed
occurring during the TC. Meanwhile, anthropogenic global warming can
increase the sea surface temperature (SST) at low latitudes in the north-
western Pacific, leading to an increase in the energy available for TC gen-
eration (Mei et al., 2015; Mei & Xie, 2016). Higher SST can also lead to
meridional expansion in the tropics (Sharmila & Walsh, 2018) to provide
more theoretical energy for a poleward shift, which can further enhance the
development of TCs. Changes in the steering airflow and vertical wind shear
(VWS) also have an important impact on the movement and development of
TCs. The steering flow can guide the direction of TC movement, and stronger
VWS will lead to the restriction of TC development and its weakening of TC
intensity (Camargo & Wing, 2021; Gray, 1968; Wang & Toumi, 2021).

Table 3
Sensitivity of Maximum Erosion Depth to Longitudinal Variation

Station Sensitive level R P

Qidong +0.05 cm°E− 1 0.95 1.7 × 10− 5

Hengsha +0.90 cm°E− 1 0.90 1.5 × 10− 2

Zhoushan +1.06 cm°E− 1 0.97 0.9 × 10− 2

Wenzhou − 0.08 cm°E− 1 0.25 9.3 × 10− 5

Fouzhou +0.08 cm°E− 1 0.78 9.3 × 10− 5

Note. Sensitivity level is the slope of the linear fit.

Table 2
Sensitivity of Maximum Erosion Depth to Latitudinal Variation

Station Sensitive level R P

Qidong − 0.25 cm°N− 1 1.00 1.4 × 10− 5

Hengsha − 0.39 cm°N− 1 0.94 2.3 × 10− 5

Zhoushan − 1.63 cm°N− 1 0.98 0.9 × 10− 5

Wenzhou +0.48 cm°N− 1 0.86 2.4 × 10− 5

Fouzhou +0.24 cm°N− 1 0.99 2.2 × 10− 5

Note. Sensitivity level is the slope of the linear fit. (p‐values indicating
significance).
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The westerly steering flow and VWS near ECCO are weakening, and the poleward and landward shift of TCs in
this region will gradually increase as a result (Xu et al., 2024). Increased TC intensity and poleward and landward
track shifts will further enhance resuspension of seabed sediment in the study area during TCs. Sediment transport
in areas of ECCO shallower than 30 m may become more active in the future, with further enhancement of strong
erosion during TCs. The deepening of erosion is more obvious in the near shore due to the shallower water depth.
In deeper waters to the east of the TC tracks, erosion weakens due to increased water depth, but overall erosion in
ECCO is still enhanced. To summarize, under the present climate, areas shallower than 10 m have a higher risk of
erosion due to the influence of reduced sediment load, while areas shallower than 30 m have a higher risk of
disturbance due to the impact of TCs. Areas at risk may include those deeper than 30 m in the future as a result of
changes in TC intensity and track. The poleward and landward migration of TCs is an ongoing global phe-
nomenon. Given the enormous destructive power of TCs, combining the analysis of regional TC track shift
proposed in this study to understand the quantitative impacts and scope of TCs in local regions, and to carry out
disaster prevention and mitigation planning for areas severely affected by TCs, and provides clues for the
adjustment of planning for disaster prevention in the coastal zone.

4.3. Advantages and Improvements of the Coupled Delft3D‐FM Model

Simulation of sediment transport processes is more challenging than hydrodynamic processes, and accurate
representation of sediment properties in the model is important (Tang et al., 2023). Because this study focuses
more on the sediment transport response on a larger scale, only one layer of the cohesive sediment fraction is set
up in this model. To ensure the correct setting of the sediment parameters, the model in this study was calibrated
using measured sediment data, including sediment dry bed density measured from the study area (Xue

et al., 2020), cohesive sediment critical shear stress and erosivity from
measured data (Xu, Wei, et al., 2022), and empirically determined critical
shear stress and erosivity of sand (Chen et al., 2021), to construct the spatial
distribution of the sediment properties in the Yangtze River Estuary, Hang-
zhou Bay, and Zhejiang and Fujian coasts. This ensures the reliability of the
model simulation. Follow‐up studies should simulate geomorphic evolution
and stratigraphic sequences in response to multiple sediment types and
multiple layers of sediments for horizontal spatial variability and vertical
grain‐size stratification (Xing et al., 2024). This would help us understand
land‐sea interactions in critical zones and have important implications for the
regional environment and sustainable development.

This study used a two‐dimensional depth‐averaged model (Liu et al., 2023;
Luan et al., 2017; Xing et al., 2024) and did not consider three‐dimensional

Table 4
Sensitivity of Maximum Erosion Depth to Latitudinal Variation Under
Global Warming

Station Sensitivity level Range R P

Qidong − 0.27 cm°N− 1 +8.00% 1.00 1.7 × 10− 5

Hengsha − 0.40 cm°N− 1 +2.56% 0.93 3.7 × 10− 2

Zhoushan − 1.67 cm°N− 1 +2.45% 0.99 7.0 × 10− 3

Wenzhou +0.51 cm°N− 1 +6.25% 0.92 9.0 × 10− 3

Fouzhou +0.25 cm°N− 1 +4.17% 0.99 9.2 × 10− 4

Note. Sensitivity level is the slope of the linear fit.

Figure 14. Maximum of erosion depth at each station about the latitudinal and longitudinal variation of Typhoon 9711 and
Typhoon 1509 under global warming.
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processes in the estuary, such as gravitational circulation or density stratifi-
cation, as these processes require a three‐dimensional model to simulate
vertical changes (Wu et al., 2012). In addition, vertical stratification due to
salinity, temperature, and suspended sediments in estuarine waters (Simpson
et al., 1990) as well as global warming‐induced stratification of seawater can
affect turbulent mixing and consequently affect sediment transport (Tan
et al., 2022; Tian et al., 2023). However, the three‐dimensional model,
although more accurate, is substantially less computationally efficient and its
enhancement is inconclusive (Luan et al., 2017). As model complexity in-
creases, accuracy may decrease and interpretation of model results becomes
more difficult (Van, 2011). The coupled model in this study has been able to
reproduce the vertically averaged flow field with high reliability while saving
computational time. Seasonal variations in Yangtze River runoff also play a

role in the geomorphologic evolution of the Yangtze River Estuary and its adjacent seas (Luan et al., 2017; Zhu
et al., 2020); the present study used the multiyear average runoff and SSC at the Datong station, which is lower
than the peak flood runoff and smooths out the peak value. When conducting region‐specific simulation studies, it
is necessary to carry out further three‐dimensional simulation studies based on the current coupled model and
discuss the accuracy of the complex model by considering different flow and sediment loads in comparison with
the two‐dimensional model results.

5. Conclusion
Focused on the ECCO, a region severely affected by TCs, this study utilizes the Delft3D‐FM numerical model
integrated with TC best track data and field measurements to investigate sediment transport patterns under
historical TC tracks and to quantify erosion responses to poleward and landward track shifts. The main con-
clusions of the study are summarized below:

There are four distinct zones in the ECCO exhibiting the most active net sediment transport under typical his-
torical TC tracks: The area of the Yangtze River Delta with a water depth of 20 m or less, especially shallower
than 10 m in the southern branch of the Yangtze River Estuary, is heavily affected. The net sediment transport in
Hangzhou Bay is weaker, with the sediment activity in the area with a water depth of 10 m or less at the top of the
bay being the most active area in Hangzhou Bay. Sediment transport is more active in the area with a water depth
of 20–30 m on the east side of the Zhoushan Islands. Along the coast of Zhejiang and Fujian, sediment transport is
active in areas with water depths as deep as 30 m. In short, from the historical sediment transport pattern derived
from the typical historical TC track, results reveal that sediment in waters shallower than 30 m is highly sensitive
to TC activity.

The latitudinal and longitudinal impacts on the poleward and landward migration of typical TC tracks I and II,
respectively, will lead to northward and westward shifts of the erosion centers of TCs. This will increase the risk
of TC hazards for northern coastal areas, and global warming will cause the northern coastal areas to face a further
increase in the risk of TC hazards in the future. Coastal erosion depth changes due to poleward and landward shifts
based on typical TC tracks I and II during the peak TC intensity period are quantified as 0.24–1.63 cm°N− 1 and
0.05–1.06 cm°E− 1, respectively. Under the future global warming condition (4°C temperature increase and 1.1‐m
sea level rise set in this study), these values along the ECCO are projected to be 0.27–1.67 cm°N− 1 and 0.07–
1.11 cm°E− 1, increases of 2.45%–8.00% and 4.71%–13.33%, respectively.

Conflict of Interest
The authors declare no conflicts of interest relevant to this study.

Data Availability Statement
The model input files and validation data are available at https://zenodo.org/records/15073829.

Table 5
Sensitivity of Maximum Erosion Depth to Longitudinal Variation Under
Global Warming

Station Sensitivity level Range R P

Qidong +0.07 cm°E− 1 +40.00% 0.78 4.6 × 10− 5

Hengsha +1.02 cm°E− 1 +13.33% 0.93 8.0 × 10− 3

Zhoushan +1.11 cm°E− 1 +4.71% 0.91 9.0 × 10− 3

Wenzhou − 0.13 cm°E− 1 +6.25% 0.92 9.0 × 10− 3

Fouzhou +0.16 cm°E− 1 +50.00% 0.89 1.6 × 10− 2

Note. Sensitivity level is the slope of the linear fit.
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