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Abstract Tropical cyclone precipitation (TCP) and associated floods have caused widespread damage
globally. Despite growing evidence of significant changes in the activity of tropical cyclones (TCs) in recent
decades, the influence of TCs on regional flooding remains poorly understood. Here, we distinguish the role of
TCs in fluvial discharge by explicitly simulating discharge with and without observed TCP in the Lancang‒
Mekong River Basin, a vulnerable TC hotspot. Our results show that TCs typically contributed approximately
30% of annual maximum discharge during 1967–2015. However, for rare and high‐magnitude floods (long
return periods), TCs are the dominant driver of extreme discharge events. Moreover, spatial changes in TC‐
induced discharge are closely related to changes in TCP and TC tracks, showing increasing trends upstream but
decreasing trends downstream. This study reveals significant spatiotemporal differences in TC‐induced
discharges and provides a methodology for quantifying the role of TCs in fluvial discharge.

Plain Language Summary Tropical cyclone (TC)‐induced floods constitute a significant cause of
life loss and property damage worldwide. Despite the proliferation of literature on flood dynamics, TC impacts
on regional flooding in the Lancang‒Mekong River Basin remain poorly quantified. To address this knowledge
gap, we applied the widely used Variable Infiltration Capacity hydrological model to simulate daily discharge
both with and without TC precipitation inputs in the active TC landfalling region. Our results demonstrate that
TCs generate significantly higher discharge in downstream areas compared to upstream areas, contributing
more than 30% of annual flood peaks at most stations from 1967 to 2015. TCs are the primary driver of high‐
magnitude floods with long return periods. Furthermore, the spatiotemporal changes in TC‐induced discharge
closely correspond to changes in TC characteristics. This study underscores the critical influence of TC activity
on flood dynamics and demonstrates the growing importance of TCs in extreme floods.

1. Introduction
Tropical cyclones (TCs) are disastrous natural hazards that have caused major losses via associated floods
(Brakenridge, 2019). Previous studies have found significant increasing trends in the TCs' intensity and rainfall
rate, poleward movement of TC tracks, and changes in the seasonal cycles of intense TCs in the past decades
(Knutson et al., 2019, 2020; Kossin et al., 2016; Utsumi & Kim, 2022). With more major storms making landfall
(S. Wang & Toumi, 2021, 2022), the ongoing coastal migration faces increased exposure to TCs landfalling. In
particular, the regional TC‐induced discharge is a critical proxy of disastrous natural hazards and an essential
factor influencing the regional hydroclimate (Chen et al., 2024; Gori et al., 2020; Stelly et al., 2024), ecosystems
(Darby et al., 2016; Erban et al., 2014), and even the global food market (Chau et al., 2013; Mekong River
Commission, 2010). However, assessing the risk of disastrous TC‐induced floods requires a deeper understanding
of how and to what extent the changes in TC activity can influence discharge due to the complex interactions
between the variability of TC activity and watershed properties (Merz et al., 2021; Yang et al., 2020).

To address the question, we select the Lancang‒Mekong River Basin (LMRB) as the study area, which suffers
from one of the highest flood mortality rates on Earth (Figure 1a) (Bangalore et al., 2018; Ziegler et al., 2020). The
TCs have claimed about a quarter of the flood occurrences in the Mekong region (Chen, Giese, et al., 2020). Some
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recent studies have investigated compound flooding affected by TC precipitation and its interaction with storm
surge, focusing mainly on the coast (Gori et al., 2020; Qiu et al., 2022). Most studies have only concentrated on
the impact of TCs on extreme precipitation, leaving the direct connections between TCs and fluvial floods
understudied (Chhin et al., 2016; Takahashi et al., 2015). With the intensified TCs in a warming climate, the
LMRB is also projected to face increasing intensity of future TCs (Chen, Emanuel, et al., 2020; Tran, Ritchie,
Perkins‐Kirkpatrick et al., 2022). Hence, quantifying the impact of TCs on fluvial discharge in the LMRB could
help better understand the physical processes of floods.

Existing studies used to identify floods associated with TCs when the hydrological station is within a certain
threshold (e.g., 500 km) radius of the TC center during a time window of TC passage (e.g., day − 3 to day +7)
(Villarini & Smith, 2010; Yang et al., 2020; Zhu et al., 2015). However, antecedent discharge often influences
TC‐induced discharge, and in‐situ measurements cannot identify the discharge induced by specific observed TC
and nonTC components. Therefore, basin‐wide hydrological modeling using a holistic and explicit discharge
simulation forced with scenarios differentiated by the presence of TC precipitation has been used to attribute the
TC‐induced discharge (Darby et al., 2016; Stelly et al., 2024).

The present study employed the macroscale Variable Infiltration Capacity (VIC) hydrological model (Liang
et al., 1994) to simulate the daily discharge forced with two scenarios (one with and the other without observed TC
precipitation (TCP) of the LMRB for 1967–2015 (Figure S1 in Supporting Information S1), and obtained the
daily discharges induced from daily precipitation (P) and daily nonTC precipitation (nonTCP), abbreviated as
Discharge and nonTC‐Discharge, respectively (Figure S2 in Supporting Information S1). The daily TCP‐induced
discharge (TC‐Discharge) was then derived for further analysis. Our study enables a physical process‐based
investigation of both TC and nonTC's influence on fluvial discharge across the basin, providing considerable
advances in understanding changes in Mekong hydrology, especially the impacts of observed TCs.

2. Materials and Methods
2.1. Materials

Observed TC data were obtained from the latest International Best Track Archive for Climate Stewardship
(IBTrACS) version 4, which records TC tracks every 3 hours (Knapp et al., 2010). From 1967 to 2015, 311 TCs
affected the LMRB. Daily discharge observations (1961–2015) from eight hydrological stations on the LMRB's
main stem were obtained from Mohammed et al. (2018) and the Mekong River Commission. These stations are
within the TC‐affected region (Figure 1a) (Chen et al., 2019; Darby et al., 2016). Gridded daily precipitation data
were obtained from the widely used Asian Precipitation‒Highly‐resolved Observational Data Integration Toward
the Evaluation of Water Resources database (0.25° × 0.25°) (Yatagai et al., 2012), providing a long‐term daily
product with satisfactory accuracy for the LMRB (Chen et al., 2018). Furthermore, its efficacy in simulating
discharge has been demonstrated in the Mekong (Lauri et al., 2014; J. Wang et al., 2021). Temperature and wind
speed (0.25° × 0.25°) were derived from the CN05.1 database (Wu & Gao, 2013) and the Princeton University
Global Meteorological Forcing data set (Sheffield et al., 2006). Additional data, including soil parameters
(250 m × 250 m), land use data (1 km × 1 km) and topography (10 × 10), were obtained from Global Soil Data
Task (2014), Hansen et al. (2000), and Fujisada et al. (2011), respectively. These input data are critical for
modeling the evapotranspiration, snowmelt, and soil moisture dynamics that underlie the VIC model's water and
energy balance. They were processed as a 0.25° × 0.25° grid for input to the VIC model.

2.2. Model Calibration and Validation

Among existing hydrological models, the VIC model is particularly suitable for long‐term basin‐scale hydro-
logical modeling, which is based on the Soil Vegetation Atmospheric Transfer (SVAT) scheme to simulate land‐
atmospheric fluxes, and the water and energy balances for each grid at the land surface, and a separate routing
model is coupled to route estimated surface flows and base flows to produce discharge at the watershed outlets
(Liang et al., 1994; Lohmann et al., 1996, 1998). The VIC model has been widely applied to major river basins
globally, and it has proven effective in capturing daily discharge and floods in the LMRB (Hamman et al., 2018; J.
Wang et al., 2021; Yun et al., 2020).

The model's spin‐up, calibration, and validation periods were 1961–1966, 1967–1991, and 1992–2007, respec-
tively. The validation period was limited to 2007 due to a lack of reservoir components and increased dam
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constructions thereafter (see J. Wang et al. (2021) for details). The VIC model effectively simulated daily
discharge in the LMRB in both annual and TC seasons (June–November), showing high Nash–Sutcliffe Effi-
ciency coefficients (NSE) and Pearson correlation coefficients (Corr) across all stations during calibration and
validation (Figure S3, Table S1, and S2 in Supporting Information S1). It also captured interannual fluctuations in
annual maximum daily discharge, though it underestimated peak values (Figure S4 and Table S3 in Supporting
Information S1).

Importantly, our methodology of derivation isolates TC's impact on fluvial discharge by simulating the difference
between Discharge and nonTC‐Discharge components, revealing the spatiotemporal changes of TC‐Discharge. It
serves our purpose of investigating the influence of TC on fluvial discharge. This framework has proven effective
in simulating rainy season hydrology with low relative error and high NSE (over 0.9) (J. Wang et al., 2021),
making it suitable for analyzing the impact of TCs on fluvial discharge in the LMRB.

2.3. Simulation and Extraction of TC‐Induced Discharge

The 3‐hourly TC track data were linearly interpolated to daily intervals to align with the temporal resolution of
discharge observations. The methodology for simulating and extracting TC‐induced discharge is as follows
(Figure S1 in Supporting Information S1):

1. Gridded daily precipitation data from the APHRODITE was used to derive daily precipitation (P), daily TC
precipitation (TCP), and daily nonTCP. The P is daily precipitation directly obtained from the APHRODITE
data. The TCP is precipitation occurring at grids within the size of TCP along the TC tracks. Here, the size of
TCP is defined as a conventional threshold of 500‐km radius around TC center and 1 day before and after the

Figure 1. Annual maximum TC‐Discharge of 1967–2015 at the eight hydrological stations in the LMRB. (a) TC track and the year of occurrence, (b) VIC‐simulated
annual maximum TC‐Discharge in respective stations, and (c) annual distribution and proportions of annual maximum peaks associated with TC‐Discharge.
Hydrological stations of the river: Chiang Sean (CS), Luang Prabang (LP), Vientiane (VT), Nakhon Phanom (NP), Mukdahan (MD), Pakse (PK), Stung Treng (ST), and
Kompong Cham (KC). In panel (b) the bars are the annual time series of the TC‐Discharge, and the corresponding dashed lines are the 5‐year moving average; the
temporal trend of the annual time series is shown in black font and the asterisk indicates a trend above the 90% significance level. In panel (c) the percentage on the right
of each horizontal bar displays the proportion of annual maximum peaks associated with TC‐Discharge to Discharge during the period at each station.

Geophysical Research Letters 10.1029/2024GL113199

CHEN ET AL. 3 of 10

 19448007, 2025, 8, D
ow

nloaded from
 https://agupubs.onlinelibrary.w

iley.com
/doi/10.1029/2024G

L
113199 by Im

perial C
ollege L

ondon, W
iley O

nline L
ibrary on [02/06/2025]. 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



passage of a TC (e.g., Chen et al., 2019; Jiang & Zipser, 2010; Zhang et al., 2018), as most of the TCP occurs
within a radius of 500 km (Khouakhi et al., 2017) and precipitation radius is largely independent of storm
intensity (Lin et al., 2015). Precipitation outside the radius is classified as nonTCP. We obtained gridded
binary values at 0.25°× 0.25° resolution for 1961–2015 as a nonTCP and TCP occurrence date matrix with this
definition. Using this occurrence date matrix as a mask for the daily gridded P data set, we obtained the
corresponding gridded daily precipitation as nonTCP and TCP. Both daily P and nonTCP were then used as
forcing inputs for discharge simulations.

2. Two sets of daily precipitation forcing were used to drive the VIC hydrological model. First, daily P forcing
was used to simulate discharge with the combined influence of both TCP and nonTCP (Discharge). Then, daily
nonTCP forcing was used to simulate discharge unaffected by TCs (nonTC‐Discharge). The initial state of the
model was kept consistent for simulating both Discharge and nonTC‐Discharge. The difference between
Discharge and nonTC‐Discharge components was thus treated as caused by the observed TCs, referred to as
TC‐Discharge. This approach aligns with the methodology described by Darby et al. (2016), which yielded
TC‐Discharge for the eight hydrological stations (see examples in Figure S2 in Supporting Information S1). It
is important to note that the simulated discharge components do not explicitly decompose the discharge of
specific precipitation events. Instead, they reflect the cumulative effects of multiple precipitation events over
an extended period (Darby et al., 2016).

3. To estimate TC's influence on fluvial discharge, we first obtained the annual maximum peaks of Discharge,
nonTC‐Discharge, and TC‐Discharge at the eight hydrological stations, respectively. Then we associated an
annual maximum peak of Discharge with a TC event at each station when it meets the following conditions: (a)
if their annual maximum peaks coincided on the same day; or (b) if the TC‐Discharge peak occurred before the
Discharge peak, and the nonTC‐Discharge peak occurred earlier than TC‐Discharge or later than Discharge; or
(c) if the first two conditions were not met, the annual maximum peak of Discharge was associated with
nonTC‐Discharge. Hence, we derived a time series of annual maximum peaks associated with TC‐Discharge
and nonTC‐Discharge. The relative proportion of TC‐discharge‐associated peaks to the total number of annual
maximum peaks (49 for 1967–2015) was calculated for each station. Our analysis focuses on the annual
maximum TC‐Discharge and its proportion to the annual maximum Discharge during the study period.

2.4. Extreme Value Analysis

To further estimate the potential impact of TC‐Discharge on extreme floods, the return period of extreme
discharge was evaluated by employing the widely used Generalized Extreme Value (GEV) distributions
(Cole, 2001; van der Wiel et al., 2017). The GEVmethod was applied to the annual maximumDischarge, nonTC‐
Discharge, and TC‐Discharge, respectively, to assess the extreme discharges. To account for uncertainty, we used
the bootstrapping technique with 1000 iterations to estimate confidence intervals (Efron, 2003). The results
demonstrated good fits to the annual maximum daily discharge of the fitted GEV cumulative distribution function
(CDF) and the empirical CDF (Figure S5 in Supporting Information S1). Subsequently, utilizing the curve shape
of the return level and return period of Discharge, nonTC‐Discharge, and TC‐Discharge, we estimated the
probability of extreme flood occurrence and compared the potential influence between TC‐Discharge and nonTC‐
Discharge.

2.5. Annual Extreme TCP and TC Track Density Analysis

Strong and long‐lasting TCP is more likely to cause extreme floods (Yang et al., 2020). Thus, investigating the
spatial patterns of TCP and TC track density enhances the understanding of spatiotemporal changes in TC‐
induced floods. We employed the estimated annual maximum daily TCP as extreme TCP. For the 3‐hourly re-
ported TC track from the IBTrACS, we calculated the annual track density by counting the TC track positions
every 3 hours at the 1° × 1° grid box, as the TC's translation speed ranging between ∼5 and ∼40 km/hr (Song
et al., 2024). Then we applied a nine‐point weighted smoother at each grid to the TC track density for better spatial
continuity (W. Wang et al., 2010). During the study period, at each grid, an analysis was conducted of the mean
and trend of the annual extreme TCP in the LMRB, as well as the mean and trend of the TC track density in the
surrounding regions (85°E− 125°E, 3°N–33°N).
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2.6. Trend Analysis

The non‐parametric Sen's slope (Sen, 1968) andMann‒Kendall (Kendall, 1938) methods were employed to detect
monotonic trends in discharge and precipitation from 1967 to 2015. These methods are widely used in hydro-
climatic time series because they do not assume a normal data distribution and are less sensitive to extreme values
than other trend detection methods (Chen et al., 2018; Tran, Ritchie, & Perkins‐Kirkpatrick, 2022). To minimize
the effect of the large interannual variability, we applied a 5‐year moving average to the annual time series in the
trend analysis (Emanuel, 2005).

3. Results and Discussion
3.1. Spatial Heterogeneity of Annual Maximum TC‐Induced Discharge

The annual maximum TC‐Discharge time series shows strong interannual fluctuations at the eight stations and
share similar peaks and troughs, with the amount generally increasing from the CS to the ST station and then
decreasing further downstream at the KC station (Figure 1b). However, the role of TCs in discharge generation is
more significant downstream than upstream. For instance, TCs contribute to annual maximum discharge ranging
from ∼400 to ∼4,000 m3/s at the CS station and ∼800–∼6,000 m3/s at the ST station.

TC‐Discharge's spatial pattern aligns with TCP's regional spatial distribution (Darby et al., 2016; Tang
et al., 2023), which is one of the most notable factors affecting floods (Kundzewicz et al., 2012; Yang et al., 2020).
The extreme TCP is spatially heterogeneous (Figure 2). The lower eastern area of the LMRB experiences the
highest levels of TCP, receiving a higher TC track density than other basin areas. At the same time, TCs and TCP
rarely occur north of the CS station. The TCP affecting the lower eastern area was primarily influenced by TCs
from the Western North Pacific (WNP), followed by those from the South China Sea, while TCP associated with
TCs from the Bay of Bengal was concentrated in the western LMRB (Chen et al., 2023).

Figure 2. Spatial patterns in the annual mean and trend of the maximum daily TCP in the LMRB and the TC track density in
the surrounding areas from 1967 to 2015: (a) annual mean and (b) trend of extreme TCP; (c) annual mean and (d) trend of TC
track density. A black dot indicates a trend above the 95% significance level.
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Along with the regional spatial distribution of TCP, TCs had more pronounced impacts on discharge downstream
of the lower LMRB than they did upstream. Meanwhile, the annual extreme P shows a substantial reducing
tendency in the upper and lower basins, with the most rapid declines coinciding with the precipitation center in the
lower east (Figure S6 in Supporting Information S1). In contrast, increasing trends are scattered in the middle and
lower basins. The significant extreme TCP in the lower eastern basin is critical to regional flooding (Takahashi
et al., 2015), implying the importance of TCP to extreme floods. By calculating the proportion of annual
maximum TC‐Discharge to Discharge, we found TCs could contribute to an average of 25.4%–43.0% of the
annual maximum discharge from CS station to ST station (Figure 3). Meanwhile, the maximum levels of these
annual proportions could reach between 58.8% and 87.2% for the stations, indicating the TC's potential of extreme
contribution to annual maximum discharge (Figure 3). Accordingly, through the spatially varying TCP, TC‐
Discharge could play a substantial role in extreme discharge, which is an important factor in triggering floods.

To further investigate the potential influence of TC‐Discharge on floods, we estimated the annual maximum
discharge associated with TC‐Discharge and nonTC‐Discharge, respectively. Results showed that TC‐Discharge
is typically responsible for a median of 29.6% of the annual maximum discharge among the stations, and there is
spatial heterogeneity along the main stem of LMRB (Figure 1c). The annual maximum discharge associated with
TC‐Discharge was more prominent downstream than upstream. For example, 8.2% of the annual maximum
discharge was associated with TC‐Discharge at the CS station; the number grew to beyond 36.7% at the MD
station and remained above 30% at downstream stations (PK, ST, and KC). Given the average of 6.4 landfalling
TCs (about 18 days) per year and ∼2.5% contribution of TCP to TP (Chen et al., 2019), the results imply the
substantial impact of TCs on floods.

Our analysis also shows that discharge is extremely geographically specific, controlled by a combination of local
climate and physiography effects. This is supported by earlier findings in the WNP (Chen, Giese, et al., 2020;
Lindersson et al., 2021). Despite the lower amounts of TC‐Discharge at upstream stations, about 20%–28% of
TCP‐associated annual maximum discharges occurred at, for example, LP and VT stations (Figure 1c), sug-
gesting the potential contribution from local physiography. Furthermore, this area is located between a mountain
range with high water flow velocity and a floodplain with low water flow velocity; short‐duration heavy pre-
cipitation induced by TCs can rapidly generate extreme discharge (Tang et al., 2023; J. Wang et al., 2021). In
addition, the record‐breaking annual maximum TC‐Discharge after 2010 at the first three stations also indicates

Figure 3. Percentages of annual maximum TC‐Discharge to Discharge simulated by the VIC model during 1967–2015 at the eight hydrological stations within the
LMRB. The bars are the proportion annual maximum time series of TC‐Discharge, and the corresponding dashed black lines are the 5‐year moving average, with the
temporal trend shown in black font. An asterisk indicates a trend above the 90% significance level.
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the potential risk of TC‐Discharge in the relatively few TCP occurring northern LMRB (Figures 1b and 2a),
raising awareness of TC risk in the historically TC‐scarce regions.

Utilizing the extensively employed GEV distributions (Cole, 2001; van der Wiel et al., 2017), we further disclose
the impact of TC‐Discharge on extreme floods (Figure 4). Due to relatively few TC landfalls, there is considerable
uncertainty associated with TC‐Discharge at the first station. For the remaining seven stations, the TC‐Discharge's
curve shape increases more pronouncedly at longer return periods compared to the nonTC‐Discharge. Addi-
tionally, the observed data points indicate that the actual situation of extreme floods could be worse than our
simulations. These findings collectively imply a heightened risk of extreme floods associated with TCs. A critical
question is how much TCs contribute to extreme floods, which are pivotal for infrastructure design and flood
defense planning. Figure 4 illustrates the return period at which TC‐Discharge becomes the dominant driver of
floods. The preponderant influence of TCs in upstream areas is evident in flood events with return periods larger
than 20–70 years, and it becomes dominant in downstream flood events with return periods exceeding 200 years.
While the initial return level of TC‐Discharge is lower than that of nonTC‐Discharge at shorter return periods,
they eventually surpass nonTC‐Discharge at longer return periods, particularly in downstream stations, irre-
spective of extrapolated values for long return periods. Overall, TCs are a major driver of extreme floods, though
their impact on annual floods is minimal.

Extreme precipitation, a key driver of floods, can result from various weather types, including TCs and local
monsoon systems (nonTC) (Lu et al., 2020). The LMRB's tropical monsoonal climate brings heavy precipitation
during the monsoon season (June–October) (Räsänen & Kummu, 2013). TCs have been observed to induce
precipitation peaks from September–November, significantly affecting regional flood dynamics (Chen
et al., 2019; Mekong River Commission, 2010). Conventional flood frequency analysis assumes flood samples
from the same population. However, our findings demonstrate the notable impact of TCs on extreme floods,
challenging the assumption of homogeneity and enhancing our understanding of how different weather systems
contribute to extreme floods.

3.2. The Spatiotemporal Trend of Annual Maximum TC‐Induced Discharge

Trend analysis showed the regional distribution of the annual extreme TCP substantially declined in the lower
basin and increased in a small area of the upper basin from 1967 to 2015 (Figure 2). Given the strong and highly
significant coupling between TCP and TC track density (Chen et al., 2023), the spatiotemporal trend of TCP was
due to the regional changes in TC track density, which was closely associated with the poleward shift of TC track
in the WNP (Darby et al., 2016; Feng, 2024; Tran, Ritchie, & Perkins‐Kirkpatrick, 2022). Meanwhile, annual

Figure 4. Return periods of the annual maximum discharge over the period 1967–2015 from Discharge (green, observations), Discharge (black, simulations), nonTC‐
Discharge (orange, simulations), and TC‐Discharge (blue, simulations) at the eight hydrological stations within the LMRB fitting a Generalized Extreme Value (GEV)
distribution. The upper and lower shading edges show the 25th‐ and 75th‐percentiles, respectively, in return periods. The vertical black dash line marks the return period
when the return level of TC‐Discharge becomes greater than nonTC‐Discharge.
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maximum TC‐Discharge presented contrasting trends between the upstream and downstream areas, with sig-
nificant positive trends at the first two stations and negative trends at the penultimate stations (Figure 1). The
contrasting trends of annual maximum TC‐Discharge are closely associated with the changes in TCP and track
density. Specifically, the station‐wise trend analysis shows a significant linear relationship between the trend of
annual TC track density and the trend of annual maximum TC‐Discharge, with the first two upstream stations (CS
and LP) exhibiting positive trends in both track density and TC‐Discharge, while the downstream stations dis-
playing negative trends (Figure S7 in Supporting Information S1). Additionally, the proportions of annual
maximum TC‐Discharge to Discharge displayed contrasting trends between upstream and downstream
(Figure 3). Overall, the results highlight that spatial changes of TC‐Discharge are closely aligned with changes in
TC track and TCP, showing positive trends in upstream areas and negative trends in downstream areas.

Therefore, the WNP ocean‐wide change of poleward TC activity has induced the regional inconsistency
trends of TC‐Discharge in the LMRB. If the poleward‐shifting TC track continues under climate change
(Kossin et al., 2016; Tran, Ritchie, Perkins‐Kirkpatrick, et al., 2022), it will likely continue to influence the
regional TC‐Discharge. In addition, local changes in TC genesis in the South China Sea could also contribute
to the decrease of TC track density in the south while slightly increasing in the north of the South China Sea
(Park et al., 2014). Moreover, a decline in TC‐Discharge could significantly reduce riverine suspended
sediment transport, particularly in the subsiding mega‐river deltas like the Mekong Delta, where sediment
deposition is crucial for counteracting subsidence and sustaining regional stability in these “drowning” deltas
(Darby et al., 2016).

Our study focused on quantifying the role of poleward shift of TC activity in influencing TCP and TC‐Discharge.
However, other factors, including changes in TC climatology (e.g., wind speed and storm size) and topography,
also play a role (Cheung et al., 2018; Zhu et al., 2015). Future research should explore multiple TC‐induced
discharge peaks, incorporating the effect of TC climatology and topography under a changing climate, to
improve understanding of the frequency and magnitude of extreme hydrological events. Moreover, in addition to
acting as a hazard, TC‐Discharge can serve as a valuable water resource to alleviate soil moisture deficits or be
captured and stored in existing reservoirs (Maxwell et al., 2013). By distinguishing the role of TCs in fluvial
discharge, this study provides a practicable methodology for future studies to quantify the contribution of TC‐
Discharge to both extreme floods and water resources under different scenarios.

4. Conclusions
Our study quantifies the influence of TCs on fluvial discharge and annual maximum peaks in the LMRB from
1967 to 2015 using the VIC hydrological model driven by forcings with and without TCP. The results demon-
strate that TCs generate substantially higher extreme discharge downstream compared to upstream, attributable
primarily to greater TCP and track density in the basin's lower eastern region. Furthermore, while TC‐Discharge
exhibits significant increasing trends at upstream stations, decreasing trends occur downstream during the period.
For high‐magnitude flood events, specifically those exceeding 50‐year return periods upstream and 200‐year
return periods downstream, TCs emerge as the dominant flood driver. Our study presents the first modeling‐
based assessment of TC‐induced fluvial floods in this active TC landfall region, revealing the profound influ-
ence of TCs on flood risk.

Data Availability Statement
The data sets presented here can be found in the latest International Best Track Archive for Climate Stewardship
(https://www.ncei.noaa.gov/data/international‐best‐track‐archive‐for‐climate‐stewardship‐ibtracs/v04r00/ac-
cess/netcdf/), the Asian Precipitation‒Highly‐resolved Observational Data Integration Towards Evaluation
(APHRODITE v1101 and v1101EX_R1, https://search.diasjp.net/en/dataset/APHRO_MA) database, the
Princeton hydrological data set (https://hydrology.soton.ac.uk/data/pgf/v3/0.25deg/daily/). Annual extreme
discharge data are available at Chen (2025).
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