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Abstract Compound heatwave and drought events (CHDEs) in South China (SC) have intensified in early
autumn, yet their driving factor remains unclear. Based on reanalysis data and numerical experiments, this study
investigates the potential influence of the summer northeastern Arctic Sea ice concentration (NEASIC) on the
interannual variation of September CHDEs in the SC. Results demonstrate that positive NEASIC anomalies
during summer trigger a quasi-barotropic Rossby wave train, originating over the Greenland Sea, arching across
the North Atlantic and the Mediterranean—Caspian region, and extending into East Asia. This wave dynamically
drives a northward-shifted and intensified East Asian subtropical jet and anomalous anticyclonic circulation
over SC. The resulting subsidence induces moisture flux divergence, suppresses cloud cover, and enhances
surface radiative forcing, explaining about 28.4% of the CHDEs variability per interquartile NEASIC increase.
This mechanism enhances predictive frameworks for subtropical compound extremes, emphasizing the role of
NEASIC in regional climate resilience strategies.

Plain Language Summary Through a combination of observations and climate model simulations,
we identify a pan-Arctic influence on September compound heatwave and drought events (CHDEs) in South
China (SC). Our analysis shows that increased summer sea ice concentration in the northeastern Arctic Sea
initiates a chain reaction, generating large-scale atmospheric waves that propagate southeastward in the
atmosphere. This teleconnection pattern produces two main effects over East Asia, including the East Asian jet
stream shifts northward and persistent subsidence develop over the SC region. As a result, these atmospheric
anomalies make the air drier by driving moisture flux divergence (winds that carry moisture away from the
region), lead to clearer skies and stronger surface heating, creating favorable conditions for simultaneous
heatwaves and droughts to occur. The CESM CAMS5.3.1 model experiments confirm that the northeastern
Arctic Sea ice variations may drive the variability in these compound events. Our results offer new insights into
the factors influencing CHDEs over SC, highlighting the importance of incorporating summer Arctic—land
interactions into regional climate prediction efforts.

1. Introduction

Compound heatwave and drought events (CHDESs) have intensified and occurred more frequently in a warming
climate, posing escalating risks to natural and human systems (Mukherjee & Mishra, 2021; Ridder et al., 2022; Yu
& Zhai, 2020). South China (SC), which mainly includes the Yangtze River Valley (YRV) in China, has become a
global hotspot for CHDEs because of its increased susceptibility to climate change (Sun et al., 2023; L. Zhang
et al., 2023). For instance, the extreme CHDE in 2022, the most severe event on record since 1961, resulted in 4
million hectares of cropland being damaged, over 38 million people affected by water supply disruptions, and
over CNY 315 billion in economic losses (https://www.mem.gov.cn/). The region combines seasonally
concentrated monsoonal rainfall, strong evaporative demand, intensive agriculture, dense population, and marked
spatial hydroclimatic heterogeneity, making the region particularly vulnerable to concurrent hot and dry extremes
(Yang et al., 2002; L. Wang et al., 2015; C. Wang et al., 2015; H. Zhang et al., 2019).

Although CHDEs occur throughout the growing season (April-October) (Zong et al., 2024), most existing
research has concentrated on summer, leaving their seasonal diversity insufficiently characterized. However,
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CHDEs beyond summer can be equally consequential. Early autumn CHDEs, such as the August—September
2009 event, have induced abrupt vegetation declines across the southern YRV (J. Li et al., 2021). Similarly,
the spring 2019 CHDE in western SC caused more than 13,500 km?> agricultural damage and severe water
shortages for 7 million residents (Luo et al., 2022). Spring CHDEs can precondition soils and vegetation,
amplifying summer drought risk and associated ecological stress (J. Li et al., 2022). Across seasons, CHDEs
elevate wildfire risk by synchronizing high temperatures, moisture deficits, and fuel availability (Zong
et al., 2024). These impacts make clear that CHDEs outside summer also deserve close attention to their un-
derlying drivers.

Recent studies have emphasized how atmospheric patterns contribute to the heatwave and drought intensification
in SC. Particularly, an anomalously northward Western Pacific Subtropical High (WPSH) and an eastward-
extended South Asian High enhance subsidence and surface warming over central-eastern SC (D. Zhang
et al., 2024; P. Zhang et al., 2024; S. Wang et al., 2021). Sea surface temperature (SST) anomalies further
modulate regional moisture transport. El Nifio—induced cyclonic anomalies suppress autumn rainfall by weak-
ening the South China Sea monsoon (D. Zhang et al., 2024), whereas negative Indian Ocean SST anomalies
strengthen the East Asian summer monsoon and exacerbate heatwave and drought conditions in SC (W. Wang
et al., 2017). High-latitude forcing has also emerged as a contributing factor, with Barents Sea ice loss linked to
enhanced summer CHDEs via Eurasian teleconnections (Z. Li et al., 2024). However, these mechanisms have
been examined primarily for summer conditions, and the processes governing early autumn CHDEs, particularly
their sensitivity to preseason Arctic Sea ice anomalies, remain largely unknown.

September marks a sharp dynamical transition in the East Asian climate system, and its circulation background
differs fundamentally from that of summer. As the East Asian summer monsoon withdraws, monsoonal moisture
transport collapses, and deep convection weakens. At the same time, the East Asian subtropical jet strengthens
and shifts equatorward, forming the characteristic autumn flow pattern (Ding, 2007; Lu, 2004; B. Wang, 2006).
This seasonal reconfiguration creates a thermodynamic and dynamical environment distinct from that of summer,
indicating that mechanisms established for summer CHDEs cannot simply be applied to September conditions.
Yet the processes shaping early autumn CHDESs, and whether they respond to preseason Arctic sea-ice variability,
remain largely unknown.

This study addresses these gaps by examining CHDEs occurring in the SC during early autumn (September), a
critical transition period from the retreat of summer monsoon to the onset of autumn rainfall. Specifically, we
investigate two key questions: What regional atmospheric patterns drive the variability of early autumn CHDESs in
the SC? Does preseason Arctic Sea ice variation contribute to these events through specific teleconnection
pathways? By integrating observational analyses and model simulations, we identify a chain of mechanisms
linking summer Arctic Sea ice variation to amplified SC CHDEs via Eurasian atmospheric wave trains. Our
findings provide critical insights into seasonal climate prediction and highlight the urgency of incorporating
Arctic linkages into climate risk assessments for the SC.

2. Data and Method
2.1. Data

This study uses the CN05.1 data sets, which provide gridded monthly precipitation and surface air temperature
(SAT) data during 1961-2022. The data sets were developed using data from 2,416 stations across China (Wu &
Gao, 2013). Additionally, this study uses the monthly atmospheric reanalysis data provided by ERAS, including
geopotential height, meridional and zonal winds, vertical velocity, specific humidity, and net surface shortwave
radiation. Besides, the monthly sea ice concentration data derived from the Met Office Hadley Centre Sea Ice and
SST data set (HadISST.v1.1) are also used (Rayner et al., 2003). The period applied for the present analysis is
from 1961 to 2022 and the data have been detrended before the analysis. All data sets have a spatial resolution
of 1° x 1°.

2.2. Methods

The CHDE is defined based on the joint survival cumulative distribution method (AghaKouchak et al., 2014;
H. Lietal., 2018). Monthly precipitation (X;) and temperature (X,) anomalies are considered simultaneously. We
first calculate the marginal cumulative distribution functions F;(x;) = P(X;<x;) for each variable, then derive the
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(a) CHDEI time series

(b) CHDEI reg. Sep SAT. (c) CHDEI reg. Sep Pre.
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Figure 1. (a) The detrended and standardized temporal series of CHDEI over SC (black line; the regional mean PI multiplied by —1 in blue rectangle in b) in September
and the corresponding interannual CHDEI component obtained from CEEMDAN (bars) during 1961-2022. Spatial distribution of the (b) SAT (unit: °C),

(c) precipitation (unit: mm), and (d) probability-based index (PI; unit: 1) in September during 1961-2022 against the CHDEI. And the regression maps of September
circulation against CHDEIL: wind fields in (e) 200 hPa wind (vectors; unit: m-s~") and 200 hPa zonal wind (shading; unit: m-s™"), (f) 700 hPa wind (vectors; unit: m-s™)

and 850 hPa moisture divergence flux (shading; unit: kg-m™

2571, and (g) regression maps of September total cloud cover (dotted line, unit: %) and net surface heat flux

(shading, unit: W-m~2) and (h) vertical-horizontal cross section meridional wind (unit: m-s~') and vertical velocity (o, multiplied by 500; unit: Pa-s™) averaged along
95°E-125°E. A positive net surface heat flux anomaly indicates a downward flux. The hatched regions indicate where the regression coefficient is significant at the 90%
confidence level based on the Student's t-test.

survival functions F; = 1 — F;, representing the probabilities of exceedance. The monthly CHDE in-
dex (CHDEI) is then computed via the ft-copula method as a Probability Index (PI):
PI = C[F,(x,),E(xz)] = P(X; >x1,X,>x,;). Lower PI values indicate a higher likelihood of compound
heatwave and drought events.

To extract the interannual variability of compound events, the Complete Ensemble Empirical Mode Decompo-
sition with Adaptive Noise (CEEMDAN; Torres et al., 2011) is applied to the detrended standardized CHDEI
during 1961-2022, the reconstructed interannual index is used in all subsequent analyses (Figure 1a). For the
northeastern Arctic SIC, we isolate the interannual component by removing low-frequency variability with a 7-
year high-pass Butterworth filter (Roberts & Roberts, 1978) applied to the detrended SIC time series. This
filtering strategy ensures that the diagnosed relationships between CHDEI and Arctic SIC primarily reflect
interannual co-variability.

2.3. Model Description and Experiment Design

The Community Atmosphere Model version 5.3.1 (CAMS5.3.1) developed by NCAR is employed in this study.
The model is configured at a horizontal resolution of 1.9° X 2.5°. Two experiments are conducted: a control
simulation (CTRL) and a sensitivity experiment (EXP_NEA). In CTRL, the model is forced with monthly
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climatological SIC and SST following the 1981-2010 mean. In EXP_NEA, SIC forcing is modified only over the
northeastern Arctic (15°W-90°E, 65°-85°N). The imposed perturbation is constructed by regressing June—
September SIC anomalies onto the standardized September CHDEI during 1961-2022. The regression is per-
formed for each calendar month, and the resulting monthly perturbation fields are prescribed accordingly. The
imposed SIC anomalies correspond to one standard deviation of observed variability, ensuring that the pertur-
bation amplitude remains physically realistic. SST is kept identical to CTRL and is set to —1.8°C where SIC
equals 1; elsewhere, SST remains unchanged. Thus, EXP_NEA differs from CTRL only in the prescribed SIC
anomalies over the northeastern Arctic.

Both experiments are integrated for 40 years, with the first 20 years discarded as model spin-up and the remaining
20 years used for analysis. All prescribed boundary forcings are updated monthly.

3. Possible Physical Mechanism Underlying CHDEs in SC
3.1. Characteristics of CHDEs Variability and the Corresponding Atmospheric Circulation Anomalies

Spatial patterns of September CHDE variability over China during 1961-2022 exhibit pronounced regional
contrasts (Figure S2 in Supporting Information S1). SC shows substantially larger standard deviations of the
probability-based index (PI) than northern China, with values up to about 1.5 times higher, implying enhanced
sensitivity to compound heatwave and drought conditions. Two particularly vulnerable areas are identified: the
mid-Yangtze Valley (110°E, 25°N) and the eastern Tibetan Plateau (95°E, 25°N). Both regions exhibit excep-
tionally high variability, with standard deviation values exceeding 24, highlighting these areas as hotspots of
September CHDE risk (Figure S2 in Supporting Information S1, contour).

To better characterize CHDE variability over the SC, we constructed a standardized CHDEI by averaging the PI
values over 21°-33°N, 95°-125°E (shown as the rectangle in Figure 1b). We focused on the first intrinsic mode
function (IMF1), which captures the dominant interannual fluctuations of CHDEI IMF1 accounts for 65% of the
total variance and represents the primary interannual variability, while higher-order IMFs mainly reflect lower-
frequency fluctuations, which are not the focus of this study. Therefore, only IMF1 is retained for analysis.
Because a lower PI indicates more severe CHDEs conditions, we define CHDEI = —PI so that higher values
correspond to more severe CHDEs. After removing linear trends, the standardized and detrended CHDEI
(Figure 1a, black line) shows a transition from predominantly below-average values before the late 1990s to
enhanced positive anomalies after 2000, indicating an overall intensification of September CHDEs in SC,
consistent with previous findings on the increasing concurrence of heatwaves and droughts in the Yangtze Basin
(Jia et al., 2021; L. Wang et al., 2015; C. Wang et al., 2015).

Figure 1b—h illustrates the anomalous atmospheric circulation patterns associated with CHDEs over SC in
September. CHDE:s in this region are associated with distinct climatic conditions, including warmer temperatures
(Figure 1b), reduced precipitation (Figure 1c), and lower PI values, indicative of severe compound extremes
(Figure 1d). These conditions correspond closely to persistent significant anomalous anticyclones extending
vertically from 700 to 200 hPa atmospheric levels over eastern Asia. Within the SC region, there is clear evidence
of anomalous southeasterly winds at 200 hPa and anomalous divergence at 700 hPa (Figures le and 1f).
Meanwhile, the axis of the East Asian Subtropical Westerly Jet (EASW1J) shifts toward the north and intensifies at
approximately 45°N (Figure 1e). Furthermore, the northward displacement of the EASWJ axis contributes to a
pronounced anomalous descending atmospheric motion on the right side of the jet exit region in the SC
(Figure 1h) (Uccellini & Johnson, 1979). These synergistic upper-level dynamics (divergence aloft, jet reorga-
nization) and lower-tropospheric forcing (subsidence, surface heating) form a coherent physical mechanism
explaining intensified CHDEs under current climate conditions.

Moreover, during the occurrence of CHDEs, SC exhibits moisture flux divergence at 850 hPa (Figure 1f).
Combined with enhanced atmospheric subsidence (Figure 1h), this reduction in moisture supply drives decreased
precipitation (Figure 1c). Beyond precipitation deficits, temperature anomalies also play a crucial role in
intensifying CHDEs. Anomalous subsidence (Figure 1h) and moisture flux divergence (Figure 1f) contribute to a
reduction in total cloud cover (Figure 1g). Under these conditions, an increased amount of net radiation flux may
penetrate the atmosphere and reach the surface (Figure 1g), thereby intensifying the heating effect on surface air
(Figure 1b). Consequently, this combination of diminished precipitation and increased temperatures significantly
enhances the likelihood of CHDESs occurrences in the SC (Figure 1d).
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Figure 2. (a) Interannual time series of September SC CHDEI (black line) and interannual NEA sea ice concentration in summer during 1961-2022 (NEASICI, red line,
the regional mean sea ice concentration in black rectangle in Figure S3 in Supporting Information S1). Spatial distribution of the (b) SAT (unit: °C), (c) precipitation
(unit: mm), and (d) PI (unit: 1) in September during 1961-2022 against the NEASICI. Regressions of September (e) wind fields in 200 hPa wind (vectors; unit: m-s~h)

—2 1

and 200 hPa zonal wind (shading; unit: m-s~1); (f) 700 hPa wind (vectors; unit: m-s~"') and 850 hPa moisture flux divergence (shading; kg-m™"s™); (g) total cloud cover
(dotted line; unit: %) and net surface heat flux (shading; unit: W-m~2); (h) vertical-horizontal cross section meridional wind (m-s~") and vertical velocity (o, multiplied
by 200; Pa-s™") averaged along 95°E~125°E; (i) 300 hPa geopotential height anomaly (shading; unit: m) and 300 hPa wave activity flux (vectors; unit: m*s™2) against
NEASICI during 1961-2022. Positive net surface heat flux anomaly indicates downward flux. The dotted or shading regions indicate where the regression coefficient is
significant at the 90% confidence level based on the Student's t-test.

3.2. Linking SC CHDEs to NEA Sea-Ice Anomalies

Arctic sea ice variability exerts a substantial influence on Eurasian climate (F. Li & Wang, 2012; X. Zhang
et al., 2022), although the regional impacts vary considerably. Previous studies have primarily highlighted the
influence of sea ice changes in the Barents-Kara Seas (Chen et al., 2019; He et al., 2018). However, our analysis
highlights NEA Sea ice concentration (NEASIC) as an important driver of compound climate extremes in SC.

Specifically, increased summer NEASIC is closely associated with September CHDE:s in the SC region. Figure 2a
shows the correlation analysis of summer NEASIC against the September CHDEI. The results demonstrate a
robust correlation between observed positive northern NEASIC anomalies during summer and CHDE:s in the SC
region. Furthermore, the summer NEASIC (defined as the average sea ice concentration in the key sea ice area:
15°W—90°E, 65°—85°N) alongside the September CHDEI in the SC is presented in Figure S3 in Supporting
Information S1. Both indices exhibit distinct interannual variability. Upon detrending the NEASIC index
(NEASICI) and CHDEI during 1961-2022, the correlation coefficient between the two is 0.532, which is sta-
tistically significant at the 99% confidence level, as determined by a r-test, indicating a robust linkage between
enhanced NEA summer sea ice and intensified September CHDESs in SC.
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To investigate the physical mechanisms behind this connection, we examine the atmospheric circulation
anomalies in September regressed onto interannual NEASICI. Figures 2e and 2f illustrate that higher NEASICI is
associated with a strengthened and northward-displaced EASWJ and a coherent anticyclonic anomaly extending
from the lower to upper troposphere over East Asia, forming a quasi-barotropic high-pressure system (Figures 2e
and 2f), that closely resembles the circulation pattern linked to positive CHDEI (Figure 1). These configuration
favors clear-sky (Figure 2g), subsident conditions (Figure 2h) over SC during September.

Moisture and energy budgets further connect NEASICI to SC CHDEs. Under positive NEASICI phases,
anomalous easterly flows weaken the transport of moist air from the Bay of Bengal and the Arabian Sea, leading
to significant low-level moisture flux divergence over SC (Figure 2f) and suppressed precipitation. The drier,
subsident environment is accompanied by reduced cloud cover and enhanced downward net surface radiation
(Figure 2g), which amplify near-surface warming (Figure 2b) and precipitation shortage (Figure 2c). Together,
these circulation, moisture, and radiative anomalies provide a dynamically consistent pathway through which
increased NEA summer sea ice is linked to more frequent and intense September CHDEs in SC (Figure 2d).

Figure 2i further illustrates the upper-tropospheric Rossby wave response associated with summer NEASICI.
Regressed 300-hPa geopotential height anomalies and wave activity flux (WAF) vectors show a pronounced
southward-propagating wave train originating from the Greenland Sea, propagating into the Mediterranean, then
eastward along the Mediterranean—Caspian Sea corridor, and extending downstream into East Asia. The wave
pattern links enhanced NEA sea-ice conditions to the reorganization of the East Asian jet and subtropical cir-
culation, thereby establishing a dynamical bridge between Arctic forcing and September climate anomalies
over SC.

We further quantify how NEA summer sea-ice anomalies affect September climate conditions and CHDEs in SC.
A one-interquartile (IQR) increase in summer NEASICI is associated with a warming of approximately 0.18°C in
September SAT over SC (r = 0.40, p < 0.01), explaining about 15.9% of its interannual variance. At the same
time, September precipitation decreases by around 0.48 mm month™" (r = —0.70, p < 0.01), accounting for about
48.3% of the interannual variance. Consistently, regression analyses indicate that a one-IQR increase in summer
NEASICI enhances the September CHDEI over SC by about 0.66 (r = 0.53, p < 0.01), explaining 28.4% of its
interannual variance. Although NEASICI alone explains only part of the observed variability, its associated
thermodynamic and dynamical impacts—such as Rossby wave propagation and jet-stream modulation—help
establish a large-scale background state that favors the co-occurrence of heatwaves and droughts. These re-
sults support the interpretation of NEA summer sea-ice anomalies as an effective precursor modulating CHDEs
in SC.

Additionally, positive NEASIC anomalies (NEASICA) are accompanied by negative sea surface temperature
(Figure 3a) and reduced turbulent heat flux anomalies (Figure 3b), indicating suppressed ocean—atmosphere heat
exchange. The resulting surface cooling appears as negative 2-m air temperature anomalies (Figure 3c) and
extends upward, which favors anomalous subsidence (Figure 3d), which in turn induces an upper-level low over
the NEA sector (Figure 2i), forming the upstream center of action for the subsequent Rossby wave response.

3.3. Numerical Experiments

Observational analysis suggests that the Rossby wave train triggered by summer NEASICA provides an atmo-
spheric connection that intensifies CHDEs in the SC. To further validate this linkage, we conducted two nu-
merical modeling experiments. By comparing atmospheric responses in sensitivity experiments (with altered
NEA Sea ice conditions) to control runs, we assessed how variations in NEASIC influence CHDE formation over
the SC.

Figure 4 shows that NEASICA triggers a Rossby wave train originating from the NEA, extending across the
North Atlantic toward the Mediterranean—Caspian region, and subsequently propagating eastward to eastern Asia.
This simulated teleconnection pattern closely resembles the observed WAF and circulation response associated
with positive NEASICI. This teleconnection pattern drives three key dynamical responses over SC: northward
displacement of the EASWIJ (Figure 4c), lower-tropospheric divergence (700 hPa, Figure 4d) coupled with
subsidence (Figure 4f), and moisture flux divergence (Figure 4d). Collectively, these conditions result in regional
precipitation reduction (Figure 4b) and elevated surface temperatures (Figure 4a), consistent with increased
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Figure 3. Regression maps of (a) June, July, and August (JJA) sea surface temperature against NEASICI (unit:°C), (b) JJA
turbulent heat flux (unit: 107° W-m™2), and (c) JJA 2 m temperature (unit:°C), (d) JJA vertical-horizontal cross section
averaged along 30°E-60°E with regard to summer NEASICI from 1961 to 2022 (vectors; include horizontal wind, unit:
m-s~', and vertical velocity m, multiplied by 1,000, unit: Pa-s™") (Regression coefficients significant at the 90% confidence
level are plotted with black dots or shading based on #-test.).

surface net heat flux (Figure 4e). Thus, the NEASICA-triggered teleconnection orchestrates a dynamic pathway
that culminates in the September CHDE over SC.

4. Conclusion and Discussion

This study reveals that a robust dynamical linkage between NEASICA and September CHDEs in SC. Based on
CHDETI and circulation diagnostics for 1961-2022, we show that intensified September CHDEs in SC are sys-
tematically associated with a northward-displaced and strengthened EASWJ, an anomalous anticyclonic circu-
lation, enhanced subsidence, low-level moisture flux divergence, reduced cloud cover, and increased downward
net surface radiation. This circulation—moisture-radiation configuration provides a dynamically coherent
framework that favors concurrent heat and drought in early autumn.

We further demonstrate that increased summer NEASIC serves as an effective large-scale precursor for these
circulation anomalies and associated CHDEs. After removing decadal variability, positive NEASICI is linked to a
pronounced upper-tropospheric Rossby wave train originating over the Greenland Sea sector, arching across the
North Atlantic and the Mediterranean—Caspian region, and extending into East Asia. This quasi-stationary wave
pattern reorganizes the East Asian jet and subtropical high, changing the anticyclonic, subsident, and moisture-
divergent conditions over SC that promote September CHDEs. Statistically, a one-interquartile increase in
summer NEASICI explains about 28.4% of the interannual variance of September CHDEI, together with sub-
stantial fractions of the variance in surface temperature and precipitation, underscoring the importance of NEA
Sea ice variability as a key modulator of SC's early autumn compound extremes.

Idealized sensitivity experiments with CAMS corroborate this Arctic—Eurasian teleconnection. Perturbed
NEASIC forcing in the NEA induces a Eurasian wave-train—like response, a northward-shifted and strengthened
East Asian jet, and an anomalous anticyclone over SC, leading to reduced precipitation, enhanced surface heating,
and intensified CHDEs. The close agreement between model responses and observational regressions lends
dynamical support to the proposed mechanism linking NEA Sea ice to September CHDESs in SC.

Nevertheless, Arctic forcing alone does not fully determine CHDE variability, other climate factors must also be
considered. Large-scale phenomena such as the North Atlantic Oscillation (L6pez-Moreno et al., 2011), El Nifio—
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Figure 4. Numerical simulations of EXP_NEA in modulating CHDEs in the SC. The composite differences of (a) SAT (unit: °C), (b) precipitation (PRE, unit: mm),
(c) 200 hPa zonal wind (shading; unit: m-s~") and wind field (vectors; unit: m-s~"), (d) 700 hPa wind (vectors; unit: m-s~') and 850 hPa moisture flux divergence

(shading; unit: kg-m™2 s~

), and (e) net surface heat flux (unit: W-m™2). (f) Vertical-horizontal cross section averaged along 95°-125°E (units: m-s~! and Pas™h),

(g) 300 hPa geopotential height anomaly (shading; unit: m) and 300 hPa wave activity flux (vectors; unit: m?>s~2). All results are based on the numerical simulation in
September between the sensitivity run and control experiments of CAMS. The black dotted or shading regions indicate the anomalies significant at 90% confidence level

based on the Student's t-test.

Southern Oscillation (Hao et al., 2018), and Atlantic Multidecadal Oscillation (H. Li et al., 2020), can alter the
East Asian summer monsoon and broader atmospheric circulation, thereby affecting CHDE frequency and in-
tensity (Pan et al., 2024). Regionally, the position and intensity of the WPSH, EASWIJ, and summer monsoons
shape temperature and precipitation anomalies that modulate CHDESs, particularly in the SC region (Z. Li
et al., 2024). Additionally, land—atmosphere interactions—such as Tibetan Plateau snow cover—can influence
large-scale circulation and further regulate CHDEs variability (Yao et al., 2024). Future work should employ
high-resolution Earth System Models, together with process-based diagnostics, to quantify the relative contri-
butions and possible nonlinear interactions among Arctic Sea ice, tropical SSTs, and land-surface processes to
CHDEs across seasons. Such efforts are essential for improving subseasonal-to-seasonal predictions and risk-
informed adaptation strategies for CHDESs in SC.
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