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North Atlantic tropical cyclone activity promotes enhanced sea
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PUBLIC SUMMARY

= North Atlantic tropical cyclone (TC) activity is linked to more October sea ice in the Kara-Laptev Seas (KLS).
= TCs excite poleward-propagating Rossby waves, which induce an anomalous cyclonic circulation over the KLS.

= This cyclonic anomaly suppresses warming and reduces humidity, creating conditions favoring sea ice growth.
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This study investigates the teleconnection mechanism linking North
Atlantic (NA) tropical cyclone (TC) activity to sea ice change in the Kara-
Laptev Seas (KLS). Observational analyses indicate significant positive
correlations between accumulated cyclone energy over the NA in late
September and KLS sea ice concentration in October. It shows that the
enhanced NA TC activity excites northeastward-propagating Rossby wave
trains via local diabatic heating anomalies, and the wave propagation
induces a characteristic upper-tropospheric circulation anomaly pattern,
featuring sequential cyclonic, anticyclonic, and cyclonic anomalies over the
NA, Greenland and the European sector extending to the KLS, respectively.
The cyclonic anomaly over the KLS suppresses adiabatic warming and
reduces specific humidity, fostering colder and drier conditions conducive
to sea ice growth. Simulations with Community Atmosphere Model version
6 (CAM®) can replicate the teleconnection pathway as well as the observed
anomalous circulation structure and planetary-scale Rossby wave propa-
gation. These findings imply that NA TC activity can act as a previously
underappreciated contributor to sea ice change over KLS and advance
understanding of tropical-Arctic teleconnections.

INTRODUCTION

Satellite monitoring since 1979 has shown accelerated melting of Arctic
sea ice, with summer months experiencing the most notable decline."” The
Kara-Laptev Seas (KLS) are often termed the “ice factory" of the Arctic owing
to their substantial contribution to sea ice production during the freezing
season from October to February.” Compared with other Arctic regions, the
KLS exhibits greater interannual variability in winter sea ice growth, which has
been dominated by thermodynamic growth and increasingly essential
dynamic growth under ongoing Arctic warming.*” The KLS is an essential
area for ice-atmosphere interactions,” and the sea ice change there not only
influences local thermodynamic and dynamic conditions but also generates
complex climate effects on mid- and low-latitude regions via intricate inter-
action and feedback mechanisms.™ For instance, diminished autumn KLS
sea ice contributes to intensified winter Ural blocking events and the Siberian
High, ultimately inducing pronounced cold anomalies across Eurasian
regions.'””"* Furthermore, recent studies have indicated that KLS sea ice
anomalies can also have a significant impact on tropical air-sea coupling
systems, including El Nifio-Southern Oscillation (ENSO),'®'* Indian Ocean
Dipole (IOD)"* and tropical cyclone (TC) activity,'® which may be mediated
through atmospheric and oceanic feedbacks. These emphasize the signifi-
cance of the KLS in understanding Arctic and extra-Arctic feedbacks, high-
lighting the necessity to characterize dominant drivers of its sea ice variabil-
ity.

Growing evidences reinforce the pivotal role of tropical forcing in modulat-
ing Arctic climate and sea ice through tropical-Arctic atmospheric
linkages.'~"°. Typical El Nifio events drive sea ice retreat in the Chukchi-
Beaufort sector through regional Ferrel cell adjustments,”®”' whereas central
Pacific El Nifio enhances Arctic westerlies, slowing Canada Basin summer
sea ice melt.”” Enhanced winter sea ice variability in the Barents-Kara Seas is
mediated by ENSO-induced Walker circulation adjustments, with La Nifia
intensifying Atlantic heat/moisture transport through strengthened Hadley
circulation and persistent North Atlantic Oscillation-like patterns that drive ice

loss, contrasting with El Nifio's suppression of energy transport and subse-
quent ice retention.” It is also found that the positive summer Asian-Pacific
Oscillation phases trigger autumn eastern Arctic ice loss through North
Atlantic (NA) warming, sustained Barents-Kara-Laptev anticyclones, and
enhanced humidity-temperature feedbacks.” Concurrently, the NA Sea
Surface Temperature (SST) anomalies modulate Barents Sea ice cover
through both the Atlantic oceanic heat transport”*® and atmospheric mois-
ture pathways.”” So far, most of the discovered tropical-Arctic connections
nisms collectively deepen our understanding of the Arctic climate responses
to tropical forcing.

propagation direction depends on the background flow, TC latitude, and
potential vorticity structure,” ™ inducing downstream teleconnections that
modulate extratropical weather systems.” ™ Western North Pacific (WNP)
TCs can cause Arctic anomalous cyclonic via Rossby wave poleward propa-
gation, enhancing sea ice over the Arctic-Pacific sector through thermody-
namic and dynamic feedbacks,” and eastern North Pacific TC activity
promotes sea ice increase in the Canadian Basin by triggering large-scale
meridional circulation anomalies.”” Climate projections indicate future inten-
sification of the NA TC activity under greenhouse forcing, featuring distinct
spatial shifts - eastward expansion and northward migration.”*** Scocci-
marro et al. explicitly identified that the acceleration of Transpolar Drift driven
by the NA TC activity enhances Beaufort Sea ice export.”” Besides, it is seen
that there may also be an unexamined positive correlation between the NA
TC activity and the Kara Sea ice. This spatial difference in sea ice response
highlights the complexity of the NA TC activity and Arctic sea ice interaction
and demands a deeper investigation. Despite growing recognition of TC-
Arctic sea ice interactions, mechanistic understanding remains dispropor-
tionately focused on Arctic-Pacific sectors, leaving critical knowledge gaps
regarding NA TC impacts on Kara-Laptev "ice factory" regions and associ-
ated thermodynamic drivers.

MATERIALS AND METHODS
Data

This study investigates the teleconnection between the NA TC activity and
KLS sea ice concentration (SIC) from 1982 to 2020. TC track and intensity
data, essential for computing Accumulated Cyclone Energy (ACE), are
obtained from the International Best Track Archive for Climate Stewardship
(IBTrACS).”*"" High-resolution daily and monthly SIC records (0.25° x 0.25°)
are sourced from the NOAA Optimum Interpolation SST V2 dataset.* Meteo-
rological variables, including temperature, zonal/meridional winds, geopoten-
tial height, and specific humidity, are acquired from the ERA5 reanalysis,"
which provides global atmospheric fields at 0.25° spatial resolution. To
account for any potential El Nifio—Southern Oscillation (ENSO) influences,
daily and monthly Nifio 3.4 indices from the Hadley Centre Sea Ice and SST
(HadISST) dataset are incorporated.” Linear trends are removed from all data
in this study before statistical analyses.

Accumulated cyclone energy quantification
The daily ACE index quantifies TC activities within a 2° x 2° grid cell by
summing the squares of the maximum sustained surface wind speeds (V, in
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m s™") for all TCs occurring in that cell during a 24-hour period. The ACE index
is expressed as,

ACE=Y,V? )

Here, j denotes the j-th TC within the grid cell during the study day, and Vis
its corresponding maximum sustained surface wind speed. During the study
period, a year is classified as a strong NA ACE year if its normalized value
exceeds the climatological mean (1982-2020) NA ACE index by +0.50 (stan-
dard deviation), whereas it is categorized as a weak NA ACE year if the value
falls below -0.50.

Correlation analysis

The linear relationship between the variables ACE and SIC is quantified
using the Pearson correlation coefficient (r). To address potential confound-
ing effects of ENSO on the relationship between the NA TC activity and the
KLS SIC, partial correlation analysis is applied, controlling for the Nifio 3.4
index. This method isolates the direct association between two variables
while removing the influence of a third variable.”*” The partial correlation
coefficient r,,, between variable X and variable Y, adjusted for variable Z, is
defined as,

Iv = Dal'vz
(] 71')2(2) (.| 7"&2)

Here, r,,, ry, and r,, stands for the Pearson correlation coefficients between
the respective variable pairs.

All regression models incorporated the preceding September ENSO signal
removal, which is synchronous with ACE, through linear regression. The
adjusted variable £'is expressed as,****

@

Iz =

cov (&,Nifo3.4)
var (&)
where refers to the original field, the cov (&,Nifi03.4) represents the covari-

ance between the original field and Nifio 3.4 index, var (&) represents the vari-
ance of the original field.

& =& —Nifi03.4 x (3)

Rossby waves diagnosis

To diagnose the propagation mechanisms of Rossby waves, this study
employs 3D Plumb wave activity flux, which can capture zonal, meridional,
and vertical wave propagation of quasi-stationary waves, and is defined as,”
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where p, o, A, ® denote pressure, latitude, longitude, and geopotential height,
respectively. fis the Coriolis parameter. ais the radius of Earth. Q is the Earth’
s rotation rate. u, v, T represent zonal wind, meridional wind and temperature,
respectively. Primes denote the deviations from zonal means.
S=9T/dz+T/H is the static stability, where k ~0.286 is the ratio of the
specific gas constant of dry air to the specific heat of dry air. 7 represents the
domain average of temperature and H is the log-pressure scale height.
z = —HInp is the vertical coordinate.

The Rossby Wave Source (RWS), a key driver of Rossby wave generation,
is defined as the combined effect of vorticity advection and divergent flow,”**’

®)

where denotes absolute vorticity, D is the horizontal divergence, and v refers
to the divergent component derived from velocity potential. The RWS helps
quantify localized forcing mechanisms, such as barotropic instability from
shear flows or baroclinic instability from density gradients, which are essen-
tial for initiating and sustaining Rossby waves.

RWS=-{D—-v,-V{=-V-(v,()
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Liang-Kleeman information flows analysis

Correlation analysis alone cannot establish causality as statistically signifi-
cant linkages may arise from indirect interactions or shared external forcings.
The Liang-Kleeman information flow T,., represents the rate of information
transfer from variable X, (NA ACE) to X; ( KLS SIC) per unit time, calculated
via a linear model as:*

T = CiCiCos — CWZQCMﬂ
- szw Cr,—Cy cwz7

G
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In this formula, X, and X; mark two time series, and T,., stands for the
directional information flows from series X; to X;. The term C; quantifies the
covariance between the respective time series, while Cy; represents the
covariance between time series X; and the discrete time derivative AX/At. A
value T,., =0 indicates no causal influence from X, to X;, while non-zero
values (positive or negative) reflect directional causality, with magnitude
proportional to the strength of information transfer.

Singular value decomposition for covariance mode extraction

To identify dominant coupled variability patterns between the NA ACE
index and KLS SIC, singular value decomposition (SVD), also termed maxi-
mum covariance analysis (MCA), is applied. This method decomposes the
cross-covariance matrix of the paired datasets, isolating orthogonal spatial
modes and their associated temporal coefficients that maximize covariance
between the NA ACE and KLS SIC. The leading SVD modes can reveal
synchronized spatial structures and phase-lagged temporal evolution.”

Sensitivity experiments with the atmospheric model

To elucidate causal mechanisms connecting the NA TC activity to KLS sea
ice variability, we perform atmospheric sensitivity experiments using the
Community Atmosphere Model version 6 (CAMB6) in a standalone configura-
tion.”" The model configuration employs 32 vertical hybrid sigma-pressure
layers (surface to 3.6 hPa) and a 0.9° x 1.25° horizontal grid. Two simulations
are designed to diagnose the possible effects of the NA TC activity on the
Arctic atmosphere. The control simulation (CTRL) adopts the F2000climo
component set with year 2000 external forcing (representing the 1982-2020
climatology). It is initialized on 21st September 2000 and integrated for two
months. The perturbed simulation (ANOM) is identical to CTRL but addition-
ally superimposes observed sea level pressure (SLP) anomalies over the NA
(5—50°N, 20—70°W). These SLP anomalies are derived from the composite
difference between strong and weak ACE years during late September (21°'-
30" for the 1982-2020 period. Comparison of the differences between
ANOM and CTRL experiments allows the Arctic atmospheric response to the
NA TC activities to be obtained. Both simulations include 20 ensemble
members with initial temperature perturbations sequentially scaled from
1x10™ (member 1) to 20x10™* (member 20), generated via the stochastic
parameterization.

RESULTS
Observed spatiotemporal linkage between the NA TC activity and sea ice
over the KLS

The 10 day-to-10 day lead-lag correlation between North Atlantic (NA;
5-50°N, 20—70°W) accumulated cyclone energy (ACE) and Kara-Laptev Seas
(KLS; 70—85°N, 60—160°E) sea ice concentration (SIC) during late summer to
early autumn (August—0October) is shown in Figure 1, as this period repre-
sents a critical phase for sea ice growth and NA TC activity reaches its clima-
tological peak. The NA ACE index in late September (21%-30") demonstrates
robust positive correlations with the KLS SIC with a lag of 10-40 days. This
indicates that the NA TC activity in late September makes a significant posi-
tive contribution to KLS SIC throughout October. Notably, these positive
correlations peak in mid-October (11"-20") with a correlation coefficient of
0.46 (p < 0.01), suggesting a lag of about 20 days for the strongest influence
from the tropics. Conversely, no significant associations emerge between the
KLS SIC of 0—60-day lead and the NA ACE index in late September, indicat-
ing that the KLS sea ice changes are a response rather than a precursor to
the NA TC activity. Based on this time scale, it is conjectured that lagged
changes in the Arctic sea ice may be related to teleconnection from the trop-
ics. These phased relationships persist after the ENSO signal is removed,
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Figure 1. The 10 day-to-10 day lead-lag correlations between the accumulated cyclone energy (ACE) over the North Atlantic (NA) and sea ice concentration (SIC) over the
Kara-Laptev Seas (KLS) for 1982-2020 The symbols "*", "+*", and “x++" above the correlation value indicate statistical significance based on a two-tailed Student's t-test at
confidence levels of 90%, 95%, and 99%, respectively. For example, the value **0.46 in row 5, column 9 represents the correlation coefficient between the NA ACE in late September
(September 21%-30") and the KLS SIC in mid-October (October 11"—20™ with a lag of 20 days), which is statistically significant at the 99% confidence level.
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Figure 2. The spatial correlation and maximum covariance analysis of accumulated cyclone energy (ACE) and sea ice concentration (SIC) (A) The spatial pattern of partial
correlation coefficients (shading) for removing ENSO in September between the detrended North Atlantic (NA, 5-50°N, 20—70°W) averaged ACE in late September and October
SIC over the Arctic. (B) Absolute value of the Liang-Kleeman information flow (shading, unit: nats per 20-day) from the NA ACE in late September to the Arctic SIC in October. The
principal mode of maximum covariance analysis between detrended (C) late September ACE in the NA and (D) October SIC in the Kara-Laptev Seas (KLS, 70—-85°N, 60—160°E)
and (E) their corresponding time series from 1982 to 2020. The principal mode accounts for 42.0% of the covariance, and the correlation coefficient between the time series of
the NA ACE and KLS SIC is 0.68 (p < 0.01). The dotted regions in (A), (C) and (D) indicate statistical significance based on a two-tailed Student's t-test at the 90% confidence level.

September and the KLS SIC in October. Spatial correlation analysis reveals
statistically significant positive linkages between the NA ACE in late Septem-
ber and the KLS SIC in October, with the strongest positive correlation mainly

further supporting the robustness of TC activity in mediating KLS SIC adjust-
ments.
Figure 2 depicts robust teleconnections between the NA ACE in late
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Figure 3. The precipitation, divergence winds and Rossby wave activity flux associated with the North Atlantic (NA) tropical cyclone activities The spatial distribution of (A)
total precipitation (shading, unit: mm) and 200 hPa divergence wind (arrow, unit: m s™), (B) the Rossby wave source (shading, unit: s7) at 200 hPa, (C) the stream function (shad-
ing, unit: m? s™") and wave activity flux (arrow, unit: m? s72) at 200 hPa, (D) the stream function (shading, unit: m? s™') and wave activity flux (arrow, unit: m? s7) at 500 hPa in Octo-
ber based on the ERA5 reanalysis datasets (1982-2020) regressed onto the NA accumulated cyclone energy (ACE) principal mode time series. The effects of ENSO in Septem-

ber are eliminated in all regression fields. The dotted areas, the blue arrows represent statistical significance at the 90% confidence level by a two-tailed Student's t-test.

located in the KLS, greater than 0.5 (p < 0.001; Figure 2A). Apart from that,
negative correlations exist in a few regions, located in the Beaufort Sea and
the Canadian Arctic Archipelago, in agreement with the findings by Scocci-
marro et al.”” To determine the causal relationship between the NA TC activ-
ity and KLS SIC, we quantify the causality information from the NA ACE in late
September to the KLS SIC in October using the Liang-Kleeman information
flow diagnostics. The spatial distribution of the information flow is basically
consistent with that of the correlation analysis (Figure 2B), confirming unidi-
rectional causality from the NA ACE to Arctic SIC, with peak causality infor-
mation over the Laptev Sea. This reinforces that the NA TC activity can be a
potential driver of KLS sea ice positive anomalies. Moreover, singular value
decomposition (SVD) analysis isolates coupled variability modes between the
NA ACE index in late September and the KLS SIC in October. The principal
SVD mode captures a statistically significant covariance structure, explaining
42.0% of the joint variability (Figures 2C-D). Specifically, positive ACE
anomalies in the NA covary coherently with SIC increases across the KLS,
with a time-series correlation coefficient of 0.68 (p <0.007; Figure 2E). This
observational evidence clearly demonstrates a positive correlation between
NA ACE and KLS SIC, implying that atmospheric teleconnection may play an

important role.

Mechanism linking the NA TC activity to the KLS sea ice

Enhanced NA TC activity during late summer-early autumn can initiate a
cascading atmospheric response through diabatic heating-driven mecha-
nisms. Regression analyses with the NA ACE index show that the NA TC
activity in late September leads to a significant enhancement of tropical
convective precipitation in the subtropical NA (near 25°N—40°N), along with
anomalous divergence in the upper troposphere (200 hPa) (Figure 3A). The
anomalies of the local divergent wind and neighboring convergent motion
may related to the latent heat release associated with TC activity. A localized
Rossby wave source (RWS) is centered near 30°N, 55°W (Figure 3B) due to
the pronounced negative vorticity tendencies over the NA (Figure S1). The
dominant RWS aligns with TC-induced divergent convective outflow, which
excites barotropic energy conversion (Figure S2), facilitating wave energy
dispersion to the northeastward. Rossby wave activity fluxes at both 200 hPa
and 500 hPa exhibit that the planetary-scale Rossby wave trains originate in
the NA, where the TC activity is highly active, and then propagate coherently
northeastward. It is characterized by a northeastward propagation from the
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Figure 4. The atmospheric circulation and thermodynamic variables associated with
the North Atlantic (NA) tropical cyclone activities (A) 200 hPa Geopotential height
(shading, unit: gpm) and wind (streamlines), (B) surface temperature (shading, unit: K),
(C) specific humidity (shading, unit: kg kg™') and vertically integrated moisture flux
(arrow, unit: kg m™ s7) in lower-tropospheric (1000-850 hPa) in October based on the
ERA5 reanalysis datasets (1982-2020) regressed onto the NA accumulated cyclone
energy principal mode time series. The effects of ENSO in September are eliminated in
all regression fields. The yellow box shows the Kara-Laptev Seas, the dotted areas and
green arrows represent statistical significance at the 90% confidence level by a two-
tailed Student's t-test.

NA to the vicinity of Greenland, and then southeastward propagation to
Europe (Figures 3C—D), in general agreement with the recognized path of the
great circle.*”

Regression analyses of October atmospheric circulation patterns against
the late September NA ACE index are further analyzed as shown in Figure 4A.
The atmospheric circulation anomalies exhibit a quasi-barotropic structure
consistent with the Rossby wave trains, characterized by an anomalous
cyclonic circulation in the NA, an anomalous anticyclonic circulation over
Greenland, and an anomalous cyclonic circulation over Europe extending
northeastward into the KLS (Figures 4A & S3). The mid- and upper-level
cyclonic circulation anomalies over the KLS region related to the NA TC activ-
ity cause large-scale ascending motions (negative Omega values) over much
of the KLS region (Figure S4). This anomalous ascending, driven by low-level
convergence and upper-level divergence, suppresses the climatology subsi-
dence normally observed in October, thereby suppressing the adiabatic
warming effect,”*"® and ultimately driving the pronounced surface cooling
over the KLS region (Figure 4B), which creates thermally favorable conditions
for sea ice increases there (Figures 2A & D). Concurrently, diminished pole-
ward meridional moisture transport from mid-latitudes reduces lower-tropo-
spheric specific humidity at the KLS, creating a drier atmosphere with
reduced atmospheric water vapor content (Figure 4C). The resulting drier
conditions enhance evaporation from open water, which absorbs substantial
latent heat, leading to a pronounced decrease in sea surface temperature and

accelerating seawater freezing into sea ice.”® These colder and drier atmo-
spheric conditions are conducive to promoting sea ice production and facili-
tating the maintenance of sea ice, leading to enhancements in sea ice over
the KLS (Figures 2A & D). This mechanism demonstrates reverse consis-
tency with established research findings regarding how local anomalous
atmospheric circulation modulates Arctic sea ice variability, specifically, the
established insights that anomalous anticyclonic circulation amplifies
regional winter warming and sea ice loss through poleward heat and mois-
ture advection coupled with adiabatic heating.”*’

Atmospheric model experiments for the teleconnection associated with
the NA TC activity

Figure b presents atmospheric circulation and thermodynamic variables
anomalies in October derived from the difference between ANOM and CTRL
simulations of CAM6. The model reproduces the teleconnection mechanism
bridging the NA and the KLS regions by superimposing anomalous atmo-
spheric circulation patterns associated with the TC activity over the NA in late
September. Composite anomalies depict a coherent tripole anomalous circu-
lation pattern, featuring an anomalous cyclonic center over the North Atlantic,
an anomalous anticyclonic center on Greenland, and an anomalous cyclonic
spanning from Europe to the Laptev Sea (Figures 5A & S5A-B), which is
consistent with the observation of Figures 4A & S3. Moreover, the CAM6
outputs demonstrate planetary-scale Rossby wave propagation along a path
from the NA to the Arctic at both 200 hPa and 500 hPa (Figures 5B & S5¢),
exhibiting spatial congruence with observational patterns (Figures 3C-D).
Notably, the simulated surface temperature reductions and lower-tropo-
spheriadryingovertheK SalscalignwithobservationgFigures4B—C)thoughthemodel
exhibits marginally amplified magnitudes compared to reanalysis data
(Figures 5C—D). These substantiate a dynamical pathway that establishes a
relationship between the KLS atmospheric circulation and the NA tropical
system, where TC activity, as a contributor to the RWS, can trigger barotropic
Rossby wave trains propagating northeastward, eventually establishing
anomalous cyclonic over the KLS. This local cyclonic circulation pattern
suppresses adiabatic heating through enhanced ascending motion while
impeding meridional moisture flux, collectively leading to thermodynamic
conditions conducive to sea ice increase in October. The model-observation
consistency reveals the robustness of the link between the tropical system
and the local anomalous atmospheric circulation over the Arctic. Supplemen-
tary sensitivity experiments forcing with TC-related tropospheric tempera-
ture anomalies (300—-850 hPa) yield nearly identical circulation and thermo-
dynamic responses over the KLS (Figure S6), confirming that the teleconnec-
tion signal is robust regardless of whether SLP or heating-related tempera-
ture anomalies are used to represent TC activity.

DISCUSSION AND CONCLUSION

The KLS, as the critical “ice factory" in the Arctic, is significantly affected by
tropical systems through the tropical-Arctic atmospheric linkage. This study
elucidates the mechanism through which NA TC activity in late summer can
affect KLS sea ice in October. Observational analyses give robust positive
correlations between the late September ACE over the NA and October SIC
over the KLS, and confirm that the SIC anomaly lags about 20 days behind
the anomalous ACE. The frequent NA TC-induced diabatic heating generates
RWS, triggering northeastward-propagating barotropic Rossby wave trains.
This teleconnection establishes a quasi-barotropic tripole circulation pattern
characterized by anomalous cyclonic over the NA, anomalous anticyclonic
over Greenland, and anomalous cyclonic extending from Europe to the KLS.
Then, the anomalous cyclonic over the KLS suppresses adiabatic warming
through attenuating subsidence motions, and reduces meridional moisture
flux, which collectively reinforce colder and drier atmospheric conditions
conducive to sea ice growth. These findings align with recent studies linking
anomalous cyclonic (anticyclonic) circulation to increased (decreased) Arctic
sea ice.””*®* The CAM6 model can replicate the observed teleconnection,
capturing the anomalous tripole circulation structure and planetary-scale
Rossby wave propagation. Although the model slightly overestimates ther-
modynamic effects, it does reproduce the spatial structure of the anomalous
temperature and humidity fields that favor the increase of sea ice over the
KLS when strong ACE appears over NA.
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Figure 5. Ensemble mean anomalies of atmospheric circulation and thermodynamic variables simulated by the Community Atmosphere Model version 6 (CAM6) The
anomalies of (A) 200 hPa geopotential height (shading, unit: gom) and wind (streamline), (B) the 200 hPa stream function (shading, unit: m? s™") and wave activity flux (arrow, unit:
m? s7%), (C) the surface temperature (shading, unit: K), (D) specific humidity (shading, unit: kg kg—1) and vertically integrated moisture flux (arrow, unit: kg m™" s™') in lower-tropo-
spheric (1000-850 hPa) between the ANOM simulations and CTRL simulations (ANOM minus CTRL). The yellow box represents the Kara-Laptev Seas, the dotted areas, green
and blue arrows show statistical significance at the 90% confidence level by a two-tailed Student's t-test.

Scoccimarro et al.* investigated a negative correlation between sea ice in
the Beaufort Sea and NA TC activity, in addition to showing the positive
correlation between the KLS sea ice and NA TC activity. The minor differ-
ences in intensity of the correlation between their study and our study proba-
bly stem from differences in the temporal scales analyzed. For example, their
study focuses on the synchronous correlation in September of 1979-2006,
whereas our study quantifies the correlation between TC activity in late
September and sea ice lagged about 20 days over the period 1982-2020.
This lagged relationship is more significant than the synchronous relation-
ship. At the same time, this lead-lag relationship also emphasizes the possi-
ble causal link between the NA TC activity and KLS SIC.

Our prior study demonstrated that the WNP TC activity drives increased
SIC in the Arctic-Pacific sector with a lag of approximately 30 days.”' In
contrast, this study reveals that NA TC activity precedes KLS SIC by about 20
days. While both linkages are mediated by TC-excited Rossby waves propa-
gating northeastward, the difference in lag duration is likely attributable to
disparities in Rossby wave propagation pathways. Specifically, Rossby waves
triggered by NA TC activity originate near the NA (35°N, 60°W) and traverse a
notably shorter pathway (4,700 km) along a relatively direct route: northeast-
ward to Greenland, then southeastward to Europe. This trajectory aligns with
the high-latitude waveguide, promoting efficient energy dispersion.
Conversely, waves excited by the WNP TC activity follow a longer, more
circuitous trajectory (7,000 km), propagating poleward across the North
Pacific, reaching the Bering Strait, and finally penetrating the Arctic-Pacific
sector. Besides, other factors may contribute to this lag difference. The NA
conditions in the peak TC season of late September feature strengthened
midlatitude westerlies, potentially accelerating wave propagation compared
to mid-August WNP conditions. This background flow modulation in the NA
pathway may exploit a more barotropic stable waveguide, reducing energy
dissipation versus the trans-Pacific route, which intersects regions of
stronger baroclinicity.

These distinctions in propagation geometry, compounded by seasonal
circulation contrasts, collectively contribute to the observed 10-day differen-
tial in teleconnection lags. It's worth noting that our findings on poleward-
propagating Rossby waves do not contradict the conventional view that TC
typically excites southeastward-propagating Rossby. While a single TC typi-

cally excites southeastward waves, multiple TC forcings under high-ACE
conditions may generate distinct “great circle” patterns through wave super-
position and background flow interactions, resulting in poleward wave propa-
gation. Future work should quantify the relative roles of pathway length
versus atmospheric state in modulating Rossby wave transit times. Addition-
ally, future work could integrate high-resolution ocean-ice components,
enhance the ability of numerical models to resolve TC characteristics (inten-
sity, track, duration) and their nonlinear interactions with the Arctic, particu-
larly as greenhouse forcing accelerates TC poleward migration and intensifi-
cation.”””"” As anthropogenic warming amplifies the NA TC intensity.” and
northeastward migration,” and this may have enhanced the Arctic-tropical
teleconnection, which further has a more pronounced effect on the KLS sea
ice, and thus the relationship between the NA TC activity and the Arctic sea
ice warrants further study.
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