


series exhibits a significant inverse correlation with December sea ice area (SIA),
meaning that a higher PC2 index corresponds to reduced December SIA.

Figure 2 demonstrates that increases in PW and TCC over the Bering Sea are
positively associated with the PC2 index, which covaries positively with December
SIA. This relationship reveals a critical positive ice-radiation feedback loop
modulated by atmospheric effects: the lower the December SIA, the higher the PW
and TCC, and further suppresses sea ice area in the subsequent January. The
impact of these two processes on sea ice evolution can be fully attributed to their
longwave radiative warming effect on the sea ice-ocean system. Specifically,
reduced sea ice area enhances ocean-to-atmosphere moisture transport, and the
resultant PW increase amplifies the atmospheric longwave greenhouse effect,
slowing the rate of sea ice formation in early winter. Meanwhile, elevated TCC
suppresses outgoing longwave radiation from the sea surface, enhancing surface

warming and further inhibiting sea ice growth.
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Figure 2. Regression maps of (a) precipitable water (PW) and (b) total cloud
cover (TCC) regressed against the second principal component (PC2) index over
the Bering Sea. Black dots in each panel indicate values statistically significant at

the 95% confidence level, as determined via a Student’s t-test.

3 Section 2.2b: Would alternative decomposition methods (e.g., Ensemble
Empirical Mode Decomposition, EEMD) produce similar results to the one
currently used? Validating the findings against EEMD would help confirm the
robustness of the analysis.

Weibo: We greatly appreciate your valuable suggestion to explore alternative time

series decomposition methods, such as Ensemble Empirical Mode Decomposition

(EEMD), for the analysis of our PC time series. In direct response to this comment,

we have applied the EEMD method to decompose the PC time series into



interannual, multiyear, and interdecadal variability components, with the results
presented in Figure 3.

Both the EEMD analysis and the Maximal Overlap Discrete Wavelet Transform
(MODWT) employed in the original manuscript consistently show that PC1
primarily captures multiyear and interdecadal variability, whereas PC2 is
dominated by interannual variation patterns. The high consistency between these
two independent decomposition approaches validates the robustness of our core
findings, and demonstrates that the choice of decomposition technique has
negligible impact on the identification of the dominant timescales of Bering Sea SIA

variability.
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Figure 3. Ensemble Empirical Mode Decomposition (EEMD) analysis of the
normalized December PCs time series derived from Bering Sea sea ice
variability: (a) decomposition of the PC1 into three distinct timescale components:
interannual, multi-year, and decadal signals; (b) corresponding EEMD
decomposition results for the PC2.

4  Figure 2i ‘increament’->’increment’.
Weibo: We have made targeted revisions to the manuscript, with the specific

modification detailed in Line 254 of the revised manuscript.

5 Figure 3: Have you conducted sensitivity tests on the moving window
parameters? The robustness of the results presented in this figure relies
heavily on the stability of the moving window settings.

Weibo: We greatly appreciate your inquiry regarding the sensitivity of our moving

correlation analysis to the choice of moving window length. To directly address this

concern, we have conducted a comprehensive sensitivity test using a range of
window lengths (7-13 years) for the moving correlation analysis between

December ASIA and its IMF1-IMF3 components, with the results presented in

Figure 4.

Our results confirm that the Moving Correlation Coefficient (MCC) exhibits



highly consistent and robust characteristics across all tested window lengths, from
the 7-year to 13-year window, verifying that our findings are not sensitive to the
choice of window size. In addition, our analysis reveals that the statistical
significance of the interannual variability signal in ASIA exhibits a gradual
weakening trend over the study period. By contrast, the multiyear signal shows a
pattern of initial increase followed by a decrease, while the decadal signal has
become increasingly prominent, particularly after 2010.

After careful re-evaluation, we have removed this section from the revised
manuscript for two well-considered reasons. First, the core conclusion of this
section—the interannual-to-decadal regime shift in the SIA over the Bering Sea—
has been thoroughly documented and verified by multiple prior studies in the field,
and thus does not require redundant restatement in our manuscript. Second, the
scientific narrative and analytical content of this section present nearly complete

overlap with Figure 2 in the revised manuscript, which would lead to unnecessary

repetition.
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Figure 4. Moving correlation coefficients (MCCs) between December ASIA
anomaly and its first three intrinsic mode functions (IMF1-IMF3), calculated with
different moving window lengths. Panels show MCCs between ASIA and (a)
IMF1, (b) IMF2, and (c) IMF3, respectively. Lines in blue, orange, gray, and
yellow correspond to moving window lengths of 7, 9, 11, and 13 years,

respectively.



6 Certain figures require additional beautification to improve their presentation
quality, including Figures 4, 5, and 7.

Weibo: In accordance with the journal’s formatting guidelines and to improve the

clarity, readability, and consistency of our results presentation, we have

comprehensively revised, standardized, and optimized all figures in the manuscript.

This includes targeted updates to the layout, labeling, and visual quality of Figures

4, 5, and 7, with all revised figures fully integrated into the updated manuscript.

7  Authors should emphasize further the implication of this study.

Weibo: In accordance with your comments, we have revised the final paragraph of
Section 5 (Conclusions) (Lines 585-596 of the revised manuscript) to highlight the
potential applications of our study. The revised text is as follows: ‘The ecological
and biogeochemical consequences of prolonged heavy or light sea ice regimes in
the Bering Sea are multifaceted, most notably the degradation and seasonal
disappearance of the cold pool over the eastern Bering Sea shelf, and the poleward
shift of subarctic groundfish communities. Mirroring the shift in sea ice variability,
the population dynamics of key Bering Sea ecological species have transitioned
from interannual to decadal-scale fluctuations, with direct impacts on commercial
and subsistence fishery yields. This regime shift poses profound adaptive
challenges for indigenous communities and commercial fishing enterprises reliant
on the stability and predictability of Bering Sea fishery resources. Under ongoing
global warming, persistent upper-ocean warming in the Bering Sea means that sea
ice cover is highly unlikely to revert to a predominantly interannual variability
regime. Instead, the Bering Sea will likely remain prone to prolonged periods of
heavy or light sea ice, locking in a shift in fishery resource fluctuations from
interannual to decadal timescales. Consequently, fishery-dependent communities
and management bodies must adapt to this new decadal-scale variability regime.
While this shift offers greater multi-year predictability of sea ice and fishery
conditions, it also presents substantial adaptive challenges associated with

decade-scale shifts in fishery productivity and species distributions.’



