Major comments/suggestions:

1. Previous studies addressing future changes in stationary waves, clarifying the
mechanisms responsible for stationary-wave variability, and examining the drivers of
European heatwaves often use the eddy streamfunction (Psi*), calculated by removing
the zonal-mean component from the total streamfunction, to depict the spatial
structure of subtropical/midlatitude stationary waves. Could you please do the similar
analyses in the main Fig. 1 and Fig. S2, but with 200-hPa Psi*?

References:
Joseph, R., M. Ting, and P. J. Kushner, 2004: The global stationary wave response to climate

change in a coupled GCM. J. Climate, 17, 540-556, https://doi.org/10.1175/1520-
0442(2004)017<0540:TGSWRT>2.0.CO;2.

Ma, Q., and C. L. E. Franzke, 2021: The role of transient eddies and diabatic heating in the
maintenance of European heat waves: A nonlinear quasi-stationary wave perspective. Climate
Dyn., 56, 2983-3002, https://doi.org/10.1007/s00382-021-05628-9.

Patterson, M., T. Woollings, and T. J. Bracegirdle, 2021: Tropical and subtropical forcing of
future Southern Hemisphere stationary wave changes. J. Climate, 34, 7897-7912,
https://doi.org/10.1175/JCLI-D-21-0075.1.

Brandefelt, J., and H. Kérnich, 2008: Northern Hemisphere stationary waves in future climate
projections. J. Climate, 21, 6341-6353, https://doi.org/10.1175/2008JCLI2373.1.

Chang, C., Z. Wang, M. Ting, and M. Zhao, 2023: Summertime subtropical stationary waves in
the Northern Hemisphere: Variability, forcing mechanisms, and impacts on tropical cyclone
activity. J. Climate, 36, 753—773, https://doi.org/10.1175/JCLI-D-22-0233.1.

2. Isit possible for the authors to switch from pattern correlation to the skill score (S;
Taylor 2001)? See the equation for S in Wang and Wu (2018). | ask for this change
because the hist-volc experiment shows significant pattern correlation with the
observed trend during 1979-2014, and hist-sol also exhibits a somewhat high (R ~ 0.5)
pattern correlation with the ERA trend during 1943-1978. However, in the spatial maps
(Fig. 1i and Fig. S2e), the magnitudes of the trends in these two experiments are
extremely weak compared to those in the historical and hist-aer experiments. Could you
at least show the skill score for the main Fig. 3 and Fig. S3 in the supporting
information? It would be even better if the authors could replace all pattern-correlation
analyses with the skill score, as S additionally considers spatial standard deviation.
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3. “Follow-up research should explore the specific physical mechanisms by which aerosol
emissions are driving the changes in summer atmospheric circulation.”

| am disappointed that the authors did not make any effort to understand why the hist-aer
simulations show similarity to the observed wavenumber-5 pattern during 1979-2014. If the
exploration of mechanisms is left entirely to future work, then this manuscript should also be
accepted only in the future, when the authors clarify the underlying physical processes. | fully
understand that a complete investigation and understanding of why the observed trends show
a wavenumber-5 pattern over the Northern Hemisphere during the past 40-50 years may be
too ambitious for a single study. Teng et al. (2022) did a much better job than this study in
attempting to clarify the underlying mechanisms responsible for this observed pattern.
Nevertheless, even they could not fully address the underlying dynamical processes.

| hope that this study can at least try to understand why the hist-aer experiment simulates a
zonal dipole pattern of 200-hPa eddy geopotential height over Northeast Asia and the North
Pacific.
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This wavenumber-1 eddy geopotential height trend is consistent with that seen in the
ensemble mean of the historical simulations and, to some extent, is also analogous to the
pattern revealed by ERAS5, albeit with weaker magnitude. What are the long-term trends in SST
and precipitation in the hist-aer experiment? Can you identify significant changes in the
Rossby wave source (Sardeshmukh and Hoskins 1988) and the stationary wavenumber (Ks;
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Hoskins and Ambrizzi 1993; Karoly 1983)? | would greatly appreciate it if the authors could
attempt to address this using simplified models, such as a stationary wave model (SWM; Ting
and Yu 1998) or a linear baroclinic model (LBM; Watanabe and Kimoto 2000). Teng et al.
(2022) also used a linear planetary wave model to better understand the mechanisms
responsible for the observed wavenumber-5 pattern. Code for the SWM may be accessible
from: https://github.com/gnicolas/stationaryWave
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Comments between minor and major:

1. “The 1943-1978 period was chosen to complement the analysis of recent changes with a
different period, and understand the evolution of the trend in time and identify possible
differences in the mechanisms involved.” - The spatiotemporal evolution of aerosol
forcing is different between these two periods.

Previous studies (Deser et al. 2020; Shi et al. 2022) have suggested that a decrease in global-
mean aerosol concentrations—primarily from Northern Hemisphere sources—contributes to a
warming trend in the Northern Hemisphere and a cooling trend in the Southern Hemisphere.
Moreover, a shift in aerosol sources from the Western to the Eastern Hemisphere has been
linked to warming in the Northern Hemisphere extratropics and cooling in the tropical Indo-
Pacific and Southern Oceans (Diao et al. 2021; Shi et al. 2022; Kang et al. 2021). The authors
may wish to consider these papers and better explain why they separate the trends into these
two periods.
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2. “Accordingly, we find no evidence for oceanic variability contributing to the wave-5-like
trend pattern in Z200_az.” - How did you reach this conclusion? There are similarities
between Fig. 1a and Fig. 1c. Could you explain this statement in more detail and show
the analyses that support it?

Minor comments:

o “More specifically, we used simulations isolating anthropogenic aerosol concentration,
well-mixed GHG concentrations, volcanic emissions, solar activity changes, total ozone
concentrations, as well as historical forcing simulations combining all of the above.” - It
could be helpful if you could indicate the number of ensemble members used for each
single-forcing experiment here.

e “These are idealized atmosphere-only experiments that use SSTs and sea ice
concentration from reanalysis data as boundary conditions as well as prescribed
historical forcings.” - Please indicate which SST/sea ice dataset is used to drive the
CMIP6 AMIP simulations (e.g., HadISST).

e “Similarity of the spatial patterns of changes between models and reanalysis was
assessed using the area-weighted Pearson pattern correlation at midlatitudes (30°N—
60°N) for the whole circumference and the two longitude ranges defined in Happ. et al.
(2025): Eurasia (15°E-110°E) and North America—Atlantic (NA-Atl) (100°W-0°E).” = | am
just curious: How did you calculate the area-weighted Pearson pattern correlation?
Could you provide a bit more detail here?

e “Our results indicate that only simulations forced with anthropogenic aerosol or
wellmixed greenhouse gas emissions show significant trends in NH midlatitudes Z200_az
during summer (Fig. 1b—i).” - Should this be Figs. 1b—1e?
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“Regarding the spatial structure of the trends, the aerosol, AMIP and historical
ensembles present very similar patterns (Fig. 1b—d).” = It is safer to state that simulated
trends in the historical simulations are similar to those in the hist-aer simulations;
therefore, the forced response in the historical simulations is largely driven by evolving
anthropogenic aerosols. The overall trend in AMIP is more pronounced and exhibits
differences from those in the historical and hist-aer simulations. For example, AMIP
simulates negative trends over the subtropical central North Pacific (Fig. 1c), which
could be related to the observed La Nifa- (or negative PDO-) like SST trend. The negative
trends over the subtropical central North Pacific seen in AMIP are very weak in both the
historical and hist-aer simulations.

“As we can see in Fig. 3 for 1979-2014, AMIP simulations and experiments using aerosol
and historical forcings show similar values of positive pattern correlation across all
models.” = | suggest changing “historical” to “historical all-forcings” for clarity.
“Therefore, these results suggest that GHG emissions alone, and the associated global
warming, do not play a role in driving the observed trends in Z200_az.” - Climate
models inherently suffer from biases, and it is still possible that CMIP6 models do not
perfectly capture the forced response to increasing GHG emissions. | therefore suggest
changing this to “likely do not play a dominant role in driving the observed trends in
Z2200_az.”



