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Abstract Mesoscale sea surface temperature (SST) variability influences the marine atmosphere boundary
layer (MABL), affecting nearbsurface winds and turbulent heat fluxes. This study examines precipitation
response to mesoscale SST forcing using satellite observations, ERA5 reanalysis, and highb and lowbresolution
climate models. The results show that highbresolution models produce a precipitation response to mesoscale
SST consistent with satellite observations and ERA5. However, partitioning ERA5 and model precipitation into
resolved and parameterized convective components reveals that even in highbresolution models, the simulated
mesoscale SSTbprecipitation relationship is shaped by the characteristics of convective parameterization.
Further, the precipitation response to SST is strongly dependent on the background SST and SST variability in
coupled models. Further analysis of ERA5 and highbresolution simulations shows a vertical velocity response
extending to 500 hPa. However, the reliance on convective parameterizations introduces uncertainties about
whether highbresolution models accurately capture these effects.

Plain Language Summary Precipitation, a major feature of the Earth's climate, responds to largeb
scale (1,000s of km) changes of the atmosphere driven by ocean surface temperature fluctuations, such as in El
NiñobSouthern Oscillation events. However, the response to smallerbscale (10–100s of km) modulations of sea
surface temperature (SST) is less wellbknown. For models of the Earth's climate, it is important to properly
represent precipitation and its relation to SST, as precipitation leads to atmospheric heating and possible remote
impacts on weather patterns. However, many key precipitation processes, such as cloud formation and
atmospheric convection, occur at spatial scales smaller than typical climate model grid cells. Consequently,
convective precipitation is approximated using parameterizations based on directly simulated largerbscale
conditions. In this study, using a combination of observational data, historical weather reconstructions (known
as reanalysis), and climate models with a range of different grid sizes, we examine how the models represent the
precipitation response to mesoscale SST variations. Our analysis reveals that although statebofbthebart climate
models with fine grids of 10–50 km can reproduce a precipitation response to mesoscale SST, the simulated
precipitation depends on convective parameterizations and the magnitude of the response varies from model to
model. This highlights uncertainties regarding whether these models accurately capture the atmospheric
response to mesoscale SST.

1. Introduction
Embedded within the complex dynamics of Earth's climate system, precipitation—a major outcome of atmo-
spheric convection—is a crucial ingredient of climate variability. Deep convection events perturb the background
atmospheric state, potentially triggering teleconnections to remote regions via Rossby waves (Alexander
et al., 2002; Horel & Wallace, 1981; Hoskins & Karoly, 1981). In turn, convection is modified by sea surface
temperature (SST) patterns which can influence the stability of the atmospheric column and cause nearbsurface
flow convergences (Gill & Rasmusson, 1983; Lindzen & Nigam, 1987; Matsuno, 1966). Possible feedbacks of
convection onto nearbsurface flow are also important (Gill & Rasmusson, 1983). These processes vary regionally
and across different spatial and temporal scales (Seager et al., 2010; Xie, 2004).

Here, we examine the effects of mesoscale SST anomalies on atmospheric processes at monthly timescales.
Mesoscale SST variability, associated with oceanic mesoscale eddies and fronts, typically evolves on timescales
of several weeks to months and is most pronounced along Western Boundary Currents (WBCs, e.g. the Gulf
Stream, Kuroshio and Agulhas Currents), their eastward extensions, and the Antarctic Circumpolar Current
(ACC) (Chelton & Xie, 2010). The WBCs are associated with temperature fronts between the warm subtropical
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waters and cooler waters poleward or inshore of the front. Instability of the flows leads to meanders and eddy
generation (Cronin & Watts, 1996) and anomalies of SST which can reach up to several °C (Marshall et al., 2009).
The distinctive mesoscale SST patterns modify wind stress and heat fluxes, subsequently triggering localized
responses within the marine atmospheric boundary layer (MABL) (Chelton & Xie, 2010; Kelly et al., 2010; Kwon
et al., 1998; O’Neill et al., 2005; Schneider, 2020; Seo et al., 2023; Small et al., 2008; Xie, 2004).

The effect of climatological WBCs and ocean fronts on the overlying atmosphere has been well studied and
shown to include deep vertical motion and associated enhanced precipitation, and strengthening or shifting of
storm tracks (KuwanobYoshida & Minobe, 2017; Minobe et al., 2008; Nakamura et al., 2004; Small et al., 2014;
Taguchi et al., 2009; Woollings et al., 2010). The effect of mesoscale ocean variability on the free troposphere is
less wellbknown, but it has been established that the precipitation response to composited mesoscale eddies is on
average →0.2 mm day↑1 °C↑1 from satellite and reanalysis data (Frenger et al., 2013), with regional and seasonal
variations, and differing responses to warm versus cold SST anomalies (Liu et al., 2018). Larson et al.
(2024) recently further identified statistically significant covariances between mesoscale precipitation and SST
variability inherently resolved in Western Boundary Currents using monthly highbspatialbresolution SST data sets
(0.1° ↓ 0.1°), a result that is consistent with stochastic climate models forced by both ocean noise (i.e., mesoscale
variability) and atmosphere noise (i.e., weather variability) (Bishop et al., 2017; Wu et al., 2006). The influence of
a field of oceanic mesoscale eddies on largebscale storm tracks and atmospheric rivers has also been demonstrated
(Foussard et al., 2019; Liu et al., 2021; Ma et al., 2015, 2017).

Precipitation in the midlatitude regions where many mesoscale eddies occur is largely due to synoptic features
such as extratropical cyclones, fronts, and atmospheric rivers, especially in winter (Catto & Pfahl, 2013; Konstali
et al., 2024; Soster & Parfitt, 2022; Utsumi et al., 2017). Therefore, the interaction of mesoscale eddies and
oceanic fronts or WBCs with the atmospheric synoptic features is important. Recent work has demonstrated that
atmospheric fronts do indeed respond to underlying SST and its gradients (Parfitt et al., 2016) although it is
dependent on the type of front—long lasting or more local (Reeder et al., 2021). Further, studies have shown that
increased resolution significantly improves the representation of mesoscale storm dynamics, frontal sharpness,
and latent heating processes, all of which are crucial for capturing realistic precipitation distributions (Bauer
et al., 2015; Smirnov et al., 2015; Soster & Parfitt, 2022; Willison et al., 2013; Wu & Ma, 2025). In this study, we
examine precipitation response to mesoscale SSTs using an approximately 25 km atmospherebland model
coupled to a nominal 10 km oceanbsea ice model, which has been shown to well capture extreme precipitation
(Chang et al., 2025).

In climate models and reanalysis, a substantial portion of precipitation—particularly that arising from unresolved
convective processes—is represented through subbgridbscale parameterizations. These parameterizations include:
(a) convective scheme (deep and shallow), (b) microphysical scheme, as well as (c) cloud macrophysics, radiation
and planetary boundary layer (PBL) schemes (e.g. discussion in Bogenschutz et al., 2018). Only stormbresolving
models at kilometerbscale resolutions (e.g., Caldwell et al., 2021; Gentile et al., 2025; Judt & RiosbBerrios, 2021;
Stevens et al., 2019) can dispense of schemes like deep convection, as they start to permit or resolve the key deepb
convective processes. Therefore, for the climate models and reanalysis in general use and discussed in this study,
a reasonable representation of the precipitation response to SST relies heavily on the performance of the
parameterization schemes, particularly (a) and (b) (but also dependent on schemes like PBL). A novel aspect of
this study is to assess the performance of these schemes in representing local precipitation response to mesoscale
SST variability in climate models depends on the choice of convective parameterization scheme. To the best of
our knowledge, few studies have done such an analysis in models of fine enough resolution to mostly resolve the
mesoscale SST features (but not fine enough to resolve convection). In this study, we explore the local precip-
itation response to SST variability in observations, reanalysis, and climate models of different resolutions, with a
focus on the role of convective parameterization. Understanding this issue is important because it is pertinent to
the question whether this class of highbresolution climate models is fully capable of representing the effect of
mesoscale SST on the atmosphere and climate.

2. Materials and Methods
2.1. Data Sets
We use the highbresolution Optimum Interpolation (OI) SST (OISST) Version 2 (V2) data set from the National
Oceanic and Atmospheric Administration (NOAA) for SST analysis (Reynolds et al., 2007). Specifically, we use
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the monthly mean OISST with a spatial resolution of 0.25° from 1981 to 2022 as the observed SST data set to
explore SSTbprecipitation relationships and as a benchmark for model comparisons.

For precipitation, we use the Integrated MultibSatellite Retrievals for Global Precipitation Measurement
(IMERG) product from the National Aeronautics and Space Administration (NASA) (Huffman et al., 2020).
IMERG provides estimates at 30bmin, daily and monthly intervals with a high spatial resolution of 0.1°. In this
study, we use monthly IMERG Version 6 (IMERGv6) data from 2000 onwards. Prior studies demonstrate that it
performs well in capturing global and regional precipitation patterns (Beck et al., 2017; Sun et al., 2018).

To analyze circulation anomalies associated with precipitation variability, we use ERA5, the fifthbgeneration
atmospheric reanalysis from the European Centre for MediumbRange Weather Forecasts (ECMWF) (Hersbach
et al., 2020). ERA5 provides global coverage at a horizontal resolution of 31 km (spectral TL639) with 137
vertical levels and employs a 4DbVAR ensemble data assimilation. It also incorporates an enhanced version of the
Tiedtke (1989) convection parameterization scheme (see Table S1 in Supporting Information S1). For this study,
we use ERA5 data on a 0.25° output grid, selecting variables including SST, vertical velocity, and precipitation.
Our analysis focuses on the period from 2001 to 2016, when satellite data coverage was more extensive (Hersbach
et al., 2020). ERA5 has been extensively validated and widely employed as a proxy for observational data sets in
numerous previous studies, particularly in scenarios where direct observations are sparse or unavailable (Albergel
et al., 2018; Hersbach et al., 2020; Tetzner et al., 2019). However, as discussed in Small et al. (2023), ERA5 tends
to underestimate some boundary layer responses to SST, and Masunaga and Schneider (2022) revealed that ERA5
underestimated the wind response to SST by 20%–30% on average.

2.2. LowW and HighWResolution Community Earth System Model (CESM)
CESM1 (Hurrell et al., 2013) comprises the Community Atmosphere Model (CAM5) coupled to the Parallel
Ocean Program (POP2) ocean, Community Land Model (CLM4) and CICE5 sea ice models. This study uses
CESMv1.3 with a Spectral Element dynamical core CAM5 (Meehl et al., 2019). The standard lowbresolution
configuration (CESMbLR) uses a horizontal resolution of nominal 1° for all components, while the highb
resolution configuration (CESMbHR) uses nominal 0.25° for CAM5 and CLM4 and 0.1° for POP2 and
CICE4. Both CESMbLR and CESMbHR employ a deep convection parameterization scheme developed by Zhang
and McFarlane (1995) and modified with the addition of convective momentum transports by Richter and
Rasch (2008) and a modified dilute plume calculation (Raymond & Blyth, 1986, 1992) (see Table S1 in Sup-
porting Information S1).

CESMbHR and CESMbLR had extensive equilibration periods with long (500 years) prebindustrial controls
(PIbCTL), accompanied by a historical (1850–1920) run branched at year 250 of PIbCTL, and an ensemble of 10
historical (1920–2005) and future (2006–2100) climate simulations under Representative Concentration Pathway
(RCP) 6.0 and 8.5 emission scenario, respectively (Chang et al., 2020). Here, the simulation output from a
3bmember ensemble for 1950–2005 (Chang et al., 2023) with a monthly temporal resolution is used to address the
objectives in this study.

2.3. HighWResolution Model Intercomparison Project (HighResMIP) Data
The HighResMIP protocol facilitated the use of highbresolution modelling by having short spinbup periods
(30 years) followed by a 100byear control for year 1950 conditions, and a transient run for 1950 to 2050 (Haarsma
et al., 2016; Roberts et al., 2019; Roberts, Camp, et al., 2020; Roberts, Jackson, et al., 2020) under Shared So-
cioeconomic Pathway 5b8.5 (SSP5b8.5) scenario.

The models analyzed in this paper are: CNRMbCM6b1bHR (SaintbMartin et al., 2021), ECbEARTH3PbHR
(Haarsma et al., 2020), HadGEM3bGC31bHM (Roberts et al., 2019), and MPIbESM1b2bXR (Gutjahr
et al., 2019) with more details given in Table S1 of Supporting Information S1. All models have a 0.25° ocean grid
except MPI with 0.4°, and all have a 0.5° atmosphere grid. Thus, the resolution of these models is coarser than that
of CESMbHR, but higher than the standard CMIP6 models. These four models were selected because they
represent some of the highestbresolution configurations available within HighResMIP, span a diversity of
convective parameterization schemes, and provide complete data availability across all HighResMIP simulations
analyzed in this study.
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In addition to the coupled simulations, we also employ the HighResMIP HighresSSTbpresent atmosphere–only
experiments as a parallel control analysis, which use prescribed SST and seabice forcing. According to the
HighResMIP protocol (Haarsma et al., 2016), these forcedbatmosphere runs are driven by HadISST2.2.0.0 1/4°
daily SST and seabice forcing data set, uniformly applied across all participating models.

3. Results
3.1. Regional Precipitation Related to Mesoscale SST Variability
To examine how regional precipitation response to mesoscale SST variability in ocean frontal regions behaves
differently in highb and lowbresolution climate simulations, we first applied a twobdimensional (2bD) boxcar filter
with a cutoff wavelength of 5° ↓ 5° to separate mesoscale variability from largebscale variability in both model
and observational data sets, closely following Liu et al. (2018). With this filter applied, maps of SST variance
clearly highlight the WBCs in both observations and CESMbHR simulations, whereas these highbvariance regions
are absent in CESMbLR (Figure S1 in Supporting Information S1), indicating CESMbHR's superiority in
capturing mesoscale SST variability.

Figure 1 depicts pointbwise correlation coefficients between concurrent highbpass filtered precipitation and SST
anomalies. In WBCs with abundant eddies and meanders, precipitation and SST anomalies exhibit positive
correlations (typically 0.3 to 0.5) in both observations and ERA5 (Figures 1a and 1h) with most correlations
statistically significant at the 95% level (Figure S2 in Supporting Information S1). Some interesting regional
differences are seen—in the satellite data (Figure 1a), the Agulhas Return Current/Southern Ocean has a clearer
signal than the Gulf Stream. In related work (L. Laurindo, pers. Comm. 2024), when composited on ocean
mesoscale eddies, precipitation tends to peak over the SST in the Agulhas/Southern Ocean, while in the Gulf
Stream/North Atlantic, a spatial downwind lag of precipitation from SST of up to an eddy radius is observed—
potentially explaining the weaker local correlations found over the Gulf Stream in satellite data. A similar picture
to ERA5 and satellite data appears in CESMbHR (Figure 1b), whereas CESMbLR shows strong correlations only
in the Tropics (Figure 1g).

We next analyze only points with strong precipitationbSST correlation (>0.4) in the Gulf Stream (GS, Figures
2a–2c) and Agulhas Current (AC, Figures S3a–S3c in Supporting Information S1), and separate the simulated
precipitation into largebscale and parameterized convective components. CESMbLR results are omitted, as its
regression slopes are near zero or not significant (Figure S2 in Supporting Information S1). The comparison in
Figure 2a suggests that the response of precipitation to SST variability at mesoscale in CESMbHR closely re-
sembles the observations, though slightly underestimated. Further analyses show that substantial correlations and
regressions between precipitation and SST anomalies in the extratropics are primarily attributed to the param-
eterized convective component. For example, in the GS, CESMbHR attributes 0.193 mm day↑1 °C↑1 to
convective parameterization (Figure 2b), while only 0.004 mm day↑1 °C↑1 comes from resolved largebscale
precipitation (Figure 2c). In ERA5, largebscale precipitation plays a bigger role (0.075 mm day↑1 °C↑1,
Figure 2c), but convective parameterization remains dominant (0.149 mm day↑1 °C↑1, Figures 2a and 2b).
Moreover, it is worth noting that although the resolved largebscale precipitation response shows a larger bias
relative to ERA5 (Figure 2c), it plays only a minor role in the mesoscale SST–precipitation relationship. The
pronounced reliance on convective parameterization, particularly in CESMbHR, highlights the scheme's influence
on this coupling and warrants further study. The major contribution from convective parameterization component
to total precipitation in CESMbHR and in ERA5 is also seen in the AC region, although the slopes in total
precipitation are both weaker than the observation (Figures S3a–S3c in Supporting Information S1). Hence, the
convective parameterization in ERA5 and CESMbHR provides a reasonable fit to total observed precipitation in
IMERG, albeit with some underestimation. Resolved largebscale precipitation plays a secondary role, especially
in CESMbHR, where it is negligible. This suggests that the dominant convective parameterization is working well
in these cases, essentially by “making up” for the lack of resolved precipitation response.

To further explore the role of resolution and convective parameterization, we analyzed the available HighResMIP
simulations. These simulations generally replicate the observed significant mesoscale SSTbprecipitation re-
lationships in extratropical, eddybrich ocean frontal regions (Figures 1c–1f). However, the ECbEARTH3PbHR
model (Figure 1d) greatly overestimates the correlation compared to satellite data and ERA5 (Figures 1a
and 1h), while MPIbESM1b2bXR has unusual negative values in low latitudes (Figure 1f). It is worth noting that
ECbEARTH3PbHR employs a similar convection scheme to ERA5 (Table S1 in Supporting Information S1) but
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has coarser atmosphere grid spacing (0.5° vs. 0.31° in ERA5) and no data assimilation. These models have some
differences in mesoscale SST variance (Figure S4 in Supporting Information S1) and background SST. To reduce
uncertainty induced by the different SST, a parallel analysis of HighResMIP atmosphereblandbonly simulations
(similar to Atmosphere Model Intercomparison Project protocol, and referred to as AMIP here) is presented in
Figures 1j–1m. Notably, in terms of correlation between SST and precipitation, the AMIP simulations exhibit

Figure 1. Simultaneous correlation coefficients between spatially highpassbfiltered monthly mean SST and precipitation
anomalies. (a) Observations and (h) ERA5 reanalysis data for the period 2001–2016. (b–n) A single ensemble member of
various climate models for the period 1950–2005: (b, i) CESMbHR, (g, n) CESMbLR, and (c–f, j–m) HighResMIP models,
including (c, j) CNRMbCM6b1bHR, (d, k) ECbEARTH3PbHR, (e, l) HadGEM3bGC31bHM, and (f, m) MPIbESM1b2bXR.
Panels (b–g) show results from coupled simulations, and panels (i–n) show results from atmosphere–only (AO) simulations.
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greater consistency across models than their coupled counterparts, suggesting that background SST and SST
variability in the coupled runs causes a large spread of correlation results. For example, the ECbEARTH3PbHR
AMIP case now has more comparable mesoscale SSTbprecipitation correlation in WBCs (Figure 1k) and MPIb
ESM1b2bXR AMIP no longer exhibits the extensive region of negative correlations (Figure 1m). Meanwhile, for
CESM, the AMIP simulation gives correlations more similar to observed values than the coupled case (Figure 1i),
while the lowbresolution atmosphere equivalent gives a stronger response (Figure 1n). The latter result relates to a
higher proportion of parameterized convective precipitation at low resolution compared to highbresolution
(Chang et al., 2020) and possibly also due to more atmospheric variability (unrelated to SST) in highb
resolution adding noise to the system.

As with CESM and ERA5, separating precipitation into parameterized convective (Figure 2e) and largebscale
precipitation (Figure 2f) reveals that although the total precipitation responses vary across the models, the relative
contribution from parameterized convective precipitation remains high and consistent, ranging from 74% to 92%
(Figures 2d–2f). For both the GS and AC, MPIbESM1b2bXR exhibits small regression values compared to other
models and observations (Figure 2, Figure S3 in Supporting Information S1), while ECbEARTH3PbHR has higher
regression values than ERA5 in the AC region (MPIbESM1b2bXR, ECbEARTH3PbHR and ERA5 all use a Tiedke
convection scheme but with varying updates and enhancements). Meanwhile, the HadGEM and CNRM highb
resolution models exhibit similar characteristics to CESMbHR and ERA5 despite having coarser atmosphere
grids (0.5°) and different convection schemes.

Figure 2. Scatterplots of mesoscale monthly SST and precipitation anomalies in GS (45–70°W, 36–42°N). (a–c) Show results
from observations, ERA5 reanalysis, and CESMbHR, while (d–f) display results from HighResMIP models. All points where
the significant correlation is larger than 0.4 are chosen. (a, d) Scatterplots of mesoscale SST and total precipitation (PRECT)
anomalies, (b, e) scatterplots of mesoscale SST and convective precipitation (PRECC) anomalies, and (c, f) scatterplots of
mesoscale SST and largebscale precipitation (PRECL) anomalies.
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3.2. Extended MidWTroposphere Response
The analysis conducted thus far relies on linear correlations and regressions between precipitation and SST
anomalies, and the next step is to determine if the precipitation is primarily generated by MABL processes or if
there are deeper convective responses linked to vertical circulation changes that extend into the free troposphere
above the MABL. Understanding the vertical scale of convection is important because it determines the efficiency
with which convective heating projects onto Rossby wave sources, influencing wave generation, propagation, and
atmospheric teleconnections.

To answer this question, we employed a wavelet coherence analysis in a region of high mesoscale eddy vari-
ability, a section along 40°N in the GS, to identify events of strong airbsea coherence (Figure 3). Figure 3b il-
lustrates high coherences of precipitation and SST predominantly occur within a temporal scale ranging from 2 to
12 months, for an example point at 40°N, 65°W. Next, the significant coherence within this specific temporal
window is averaged (Figure 3c) and events whose coherence exceeds one standard deviation above the mean
value are identified as strong coupling events. Composites are made by averaging local atmospheric responses
over the time periods corresponding to these strong coupling events, which account for approximately 15%–17%
of the total analysis period. The same approach is applied to CESMbLR and ERA5. The composite analysis results
have been compared with the approach of using all positive highbpass filtered SST anomalies in the study region
which gave similar results (not shown).

Figure 4 shows the composite of highpassbfiltered vertical velocities over the GS for warm SST anomalies (Here
we use L to refer to negated vertical pressure velocities, so that positive L denotes ascent). Local ascending

Figure 3. (a) Simultaneous pointwise correlation coefficient between monthly mesoscale SST and precipitation anomalies
from CESMbHR in the GS region; (b) wavelet coherence between monthly mesoscale SST and precipitation anomalies at an
example point (40°N, 65°W) (star in Figure 3a); (c) averaged coherence within temporal window between 2 and 12 months
(black solid line) and criteria values (mean plus one standard deviation, red dashed line).
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motions with maximum values near the top of the MABL are seen in both CESMbHR and ERA5. In comparison to
climatological L, which peaks near 500 hPa with values of approximately 0.02 Pas↑1, composite L anomalies
reveal a smaller maximum value at a lower level, around 900 to 850 hPa (Figure 4d). For ERA5, the maximum
value of composite L anomalies is around 0.007 Pas↑1, whereas for CESMbHR it is approximately twice as large,
around 0.013 Pas↑1, so that vertical velocity anomalies induced by mesoscale SST anomalies are roughly 30%–
50% of climatological values (Figure 4d). Even though the anomalies exhibit shallower vertical extent than the
climatological profile, at the mid troposphere around 500 hPa, the anomalous N retains a value of approximately
0.003 Pas↑1, which is about 10%–15% of the maximum climatological value.

In contrast, such a vertical velocity response to mesoscale SST anomalies is conspicuously absent in CESMbLR
(Figure 4d, blue), consistent with the lack of mesoscale SST variability, which hampers the model's ability to
simulate smallbscale precipitation and associated circulation response over the GS. Similar results are found in the
KE, as depicted in Figure S5 of Supporting Information S1.

4. Conclusion and Discussion
Taken together, analyses of satellite data, CESMbHR, HighResMIP simulations and ERA5 consistently reveal an
atmospheric response to mesoscale SST variability that extends beyond the MABL. However, the magnitude of
the response differs between data sets. In reanalysis and climate models, the response is primarily driven by
parameterized convective precipitation, making it highly sensitive to that parameterization scheme. In addition,
comparative analysis of fully coupled models and atmospherebonly simulations revealed a dependence of the
response on model SST b both on the background SST, influenced by biases in coupled models to which con-
vection is highly sensitive, as well as on the SST variability, which can influence whether precipitation responses
rise above noise. This underscores the need to determine whether this class of highbresolution models with at-
mospheric resolution of 25–50 km captures the response for the right reasons. Such uncertainty may hinder their
ability to accurately simulate the remote impacts of mesoscale SST forcing, as the vertical profile of the diabatic
heating associated with mesoscale SST forcing is critical for determining the remote atmospheric response. To
further address these issues, future studies should employ stormbresolving model simulations that explicitly
resolve deep convective processes, rather than relying on convective parameterization schemes.

The processes underlying the precipitation response to SST are not discussed in this paper, but analysis of highb
frequency data (daily in this case) provides some insight, specifically on the influence of extremes. The corre-
lation of monthly precipitation and SST was repeated, but now using particular percentiles of precipitation based
on the daily data within each month, instead of monthly mean. For strong events (90th percentile here) the
correlation was found to be weaker than that for the mean, in ERA5 and CESMbHR (compare Supp. Figure S6a in
Supporting Information S1 with Figure 1h, and Figure S6c in Supporting Information S1 with Figure 1b).
Meanwhile, weak events (tenth percentile) showed correlations similar to the monthly mean, or slightly stronger

Figure 4. Composite of mean mesoscale omega (negated) anomaly (unit: Pas↑1) in targeted GS region along 40°N (green line in Figure 3a) for (a) ERA5, (b) CESMbHR,
and (c) CESMbLR. (d) Composite of mean mesoscale omega (negated) anomaly (unit: Pas↑1, solid lines) in targeted GS region (40°N, 70–45°W) for ERA (black),
CESMbHR (red), and bLR (blue). Climatology omega (negated) values (unit: Pas↑1) are shown in dashed lines.
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(see Supp. Figures S6b and S6d in Supporting Information S1). The results suggest that mesoscale SST fluc-
tuations influence the overall climate background rather than strong and extreme weather events, although further
work is needed on this topic (e.g. on determining whether extreme event responses overlie the SST, or not).
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