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ABSTRACT
Polar lows (PLs) are intense maritime mesoscale cyclones that often form during marine cold air outbreaks. The objective of this 
study is to determine the atmospheric model horizontal resolution needed to correctly represent PLs for climate modelling. Three 
simulations have been conducted with the Weather Research and Forecasting (WRF) model using grid spacings of 50, 25 and 
12.5 km. PLs have been tracked using a combination of objective and subjective tracking methods. The number of PLs detected 
in each simulation increases, and their average equivalent radius decreases, as the model resolution increases. A comparison 
against three PL track climatologies shows that the hit rate increases with increasing resolution of the atmospheric model. The 
lifetime maxima of the area-maximum 10-m wind speed and area-average surface sensible heat fluxes associated with PLs are 
on average 12% and 20% larger, respectively, in the higher-resolution simulations than in the lower-resolution one. The lifetime 
maximum of the area-maximum 1-h accumulated precipitation is 67% and 133% larger in the 25- and 12.5-km simulations, re-
spectively, than in the lower-resolution one. We conclude that a better representation of PLs can be obtained by increasing the 
resolution of atmospheric models from 50 to 25 km, but further increasing the resolution to 12.5 km will not result in a substantial 
improvement.

1   |   Introduction

Polar lows (PLs) are intense maritime mesoscale cyclones that 
form poleward of the main polar front (Renfrew  2015). Their 
diameter ranges from 200 to 1000 km (Turner et  al.  2003), and 
they are associated with near-surface wind speeds exceeding 
15 m s−1 (Heinemann and Claud  1997). Although their lifetime 
is usually 3–36 h (Renfrew  2015), some of them have a lifetime 

exceeding 48 h (Blechschmidt  2008; Rojo et  al.  2015). Small-
scale, high-frequency atmospheric phenomena such as PLs have 
an important impact on ocean circulation (Condron et al. 2008). 
Removing high-frequency atmospheric forcing in simulations 
with ocean-sea ice models leads to a decrease in the strength of 
the Atlantic Meridional Overturning Circulation (Jung et al. 2014; 
Holdsworth and Myers 2015). Condron and Renfrew (2013) found 
that parameterizing polar mesoscale cyclones, which include PLs, 
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in a global coupled ocean-sea ice model led to increased depth 
and frequency of ocean convection. However, the impact of PLs 
on the ocean is not well understood (Moreno-Ibáñez et al. 2021; 
Moreno-Ibáñez 2024). Whereas the strong surface heat fluxes as-
sociated with PLs lead to sea surface temperature (SST) cooling, 
upper-ocean mixing processes induced by strong winds lead to 
SST warming or cooling depending on the temperature profile of 
the water (Wu 2021). Therefore, some PLs are associated with SST 
warming (Saetra et al. 2008; Gutjahr and Mehlmann 2024; Tomita 
and Tanaka 2024), while others are associated with SST cooling 
(Tomita and Tanaka 2024).

A few studies have analysed how climate change will affect the 
frequency and spatial distribution of PLs using dynamical down-
scaling (Zahn and von Storch  2010; Landgren et  al.  2019), sta-
tistical downscaling (Romero and Emanuel  2017) and a global 
atmospheric model (Bresson et al. 2022). Long-term studies with 
global coupled climate models that correctly represent PLs are 
needed to analyse how PLs are affecting and will affect the ocean 
circulation under climate change. The potential benefits of using 
high-resolution coupled climate models to investigate climate 
change have gained attention in recent years, as shown by the de-
velopment of the High Resolution Model Intercomparison Project 
(HighResMIP; Haarsma et  al.  2016; Roberts et  al.  2025). Case 
studies have shown that the increase in the horizontal resolution 
of atmospheric models improves the representation of PLs (e.g., 
McInnes et  al.  2011). Considering multi-event studies, Shkolnik 
and Efimov  (2013) compared the representation of polar meso-
scale cyclones in decadal simulations using a global model with 
a 200-km grid spacing and a regional climate model with 50 and 
25 km grid spacings. However, their criteria to identify PLs did not 
include a marine cold air outbreak (MCAO) criterion and excluded 
short-lived and very strong PLs. Thus, to the authors' best knowl-
edge, no study has conducted a systematic analysis of the impact of 
atmospheric model horizontal resolution (typical for climate mod-
els) on the representation of PLs developed during a winter season. 
This study aims at filling in this gap by addressing the following 
research questions:

1.	 How does the number and characteristics of PLs repre-
sented with a limited-area atmospheric model vary with 
horizontal resolution?

2.	 How do the ocean surface heat fluxes associated with PLs 
vary with horizontal resolution?

2   |   Data and Methodology

2.1   |   Simulations

Three simulations were conducted with the Advanced Research 
Weather Research and Forecasting (WRF) Model Version 4.5.1 
(Skamarock et al. 2019). WRF is suitable for this study because it 
has been extensively used to conduct research in mesoscale me-
teorology (Powers et al. 2017), including research on PLs (e.g., 
Wu et al. 2011). The vertical grid consists of 40 levels, with the 
model top at 50 hPa and the domain covers the North Atlantic 
(Figure 1). The simulations only differ in their grid spacing (50, 
25 and 12.5 km), number of horizontal grid points (110 × 90, 
220 × 180 and 440 × 360) and time step (4, 2 and 1 min). In what 

follows, we will refer to the 50, 25 and 12.5-km simulations as 
W50, W25 and W12.5, respectively.

The same physics schemes were selected for the three simula-
tions (Table 1). This selection was based on previously published 
studies in applying WRF to the Arctic (Cassano et  al.  2011, 
2017; Seefeldt et al. 2024). These and other studies (e.g., Hines 
et al. 2015; Bromwich et al. 2022) have found the greatest sen-
sitivity to the selection of the microphysics, boundary layer and 
cumulus parameterizations. The other parameterizations have 
been relatively uniformly applied across WRF simulations of the 
Arctic. For this study, preliminary simulations were focused on 
studying the sensitivity of atmospheric simulations to the cumu-
lus parameterization scheme (e.g., Field et al. 2017). Three pre-
liminary one-month simulations of February 2009 with a 50-km 
grid spacing were conducted using Kain–Fritsch (Kain  2004), 
Grell-Freitas (Grell and Freitas 2014) and new Tiedtke (Zhang 
and Wang 2017) cumulus schemes. The simulation output was 
verified against ERA5 reanalysis (Hersbach et  al.  2020) and 
the Clouds and the Earth's Radiant Energy System Energy 
Balanced and Filled Level 3b data product (Kato et  al.  2018; 
Loeb et al. 2018). The simulation with the Grell-Freitas cumu-
lus scheme produced too many clouds, and there were not sub-
stantial differences between the other two cumulus schemes. 
Therefore, the Kain–Fritsch scheme was selected. One-month 
simulations conducted with the 25- and 12.5-km grids showed 
that the selected physics schemes are also adequate for these 
resolutions.

The initial conditions and the hourly lateral and ocean sur-
face conditions were provided by ERA5 reanalysis (Hersbach 
et  al.  2020), which has a regular 0.25° latitude-longitude grid 
with hourly temporal resolution. Spectral nudging of tempera-
ture and wind was applied above ~541 hPa. Each simulation was 
initialised on 1 September 2008 at 0000 UTC and ended on 1 
June 2009 at 0000 UTC, and the output frequency was 1 hour. 
The extended winter season 2008–2009 was selected because of 
the relatively high number of PLs that developed over the Nordic 
Seas according to previous climatologies (Noer et al. 2011; Rojo 
et al. 2015; Smirnova et al. 2015).

2.2   |   Detection and Tracking of PLs

PLs were tracked using a combination of objective and sub-
jective tracking methods as described briefly here (details in 
Appendix S1). First, the sea level pressure (SLP)-based tracking 
algorithm presented in Crawford et al. (2021) was applied to the 
hourly SLP field after being adapted to PLs. Second, some PL 
criteria were applied to determine the tracks that corresponded 
to potential PLs. Third, the potential PL tracks were manually 
analysed to determine if they corresponded to PLs. The PL crite-
ria applied are the following:

1.	 Lifetime ≥ 3 h.

2.	 Equivalent radius ≥ 100 km at least once, and never exceeds 
500 km.

3.	 Maximum 10-m wind speed > 15 m s−1 at least once.

4.	 SST-T500 > 43 K at least once.
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5.	 Ocean fraction ≥ 0.75 and sea ice concentration < 0.15 on 
the first time step of the track.

The values in 4 and 5 are averages within a 100-km radius from 
the cyclone centre.

2.3   |   Analysis of the Characteristics of PLs

Tracking yielded a set of PL tracks with hourly track points for 
each simulation. The characteristics of each PL track include its 
lifetime, average equivalent radius, average propagation speed, 

total distance travelled, and minimum SLP at the PL centre. The 
average equivalent radius was only computed for PLs that had 
been assigned a correct (based on visual inspection) equivalent 
radius by the tracking algorithm more than 50% of their lifetime, 
which was the case for 90%, 78% and 86% of the PLs in W50, W25 
and W12.5, respectively. To compute the average equivalent ra-
dius of each PL, track points with an incorrect radius were ex-
cluded. In addition, the statistics of certain fields within 200 km 
from the PL centre were computed: area-maximum 10-m wind 
speed (WS10max), area-maximum 1-h accumulated precipi-
tation (APCPmax), area-average surface sensible heat fluxes 
(SHFavg) and area-average surface latent heat fluxes (LHFavg). 

FIGURE 1    |    Spatial distribution of PLs in the extended winter season 2008–2009 for the WRF simulations with (a) 50, (b) 25 and (c) 12.5 km res-
olutions, and for the PL track climatologies of (d) STARS (Noer et al. 2011), (e) Rojo et al. (2015, 2019) and (f) Stoll (2022). Each blue dot represents a 
track point, and the dark blue dot represents the first track point of each track. The temporal resolution of the track points is 1 h, except for (e), which 
has a temporal resolution of 3 h since the track points were linearly interpolated to obtain 3-hourly data. The climatologies cover the same period as 
the WRF simulations. The approximate domains of the STARS and Rojo climatologies, and the domain of the Stoll climatology (between 30° and 
80°), are delimited by a brown box.

TABLE 1    |    Physics schemes used in the WRF simulations.

Type of scheme Scheme References

Radiation—longwave and shortwave Rapid radiative transfer model for 
general circulation models (RRTMG)

Iacono et al. (2008)

Planetary boundary layer Mellor-Yamada-Nakanishi-
Niino Level 2.5 (MYNN2)

Nakanishi and Niino (2006) and 
Nakanishi and Niino (2009)

Microphysics Morrison two-moment Morrison et al. (2009)

Deep and shallow convection Kain–Fritsch scheme Kain (2004)

Land surface Unified Noah Chen and Dudhia (2001) 
and Tewari et al. (2004)
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The radius selected for the computation of the statistics is sim-
ilar to or larger than the winter average of the average equiva-
lent radius of the PLs in the WRF simulations (Section 3.1). To 
compare the characteristics of the PL tracks between each pair 
of simulations, statistical significance testing using two-tailed 
permutation tests was performed to test for the differences be-
tween the winter averages. The track matching method devel-
oped by Crawford et al. (2021) was applied to pairs of datasets 
of PL tracks using thresholds adjusted for PLs. To be a potential 
match, two tracks had to be present in at least 50% of their com-
bined observation times, and the average distance between the 
tracks at the times they overlapped had to not exceed 250 km. 
From all tracks in the second simulation that fulfilled these two 
criteria, the one with the smallest average distance was selected 
as the match for the track in the first simulation. Finally, the PL 
tracks in each simulation were compared against three PL track 
climatologies that cover the period and the domain of interest 

(Figure 1): the Sea Surface Temperature and Altimeter Synergy 
for Improved Forecasting of Polar Lows (STARS) dataset (Noer 
et al. 2011), the Rojo dataset (Rojo et al. 2015, 2019) and the data-
set of Stoll (2022). Given that the WRF domain is larger than the 
region covered by the STARS and Rojo datasets, only the tracks 
whose first track point is within the domain of the relevant cli-
matology are considered for track matching. After experimenta-
tion, it was decided to loosen the track matching criteria slightly 
to increase the number of matches. We selected 40% for the time 
overlap criterion and 300 km for the distance criterion. In cases 
where more than one track of the climatology had the same 
WRF track as a potential match, only one match was counted.

3   |   Results

3.1   |   Characteristics of PL Tracks in 
the Simulations

Table  2 shows the temporal distribution of PLs in each simu-
lation. The most PLs during the winter season 2008–2009 are 
found in W12.5 (66) and W25 (58), whereas the number of PLs 
in W50 (30) is much lower. Therefore, the number of PLs identi-
fied increases as the model resolution increases. PLs occur from 
October to April, and no PLs were found in any simulation in 
September and May. This seasonality agrees with climatologies 
of PLs in the Nordic Seas, which have found that PLs mainly 
develop from October to April and that it is rare for PLs to de-
velop in September and May (Noer et al. 2011; Rojo et al. 2015). 
January is the month with the most PLs in W50 and W12.5, 
and with the second highest number of PLs in W25, consistent 
with January usually being a month with high PL activity in the 
Nordic Seas (e.g., Bracegirdle and Gray 2008). The spatial dis-
tribution of PLs during the winter season 2008–2009 is shown 
in Figure  1a–c. In W50, PLs predominantly develop over the 
Irminger Sea and the Norwegian Sea. In W25 and W12.5, PLs 
mainly form in the Irminger Sea, the Norwegian Sea and the 
Barents Sea, in agreement with the high density of PLs found 
in these regions in PL climatologies (e.g., Stoll 2022). Whereas 
some PLs form in the Labrador Sea in W12.5, no PLs form over 
that region in the other simulations. The lack of PLs over the 
Labrador Sea may be explained by some potential PLs being dis-
carded because their SLP field was affected by the high orogra-
phy of Greenland (Appendix S1).

The winter averages of the characteristics of PLs are shown in 
Table 3 (monthly averages are shown in Table S1), and the p val-
ues are shown in Table S2. Distributions are shown for a subset 
of these characteristics in Figure 2. Average wintertime PL life-
times range from 21.8 to 26.8 h. In contrast, subjective climatolo-
gies have found an average PL lifetime of 15 h in the Nordic Seas 
(Smirnova et al. 2015) and 20 h in the North Atlantic (Golubkin 

TABLE 2    |    Number of PLs detected per month and in total for each WRF simulation. Each PL has been assigned to the month when it forms.

Model resolution Oct 2008 Nov 2008 Dec 2008 Jan 2009 Feb 2009 Mar 2009 Apr 2009 Winter 2008–2009

50 km 7 3 7 8 3 2 0 30

25 km 13 7 9 12 7 8 2 58

12.5 km 10 9 12 17 10 7 1 66

TABLE 3    |    Winter 2008–2009 averages of the characteristics of the 
PLs tracked in the WRF simulations.

50 km 25 km 12.5 km

Lifetime (h) 24.6 21.8 26.8

Average equivalent radius 
(km)

197.5 161.4 148.6

Average propagation speed 
(m s−1)

8.5 8.1 7.8

Distance travelled (km) 635.0 603.6 731.2

Lifetime minimum sea level 
pressure at the PL centre 
(hPa)

982.2 982.1 982.4

Lifetime maximum of the 
maximum 10-m wind speed 
within 200 km of the PL 
centre (m s−1)

19.7 21.8 22.0

Lifetime maximum of the 
maximum 1-h accumulated 
precipitation within 200 km 
of the PL centre (mm)

2.4 4.0 5.6

Lifetime maximum of the 
average surface sensible heat 
fluxes within 200 km of the 
PL centre (W m−2)

96.7 116.5 115.6

Lifetime maximum of the 
average surface latent heat 
fluxes within 200 km of the 
PL centre (W m−2)

131.8 147.7 143.3
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et  al.  2021). The longer lifetimes in the simulations are likely 
explained by the fact that Smirnova et al. (2015) and Golubkin 
et al. (2021) used satellite observations, which have limited tem-
poral resolution. Most PLs in W50 (63%) and W25 (66%) have a 
lifetime shorter than 24 h (Figure 2a), consistent with the subjec-
tive climatology of Rojo et al. (2015), who found that 67% of PLs 
lasted less than 24 h. The maximum lifetimes in W50, W25 and 
W12.5, are 102, 65 and 93 h, respectively; these values are within 
the range of observed PL lifetimes (e.g., Golubkin et al. 2021). 
The winter-average of the average equivalent radius decreases 
as the resolution of the model increases, and the differences are 
statistically significant at the 1% level when comparing W12.5 
and W50, and at the 10% level when comparing W25 and W50. 
The winter-average of the average equivalent radius in W12.5 is 
~149 km, which is the average PL radius estimated by Smirnova 
et al. (2015). Whereas 80% and 84% of PLs in W25 and W12.5, 
respectively, have a radius that does not exceed 200 km, the cor-
responding percentage is 44% in W50 (Figure 2b). The winter-
average of the PL average propagation speed ranges from 7.8 to 
8.5 m s−1, consistent with PL climatologies in the North Atlantic 
(Golubkin et al. 2021) and in the Nordic Seas (Rojo et al. 2015; 
Smirnova et al. 2015) that found a PL average propagation speed 
ranging from 8.1 to 8.9 m s−1. The average distances travelled 
range from 603.6 to 731.2 km, whereas PL climatologies have 
found an average of 284 km (Smirnova et al. 2015) and 587 km 
(Golubkin et  al.  2021). None of the differences between the 
winter means of lifetime, average propagation speed and dis-
tance travelled between any pair of simulations is statistically 
significant.

The winter-average of the minimum SLP at the PL centre is re-
markably similar in all simulations. The differences between 
PLs across simulations are unveiled when analysing their in-
tensity in terms of wind speed and precipitation. The winter-
average of the lifetime maximum of WS10max is ~22 m s−1 in 
W25 and W12.5, which is ~2 m s−1 higher than that in W50. 
These differences are statistically significant at the 1% level. 
As a comparison, PL climatologies have found an average life-
time maximum of WS10max of ~20 m s−1 (Smirnova et al. 2015; 
Golubkin et al. 2021). Only 30% of PLs in W50 show a lifetime 
maximum of WS10max of at least 21 m s−1, whereas in W25 and 
W12.5 the corresponding percentage is 53% and 55%, respec-
tively (Figure 2c). The winter-average of the lifetime maximum 
of APCPmax increases as the resolution increases, and the differ-
ences are statistically significant at the 1% level. Whereas 93% of 
PLs in W50 are associated with a lifetime maximum of APCPmax 
below 4 mm, 79% of PLs in W12.5 are associated with a lifetime 
maximum of APCPmax over 4 mm (Figure  2d). These results 
show that PL hazard, in terms of high wind speeds and heavy 
precipitation, is higher in the higher-resolution simulations.

Given that surface heat fluxes depend on near-surface wind 
speeds, SHF and LHF associated with PLs are expected to be 
smaller in W50 compared to W25 and W12.5. Indeed, the winter-
average of the lifetime maximum of SHFavg is ~19 W m−2 higher 
in W25 and W12.5 compared to W50, and these differences 
are statistically significant at the 10% level. Only 10% of PLs in 
W50 are associated with a lifetime maximum of SHFavg of at 
least 150 W m−2, whereas in W25 and W12.5 the corresponding 

FIGURE 2    |    Characteristics of the PLs represented in each simulation: (a) lifetime, (b) average equivalent radius and lifetime maxima of (c) max-
imum 10-m wind speed, (d) maximum 1-h accumulated precipitation, (e) average surface sensible heat flux and (f) average latent sensible heat flux, 
all within 200 km of the PL centre.
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percentage is 26% and 21%, respectively (Figure 2e). The winter-
average of the lifetime maximum of LHFavg is higher in W25 and 
W12.5 compared to W50 (Figure 2f), but these differences are 
not statistically significant.

3.2   |   Characteristics of PL Tracks Matched Across 
Simulations

Despite W50 having the fewest PLs, the fraction of PLs that are 
matched with PLs in the other simulations does not exceed two 
thirds of those present in W50. In fact, only 10 PLs are matched 
across all three simulations. When comparing each pair of sim-
ulations, we expect that the percentage of PLs in a simulation 
that have a match in another simulation will increase with the 
number of PLs present in the latter. This is the case for W25 and 
W12.5. The percentage of PLs in W25 that match a PL in W50 
and W12.5 is, respectively, 33% and 62%. The percentage of PLs 
in W12.5 that match a PL in W50 and W25 is, respectively, 23% 
and 55%. However, the percentage of PLs in W50 that match a PL 
in W25 and W12.5 is, respectively, 63% and 50%.

For each pair of simulations, the lifetimes of some of the 
matched PLs differ widely, but the average lifetime of the PLs in 
W50 is similar to that of their counterparts in W25 and W12.5 
(Figure  S1a,d,g). The average equivalent radius of the PLs 
in W25 and W12.5 are notably similar, the slope of the least-
squares fit to the data being 1 (Figure  S1b,e,h). The average 
equivalent radius of the PLs in W50 are either similar to or larger 
than those in W25, and W50 can correctly represent some of the 
smallest PLs. Except for a few cases, the propagation speeds of 
the matched PLs are rather similar, and the average propagation 
speeds of the PLs in each simulation are similar to those of their 
counterparts in the other simulations (Figure S1c,f,i). There is 
a linear relationship between values in each pair of simulations 
for APCPmax, WS10max, LHFmax and SHFmax (Figure 3), which 
supports that the matched PLs are likely synoptically related to 
one another. The PLs in the higher-resolution simulations show 
larger values of the lifetime maximum of APCPmax compared to 
their lower-resolution counterparts. It is particularly noticeable 
that the values of the lifetime maximum of APCPmax are much 
lower in W50 than in W12.5, the slope of the least-squares fit 
to the data being 2.6. The lifetime maxima of WS10max, SHFavg 
and LHFavg of the PLs in W25 and W12.5 are larger than those 
of their respective counterparts in W50. However, the lifetime 
maxima of WS10max, SHFavg and LHFavg of the PLs matched in 
W25 and W12.5 are similar.

3.3   |   Comparison Between Simulated PL Tracks 
and PL Track Climatologies

Caution must be taken when comparing PL climatologies since 
the PL tracks obtained depend on the input data, the detec-
tion and tracking methodology, the choice of PL criteria and 
the area and time period covered by the study (Moreno-Ibáñez 
et al. 2021). The PL tracks of the STARS and Rojo datasets have 
been obtained using observations—whose temporal resolution 
and spatial coverage is not high enough to detect all PLs—and 
the development process has been considered when determin-
ing whether a cyclone is a PL. In contrast, the Stoll dataset 

(Stoll  2022) is based on ERA5—which provides atmospheric 
fields in a regular grid with high temporal resolution—and the 
cyclone tracks are not manually analysed to confirm that the 
PLs are indeed PLs. Therefore, it is reasonable to assume that 
the STARS and Rojo datasets do not include all occurring PLs, 
and that the Stoll dataset includes several cyclones that are not 
really PLs. Accordingly, for the period September 2008 to June 
2009, the density of PL tracks in the STARS and Rojo datasets is 
notably lower than in the Stoll dataset (Figure 1d–f). The num-
ber of PL tracks in the STARS and Rojo datasets is, respectively, 
30 and 29, and the number of PL tracks in the Stoll dataset is 197. 
Although some of the PL tracks of the STARS and Rojo datasets 
are similar, others are only present in one of the two datasets.

For a given dataset, the number of hits increases with the res-
olution of WRF, and the number of false positives is the lowest 
for W50, and similar for W25 and W12.5 (Table 4). The hit rate 
increases with increasing resolution, but the false alarm ratios 
are rather consistent across resolutions. Therefore, the observed 
PLs are somewhat better captured as the resolution of the model 
increases, although the increase in the number of PLs with in-
creasing resolution also leads to a higher number of false posi-
tives. In general, the hit rates are low and the false alarm ratios 
are high for all the simulations. Since the simulations are driven 
by ERA5 reanalysis, and spectral nudging has been applied, 
the synoptic-scale patterns represented in the simulation are 
expected to be similar to the observed ones (Prein et al. 2015). 
However, the domain of the simulations is large, and mesoscale 
phenomena may be represented somewhat differently in each 
simulation.

4   |   Conclusion

The objective of this study is to understand the impact of the 
horizontal resolutions typical of atmospheric climate models 
on the representation of PLs. Simulations with grid meshes of 
50, 25 and 12.5 km were conducted using WRF, and PLs were 
tracked using a combination of objective and subjective tracking 
methods. The number of simulated PLs during the winter sea-
son 2008–2009 increases as the resolution increases. However, 
whereas there are twice as many PLs in W25 compared to W50, 
the increase in the number of PLs is more modest when increas-
ing the resolution from 25 to 12.5 km spacing. A comparison of 
the simulated PL tracks against three PL climatologies indicates 
that the skill of the model at capturing observed PLs increases as 
the resolution increases. The differences in lifetime, propagation 
speed, distance travelled, minimum SLP and lifetime maximum 
of LHFavg between each pair of simulations are not statistically 
significant. However, the PLs in W50 are significantly larger 
than those in W25 and W12.5, and the lifetime maxima of 
WS10max, APCPmax and SHFavg are significantly larger in W25 
and W12.5 compared to W50. When comparing W25 and W12.5, 
the only statistically significant difference found is in the life-
time maximum of APCPmax, which is larger in the latter. The 
differences in the characteristics of PLs found when compar-
ing pairs of matched PLs are in line with the differences found 
when comparing all PL tracks. In summary, a WRF simulation 
with a grid spacing of 25 km, compared to 50 km, yields smaller, 
more frequent and more intense PLs, and further increasing the 
resolution to 12.5 km spacing only leads to an enhancement of 
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APCPmax. We conclude that increasing the resolution of atmo-
spheric models from 50 to 25 km will lead to a better represen-
tation of PLs and their impact on the ocean in global climate 
models, but further increasing the resolution to 12.5 km will not 
lead to a substantial improvement.

This study constitutes a first step in examining how the resolu-
tion of an atmospheric model might affect how PLs interact with 
the ocean. A limitation of this work is the relatively short time 
period covered, which limits the representativeness in terms of 

PL characteristics. In addition, given that the accumulated im-
pact of mesoscale SST anomalies over long timescales leads to 
more intense PLs (Lin et al. 2025), the PLs in the high-resolution 
simulations may have been more intense if high-resolution 
ocean surface conditions had been used. Further studies should 
be done using multiyear simulations with high-resolution cou-
pled atmosphere–ocean–sea ice models. The data needed for 
such studies could come from the HighResMIP phase 2 (Roberts 
et al. 2025), which aims to produce global coupled simulations 
with an atmospheric horizontal grid spacing as high as 10 km. 

FIGURE 3    |    Scatterplots displaying the relationship between the characteristics of the PLs that have been matched across (a–c) W50 and W25, 
(d–f) W50 and W12.5 and (g–i) W25 and W12.5. For each pair of simulations, the following characteristics of PLs are displayed: Lifetime maxima of 
the (a, d, g) maximum 1-h accumulated precipitation, (b, e, h) maximum 10-m wind speed and (c, f, i) average surface sensible heat flux and average 
surface latent heat flux, all within 200 km of the PL centre. The average values of the variables in each simulation are shown. The blue and orange 
lines represent the least-squares fit to the data, and the grey line is the identity line.
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One of the main challenges is to find a suitable automated 
method to track PLs that can be applied to multiyear simulations 
since applying a combination of objective and subjective track-
ing methods, as was done in this study, would not be feasible for 
such large datasets.
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