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Abstract. The western ocean boundaries of the North Pacific (NP) and North Atlantic (NA) set favourable conditions for
upper-level jets and baroclinic weather systems that propagate downstream and form the storm tracks. Despite these similarities
between the two ocean basins, distinct forcing mechanisms during the winter season give rise to differences in the jet intensity,
structure, and variability, as well as in the storm track activity. In particular, the phenomenon of the NP midwinter suppression
of the monthly averaged storm track activity sparked ongoing discussions about fundamental differences between jet-storm
track interactions in the NP and NA. This study introduces an alternative method, which avoids monthly averaging, to study
the relationship between the background jet core strength (U) and, as a measure of storm track activity, the eddy kinetic
energy (EKE), both evaluated in the upper troposphere. With our approach, we find that the U-EKE relationship is remarkably
consistent across the NP and NA, with previously observed differences largely attributable to the differing timescales of jet
variability in the two basins. For our interpretation, the separate consideration of two distinct timescales is important: On
seasonal timescales, baroclinic instability results in an increase of EKE with increasing U from summer to winter. In contrast,
on sub-monthly timescales, particularly during winter, EKE decreases with increasing U, reflecting the effect of baroclinic
conversion. Periods of enhanced baroclinic conversion lead to reduced baroclinicity (quantified by U) and high EKE, whereas
periods of low baroclinic conversion are followed by high U and low EKE. In this framework, the NP midwinter suppression
of monthly averaged EKE reflects that, in midwinter, U remains persistently high in the NP (because baroclinic conversion is
suppressed) while EKE is reduced. In other words, in the NP, jet strength varies predominantly from month to month, whereas
in the NA, it varies more within individual months such that the midwinter suppression of the monthly averaged storm track
activity is less obvious in the NA. The observed U-EKE relationship implies that the jet core strength U alone cannot explain the
EKE variability across seasons, and we reveal the additional importance of the jet width, which affects eddy characteristics. A
reduced jet width likely plays a role in deforming and meridionally confining eddies, thereby reducing their baroclinic growth.
For jets with comparable weak to moderate core strengths in summer and winter, the summertime jets tend to be narrower ;-and
therefore- EKE-smaler-with smaller EKE. Similarly, very strong jets in winter are particularly narrow, which implies reduced
EKE, supporting the observed U-EKE relationship in winter. Finally, cyclone composites show that the reduced EKE during
strong jet episodes in winter is manifested by a reduction in the amplitude of the cyclones’ surface pressure anomalies, and, in
particular of their associated troughs and ridges. Therefore, the reduction of EKE with increasing U is not related to a decrease

in cyclone frequency, but rather to a reduction in cyclone intensity and the associated upper-level wave pattern.
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1 Introduction

Jet streams are narrow bands of strong westerly winds in the upper troposphere that form a central component of the large-
scale atmospheric circulation. They are typically located between 20 and 50 latitude in both hemispheres and they are more
intense in the winter season (Koch et al., 2006). By steering synoptic weather systems and modulating their intensification,
they exert a strong influence on the downstream weather. In the Northern Hemisphere, the main storm track regions are found
in the western North Pacific (NP) and North Atlantic (NA). The two regions are in many ways similar, exhibiting warm
oceanic boundary currents and land-sea contrasts, which lead to strong meridional temperature gradients. These gradients
are climatologically associated with intense upper-tropospheric jets and provide favourable conditions for the development
of baroclinic weather systems. Despite broad similarities between the NP and NA storm track regions, differences in ocean
heat transport and the presence of stronger tropical heating in the western NP lead to distinct dynamical forcings, resulting
in different jet maintenance mechanisms (Hallam et al., 2022). The NA jet is predominantly eddy-driven, maintained through
the convergence of momentum fluxes associated with transient eddies in the mid-latitudes (Holton, 1992; Pena-Ortiz et al.,
2013). In contrast, the NP jet exists in a merged state near the poleward edge of the Hadley cell, where it is sustained by both
eddy momentum fluxes and the advection of planetary angular momentum within the Hadley circulation (Lee and Kim, 2003;
Pena-Ortiz et al., 2013), which is itself driven by tropical heating.

The differing driving mechanisms of the NA and NP jets result in notable differences in their variability. In the NA, positive
eddy—mean flow feedbacks contribute to latitudinal jet shifts that can persist beyond synoptic timescales (Novak et al., 2015) as
a consequence of a preferred type of Rossby wave breaking over prolonged periods. In contrast, the merged NP jet, particularly
in its strong phases, acts to suppress such feedbacks by limiting the meridional propagation of Rossby waves out of the jet core,
known as the wave guide effect (Hoskins and Karoly, 1981; Nakamura and Sampe, 2002). This anchors the NP jet near the
poleward edge of the Hadley cell, favouring short-term pulsing in the jet intensity over more persistent latitudinal displacements
(Lee and Kim, 2003; Eichelberger and Hartmann, 2007; Lachmy and Harnik, 2014). Beyond differences in jet maintenance,
another distinction between the basins is the influence of downstream development: the NA storm track is often seeded by
wave activity propagating from the NP storm track (Hakim, 2003; Drouard et al., 2015), whereas such a direct downstream
influence from the NA to the NP is not observed. However, upper-level wave packets propagating across Asia have also been
shown to affect the NP storm track (Chang and Yu, 1999; Hoskins and Hodges, 2002; Chang, 2005). In particular, Chang
(2005) highlight the relevance of two different seeding branches for cyclogenesis in the NP.

Fundamental differences in jet—storm track interactions between the NA and NP have also been discussed in the context
of the midwinter suppression, a phenomenon first identified by Nakamura (1992). Nakamura (1992) studied the relationship
between monthly mean upper-level baroclinic wave activity (measured in terms of the high-pass filtered geopotential height)
and background zonal jet strength over the western NA and NP. Classical baroclinic instability theory predicts an increase in
baroclinic wave activity with stronger background jets (Charney, 1947; Eady, 1949). While this expected relationship holds
in the NA, Nakamura (1992) found that in the NP, for monthly mean jet velocities exceeding approximately 45ms 1, which

typically occur during midwinter, baroclinic wave activity instead decreases with increasing jet strength.
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Various explanations have been proposed to account for the observed differences, ranging from regional processes unique t
the NP, such as upstream seeding due to orography (Penny et al., 2010; Park et al., 2010), to more general mechanisms involvin
baroclinic, barotropic, and diabatic in uences (Chang, 2001; Chang and Zurita-Gotor, 2007). Support for a general mechanism
independent of zonal asymmetries, such as topography, is provided by Novak et al. (2020), who were able to reproduce the
midwinter suppression of eddy activity in an idealized, zonally symmetric aquaplanet simulation. One suggested factor for
the observed differences are the lower monthly mean jet velocities in the NA, which rarely exceed the'4fnashold
(Christoph et al., 1997). Supporting this view, Afargan and Kaspi (2017) identi ed a suppression of storm track activity in the
NA during years characterized by a particularly strong jet. A mechanism directly linking this suppression to jet strength was
proposed by Nakamura (1992), who suggested that the enhanced group velocity of eddies in midwinter allows wave packets
to exit the baroclinic zone rapidly, thereby limiting their baroclinic growth. While this mechanism was supported by Chang
(2001), their results indicated that the increased propagation speed alone cannot compensate the enhanced eddy growth rat
implying that additional jet characteristics may play a role.

Nakamura and Sampe (2002) proposed that a more subtropical jet structure may inhibit eddy development by trapping upper-
tropospheric disturbances away from the lower-level baroclinic zone, thereby weakening the vertical coupling necessary for
baroclinic growth. Such a mechanism is further supported by the ndings of Schemm and Riviére (2019), who, using theoretical
arguments and reanalysis data, showed that the ef ciency of eddies in extracting energy from the background baroclinicity is
reduced during midwinter. They attributed this primarily to an unfavourable vertical tilt that inhibits ef cient baroclinic energy
0

The reduction in baroclinic eddy conversion ef ciency has also been linked to the horizontal jet structure. Several ideal-

conversionSuchareductionin the baroclinicconversioref ciency wasalsoobservec

ized modeling studies have shown that enhanced horizontal shear can reduce baroclinic energy conversion via the so-calle
barotropic governor effect (James, 1987; Nakamura, 1993; Harnik and Chang, 2004; Deng and Mak, 2005). The underlying
mechanism is that a narrow and strongly sheared jet acts as a waveguide, con ning eddies meridionally within the jet core and
setting the waves' meridional wavelength (Hoskins and Karoly, 1981; Branstator, 1983; loannou and Lindzen, 1986). Accord-
ing to James (1987), such meridional con nement limits the spatial extent of baroclinic conversion, while concurrent distortions
in the eddies' vertical structure further inhibit growth by reducing the baroclinic conversion ef ciency. Additionally, increased
horizontal shear has been proposed to enhance the momentum ux from eddies to the mean ow, which may further dampen

While the barotropic governor effect has been considered on inter-annual timescales, its role in modulating storm track
activity in response to seasonal variations in jet strength remains debated. In particular, the relatively small seasonal change:
in horizontal jet structure and a temporal lag between changes in shear and suppressed eddy activity have cast doubt on it
relevance on monthly to seasonal timescales (Chang, 2001; Harnik and Chang, 2004; Novak et al., 2020). Chang (2001), for
instance, emphasized the importance of changes in eddy structure for the suppression of EKE with jet strength on inter-annua

timescales, while attributing the seasonal behavior to diabatic processes.
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The midwinter suppression of upper-level eddy activity has implications for the characteristics of surface cyclones as well.
For instance, Schemm and Schneider (2018) found a reduction in cyclone lifetimes in midwinter, as well as changes in deep-
ening and decay rates and mean eddy kinetic energy per cyclone life cycle and related it to a reduced parcel autocorrelatior
from a Lagrangian viewpoint. They argued that the midwinter suppression does not arise as a consequence of a reduction ir
total cyclone numbers but rather due to changes in the aforementioned internal storm track characteristics. An extension of this
argument was given in Schemm et al. (2021) where it was shown that surface cyclones from different genesis regions exhibit
different responses in their intensity, lifetime and baroclinic conversion during midwinter. In particular, the study found that,
in midwinter, surface cyclones with genesis above the Kuroshio current undergo a rapid and signi cant deepening in the early
life cycle phase, followed by an accelerated decay as they rapidly propagate poleward from the primary baroclinic zone.

To summarize, previous research has highlighted pronounced differences in the driving mechanisms of the jets in the NP
and NA, as well as in their variability and interactions with the storm tracks, particularly in the context of the NP midwinter
suppression. In this study, we aim to demonstrate that, despite these contrasts, the NP and NA jet—storm track relationships ar
remarkably similar when differences in the timescales of variability are accounted for. We show that including the effect of the
meridional jet structure in addition to the jet core strength allows to better understand the jet-storm track relationship in both
the NP and NA and its variability across timescales.

The study is organized as follows: Section 2 presents the data and parts of the methods. In Sect. 3 we introduce and apply
a new averaging method to study the jet-storm track relationship, with a special focus on separating different timescales of
variability. Section 4 discusses further jet characteristics that play into the observed relationship, and explains the differences
between the seasonal and sub-monthly relationship. Section 5 relates the jet characteristics to eddy and cyclone properties

Finally, our results are summarized and related to ndings from past studies in Sect. 6.
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2 Data and methods
2.1 Data

In this study we use ERAS reanalysis data provided by the European Centre for Medium-Range Weather Forecasts (Hersbacl
et al., 2020). We consider the period from 1980 to 2022 using data on a 0.5° grid. Variables derived from the wind eld

the wind eld is spatially ltered using a spherical harmonics lter with triangular truncation at T80 and Gaussian decay

{seeZilibetti-{2023); Bukenbergeret-al{2020Xilibotti, 2023; Bukenberger et al., 2025). This lter attenuates wavelengths

to as the background jét, and the EKE is de ned ag(u® + v®) whereu® andv® are the zonal and meridional high-pass
ltered wind components, respectively. Figure 1 shows the climatological low-pass Itered zonal wind on 250 hPa and EKE on
300 hPa in DJF.

2.2 Choice of domain and variables

At every 6-hourly time step, a representative zonal background jet velddityde ned separately for the NP and NA storm

tracks. To this end, we calculate the zonally averaged latitudinal maximum of the low-pass lItered zonal wind on 250 hPa
within the black boxes in Fig. 1 located at (40°W-80°W, 20°N-80°N) for the NA and (140°E-180°E, 20°N-80°N) for the NP.
With this measure, we aim to quantify the jet core strength, while the meridional jet structure is accounted for by additionally
assessing the effect of jet width in Sect. 4. The jet width is quanti ed at each longitude of interest as the number of degrees
latitude around the jet maximum where the low-pass Itered zonal ow exceeds half the maximum value withinNLOFhe

nal jet width is a zonal average over the jet widths at each longitude within each domain. The EKE is averaged on 300 hPa
in the red boxes in Fig. 1 for the NP and NA, respectively. The vertical leveld fand EKE are chosen as the pressure levels
where the variables are largest in the DJF climatology averaged within the boxes. If we analysed EKE on the same level as the
jet, this would yield the same ndings. As visible in Fig. 1, the analysis domains in the NP and NA represent the storm track

the climatologicaliet maximum,.Sensitivitytestsusingdomainsshifted 10° or extended0° to the eastshowedno signi cant



Figure 1. DJF climatology of low-pass Itered 250 hPa zonal wind in grey contours (contour interval of 16vasd EKE on 300 hPa in
shading (in s 2). The black box represents the analysis domain for the background jet and the red box represents the EKE averaging

domain.

2.3 Cyclone perspective

Cyclone statistics and cyclone-centered composites are based on surface cyclone tracks computed with the contour iden
ti cation and tracking method introduced in Wernli and Schwierz (2006) and re ned in Sprenger et al. (201&el&de

150 imum SLP below 990 hPanethat spend a minimum of 24 h in the NP (183120 W, 20 N-80 N) or NA (100 W-0 W,

e focuson

155 i cation is maximal. Cyclones whose center at maximum intensi cation is within the red NP and NA domains, respectively,

within this domain.
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3 The fundamental jet-storm track relationship on two timescales

This section examines the relationship between the jet stream and storm tracks in the NP and NA regions and investigates the
mechanisms underlying the differences in this relationship between the two basins reported in previous studies. A new method
that accounts for different timescales of variability is introduced to study the relationship between the background jet strength
U at 250 hPa and EKE at 300 hPa, which yields a consistent relationship in the NP and NA.

3.1 The effect of monthly averaging

every 10d. The points are colour-coded according to the month of the central date of the averaging period. The inter-quartile
range of EKE for each averaging window dfis shown in light gray. Consistent with the ndings of Nakamura (1992), a
hintedfor largeU. In

contrast, and also consistent with Nakamura (1992), the NP exhibits an increase in EKE wytto a threshold jet velocity

of approximately 70 m st, beyond which EKE decreases as jet strength increases. This threshold differs from that reported in
Nakamura (1992), due tightly-the different de nitions of background jet velocity. Notably, mean jet velocities exceeding

the threshold of 70m s are rarely observed in the NA. Another important difference between the two basins is that the
strongest jet velocities in the NP occur predominantly in January and February, whereas the highest jet speeds in the NA occut
throughout the entire extended winter season (see distribution of coloured points in Fig. 2a,b). This suggests that the tempora
variability of the jet differs between the NP and NA, which is further explored in the subsequent analysis.

To analyse the variability of jet strength, we classify jet velocities into ve equally sized categories. Category 1 (C1) com-
the extended winter season (Nov—Mar), while category 5 (C5) includes the highest 20%. Figure 3 illustrates the contributions
of these categories across the extended winter months in the NP and NA. In the NP, the strongest jet categories (C4 and C5
account for approximately 70% of the time steps in January, whereas weaker jet categories dominate in November and March.
This indicates a pronounced month-to-month variability in jet strength. By contrast, the NA exhibits a different distribution
of jet velocities. In January, the strong jet categories (C4 and C5) make up only about 50% of the time steps, leaving many
time steps with weak jet velocitiespartirerm-Nevembein DJF, the category distribution in the NA is rather uniform across
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Figure 2. Scatter plots of spatial maximum of the 10-day low-pass Itered zonal wind on 250hRen@ spatially averaged EKE on 300 hPa
in the NP @,c) and NA (b,d) for the years 1980-2023. The respectiyend EKE domains in the two storm track regions are speci ed in
Sect. 2.2. In (a,b), each data point is an average over 30d (i.e., 120 consecutive 6-hourly time steps) and coloured by the month of the centra

taken over bins of 120 time steps with similar value&JofThe inter-quartile range of the time steps in each averaging window (a,b) or bin

of similar values ol (c,d) is shown in light gray.

months. This suggests that the jet strength in the NA varies more within individual months, whereas in the NP the jet varies
predominantly from month to month. The origin of these different timescales of variability will be discussed in Sect. 3.3.
averaging obscure the underlying instantaneous relationship between EKE and jet intensity. In the NA, each monthly mean data

point represents a wide range of jet velocities, which masks the true signal of how EKE responds to variations in jet strength

approach is introduced in the following section.
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Figure 3. Percentage of time steps in each extended winter month that fall into the 5 categories of jet strength (with C1 containing the
weakest and C5 the strongest jets) f@ythe NP andb) the NA.

3.2 Adifferent averaging method

EKE is, by de nition, a highly variable measure, as it quanti es the kinetic energy associated with deviations from the mean
ow on timescales up to 10d. At upper levels, EKE exhibits pronounced uctuations, peaking with the passage of transient
troughs and ridges, where the former are often associated with surface cyclones (see for example Fig.4 in Schemm et al
(2021)). According to baroclinic instability theory, cyclones and their associated upper-level troughs and ridges are expected to
intensify most ef ciently under conditions of high baroclinicity. In turn, because of the thermal wind relationship, this is related

to strong vertical shear in the background jets and typically high wind speed at upper levels. However, even when conditions are
favourable for cyclone development, individual time steps may not exhibit cyclone growth nor a pronounced upper-level trough
or ridge. Consequently, periods conducive to cyclone growth contain both instances of low EKE when no cyclone is present
within the domain and instances of high EKE when a cyclone, along with its associated upper-level troughs and ridges, traverses
the region. Due to the substantial variability in EKE, most studies do not directly relate jet strength to EKE at individual time
steps but instead apply temporal averaging over weeks or months, as in Nakamura (1992) and Fig. 2a,b. The following analysis
maintains the same number of time steps for averaging as in &ig 1@ address the issue of high variability. However, rather

than averaging over consecutive time steps, the data are now binned according to similar jet velocities, analogously to the
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betweerthe individual bin averageskor the exampletime seriesshownin Fig.

in Fig. 2c. While the NA previously exhibited a predominantly positive correlation between jet strength and EKE, the new

binning approach reveals a nonlinear relationship similar to the one in the NP, with a distinct negative relationship emerging
for averaged jet velocities exceeding 55 nm sThe inter-quartile ranges (light gray shading) show that the variability of EKE
within the averaging bins (Fig. 2c,d) is reduced compared to withirg€re 30-day temporal averaging windows (Fig. 2a,b).
Nonetheless, the variability within each bin is large, which underlines that the background jet strength alone can only explain
part of the overall EKE variability. The remaining variability can partly be attributed to its transient nature, as elaborated above.
However, an important portion of the EKE variability for a given background jet strength can be explained by additional jet

characteristics, which will be discussed in the following sections.

10
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The alternative averaging method bears multiple advantages. First, by grouping time steps with similar jet velocities, it avoids
the issue of sighal masking that arises when averaging over a wide range of jet strengths that potentially occur at different days
within a month. Second, this approach ensures that rare occurrences of high jet velocities are represented separately, rathe
than being masked within averages dominated by time steps with lower vallesaoking transient period of highJ. As a
result, the sparsely distributed data points on the far right of Fig. 2c¢,d provide a more accurate representation of the jet—storm
track relationship at extreme jet strengths.

3.3 Two timescales, two relationships

To understand how the non-linear relationship in Fig. 2c,d emerges, the instantah& IS relationship is studied for the
different months separately. The resulting regression lines for January and July are shown in Fig. 5a,b. The correlations in
January are 0:38and 0:23for the NP and NA, respectively, and in July0:04 and 0:17. To visually represent the-

EKE relationship and the explained portion of the variability, the averaging method introduced in Sect. 3.2 is applied to the
time steps of the two months separately. For each month, all time steps for the years 1980-2023 are binned according to the
background jet strength. The resulting averages and inter-quartile ranges are depicted in addition to the regression lines. While
the averages exhibit a clear negative relationship in January, the inter-quartile-ranges are large, indicating that a large portior

of the EKE variability is still not explained by the background jet strength, which explains the low correlations, especially in

EKE (the upper-right corner of the diagram) from summer to winter, except for DJF in the NP, where the shift is predomi-
nantly toward highelJ. This behavior can be interpreted as the result of two distirdEKE processes operating on different
timescales. The seasonal shift toward higheand EKE can be explained by baroclinic instability theory: as background baro-
clinicity and jet velocities increase from summer to winter, baroclinic growth is enhanced, leading to stronger storm tracks.

This constitutes the rst process, occurring on seasonal timescales. The second process occurs on sub-monthly timescales ar

The co-occurrence of high with low EKE and conversely lov) and high EKE likely re ects the result of baroclinic
conversion. This process transfers energy from the mean available potential energy to the eddy energy, thereby reducing the
background baroclinicity (and hentB while promoting eddy growth. As a result, periods of enhanced baroclinic conversion
are followed by a weakendd and increased EKE. In contrast, periods of low baroclinic conversion allow for baroclinicity to
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Figure 5. (a,b) Regression lines of instantaneous January (blue) and Julyd@edl] 0-day low-pass ltered maximum zonal wind at 250 hPa

months separately superimposed on binned averages from Fig. 2c,d. Shown are results for the NP (a,c) and NA (b,d) for the years 1980-2023
The respectivé) and EKE domains in the western basins are speci ed in Sect. 2.2.

consistent with the nonlinear oscillator model proposed by Ambaum and Novak (2014) for the storm track entry regions.
However, this model is highly idealized and it cannot explain the quasi-persistent state of Aighlow EKE observed in the

NP during midwinter. This quasi-persistent state suggests a suppression mechanism by which a strong jet inhibits EKE growth,
as widely discussed in the midwinter suppression literature, summarized in the introduction. A key result here is, however,
that a negative sub-monthly relationship betwéeand EKE can be identi ed with the new averaging method in almost all

12
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An additional mechanism in uencing EKE is also suggested by the seasonal differencedirEKE relationship: While
we expect an overall increase of EKE from summer to winter due to differences in the averaged jet velocities, it is unclear, why
for a given background jet velocity (e.g., 40 mt3, the expected EKE is higher in January (given by the y-value of the solid
dark blue line at x=40m <! in Fig. 5¢) than in July (given by the solid red line). This suggests variations in jet characteristics
beyond the background jet strength contributing to the seasonal differencesUREK&E relationship. This aspect will be
discussed further in Sec-24.

The results presented so far demonstrate thaltHEKE relationship is fundamentally similar in the NP and NA. In both
basins, the relationship between jet strength and EKE depends on the timescale of analysis. The primary distinction betweer
the NP and NA lies in the timescale of jet variability, which, in turn, leads to the apparent differencet/inEHRé& relationship
observed with monthly averaging. The application of the alternative averaging method, introduced here, substantially reduces
these differences and yields a more consistent picture of the underlying processes, as further discussed in the next subsectior

Eventually, the nonlinear relationship observed in Fig. 2c,d and Fig. 5¢,d (black dots) emerges as the combined effect of
the two processes on different timescales discussed above. Each black dot in Fig. 5c,d represents an average over 120 tin
steps selected from all months and years between 1980 and 2023, where jet velocities fall within a speci c thagkies.

These time steps may originate from different years and months. The extent of the monthly regression lines in Fig. 5 indicates
which U values are present in which months. For example, in the NP, June, July, August, and September include time steps
with U =40ms . Consequently, the black dotldt=40ms ! contains time steps from all four of these months. In contrast,

the black dot at) =70 ms * primarily consists of time steps from the extended winter months. The increase in EKE between
U=40ms ! andU=70ms ! can therefore be attributed to a shift of the contributing months from summer to winter, and
therefore the seasonal relationship. In contrast, the black dbt&0 m's * exclusively represents time steps from DJF.

Figure 5c,d shows that the decline in EKE betwékn70ms * andU =90 ms ! coincides with the regression lines for
DJF, indicating that this decrease is associated with the negative sub-monthly relationship h¢teegrEKE, which is
particularly pronounced in winter. Thus, the increase in EKE from small to intermddiatdues in Fig. 5 results from the
seasonal increase of EKE from summer to winter. In contrasEKtedecrease from intermediate to highvalues arises due to
the sub-monthly negative relationship betwékand EKE. The threshold at which the sign of the ovaddslEKE relationship
(black dots) changes should not be interpreted as a strict physical boundary at which the relationship fundamentally shifts.
Rather, it marks the transition from seasonal effects dominating at lowealues to sub-monthly effects becoming more
in uential at higherU values as these typically occur only in a reduced number of months. This interpretation also explains
the differences in threshold velocities between the NP and NA.

3.4 Comparing the North Paci ¢ and North Atlantic

We now turn to an even more detailed and technically more involved investigation of the jet-storm track relationship in the two
regions. Figure 6 summarizes the similarities and differences between the NP and NA in terms of jet strength (a), jet position
(d), EKE (b), and the jet—EKE interaction (c). The variances and covariances of these measures, calculated for the entire yeal

as well as speci cally for the extended winter season (NDJFM), can be decomposed—without cross terms (see Appendix A

13
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computed over the NP and NA domains as speci ed in Sect. 2.2. Also shown are the variance of the latitudeé ofakienum and the
covariance betweebl and EKE. Variances and covariances are calculated for the entire year and the extended winter months (NDJFM)

represents the between-month variance and the coloured portion (blue for NP, red for NA) represents the within-month variance. Absolute

total variances and covariances are given in the rst row, while the second row speci es the correlation associated with the covariances.

for a derivation of the decomposition)—into two components: (i) the variance of monthly means relative to the total mean
(henceforth referred to as variance between months), and (ii) the variance of individual time steps witlcal&addimonth

14
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The variance obJ reveals that the NP jet exhibits greater variability compared to the NA (see numbers at the top ofFig. 6a
throughout the year as well as in winter only, consistent with the higher jet velocities reached in the NP basin. However, while
the yearly variance in the NP is predominantly driven by between-month variability, this is not the case for the NA, where
the variance is more dominated by within-month variability, in particular during winter (compare the extent of the hatched
bars). This nding is consistent with the results shown in Fig. 3. As evident in Fig. 6b, the total variance of EKE is larger in
the NA compared to the NP, though the relative contributions from between-month and within-month variance are similar in
both basins. Due to the inherently large variability of EKE, the correlation values betweenl EKE are relatively small.
However, these negative correlations are highly signi cant, as determined using a t-test statistic. Note that winter EKE is almost
exclusively dominated by the within-month variability for both the NP and NA. Next, the covariandeantl EKE (shown in
Fig. 6b) over the full year exhibits a similar separation into between-month and within-month contributions in the NP and NA.

In both basins, the between-month covariance @ind EKE is strongly positive, re ecting the seasonal relationship governed

by baroclinic instability. This seasonal relationship manifests as the shift toward higaed EKE from summer to winter,

as seen in Fig. 5. Conversely, the within-month covariance is negative, thereby reducing the overall covariance. This negative
relationship, visible in Fig. 5 as the negative slopes of the monthly regression lines, re ects the sub-monthly interaction between
jet strength and EKE. When considering the full year, the seasonal effect dominates over the sub-monthly effect. Examining
the extended winter months separately reveals stronger differences between the NP and NA. In both basins, thetEkErall
covariance becomes negative. This occurs because the seasonal effect, which drives a positive covariance, is largely remove
when focusing exclusively on the extended winter months (particularly in the NA). As a result, the negative within-month
effect becomes dominant. This effect is stronger in the NP compared to the NA. In addition, in the NP the between-month
covariance is not entirely removed; instead, it also becomes negative. This phenomenon is what is documented as the midwinte
suppression, which has been observed in the NP but is notably absent in the NA. The NP midwinter suppression re ects the
fact that, in midwinterlJ remains high while EKE is reduced throughout entire months compared to the surrounding shoulder
seasons. This reduction occurs because the NP jet remains persistently strong and relatively undisturbed during midwinter, a
evidenced by the lower within-month variability of.

The decrease of EKE with increasing jet strength emerges as a fundamental relationship on sub-monthly timescales in both
the NP and NA and corresponds to the oscillation between periods of high and low background barocliniclty detitig as
a proxy variable for it), which are characterized by low and high EKE, respectively. Apparent discrepancies in this relationship
can largely be attributed to differences in the dominant timescales of jet variability between the two basins. These differences, in
turn, arise from the distinct nature of the two jets. The eddy-driven NA jet experiences strong eddy-mean ow feedbacks on the

jetlatitude and strength (Novak et al., 2015) on sub-monthly timescales. In contrast, the NP jet is more tightly constrained by the

. The Hadley cell and its descending branch are strongest and furthest southward in midwinter, leading to persistently higher
U and reduced EKE compared to the shoulder months. This introduces a negative relationship betmekeBKE in the
monthly evolution within the winter season that is not found in the NA, where such a relationship is only present on sub-
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