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ABSTRACT: The eddy-driven jet meandering has been hypothesized to increase due to climate change. This meandering
frequently relates to slow-moving patterns of surface low and high pressure anomalies, potentially causing extreme weather
events such as droughts, flooding, heat waves, and cold spells. However, the quantitative link between jet meandering and
storm development is still lacking, as well as a conclusive mechanism for the effect of climate change on jet meandering. In
this study, we separate the physical components in the atmospheric complex system using an idealized moist global circula-
tion model (GCM), performing a series of global warming simulations. We outline the connection between the decreasing
equator-to-pole temperature gradient due to Arctic amplification and the meandering of the jet. We derive a theoretical re-
lation between the 500-hPa geopotential height meridional gradient and jet meandering, indicating that the leading reason
for the increase in jet meandering is the flattening of the midatmospheric meridional temperature gradient, constraining
the variations of the streamfunction anomaly with latitude. As it decreases, the eddy-driven jet slows and its meridional lay-
out widens. By Lagrangian tracking of cyclones and anticyclones, we link the jet meandering to the development of cy-
clones and anticyclones, showing that intense storms are more likely to be associated with jet meanders during their
development stage. Furthermore, jet stream meanders with greater meridional extent will be more likely associated with
intense storms. In simulations with increased mean surface temperature, our results demonstrate an increase in both jet

961

meandering and storm intensity.
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1. Introduction

The eddy-driven jet plays a prominent role in large-scale
dynamics, advecting momentum, heat, and moisture in the
midlatitudes. The jet frequently meanders in a wavy pattern,
manifested as synoptic Rossby waves, forming high and low
pressure anomalies along the flow (Rhines 1975; Vallis 2017
Chen et al. 2022). Midlatitude weather extremes such as
droughts, floods, heat waves, and cold spells are induced within
the flow and influenced by it (e.g., Dole et al. 2011; Barnes
2013; Screen and Simmonds 2013, 2014; Rothlisberger et al.
2016). However, how much of the midlatitude extreme weather
events are related to the jet meandering is yet to be quanti-
fied. Moreover, in recent years, there has been a growing debate
about whether there will be an increase in the jet meandering in
a changing climate and how it will affect extreme weather events
frequency, intensity, and duration (e.g., Francis and Vavrus 2012;
Barnes 2013; Hassanzadeh et al. 2014; Chen et al. 2015; Robert
et al. 2019; Blackport and Screen 2020; Kornhuber et al.
2020; Sun et al. 2022). This study aims to quantify the funda-
mental relation between the eddy-driven jet meandering at
upper levels and extratropical extreme storm intensity at the
surface and to examine the effect of climate change on both
phenomena.

Arctic amplification (AA) refers to the enhanced warming
in the Arctic relative to lower latitudes in response to the in-
creased atmospheric greenhouse gas concentrations. This en-
hanced warming is primarily driven by temperature feedback,
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where more energy is radiated back to space in low latitudes
than in high latitudes, as well as by the sea ice loss feedback,
which reduces surface albedo and further amplifies warming
(e.g., Manabe and Stouffer 1980; Serreze et al. 2009; Pithan
and Mauritsen 2014; Previdi et al. 2021). Francis and Vavrus
(2012) suggested that AA would lead to a slower eastward
progression of Rossby waves in the mid- to upper-atmospheric
levels and persistent weather patterns in autumn and winter.
By analyzing observational data, they provided two optional
mechanisms linking AA to the persistence of weather condi-
tions. The first is a weakened meridional gradient in the
500-1000-hPa atmospheric column thickness, and the second
is a northward elongation of ridge peaks at 500-hPa waves.
They argued that these changes reduce zonal jet speed and
enhance jet meandering, thereby increasing the likelihood of
prolonged, extreme weather events such as maximum temper-
ature extremes. However, they did not explicitly examine how
these responses relate to the intensity of extratropical storm
systems.

Using a different metric to analyze the observational geo-
potential height contours, Barnes (2013) claimed that Francis
and Vavrus’s (2012) observations of planetary wave elonga-
tion might be an artifact of their methodology. Moreover,
she showed a complex linkage between the 500-hPa westerly
speed and the wave phase speed. While the former is decreas-
ing, the latter has the opposite trend in the autumn and win-
ter seasons. From a blocking event perspective, she found no
statistically significant increase in blocking frequency over all
seasons. With no alternative observational analyses and simula-
tions supporting Francis and Vavrus’ hypothesis, Wallace et al.
(2014) claimed their linkage between extreme cold-air outbreaks
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and global warming is only by coincidence. Using an idealized
dry global circulation model (GCM), Hassanzadeh et al.
(2014) analyzed the response of jet meandering, quantified by
Rossby wave amplitude, and blocking frequency, to AA.
They found that a reduced meridional temperature gradient
decreases both wave amplitude and blocking frequency, in
contrast to the hypothesis of Francis and Vavrus (2012). Re-
cent studies, such as Martin (2021), find a robust and statisti-
cally significant increase in the meandering of the polar jet
during boreal winter, particularly over the Pacific sector. In
contrast, using observational data, Overland et al. (2021) ar-
gue that intermittency and the presence of overlapping pro-
cesses, such as internal variability, make it difficult to isolate
the AA signal. Geen et al. (2023) show that the apparent con-
tradictions across studies can often be attributed to metric de-
pendence, i.e., different methods for quantifying jet meandering
yield different trends. Likewise, Nie et al. (2023) show that
while models generally agree on AA and a reduced meridional
temperature gradient, they diverge in their predictions of circu-
lation changes, stressing the need for better observational con-
straints to narrow model uncertainty. The divergent findings
across these and other studies further highlight the complexity
of diagnosing changes in jet meandering (e.g., Screen and
Simmonds 2013; Barnes and Polvani 2015; Francis and Vavrus
2015; Di Capua and Coumou 2016; Cattiaux et al. 2016; Peings
et al. 2018; Cohen et al. 2020; Dai and Song 2020).

The reduction in the meridional temperature gradient asso-
ciated with AA has been proposed as a key driver of changes
in the Northern Hemisphere (NH) eddy-driven jet, potentially
slowing its circulation (Francis and Vavrus 2012). However,
observed and projected responses of the NH eddy-driven jet
and storm tracks exhibit seasonal differences. In boreal sum-
mer, when meridional temperature gradients are weaker, the
effects of AA on the eddy-driven jet are less pronounced. Yet,
a weakening of the jet and storm tracks has been observed,
with future projections suggesting further weakening and in-
creased persistence of weather extremes (e.g., Coumou et al.
2015; Harvey et al. 2020; Chemke and Coumou 2024). In con-
trast, winter observations and projections indicate a strength-
ening of the jet, with storm tracks shifting poleward and
weakening in response to the reduced baroclinicity (Harvey
et al. 2014; Tamarin and Kaspi 2017a; Blackport and Fyfe
2022). It is important to note that trends in storm-track in-
tensity do not necessarily translate to changes in individual
storms, as single-storm intensity and storm-track intensity
can respond differently (e.g., Chang and Guo 2012; Priestley
and Catto 2022). Projected changes in the NH eddy-driven
jets location vary by season. During summer, a clear pole-
ward shift is anticipated, whereas in winter, the response
differs by region. The Pacific jet is expected to shift pole-
ward robustly, while the North Atlantic jet exhibits a less
pronounced displacement (Afargan and Kaspi 2017; Ossé
et al. 2025).

The response of the eddy-driven jet to climate change is in-
fluenced by multiple competing factors, leading to complex
changes in the atmospheric circulation. Butler et al. (2010)
highlighted that while AA drives a poleward shift of the jet
and storm tracks, upper-tropospheric warming in the tropics
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induces an equatorward shift. Additionally, cooling in the po-
lar stratosphere further complicates the overall response (e.g.,
Shaw et al. 2016; Chen et al. 2020). A key aspect of this re-
sponse is the interplay between changes in the meridional
temperature gradient at different atmospheric levels. While
AA reduces the surface meridional temperature gradient, po-
tentially increasing jet meandering, upper-tropospheric warm-
ing strengthens the temperature gradient at higher altitudes,
which can suppress meandering (e.g., Robert et al. 2019; Nie
et al. 2022). Yuval and Kaspi (2020) demonstrated that the
impact of upper-level temperature gradients on eddy activity
and zonal wind is comparable in magnitude to that of the re-
duced surface gradient. Furthermore, changes in atmospheric
static stability must also be considered, as they significantly in-
fluence eddy activity and storm development (e.g., Lu et al.
2008). By applying numerical simulations in an idealized
GCM setting, Moon et al. (2022) further proposed that zon-
ally asymmetric factors play a key role in the relationship be-
tween AA and jet meandering, underscoring the need to
consider regional processes such as land—ocean thermal con-
trast or orographic forcing. Considering these effects, compre-
hensive climate models generally project a decrease in jet
meandering and atmospheric blocking events in a warming
climate (Peings et al. 2018; Barnes and Polvani 2015). How-
ever, using the local wave activity (LWA) metric to assess the
jet meandering, Chen et al. (2022) suggested that increased
wave activity in boreal winter in the changing climate results pri-
marily from a weakened jet as a mixing barrier for eddy trans-
port rather than changes in eddy phase speed, as postulated
before. Using full climate models, Chemke and Coumou (2024)
found that climate models project a weakening of storm tracks
in boreal summer, potentially leading to more persistent weather
conditions that can develop into extreme weather events.

The connection between blocking events, a persistent Rossby
wave ridge or trough that disrupt the westerly flow, and ex-
treme weather events has been extensively studied (Pfahl and
Wernli 2012; Brunner et al. 2018; Wolf et al. 2018; Woollings
et al. 2018). In a baroclinic region, an upper-level vorticity
anomaly caused by the jet’s meandering induces a lower-level
anomaly, which reinforces the upper anomaly and slows its
eastward progression (Hoskins et al. 1985; Vallis 2017). Screen
and Simmonds (2014) looked at extreme weather months and
found that significantly amplified midtropospheric Rossby
waves commonly accompany them. The findings point to a
causal link between amplified waves and surface temperature
anomalies, suggesting that this would increase the probability
of extreme events in a changing climate where quasi-stationary
waves are amplified. Using theoretical arguments, Hoskins
and Woollings (2015) suggested an increase in surface temper-
ature anomalies with the increase in Rossby wave amplitude,
leading to an increase in the latent heat released in a cyclone
and its intensity. They also claim that the weakening of the
zonal flow due to AA will increase the stationary Rossby waves’
wavenumber. Using reanalysis data, Kornhuber et al. (2020)
found that amplified Rossby waves with wavenumbers 5 or 7
during NH summer increase the probability of getting more con-
current heat extremes, highlighting the strong influence of jet
structure on midlatitude weather persistence. However, whether
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increased jet meandering, reflected in 500-hPa wave amplitude,
enhances storm intensity remains unclear. For example, Sinclair
et al. (2020) found that rising mean sea surface temperatures in-
tensified strong cyclones in an idealized model, but they did not
assess the role of jet meandering. Recently, Tamarin-Brodsky and
Harnik (2024) investigated the connection between Rossby wave
breaking and weather extremes in the North Atlantic during win-
ter and found that, in most cases, there has been an association
with upper-level Rossby wave breaking. They showed a correla-
tion between the cyclone’s or anticyclone’s position relative to the
Rossby wave breaking, pointing to a preferred position for
intense storms. While there is an apparent connection between
jet meandering and extreme events, the percentage of storms
associated with jet meanders in space and time, as well as the
effect of larger jet meandering on storm intensity, has yet to
be systematically quantified.

In this study, we examine the links between global warming
and changes in storm intensity. Global warming is hypothe-
sized to weaken jet velocity, causing the jet stream to meander
more and thereby increase the persistance of weather systems.
While Francis and Vavrus (2012) focused on blocking events,
we examine and quantify the effect of jet meandering changes
on cyclones and anticyclones. Using a combination of an ideal-
ized moist GCM and Lagrangian tracking, we analyze changes
in jet speed and meandering, along with quantifying the
amount of storms generated or intensified as a result of jet me-
anders. The idealized GCM enables us to isolate the physical
effects of a decrease in meridional temperature gradient on jet
meandering and its influence on storms. At the same time, the
Lagrangian approach allows us to track jet meanders, upper-
level vorticity anomalies, and storm development, revealing
their causal link. By quantifying the meridional extent of each
ridge and trough in the jet, we can establish a connection be-
tween storm intensity to the extent of the jet meander. Apply-
ing the algorithm over a large dataset of jet meanders and storms
ensures statistical robustness. Additionally, we derive a theoreti-
cal relation between a reduction in the 500-hPa geopotential
height meridional gradient and an increase in jet meandering,
providing insight into the link between the two processes.

This paper is organized as follows: Section 2 describes the
coupling methodology between idealized moist GCM simula-
tions and the Lagrangian storm-tracking algorithm. We also
present our two-step process for quantifying the association
between storms and upper-level jet meandering, along with
the metrics we use to measure the eddy-driven jet meridional
elongation. Section 3a examines how jet meandering changes
with rising mean surface temperature. In section 3b, we dem-
onstrate that this change is linked to a reduction in the meridi-
onal temperature gradient, which leads to a decrease in jet
speed and a change in jet meandering. In section 3¢, we quan-
tify the link between jet meandering and storm intensity and
discuss its effect on the increased intensity of storms in global
warming simulation. Section 4 summarizes the results.

2. Methods

We use an idealized moist aquaplanet GCM based on the
Geophysical Fluid Dynamics Laboratory (GFDL) Flexible
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Modeling System (FMS) framework. The model uses an
Eulerian spectral dynamical core to solve the three-dimensional,
hydrostatic primitive equations and thermodynamic equation
for an ideal-gas atmosphere (Frierson et al. 2006; Anderson
et al. 2004; O’Gorman and Schneider 2008; Jeevanjee et al.
2017; Yuval and Kaspi 2020; Feldl and Merlis 2021). Its lower
boundary is a mixed layer ocean surface with a depth of 1 m.
It is an energy-conserving layer with a specified heat capacity
but no prescribed heat uptake or ocean heat transport. The
surface temperature is determined by surface heat fluxes of
radiative energy and latent and sensible heat. The model has
no seasonal or diurnal cycle and is forced by a constant solar
insolation corresponding to perpetual equinox conditions. A
two-stream gray radiation scheme is used, and radiation fluxes
are a function of temperature only. The shortwave radiation is
a function of latitude only, with no solar radiation absorbed in
the atmosphere. It is idealized as specified heating of the sur-
face with surface albedo included inside of it. The solar flux
is formulated by Ry = (1/4)Rg[1 + (A,/4)(1 — 3 sin%6)]e",
where Rgy = 1360 W m ™2 is the global mean net solar flux,
Ay = 1.2 is the latitudinal variation of shortwave radiation,
7, = 0.08 controls the vertical absorption of solar radiation in
the atmosphere, and 6 is the latitude. The longwave optical
depth 7 depends on latitude and pressure, according to Eq. (1):
T=[fio+ (1 = £)o'llr, + (s, — 7,)sin’6], 1)
where o = p/p_ is the vertical coordinate (p;, is the surface
pressure and p is the pressure), f; = 0.2 is the linear optical
depth parameter, and 7, = 8.2 and 7, = 2.4 are the longwave
optical thicknesses at the equator and the pole, respectively,
in the reference simulation with Earth-like temperature distri-
bution (O’Gorman and Schneider 2008; Tamarin and Kaspi
2016). The model has simplified moist convection and conden-
sation schemes, with water vapor as a prognostic variable. As
it exceeds saturation in a grid point, it condenses and falls out
immediately but reevaporates below. Hence, no clouds exist,
and changes in water vapor do not directly affect the radiative
transfer. For a detailed description of the model, see Frierson
et al. (2006). The spectral resolution we use is T85, correspond-
ing to a horizontal grid resolution of 1.4° X 1.4°, and 30 vertical
sigma levels. The model does not include clouds, ice, and
chemical processes. However, it still obtains the leading order
features of Earth’s climate (Kaspi and Showman 2015).

a. Tracking method

We apply a Lagrangian feature point-tracking algorithm to
track cyclones and anticyclones on the GCM output relative
vorticity field. The algorithm identifies and characterizes the
extratropical eddies on the sphere after removing the back-
ground field to isolate the synoptic and mesoscales (Hodges
1995). Here, we identify vorticity anomalies using the 850-hPa
(lower level) and 300-hPa (upper level) vorticity fields and
then track their centers every 6 h. A cutoff of [107° s ! is
used, and only extratropical NH vorticity anomalies that last
more than 2 days are analyzed. Lower-level positive (nega-
tive) anomalies, indicating cyclones (anticyclones), initiated be-
tween latitudes 20° = 6 = 70° are referred to as extratropical
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storms. The identified storms in each simulation are classified
into five intensity levels based on their maximum intensity.
This classification is determined using percentiles, with each
level representing a 20th percentile range, where the most
intense storm in the simulation corresponds to the 100th
percentile. The intensity levels are defined separately for cy-
clones and anticyclones, regardless of their spatial location.
This approach ensures a systematic comparison of storms
across different intensity levels while maintaining consistency
across simulations.

With the GCM simulations and tracking algorithm output,
we have an extensive dataset of storms and jet meanders, which
allows us to quantify their relation. Several spatial and temporal
factors need to be considered to associate lower-level storms,
which give rise to weather phenomena, with upper-level jet me-
anders. During the growing stage of a baroclinic wave, its phase
will be tilted westward with height. Consequently, the upper-
level vorticity anomaly will not be vertically aligned over the
lower-level vorticity anomaly but shifted to the west. Addi-
tionally, due to the NH meridional temperature gradient, the
lower-level cyclonic (anticyclonic) motion causes temperature
advection poleward (equatorward) east of the circulation cen-
ter. Thus, it shifts the location of the lower-level maximum
vorticity anomaly meridionally (Hoskins et al. 1985). Further-
more, there may be a time lag between the appearance of the
upper-level vorticity anomaly due to jet meandering and the
time of the lower-level maximum vorticity anomaly.

We develop a two-step process to directly associate 850-hPa
lower-level storms (surface storms hereafter) with the corre-
sponding 300-hPa geopotential height ridges and troughs.
Figure 1 shows a snapshot of the association process between
surface cyclone (anticyclone) and trough (ridge) in the eddy-
driven jet.

1) We take a box at the 300-hPa pressure level sized 10° in
longitude by 16° in latitude with the maximum intensity of
surface cyclones (anticyclones) positioned at the center of
the eastern side of the box (red dashed box in Fig. 1), and
look for any cyclonic (anticyclonic) motion found by the
tracking algorithm within the box. To ensure we analyze
only lower- and upper-level vorticity anomalies that inter-
act and intensify each other, we move the box with the
center of the surface storm for 12 h before and after its
maximum intensity. If such an upper-level vorticity anom-
aly is found, for all 24 h, then the surface storm is consid-
ered associated with an upper-level vorticity anomaly.

2) We take another box at the 300-hPa pressure level, sized 20°
in longitude by 8° in latitude, centered around the location
of the upper-level vorticity anomaly (blue dashed box in
Fig. 1). For each 300-hPa isopleth, we identify its local mini-
mum (troughs) and maximum (ridges) latitudinal points and
assess whether any are located within the box. The isopleth
with the point closest to the anomaly center is selected. A
surface cyclone (anticyclone) is considered associated with a
jet meander if such a trough (ridge) is found.

The criterion that the storm’s peak intensity occurs close in
time and space to a geopotential height ridge or trough is
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essential to ensure a physical interaction between the geopo-
tential height excursions, upper-level vorticity anomalies, and
surface storms. The box sizes in the two-step association algo-
rithm were chosen based on key physical considerations. For
the first step, we accounted for the typical size of a surface
storm, meridional temperature advection, and westward verti-
cal shift of the pressure anomalies during extratropical storm
development. For the second step, we based the box size on
an averaged scale of 300-hPa geopotential height ridges and
troughs, assuming that vorticity anomalies develop near the
maximum pressure anomaly (jet meander’s peak). Note that
the box size used to associate between upper-level vorticity
anomaly and jet meander is much smaller in the meridional
direction than the box in the first association step. This is
done to ensure that the jet meanders affect the upper-level
vorticity anomaly and to increase the statistical significance of
the results.

To examine the correlation between the surface storm in-
tensity and the wave amplitude, we calculate the intensity of
each 300-hPa geopotential height ridge and trough. For every
geopotential height isopleth peak (central peak), high or low,
we take the meridional (A6) and zonal (AX) distances to each
of the two adjacent low or high peaks. The neighboring peak
with a smaller Af is used to determine the intensity of the
main peak. The intensity of the meander % is the ratio be-
tween the meridional and zonal distances between the central
peak and its adjacent peak 4 = A6/A). An illustration of as-
sessing the meridional and zonal distances of isopleth peaks
can be seen in Fig. A1l in the appendix. In the two-step associ-
ation process, we only consider meanders more intense than
h = 1. The ridges and troughs are classified into five intensity
levels using percentiles, with each level representing a 20th
percentile range, where the most intense meander in the sim-
ulation corresponds to the 100th percentile.

This method captures Rossby waves breaking since the ex-
trema in the geopotential height isopleths can still be detected
(Thorncroft et al. 1993; Ndarana and Waugh 2010). However,
the intensity of ridges and troughs during Rossby wave break-
ing may be underestimated depending on the wave’s shape.
Additionally, for cutoffs and blocking events, where geopo-
tential height isopleths do not span all longitudes, the associa-
tion algorithm will not detect them as troughs or ridges or
associate them with surface storms, unless the storm reaches
maximum intensity within 48 h of the cutoff or blocking event.
These events can be viewed as the evolution of a trough or
ridge in the 300-hPa geopotential height isopleth. This issue
highlights the advantage of using an idealized GCM. The
analysis can be applied to a large dataset of storms and jet me-
anders, ensuring that the small number of cases where Rossby
wave breaking, cutoffs, or blocking events lead to underesti-
mated wave amplitude (or no association at all) has minimal
impact on the results. Here, we analyze about 20000 surface
cyclones and 20000 surface anticyclones from 4000 simulation
days. Furthermore, a dataset of only a few thousand storms
would increase the statistical influence of false negatives and,
more critically, false positives, cases where storms are incor-
rectly associated with jet meanders. To assess the algorithm’s
reliability, we exploit its occasional association of upper-level
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FIG. 1. Demonstration of the two-step process for associating surface (a) cyclone and
(b) anticyclone with an upper-level geopotential height meander in the reference simula-
tion. Red lines are surface storm tracks at 850 hPa, red circles are the locations of the storms
every 6h, and the large circles are the locations at the time of the storm’s maximum intensity
tmax- The projection of the continuous red box on the 300-hPa pressure level, shifted five
longitudes to the west, is the dashed red box. The dashed blue line is the track of the 300-hPa
(a) cyclonic and (b) anticyclonic motion identified by the algorithm and located within the
dashed red box at t,,,«. The dashed blue box is centered around the blue circle, the location of
the upper-level vorticity anomaly at #,,,, and in which we looked for (a) trough and (b) ridge
in the 300-hPa geopotential height (black contour). The upper blue (red) box in this example
is centered around (a) longitude 215° (212°) and latitude 39° (41°) and (b) longitude 295° (293°)

and latitude 46° (42°).

troughs (ridges) with negative (positive) vorticity anomalies,
which are dynamically inconsistent and thus serve as proxies
for false associations. Comparing these to the frequency of dy-
namically consistent associations helps validate that the algo-
rithm identifies surface storms that dynamically interact with
jet meanders.

b. Idealized GCM global warming simulation setup

To investigate how global warming will affect jet meander-
ing and storm intensity, we conduct global warming simula-
tions by increasing the optical depth thicknesses at the equator
and the pole (e.g., O’Gorman and Schneider 2008; Levine and
Schneider 2011; Pfahl et al. 2015; Tamarin and Kaspi 2017b).
Multiplication of both optical depth parameters by the same
factor « = 1.2, 1.5, 1.8 increases 7 according to Eq. (1), hence
raising the global-mean surface temperature by roughly 3, 6,
and 9 K, respectively, and decreasing the equator-to-pole
surface temperature difference. For @« = 1, the reference
simulation, the surface temperature distribution is similar
to Earth’s, with around 40-K mean surface equator-to-pole
difference. We apply the storm-tracking algorithm and the
two-step association process to each experiment.

As part of the global atmospheric circulation, the average
intensity of the meanders associated with surface storms is
controlled by the mean meandering of the eddy-driven jet.
We are assessing whether there was an increase in jet
meandering due to global warming using the “SeaMaxMin”
and “DayMaxMin” metrics described in Barnes (2013).
These metrics measure the meridional extent of the 500-hPa
geopotential height isopleths (Z500) on a global scale, whereas
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the metric introduced in section 2a, and applied in section 3c,
measures the regional meridional extent of the 300-hPa geopo-
tential height isopleths. The SeaMaxMin metric, similar to that
proposed by Francis and Vavrus (2012), calculates the differ-
ence between the maximum and minimum latitudes obtained
by individual Z500 isopleth at each longitude at each season.
Specifically, for each season, at each longitude, it identifies
the maximum and minimum latitude a specific Z500 isopleth
reaches over that season, with their difference representing
the isopleth’s meridional extent. These extents are then zon-
ally averaged to obtain a single value for each isopleth in each
season. Since there are no seasonal variations in the model,
the analysis period for SeaMaxMin only needs to exceed the
typical time scale of a long-lived storm. For simplicity, we de-
fine a “season” as the models’ 50-day period. It is sufficiently
long to capture jet meanders and much longer than the synoptic
time-scale or model-scale variability. Moreover, since we aver-
age the isopleths’ extents over all the 50-day periods, any dif-
ferences from using different time periods would be averaged
out, making the choice of duration inconsequential. The Day-
MaxMin metric calculates the daily meanders of the Z500
field. For each day, it takes the difference between the maxi-
mum and minimum latitudes obtained by a single Z500 iso-
pleth (see Fig. 1 in Barnes 2013). In contrast to Barnes (2013),
who applied both metrics over a specific region, we are apply-
ing them globally. An isopleth must simultaneously contain
valid values at all longitudes to be included in the analysis. We
excluded missing values from the averaging process. The use of
an idealized model allows us to overcome the limitations of
long-term observational data, which have posed challenges in
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previous studies (e.g., Francis and Vavrus 2012; Barnes 2013;
Screen and Simmonds 2014). This approach enables us to de-
termine whether the observed results stem from internal vari-
ability or from the change in the system’s physical parameters.

3. Results
a. Increase in the eddy-driven jet meandering

We start by examining the relation between global warming
and jet stream meandering. We conduct a series of simula-
tions of a global increase in mean surface temperature, which
results in changes to the mean surface temperature gradient
and weakens the zonal wind speed in the midlatitudes, as
can be seen in Fig. A2. By applying the SeaMaxMin and
DayMaxMin metrics (Barnes 2013) on the idealized GCM
global warming simulations, we observe an increase in jet
meandering with higher mean surface temperature (Fig. 2). In
Fig. 2, similar to Fig. 3 in Barnes (2013), we show the extent of
the Z500 isopleths. The dashed lines represent the average
7500 isopleth identified with the eddy-driven jet in each simu-
lation. The intersection between the solid and dashed lines of
the same simulation is marked by a dot (matched colors), indi-
cating the simulation’s averaged jet meander extent. The rise
in the dashed lines’ height reflects the expansion of the at-
mospheric column due to lower-tropospheric warming (e.g.,
Seidel and Randel 2006). Both metrics show a correlation be-
tween higher mean surface temperatures and increased jet
meandering extent.

b. Examining the relation between global warming and
jet meandering

AA leads to a reduction in the Z500 meridional gradient
dZ/dy. In addition, it weakens the zonal-mean zonal winds at
500 hPa. To analyze the eddy-driven jet meandering, we con-
sider the zonal # and meridional v wind components and de-
note eddy anomalies from the time-mean values by prime.
The jet at this level is located around the latitude of maximum
in the eddy momentum flux convergence —(3/0y)(u’v’), along
with the location of the maximum magnitude in the horizontal
eddy streamfunction at 500 hPa, defined as ¢/ = fv’dx. The
leading order of small meridional changes in the streamfunc-
tion, i.e., the eddy streamfunction, around its maximum value
in the midlatitudes can be expressed as

s
o —d
tlf“ay Y,

@
where dy is the meridional displacement of a Lagrangian par-
cel from its original latitude. For a small Rossby number and
a constant Coriolis parameter, the streamfunction and geopo-
tential height field are proportional to each other ¢ &« Z (Vallis
2017). Thus,

0Z

—dy.

ll/“ay

®)

Since we care only for the magnitude of the jet meridional ex-
tent (dy), not whether it extends northward or southward, we
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can take the absolute value of Eq. (2). Writing the geopoten-
tial height term in Eq. (2) as the sum of its zonal mean and
eddy component (Z=Z + Z’) and taking the time mean
(denoted by curly brackets {-}) of Eq. (3), we get

0z
ay

{ly = { 4)

}{Idyl},

and we can address |dy| as the meridional extent of the jet
meandering. Its values are determined using SeaMaxMin
and DayMaxMin metrics, which provided similar extent
values in the idealized GCM simulations. We assume that
dZ/dy =>0dZ'/dy, as the background difference dominates
over the anomaly in the midlatitudes. Equation (4) connects
the time-averaged meridional gradient and the eddy stream-
function through the extent of the meanders of the jet. It
sheds light on the change of the jet meandering in the global
warming scenarios, where both |¢/|,0Z/Jy decrease in the
midlatitudes (Figs. 3a,b) as a result of the reduction in the
1000-500-hPa meridional temperature gradient (Fig. 3c).
The ratio between the decrease of the two terms will deter-
mine whether the jet meandering is projected to increase in
global warming scenarios and presented in Fig. 3d (Z, = dZ/ay).
It shows the increase in the time-mean values of A(W/Zy)h =
(W/Zy)h/(m/zyﬂreference in each simulation, where the sub-
script i stands for the 3-9-K rise in mean surface temperature
from reference simulation. The increase means that, on aver-
age, at the latitudes of the jet’s center, the Z500 gradient de-
creases more than the eddy streamfunction. This pattern is
consistent with an increase in |dy|, as described by Eq. (4).
This analysis does not provide an explanation for why the
7500 meridional gradient decreases more than the eddy
streamfunction in these simulations, as they are both influ-
enced by the reduction in the meridional temperature gradi-
ent. However, it shows consistency between the reduction of
|4/ and [9Z/ay|, along with the increase in jet meandering.

c. The relation between storms and jet meanders

We implement the two-step association process to investi-
gate and quantify the connection between jet meanders and
storm intensity. We first apply only the second step, indepen-
dent of the surface storm association condition defined in the
first step. It associates vorticity anomalies at the upper tropo-
sphere with jet meanders in the reference simulation, with
the resulting association percentages depicted in Fig. 4a. The
blue (orange) line represents the probability, in percent, that
an upper-level positive (negative) vorticity anomaly is associ-
ated with trough (ridge) in the 300-hPa geopotential height
isopleth. It shows the probability that a vorticity anomaly is as-
sociated with a jet meander for each normalized anomaly inten-
sity, for example, slightly below 45% (above 95%) for the
weakest (strongest) positive vorticity anomaly. The percentages
of associated positive vorticity anomalies monotonically in-
crease for stronger anomalies. The percentages for weak anom-
alies are lower, as jet meanders do not necessarily induce the
vorticity anomalies, which result from other local dynamical
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FIG. 2. The extent of 500-hPa geopotential height isopleths in ideal-
ized GCM warming simulations, calculated using (a) SeaMaxMin and
(b) DayMaxMin metric. Solid lines with warmer colors indicate a
higher global mean surface temperature, and the matching color
dashed line represents the averaged Z500 isopleth identified with the
eddy-driven jet in the simulation. The dots mark the intersection be-
tween solid and dashed lines of the same simulation. Note the in-
verted values in the y axis. The lines exhibit similar behavior to that
observed in reanalysis data, as presented in Fig. 3 in Barnes (2013).

processes. The high percentages for intense anomalies indi-
cate a strong connection between the jet meanders and the
formation of upper-level cyclonic and anticyclonic vorticity
anomalies, as can be expected. As anticyclones have more exten-
sive spatial coverage than cyclones, the decrease in percentages
might result from a larger distance between the center of the
tracked anticyclonic motion and the peak of the meander. The
overall increase in percentages for larger vorticity anomalies sug-
gests that the shape of the eddy-driven jet governs the creation
of large upper-level vorticity anomalies. The percentages of asso-
ciation between anticyclonic motion and a trough, or cyclonic
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motion and a ridge, are consistently below 10% for all vorticity
anomaly intensities, indicating that these associations are more
random than physically correlated.

Adding the first step that associates surface storms with
upper-level vorticity anomaly, we can quantify the relation be-
tween surface cyclones and anticyclones to jet meanders. As
ridges and troughs do not always align with the tracks of the
upper-level vorticity anomalies they induce or influence, we con-
sider the differences in the association times between the first
and second steps. Figure 4b shows the percentages of surface
storms associated with 300-hPa geopotential height meanders as
a function of the time difference between the time the surface
storm reaches its maximum intensity and the time the 300-hPa
vorticity anomalies are associated with the meanders. The high-
est number of intensity level 5 storms associated with mean-
ders is 24 (12) hours before the cyclones (anticyclones)
reach their maximum intensity. The fact that this association
occurs before most intensity level 5 cyclones reach their maxi-
mum intensity suggests that upper-level anomalies contribute to
surface cyclone intensification. The existence of the upper-
level vorticity anomaly can lead to an amplification of the
lower-level vorticity anomaly. The longer time lag for cy-
clones stems from their baroclinic growth. The more intense
the cyclone is, the longer the time lag between the interac-
tion of the upper-level vorticity anomaly with the jet mean-
der and the cyclone’s maximum intensity. Hence, we take
into account the time-lag effect in each surface storm asso-
ciation process. We investigate the association between
ridges and troughs and upper-level vorticity anomalies
within 48 h before the surface storm reaches its maximum
intensity.

For the reference simulation, the percentages of the surface
storms associated with jet meander as a function of the mean-
der intensities, classified into five storm intensities, are pre-
sented in Fig. 5. Each set of colored dots, connected by a
dashed line, represents a different intensity level of storms.
The percentages are from the total storms in each intensity
level (represented by the color), as a function of the associ-
ated meander intensity. Among intensity level 5 cyclones that
are associated with any upper-level trough, the majority are
linked to deep troughs, jet meanders in intensity levels 4 and 5,
accounting for 30% of all intensity level 5 cyclones. In contrast,
fewer than 7% are associated with weaker meanders (intensity
levels 1-3). These relations also represent cyclones in intensity
levels 34 and anticyclones in intensity levels 3-5 associated
with ridges. Moreover, the sum of the percentages of each
storm intensity level grows as the intensity of the storms gets
higher, similar to the results of the analysis made only on the
300-hPa vorticity anomalies (Fig. 4). The percentages for
weak storms are low as most of the vorticity anomalies are
not significant enough to interact with the upper atmosphere.
The more intense storms interact with the upper atmosphere
and relate to the upper-level vorticity; hence, the association
percentages for intense storms are high. Higher meander in-
tensity linked to stronger storms indicates that the likelihood
of a storm becoming stronger depends on the jet meander in-
tensity. It is not that every intense jet meander will lead to
a surface storm at some intensity level. But if a surface vorticity
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FIG. 3. Solid lines show the time and zonally averaged values of the NH (a) absolute eddy streamfunction at
500 hPa, (b) differences in 500-hPa geopotential height from the equator, and (c) differences in the 1000-500-hPa
column-averaged temperature (7) from the equator. Dashed vertical lines show the averaged latitude of the eddy-
driven jet center. (d) The change in the ratio between the time-averaged absolute value of the eddy streamfunction
and the Z500 meridional gradient for each global warming simulation. The values of |/ |/Zy are calculated in simula-
tions with a 3-9-K mean temperature increase, in latitudes around the center of the jet, in comparison to the same lat-

itudes at the reference simulation.

anomaly has been initiated and interacts with a prominent
upper-atmospheric trough/ridge through an upper-level vorticity
anomaly, the intensity of the trough/ridge will most likely in-
fluence the storm to become an intense surface storm. The
area where the association process links a lower-level vortic-
ity anomaly with an upper-level vorticity anomaly is based
on the average size of an extratropical storm. While increas-
ing the area size would increase association percentages, it
may also introduce false associations with storms that do not
dynamically interact with upper-level vorticity anomalies. This
relatively small area, combined with the condition that the
upper-level and lower-level anomalies will propagate in the
same direction for 24 h, enhances the likelihood of correctly
identifying interactions between surface storms and their as-
sociated jet meanders.

To better understand the vertical structure of the surface
storms associated with jet meanders, we created composite
plots for associated storms with meanders at intensity levels 1,
3, and 5 (Fig. 6). The contours are the 300-hPa geopotential
height isopleths, and magenta circles show the location of the
associated 300-hPa vorticity anomaly with the surface storm
at the time of the surface storm’s maximum intensity. Shading
is surface pressure anomalies, and yellow crosses are the loca-
tions of the most significant negative (positive) surface pres-
sure anomalies for cyclones (anticyclones). In all panels, the
magenta circles are westward shifted from the location of the
yellow crosses, as expected from baroclinic storms. In addi-
tion, due to the meridional advection of surface temperatures,
the locations of the low (high) surface pressure anomalies are
northward (southward) shifted from the upper-level vorticity
anomaly. The high correlation between the shape of the
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geopotential height contours and the direction of the wind
(arrows) in all panels implies that the flow is mainly geostrophic
and follows thermal wind balance. As the geopotential height
contours are more steep (more intense meander), the surface
pressure anomaly (darker shading) is more significant. That
is the implication of the different percentage distributions
between the colors in Fig. 5. For instance, when comparing
the percentages of the cyclones associated with meanders in
intensity levels 3 and 5, cyclones in intensity level 5 have a
larger fraction of all the cyclones associated with meanders in
intensity level 5 than intensity level 3. Therefore, we observe
more significant pressure anomalies in Fig. 6¢ than in Fig. 6b.
This figure confirms that the storms analyzed exhibit a verti-
cally baroclinic structure. Additionally, we can consider the
most intense 50% of storms at intensity level 5 as extreme cy-
clones and anticyclones, representing 10% of all identified
storms. We also applied the association analysis to the simula-
tion with a 6-K increase in global mean surface temperature.
The results, presented in Figs. A3-AS, are consistent with
those of the reference simulation in Figs. 4-6, respectively.
Comparing the association percentages in the reference simu-
lation (Fig. 5) to the 6-K warming simulation (Fig. A4), we ob-
serve a slight decrease in the percentages of intensity level 5
storms (cyclones and anticyclones) associated with intensity
level 5 meanders. Conversely, the percentages of intensity level 4
cyclones associated with intensity level 5 troughs show a slight in-
crease. These results reinforce that the relations identified in the
reference simulation persist under global warming simulations.
We further examine the baroclinic life cycle of the associ-
ated extratropical cyclones to strengthen the understanding of
the coupling between the upper and lower pressure levels. We
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FIG. 4. (a) Association percentages between 300-hPa pressure-
level positive (negative) vorticity anomalies and jet troughs (ridges)
in blue (orange) as a function of the normalized vorticity anomaly in-
tensity, at the time of the anomalies’ maximum intensity. (b) Percen-
tages of the associated intensity levels 4 and 5 surface cyclones (blue
colors) and anticyclones (red colors) with 300-hPa geopotential height
troughs and ridges as a function of the association time, relative to
the surface storm’s maximum intensity. Blue and dark blue lines indi-
cate cyclones of intensity levels 4 and 5, respectively; red and dark
red lines indicate anticyclones of intensity levels 4 and 5, respectively.

calculated the Eady growth rate (EGR) and the meridional
components of baroclinic (BC,) and barotropic (BT,) energy
conversion rates for cyclones associated with intensity level 5
troughs. These quantities are computed and averaged over all
identified cyclones, with the averaging denoted by angle
brackets (), and defined as Oty = 0.31(f/N){jouloz|),
BC, = —[pg?/(NT)’|(v' T")(@Tdy), and BT, ~ —p(u/'v/)@u/y)
(Vallis 2006; Hadas and Kaspi 2025), where T is the tempera-
ture, N is the Brunt-Viisila frequency, fis the Coriolis parame-
ter, p is the density, and g is the gravitational acceleration.
Figure 7 presents the composite evolution of the EGR, BC,,
and BT,. Both EGR and BC, increase around the location of
the upper-level positive vorticity anomaly during the growing
stage of the cyclone, peaking at the time of maximum storm in-
tensity and subsequently declining. The BT, peaks at the time

Brought to you by Weizmann

AVIV AND KASPI

969

of maximum intensity but remains approximately an order of
magnitude smaller than the baroclinic conversion. This behavior
aligns with baroclinic instability dynamics, which involve vertical
coupling between the 300- and 850-hPa pressure levels.

The distributions of storm intensities at their peak vorticity
anomaly in the global warming simulations are shown in Fig. 8.
As the mean surface temperature rises, more intense upper-
level (larger than |7 X 107°] s™!) cyclonic and anticyclonic
vorticity anomalies have been identified. In addition, the total
number of identified upper-level cyclonic and anticyclonic
motions increases. The strong relation between the meander
intensity and upper-level relative vorticity values, shown in
Fig. 4, can potentially explain the increase in the number of
identified upper-level vorticity values and, in particular, the
number of intense vorticity cases. As the jet amplitude in-
creases with the mean surface temperature rise, it advects
colder (warmer) temperatures toward the equator (pole), gen-
erating larger positive (negative) relative vorticity values. The
upper-level vorticity, in turn, can reinforce lower-tropospheric
vorticity anomalies, developing into lower-level storms. Con-
tinuing to the distributions of the lower-level storms, the total
number of cyclones and anticyclones has slightly decreased
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FIG. 5. Percentages of the associated surface (a) cyclones and
(b) anticyclones in different storm intensity levels as a function of
the jet meander intensity in the reference simulation. Colors repre-
sent the intensity level of the surface storm.
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with the increase in mean temperature. For intensity level 5
storms, cyclones (anticyclones) with maximum relative vorticity
exceeding the 80th percentile dashed line in Figs. 8c and 8d ex-
hibit a shift toward higher values as the mean surface tempera-
ture increases. Intensity level 5 cyclones show a larger shift to
higher values compared to intensity level 5 anticyclones. That
makes the last connection between global warming and storm in-
tensification. Using idealized GCM global warming simulations,

we tied between mean surface temperature rise, particularly
AA, through an increase in the eddy-driven jet meandering and
an increase in lower-level storm intensities, potentially leading to
storm intensification.

4. Conclusions

The connection between global warming and the intensifi-
cation of storms has been studied extensively but has led to a
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wide range of results. Here, using an idealized aquaplanet
GCM, we systematically quantify the percentages of storms
associated with jet meanders and the correlation between
larger jet meanders and storm intensity. In agreement with the
hypothesis of Francis and Vavrus (2012), we show a positive
correlation between the meridional gradient of midtroposphere
temperatures and eddy-driven jet speed in the idealized GCM
global warming simulations. The decrease in jet speed is driven
by a weakened meridional temperature gradient in the 1000—
500-hPa pressure layer, primarily due to AA, resulting in re-
duced eddy momentum flux convergence in the midlatitudes.
Using an idealized moist aquaplanet GCM provides several
key advantages, including the ability to generate a large data-
set of storms and jet meanders, and a simplified framework
that facilitates a clearer analysis of the physical parameters af-
fecting jet meandering. Previous studies have used numerical
simulations and idealized GCMs to address the link between
jet meandering and extreme weather events (e.g., Hassanzadeh
et al. 2014; Moon et al. 2022; De Luca et al. 2024). However,
they have not systematically examined and quantified the re-
lation between jet meanders and storm intensity. Alongside
the advantages of using an idealized model, important differ-
ences exist between this model and more complex climate
models, such as those in the Coupled Model Intercomparison
Project phase 6 (CMIP6). The idealized GCM has no topogra-
phy; hence, it lacks stationary Rossby waves. Additionally, as
the radiation does not feedback with water vapor, clouds, and
sea ice, the warming is a uniform scaling of the gray optical
depth [Eq. (1)] without spatial dependence in the above
feedbacks. Despite these differences, this study focuses on
the fundamental relations between jet meandering and
storm intensity, which is primarily influenced by transient
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waves rather than stationary wave features (e.g., Kaspi and
Schneider 2013; Screen and Simmonds 2014; Kornhuber
et al. 2020). While land-sea contrasts play a prominent role
in shaping regional climate responses, the underlying dy-
namical mechanisms investigated here are expected to be
relevant in more complex settings. Moreover, the uniform
forcing provides a controlled framework to isolate the ef-
fects of a reduced meridional temperature gradient on jet
dynamics and storm intensity, independent of additional ra-
diative feedbacks.

To assess the changes in jet meandering in global warming
simulations, we use SeaMaxMin and DayMaxMin metrics pre-
sented by Barnes (2013). We observe an increase in the jet me-
ridional extent in both metrics with global warming (Fig. 2).
To further explore jet meandering changes and the link with
its zonal velocity, we demonstrate a direct correlation between
the eddy streamfunction and the product of the Z500 meridio-
nal gradient and the jet’s meridional extent [Eq. (4)]. The
time-averaged ratio of the absolute eddy streamfunction at the
jet center to the Z500 meridional gradient around it increases
in global warming simulations, coinciding with enhanced jet
meandering. Figure 3 shows an increase in {|y/|/Z,} across
simulations, consistent with the rise in jet meandering ({|dy|})
observed in Fig. 2.

The Lagrangian perspective adopted in this study allows us
to track jet meanders, upper-level vorticity anomalies, and
storm development, providing insights into their causal link.
We develop a method for associating jet meanders with storm
development, that considers the location of the storm’s center
relative to the ridge or trough and the meridional extent of the
meander. The percentages of a strong surface storm (cyclone
or anticyclone) associated with a Z500 isopleth meanders
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grow as the storms’ intensity increases. Moreover, large
7500 isopleth meanders are mainly associated with intense
cyclones and anticyclones, pointing to a strong link be-
tween the extent of the jet meander and the storm’s inten-
sity (Fig. 5). We deduce that increased jet meandering leads
to more significant upper-level vorticity anomalies that induce
stronger storms. This link is highlighted by the results shown
in Fig. 4b. A time lag between the time an upper-level trough
or ridge becomes associated with lower-level vorticity anomaly
and the time the storm reaches its maximum intensity (i.e.,
maximum vorticity anomaly) is seen in most of the associated
storms. The interaction between upper-level and lower-level
vorticity anomalies is mutually reinforcing. At the same time,
the fact that this association occurs before most intensity level
5 cyclones reach their maximum intensity suggests that upper-
level anomalies play a role in intensifying cyclones. The rela-
tion between strong jet meanders and strong storms implies
that stronger jet meanders will reinforce lower-level vorticity
anomalies to develop into more intense storms. Storm inten-
sity distributions of the global warming simulations present an
increase in cyclone and anticyclone intensities (Fig. 8). For
each 1-K rise in the mean surface temperature, there is an av-
erage increase of 0.6% in the 80th percentile of the storm in-
tensity distribution.

Our idealized aquaplanet GCM warming simulations indi-
cate that AA reduces lower-tropospheric baroclinicity in the
midlatitudes, leading to a decrease in the eddy-driven jet
speed and weakening the storm tracks. This response resem-
bles observed and projected changes in NH summer under cli-
mate change (e.g., Coumou et al. 2015; Kang et al. 2023).
While previous studies have suggested that a faster eddy-
driven jet is associated with more intense storms (e.g., Lukens
et al. 2018), our simulations show an increase in storm inten-
sity despite a reduction in zonal wind speed. This finding sug-
gests that a weakened storm track, often linked to reduced
eddy kinetic energy (EKE), might not necessarily imply
weaker storms. A possible explanation for this distinction is
that the integrated effect of many eddies shapes storm tracks,
whereas storm intensity is determined by localized energy
conversions (Chang and Guo 2012). If AA weakens the baro-
clinic zone, the overall storm-track activity may weaken. How-
ever, individual storms may still intensify if diabatic heating or
significant localized pressure gradients lead to stronger energy
conversion. Notably, previous studies using more complex fu-
ture climate models have projected a slight decrease in NH
summer storm intensity, in contrast to our findings (e.g., Chang
et al. 2016; Priestley and Catto 2022). This study does not at-
tempt to directly compare the magnitude of AA or storm-track
weakening with previous studies, as the idealized model is not
designed to reproduce observed climatology but rather to isolate
physical mechanisms and capture key dynamical features of
the general circulation. Nonetheless, the trends identified in the
idealized model align closely with observed patterns of NH
summer circulation, supporting the relevance of our findings
despite the simplified model framework. Future work using
more complex setting, including a detailed assessment of the as-
sociation between surface storms and upper-level jet meanders,
may help resolve these discrepancies.
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In this study, we investigate the link between eddy-driven jet
meanders and extratropical storm intensity in an idealized frame-
work. Our results reveal a strong correlation, with intense storms
more likely associated with intense jet meanders than weak
ones. Additionally, the time-lag analysis suggests that intense
upper-level jet meanders can contribute to the baroclinic am-
plification of surface storms. Under global warming conditions,
both jet meandering and storm intensity increase, highlighting
a potential link between amplified upper-level Rossby waves
and stronger storms in a warming climate.
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APPENDIX

Illustration of Meander Intensity Metric, Reference
Parameters, and 6-K Warming Figures

Figure Al illustrates the meander intensity assessment metric.
Figure A2 shows the spatial distribution of temperature, zonal
wind, and EKE in the reference simulation, along with their dif-
ferences in the global warming simulations. Figures A3-AS
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FIG. Al. Illustration of the assessment metric used to calculate
the meridional (A6) and zonal (A)) distances of isopleth peaks for
determining meander intensity (4). The solid line is a 300-hPa geo-
potential height isopleth in a given instance. Red (blue) asterisks
denote high (low) peaks. Dashed green vertical (horizontal) lines
indicate the meridional (zonal) distances used to calculate the me-
ander intensity. The intensity of the second high peak is given by
h, = A6,/A),, and the fourth high peak is i, = A6,/AA,. In this ex-
ample, iy > hs,.
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