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Trends in the atmospheric jet streams are
emerging in observations and could be linked
to tropical warming
Tim Woollings 1✉, Marie Drouard2, Christopher H. O’Reilly 3, David M. H. Sexton4 & Carol McSweeney4

Climate models predict a weak poleward shift of the jets in response to continuing climate

change. Here we revisit observed jet trends using 40 years of satellite-era reanalysis products

and find evidence that general poleward shifts are emerging. The significance of these trends

is often low and varies between datasets, but the similarity across different seasons and

hemispheres is notable. While much recent work has focused on the jet response to amplified

Arctic warming, the observed trends are more consistent with the known sensitivity of the

circulation to tropical warming. The circulation trends are within the range of historical model

simulations but are relatively large compared to the models when the accompanying trends in

upper tropospheric temperature gradients are considered. The balance between tropical

warming and jet shifts should therefore be closely monitored in the near future. We hypo-

thesise that the sensitivity of the circulation to tropical heating may be one factor affecting

this balance.
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Jet streams comprise strong zonal wind belts which form on
rotating planets in response to stirring of the atmosphere due
to instabilities related to meridional density contrasts. As

such, Earth’s jet streams are sensitive to the equator to pole
temperature contrasts in the strength of anthropogenic warming1.
While a diverse array of physical processes can affect the jets,
including cloud cover2 and stratospheric flow3, the two leading
ingredients are the contrasting changes to temperature gradients
in the upper and lower troposphere.

Much attention has recently focused on the amplified warming
of the Arctic, which weakens the meridional temperature gradient
in the lower troposphere4. In isolation, this is widely predicted to
shift the northern hemisphere jet stream equatorwards, in parti-
cular by weakening the baroclinicity on the poleward flank of the
associated storm tracks5,6. In the upper troposphere, however,
predicted warming is strongest in the tropics and hence a com-
peting effect acts to push the jets poleward instead7,8. The
opposition of these two effects leads to a relatively small projected
poleward shift of the jet in response to tropical warming, which is
partially offset by the effects of Arctic amplification9–13.

Despite the apparent dominance of tropical forcing in model
projections, confidence in these projections has been limited by
uncertainty over the strength of tropical warming14. The ampli-
fied Arctic warming is a striking feature of observed trends,
associated with a range of processes including poleward heat
transport and local feedbacks15. The enhancement of warming in
the tropical upper troposphere is expected as a consequence of
the moist adiabatic structure of the tropical atmosphere, but in
contrast to the Arctic there remains uncertainty over its

strength16, with some observational estimates remaining weaker
than the warming in model simulations17.

Since model circulation responses are weak, present-day jet
behaviour might be expected to be dominated by natural
variability18, with the exception of the strong southern hemi-
sphere summertime jet shift associated with stratospheric ozone
loss19. Some studies have detected weak signals associated with
poleward jet shifts in observed data20 but the patterns of change
have so far appeared complex and regional21. In this paper, we
revisit the observed jet trends using the latest reanalyses and
attempt to reconcile these with the apparently weak warming of
the tropical upper troposphere. Trends in reanalysis data should
always be treated with caution22, but the emergence of related
trends in pressure and cloud observations offers some
support23,24.

Results
Figure 1a shows the linear trend of December–February (DJF)
zonal mean zonal wind over the period of satellite observations
using the ERA5 reanalysis. The structure of these trends reflects
clear poleward shifts of the main westerly jet streams in both
hemispheres, as well as an additional weakening of the wes-
terlies in high northern latitudes. All of these features are deep,
equivalent barotropic structures characteristic of the effects of
transient eddy forcing25. Also apparent is an upwards extension
of the jets associated with the lifting of the tropopause. The
structure of these trends is clearer in contrast to previous
assessments using shorter time periods or more regional
methods, especially in the northern hemisphere20,21. There is

Fig. 1 Linear trends in DJF zonal mean zonal wind and temperature as a function of latitude and pressure from ERA5 and the CMIP6 historical
simulations. (a) and (c) show the wind and temperature respectively from ERA5, and (b) and (d) show the same for CMIP6. Black dots in the ERA5 panels
indicate significance at the 5% level using a T-test. Red and blue dots in the CMIP6 panels indicate that 75% of models agree on the sign of the trend,
positive or negative, respectively. Solid lines mark the climatologies with intervals of 10 m s−1 and 10K.
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some evidence of pointwise statistical significance of these
trends but the significance level is sensitive to the choice of
method.

A clearer assessment of the significance is given in Fig. 2, which
uses the well-established method of zonal indices to measure the
jet shifts. Latitude bands spanning the time mean jet maxima are
chosen to calculate these zonal indices. This approach avoids
multiple testing issues and also allows a comparison across a
range of state-of-the-art reanalyses. The only case with clear
significance on its own is the southern hemisphere in DJF
(Fig. 2b), when ozone forcing is known to play a role. Positive
zonal index trends corresponding to poleward shifts are ubiqui-
tous in the other cases shown, though the significance varies
between reanalyses. ERA5 shows positive trends in the northern
hemisphere DJF (p = 0.035) and southern hemisphere
June–August (JJA; p = 0.059) cases, but the trends in other
reanalyses are less significant. The recent observational record
clearly remains an uncomfortably short period over which to have
confidence in trends in the highly variable circulation, but the
consistency of the poleward jet shifts found here is notable. If
different regions are combined, as in Fig. 2c, the trends are highly
significant. Other seasons show weaker trends although some
evidence of a poleward shift is apparent in all cases, with weak-
ening of subtropical winds being of particular significance (Sup-
plementary Fig. 1). Overall, the reanalyses suggest that poleward
jet shifts are emerging in the recent historical period at a global
scale. Comparison with the previous modelling studies described
above suggests that this change is consistent with the dominant
influence of tropical warming on the jet streams, as opposed to
the effects of Arctic warming.

Returning to the structure of trends, Fig. 1b shows ensemble
mean linear wind trends from the CMIP6 historical climate
model simulations over a similar period, for comparison with the
reanalysis. These model trends show a very similar structure to
the observed changes, including a lifting and poleward shift of the
jets. This similarity suggests that anthropogenic forcing, as
imposed in the historical simulations, may have made an
important contribution to the observed jet changes. Other model
experiments suggest that stratospheric ozone depletion had a
strong contribution to the southern hemisphere linear trends over
this period, despite the recent partial recovery of ozone26, and this
is where both model and observed trends are clearest. The
southern hemisphere trends appear stronger in the models, and
the northern hemisphere trends appear stronger in the observa-
tions, but the ensemble mean may be misleading in this regard.

Natural decadal variability may also have played a role in the
observed trends, noting that such variability is often under-
estimated by climate models27. Variations associated with the
Pacific Decadal Oscillation (PDO) could contribute to the trends
shown here28, although a linear regression analysis suggests this
contribution is only minor (Supplementary Fig. 2a). Atlantic
Multidecadal Variability (AMV) exhibits a larger trend over this
period, and so has potential to play a more significant role.
Attempting to remove the AMV signal using linear regression
does affect the trends significantly (Supplementary Fig. 2b),
however, this likely reflects the collinearity of AMV with the
climate change signal during this period, rather than a causal
influence. Indeed, the horizontal structure of the linear trends
shows signals which are strongest over the Asian continent and
the Pacific (Supplementary Fig. 3). This suggests that Atlantic

Fig. 2 Zonal indices summarising the wind trends at 500 hPa in four reanalyses: ERA5, NCEP- NCAR, MERRA2, and JRA55. Each index is formed by
taking the difference of the zonal mean zonal wind over the two latitude bands given in the title of each subplot. Best fit linear trend lines are shown dashed,
with the slopes and p-values (according to a T-test) shown in the legend. Panel (c) is the sum of panels (a) Northern Hemisphere and (b) Southern
Hemisphere, and hence provides a global picture for DJF. Panel (d) is for Southern Hemisphere JJA.
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sector variability does not dominate the zonal mean trends,
potentially consistent with observed trends in wind speed and
shear in this sector as opposed to jet position29,30. Figure 1c, d
shows zonal mean temperature trends from both ERA5 and
CMIP6. As previously mentioned, tropospheric temperature
trends vary considerably between observational datasets. Here we
choose to focus on reanalysis trends for dynamical consistency
with the wind trends31. Intriguingly, the warming in the tropical
upper troposphere is markedly stronger in the model simulations
than the reanalysis. This is consistent with the relatively strong
near-surface warming also seen in Fig. 1d, a known feature of
CMIP6 historical simulations over this period32. The emergence
of observed poleward jet shifts despite relatively weak tropical
warming motivates a deeper comparison of the observed and
modelled changes.

To quantify these changes better, in Fig. 3 we use zonal indices
to summarise the wind trends and compare these to changes in
the upper tropospheric temperature gradients. Note that the
temperature gradients are focused on regional bands of latitude
centred on the time mean jets, rather than from equator to pole as
in some studies9. CMIP6 historical simulations are used to gen-
erate the two-dimensional histograms, and we also show the
twenty perturbed physics HadGEM3 ensemble members of the
UKCP project, termed UKCP-PPE20 here. The northern hemi-
sphere winter case is shown in Fig. 3a, with the temperature and

wind trends from four different reanalyses marked with crosses.
The model trends show considerable spread, with wind trends of
both signs and a range of largely strengthening temperature
gradients. For the wind trends in particular, it is important to
note that the observed trends are not outside the range of the
CMIP6 ensemble. However, they are notable for showing a
relatively strong trend in the winds given a relatively weak trend
in the temperature gradient, consistent with the impression given
by Fig. 1. Figure 3b shows the corresponding analysis for
southern summer; again the observations exhibit a relatively large
circulation trend given the trend in temperature gradient, and are
on the edge of the model distribution. The models in this case
show a clear correlation between wind and temperature gradients,
which is not apparent in the northern winter case. This may
reflect the stronger forced component of change in the models’
southern hemisphere jets as a result of anthropogenic ozone
trends, indicating by comparison that much of the spread in
panel (a) is likely due to natural variability. In the June-August
(JJA) season the reanalyses similarly show weak trends in tem-
perature gradient and positive trends in zonal index in the
southern hemisphere (Fig. 3d), while the northern case shows
generally weak trends (Fig. 3c).

In summary, observed poleward jet shifts are apparent in
several cases, with northern hemisphere JJA being distinct in
showing no evidence of a poleward shift (Supplementary Fig. 1).

Fig. 3 Trends in 500hPa zonal wind indices plotted against the trends in 250hPa meridional temperature gradient. (a) Northern hemisphere DJF; (b)
Southern hemisphere DJF; (c) Northern hemisphere JJA; (d) Southern hemisphere JJA. The zonal wind indices are calculated by subtracting the mean zonal
wind at high latitudes from the wind at low latitudes. In contrast the meridional temperature gradients are presented as low minus high latitude mean
temperatures. Crosses mark the reanalysis trends, dots mark the UKCP-PPE20 ensemble members and the squares indicate the occurrence of trends in the
CMIP6 ensemble. Trends were taken over 1979-2019 for the reanalyses and UKCP-PPE20, and over 1979–2014 for CMIP6.
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Overall, the observed trends are not inconsistent with simulated
model trends, but are near the edge of the distribution of these in
several cases, and often outside the range of the UKCP-PPE20
ensemble. Hence, the relationship between tropical warming and
jet shifts requires further investigation and close monitoring in
the near future.

Dynamical flux analysis. One possibility (amongst several) is that
the jet streams in reality may be more sensitive to the tropical
upper tropospheric warming than those in many climate models.
One of the physical mechanisms thought to be important in the
circulation response to localised heating is the transport of heat
by atmospheric eddies33, which then in turn leads to anomalous
momentum fluxes6,34. Such an eddy-mediated response would be
consistent with the equivalent barotropic structure in the
observed wind trends. Hence, we hypothesise that the observed
trends could be explained by a relatively strong increase in
poleward eddy heat flux in the upper troposphere, which would

act to weaken the meridional temperature gradient while simul-
taneously driving a strong circulation response.

Some evidence to support this hypothesis is given in Fig. 4a–d,
which show the ERA5 and UKCP-PPE20 trends in eddy heat and
momentum fluxes at 250 hPa. Although noisy, these show
increasing trends in poleward eddy heat flux in the subtropical
upper tropospheric regions of both hemispheres in ERA5, as
hypothesised. They are clearest and most significant in the winter
hemispheres, noting that poleward fluxes are associated with
negative values in the southern hemisphere, but apparent in all
cases apart from northern hemisphere summer. The magnitude
of the winter fluxes (~0.5 Km s−1 per decade) over a spatial scale
of 1000 km equates to temperature tendency trends of order
0.05 K per day per decade. Over our 40 year period, the increased
heat export from the edge of the tropics is hence equivalent to a
0.2 K per day cooling, and likely an important change in the
temperature budget there35. Similar trends in heat fluxes are also
seen at 300 hPa below the jet maxima (Supplementary Fig. 4),
albeit with weaker significance in some cases. This figure also

Fig. 4 Trends in poleward eddy heat and momentum fluxes (1979–2019), given by [v*T*] and [u*v*], where the brackets denote a zonal mean and the
star a deviation from that. Heavy lines denote ERA5 trends, with 5% significance indicated by dots, and thin lines the trends from the UKCP-PPE20
ensemble. a, b Temperature (orange) and heat flux (blue) at 250 hPa. c, d Zonal wind (pink) and momentum fluxes (green) at 250 hPa. e, f Temperature
(orange) and heat fluxes (blue) at 850 hPa. Panels (a, c and e) are for DJF; (b, d and f) are for JJA.
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shows that trends in moist static energy fluxes in the upper
troposphere are dominated by the trends in heat fluxes, due to the
low moisture content at these altitudes.

Each region of heat flux trend is accompanied by similar trends
in poleward eddy momentum flux (Fig. 4c, d), implying that the
anomalous eddy activity acts to transport momentum polewards,
as is common in the subtropics. The location of these trends is
consistent with our hypothesis. Increased poleward eddy heat flux
occurs in the subtropics, acting to extract heat from the tropical
latitudes and weaken the meridional temperature gradient.
Increased poleward momentum fluxes are co-located with the
heat fluxes, acting to accelerate the westerlies further poleward
and weaken them equatorward. These alignments are clear in
both winter hemispheres and in the southern hemisphere
summer. The heat and momentum fluxes are related to the
vertical and meridional propagation of waves, and the changes
shown here reflect a strengthening and equatorwards extension of
the climatological region of upwards and equatorwards wave
propagation in the subtropical upper troposphere36. This
enhancement of wave propagation could result from the lifting
of the tropopause and the associated changes in westerly winds
and stability in the uppermost troposphere, as shown in Fig. 1,
which will affect the propagation of waves through this region.

Although upper tropospheric heat fluxes have not been a focus
of most studies, it seems that models do not typically predict such
a response7,35. A preliminary comparison with eddy heat fluxes in
models is also made in Fig. 4, using the UKCP-PPE20 ensemble.
The significant observed trends are often outside the range of the
model behaviour, which instead simulates a strong positive trend
in meridional temperature gradient and an uncertain, but often
equatorward trend in heat flux. An equatorward heat flux trend
appears counterintuitive but the atmosphere does not always
exhibit a flux-gradient relationship with heat fluxes directed down
the temperature gradient37. Deeper analysis of the observed fluxes
shows this not to be unusual. For example, in northern
hemisphere winter the 250 hPa heat fluxes show a positive
correlation with the meridional temperature gradient on decadal
timescales, consistent with the observed trend, but a negative
correlation on interannual timescales (Supplementary Fig. 5).
This negative correlation appears to reflect the association of La
Niña-like states with an anomalously cool tropical belt yet also
with increased poleward eddy heat flux in this region. This arises
because the Rossby waves which accomplish the heat transport
are forced by enhanced surface zonal asymmetries in the tropics
rather than by zonal mean warmth37. It is possible, therefore, that
the equatorward heat flux trends in the model ensemble are
associated with its more uniform pattern of tropical Pacific
warming (Supplementary Fig. 6), a feature common to many
models38 and not just an artefact of the ensemble averaging
shown here.

Discussion
Our hypothesis suggests that, in the context of forced climate
change, the upper tropospheric eddy heat fluxes could be linked
to the meridional temperature gradient through a flux-gradient
relationship ½v�T�� ¼ D ∂T

∂y , for some diffusivity D. The evidence
presented here suggests that D may be larger in the real atmo-
sphere than in climate models, as the observed circulation trends
are relatively strong compared to the temperature gradient
(Fig. 3) and feature significant heat flux trends out of the tropics,
an additional process that is not represented in the model
ensemble of Fig. 4. If robust, climate change in reality may be
associated with a stronger meridional heat flux and a weaker
temperature gradient than models predict. Consistently, the

spread in model trends in Fig. 3 is likely dominated by natural
variability with no clear relationship between circulation and ∂T

∂y .
Further analysis shows the observed eddy flux trends to be
dominated by seasonal and sub-seasonal timescales, with some
diversity between regions, and fast variations on timescales
shorter than 10 days generally make weaker contributions (Sup-
plementary Fig. 7). Hence, these results suggest potential links
between poleward jet shifts and the tropical-extratropical inter-
actions linked to seasonal and sub-seasonal atmospheric
variability39–41. Model fidelity in representing these interactions
is one potential cause for a discrepancy in D between models and
observations. Another possibility is that the observed heat fluxes
are associated with natural decadal variability that is not captured
by the model ensemble.

One interesting exception to many of the relationships shown
here is the case of northern hemisphere summer. Observed trends
show only a weak indication of a poleward jet shift and no evi-
dence of increased upper tropospheric eddy heat fluxes. It is
possible that trends in this case are driven more by a suggested
weakening of synoptic-scale storm track activity42,43. Consistent
with this, Fig. 4f shows a significant weakening of lower tropo-
spheric eddy heat flux across most of the northern hemisphere.
Interestingly, both the structure and magnitude of this trend is in
close agreement with the heat flux trends in the UKCP ensemble,
as are the trends in meridional temperature gradient (despite the
stronger overall warming trend in the model). The reanalysis
trends in moist static energy flux are again in close agreement
with the heat flux trends (Supplementary Fig. 4), consistent with
evidence of covarying heat and moisture fluxes over this period44.

Another feature of interest is the weakening trend of high
latitude westerlies in the northern hemisphere winter, which is
potentially linked to the amplified Arctic surface warming and a
weakening of the high-frequency transient eddy heat flux45.
Models show a relationship between high latitude zonal winds
and the strength of Arctic warming9,11–13, and this relationship is
reproduced in the UKCP-PPE20 ensemble. Supplementary Fig. 8
shows that stronger Arctic warming is associated with weaker
zonal winds and high-frequency eddy heat fluxes in the high-
latitude lower troposphere. The reanalysis trends are similar in
magnitude to the stronger trends in the ensemble, highlighting
the relatively strong observed warming of the Arctic. In contrast
to the upper tropospheric results, however, the reanalysis points
are consistent with the linear relationship in the model ensemble,
suggesting that the model is capturing the response to Arctic
warming well.

To summarise, there is emerging evidence that Earth’s jet
streams have changed significantly over the last four decades,
lifting and shifting polewards. Natural variability may have played
some role in this change, in addition to the effects of ozone loss in
the southern hemisphere summer. However, we suggest that
anthropogenic greenhouse gas emissions are also a likely driver of
these trends, particularly through their effect on warming the
tropical upper troposphere. Caution is of course required due to
the relatively short period over which the trends are apparent, but
the similarity of trends in different hemispheres/seasons is
notable.

We have presented a new hypothesis that a sensitive dynamical
response may contribute to the observed changes, and could have
offset the increased equator-pole temperature gradient through
the action of poleward eddy heat fluxes in the upper troposphere.
The associated poleward eddy momentum fluxes have then
contributed to the observed jet shifts. Climate models, in contrast,
simulate a weaker dynamical response in which the anomalous
heat is confined more to the tropics and the jet shifts are weaker.
A deeper understanding of the role of upper tropospheric eddy
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heat fluxes in the climate system is required, along with further
testing of this hypothesis against a wider range of models and
reanalyses46.

The circulation response typically makes a significant con-
tribution to changes in regional climate in model projections47. If
models are indeed underestimating the sensitivity of the atmo-
spheric circulation, as is also seen in the seasonal-decadal fore-
casting context48, then projections of regional climate change
could be adversely affected.

Methods
Reanalysis data. Four reanalyses were used over the period 1979 - 2019. These
were ERA549, NCEP-NCAR50, MERRA-251 and JRA-5552.

CMIP6 model data. We used model data from the Coupled Model Inter-
comparison Project 6 archive (CMIP6)53. The data analysed here is from the
historical coupled model simulations that employ prescribed external forcing (e.g.
varying greenhouse gas concentrations, volcanic aerosols, anthropogenic aerosols
and solar forcing). The CMIP6 historical simulations were analysed over the period
that they overlap with the reanalysis datasets (1979-2014). The reanalysis trends
were re-calculated over this shorter period and found to be very similar to those
over the full period.

UKCP-PPE20. A 20 member Perturbed Parameter Ensemble (PPE) of global
coupled simulations, 15 of which were used in the UK Climate Projections pub-
lished in 2018 (UKCP18)54. The PPE was developed by the Met Office Hadley
Centre using the HadGEM3-GC3.0.5 model, where each member only differs in
the values assigned to a set of parameters55. Horizontal resolutions of N216 in the
atmosphere and 1/4∘ ocean are used, with 85 and 75 vertical levels in the atmo-
sphere and oceans respectively. This version of the HadGEM3 model precedes but
is only slightly different to the version that contributes to CMIP655. The resolutions
are the same as those used in the seasonal forecasting configuration of the Met
Office model, and are used in order to harness the improvements in regional
dynamics noted in the seasonal forecast products48.

The values of 47 parameters in the atmosphere, land surface and aerosol scheme
were selected using a hierarchy of cheaper model experiments and emulation to
rule out parts of parameter space that result in implausible model variants, and
maximise diversity56. The 20-member ensemble includes the 15 members released
as part of UKCP18, and five members which failed performance assessments
required for use in impacts studies but remain useful for understanding model
behaviour. These five show a weakening drift of their Atlantic Meridional
Overturning Circulation (AMOC), and two more members showed a stronger drift
in temperatures than other members. To increase the sample size, we decided to
also consider these 7 members in our study as they do not show strong differences
in trends over our period, in comparison with the other members (e.g. see
Supplementary Fig. 8). For the comparison, daily zonal and meridional winds and
temperature were used between 1979 and 2019 on three levels: 250, 500 and
850hPa. The evaluation of the ensemble at the global scale is described fully in
Yamazaki et al.55, while the design of the parameter combination for the 20
members is described in Sexton et al.56.

Analysis. Our ERA5 analysis is based on six hourly reanalysis data from the
European Centre for Medium-Range Weather Forecasts on a 1∘ × 1∘ grid. We
consider winter (December to February) and summer (June to August) months for
the period 1979–2019. Zonal and meridional winds and the temperature were used
at different altitudes from 1000 hPa to 100 hPa. Daily averages were computed for
all the data. Zonal anomalies were computed by subtracting the zonal mean from
the total field. Meridional eddy fluxes of heat and momentum were calculated as
[v*T*] and [u*v*], where u and v are the standard wind components, T is the
temperature and * denotes an anomaly from the zonal mean, [ ]. Additionally,
some fields were decomposed into high- and low-frequency parts, using a Lanczos
filter with a cutoff period of 10 days, to separate the synoptic-scale variability from
that of the low-frequency part57. Seasonal fluxes in Supplementary Fig. 7 were
calculated from the seasonal mean v and T, and then subseasonal fluxes given by
the total fluxes minus the seasonal and high-frequency components. The moist
static energy was calculated as cpT+ gz+ Lq as standard, with the first two terms
giving the dry static energy.

Statistics. The significance of linear trends was calculated using a two-sided T-test.
The lag-1 autocorrelation of the seasonal time series in Fig. 2 was found to range
from −0.08 to 0.26, and −0.14 to 0.16 if the series are detrended. None of these
correlations are significant, with the correlation of 0.26 giving a p value of 0.13.
Hence, no adjustment was made to account for temporal autocorrelation in the
data. Note that the significance testing in Fig. 1 does not account for multiple
testing, so the regions of significant trends may be overestimated. To account for
this, the zonal indices used in Fig. 1 average the wind over latitude bands before

significance testing, so that multiple tests are not performed. Our assessment of the
significance of the zonal mean zonal wind trends is similar to that of the IPCC AR6
report58.

Data availability
ERA 5 data were downloaded from Copernicus Climate Change Service Climate Data
Store: https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-era5-pressure-levels?
tab=form. Data from the NCEP-NCAR, MERRA-2 and JRA-55 reanalyses can be
obtained from the NOAA Physical Sciences Laboratory, Boulder Colorado from their
web site at https://psl.noaa.gov/. Options for accessing all the reanalysis data are also
given at https://reanalyses.org. The CMIP6 data were downloaded from the ESGF website
and is freely available for others to download (https://esgf-node.llnl.gov/projects/cmip6/).
Data for the UCKCP-PPE20 experiments are available by arrangement with the Met
Office, please use the enquiry form at https://www.metoffice.gov.uk/forms/contact-us-
ukcp18.

Code availability
Standard plotting tools were used and no custom code or algorithms were central to
this study.
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