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Are midlatitude weather and climate influenced by Arctic
Amplification?
Many factors and regions can influence how the weather and the climate of the mid-latitudes
may change under global warming. Particularly the dramatic changes over both the Arctic and the
tropics exert a competing influence over the mid-latitudes atmospheric circulation that needs to
be better understood and quantified. This tug-of-war between effects of the Artic and the tropics
reflects the complexity of the different influences on the mid-latitude variability.
The Arctic region has undergone a stronger surface warming in recent decades than most other
regions of the world. This Arctic Amplification – the excess of Arctic warming with respect to the
global mean warming – is associated with an unprecedented Arctic sea ice loss. It has been proposed that the Arctic Amplification, by decreasing the equator-to-pole temperature contrast, could
lead to changes in the upper-tropospheric jet stream, planetary waves, and storm tracks. The
profound changes in the Arctic also appear to be accompanied by an observed increase in extreme
weather events in the mid-latitudes. Unusually cold winters in North America and Eurasia have
been observed, while the winters in the Arctic remained relatively mild. Particularly the anomalous
winter cooling over Eurasia has been associated to warming over the Barents-Kara Seas, a pattern
of variability known as the Warm Arctic Cold Siberia (WACS) pattern (Fig. 1, left panel).

Fig. 1: Warm Arctic Cold Siberia (WACS) pattern and Ural Blocking evolution in the observations during the period
1991-2014. Left: Regression of DJF-mean mean sea level pressure (MSLP, contours) and 2m air temperature (T2m,
shades) on the second normalized Principal Component (PC2). The contour interval is 0.5 hPa, solid and dashed lines
denote, respectively, positive and negative values, while the zero contour is suppressed. Right: Interannual evolution
of normalized PC2 (grey), DJF-mean blocking frequency (orange) averaged over the sector 40-100oE, 61oN and WACS
Index (WACSI; purple). Red and blue dots mark the winter belonging to the upper and lower quartile of PC2, respectively (from Tyrlis et al., 2020). PC2 is the second principal component of an EOF analysis performed on the non-detrended
T2m anomalies (1979-2017) over the domain 0-180oE, 20-90oN.
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Whether the WACS is a forced pattern or a manifestation of natural variability has been disputed
(Doblas-Reyes et al., 2021). Scientists at the Max Planck Institute for Meteorology (MPI-M) have
explored with observational analyses the role of atmospheric blocking in mediating the links at
various time scales between Arctic sea ice loss and more frequent cold surges in mid-latitudes. The
weather in the temperate zones is characterized by changeable conditions driven by low- and highpressure systems that are important for the maintenance of the energy balance of the planet. These systems mainly grow over the oceans and travel eastwards, giving rise to the well-known storm
tracks. At times, the high-pressure systems become stationary, and a blocking pattern emerges.
The eastward progression of weather systems is then obstructed; the flow becomes easterly and in
addition acquires a strong meridional component. This weather disruption associated with atmospheric blocking can persist for periods longer than a week. As a result, the intense and prolonged
equatorward advection of air masses of polar origin and the poleward advection of air masses of
subtropical origin over long distances can instigate extreme winter cold spells and severe summer
heatwaves over the mid-latitudes, respectively.
The analysis of the MPI-M scientists based on observational and reanalysis data has revealed a
robust link between Ural Blocking (UB) and the WACS pattern on daily to sub-seasonal timescales
(Fig. 2, upper panel, Tyrlis et al., 2020). Surprisingly, at these timescales, UB controls the pace of
the WACS; warming over the Barents-Kara Seas and cooling over Central Asia peak 3–5 days after
the UB onset (Fig. 2, left and middle panel). The Barents-Kara Sea as well warms and loses sea ice
after the UB onset (Fig. 2, right panel). The observed sea ice deficit over the Barents-Kara Seas
in the weeks prior to UB onset is not statistically significant when the long-term trend in sea ice
is removed. The fast build-up and decay of the anomalous surface heat fluxes, which follow the
evolution of the near surface temperature anomalies, is an indication that sea ice variability on
short timescales is driven by the atmosphere (Tyrlis et al., 2020). Thus, on synoptic to sub-seasonal
timescales, the sea ice deficit does not have a direct impact on UB occurrence but develops instead
as a delayed response to UB. The interannual variability of WACS is also strongly linked to UB.
A characteristic example of Arctic sea ice loss that is driven by UB-induced atmospheric circulation
refers to autumn and early winter 2016–2017, a period dominated by repeated cold surges over
mid-latitude Eurasia, exceptionally warm conditions and sea ice loss over the Arctic, and the unseasonable weakening of the stratospheric polar vortex. Analysis of observational/reanalysis data has
shed light on the dynamical pathways that caused these extreme phenomena. Following abnormally low sea ice conditions in early autumn over the Pacific sector of the Arctic basin, blocking
anticyclones became dominant over Eurasia throughout autumn. UB activity was four times above
climatological levels and organized in several successive events. UB episodes played a key role in
the unprecedented sea ice loss observed in late autumn 2016 over the Barents-Kara Seas and the
weakening of the stratospheric vortex (Tyrlis et al., 2019). Each block induced circulation anomalies
that resulted in cold-air advection to its south and warm-air advection to its north. The near-surface warming anomalies over the Arctic and cooling anomalies over mid-latitude Eurasia varied in
phase with the life cycles of UB episodes.
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Fig. 2: Upper panel: Composite mean departures of MSLP (contours; in hPa) and T2m (color shades; in Celsius) from
the daily seasonal cycle only for DJF days when BE (blocking events) are identified during the period 1979-2017 at 80oE,
61oN. The contour interval is 2 hPa, solid (dashed) lines denote positive (negative) trends while the zero contour is suppressed. (from Tyrlis et al., 2020). Left and middle panel: Daily evolution of composite T2m anomalies (from the daily
seasonal cycle) relative to the onset of UB occurring at 60oE, 65oN. Anomalies are averaged over the BKS (30-80oE,
75-85oN) and CAS (60-100oE, 50-60oN). Only DJF onset days during the period 1979-2017 are included. Right panel: As
in the left in middle panel but for composite anomalies of Sea Ice Cover (SIC) averaged over the box region (20-60oE,
70-80oN). The statistical significance of the area-averaged anomalies is assessed with the aid of a Monte Carlo style
method. In areas where the curves lie outside the shaded regions, the anomalies are statistically significant at the 95%
level. (From Tyrlis et al., 2020).
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Fig. 3: (a) Linear trend of DJF-mean MSLP (solid contours) and T2m (color shades) during the period 1991-2014. (b) Linear trend of DJF-mean BE (blocking events) frequency (% per decade) during 1991-2014. Green dots mark grid-points
where the trends are statistically significant at the 95 % level. (From Tyrlis et al., 2020).

The sea ice cover minimum over the Barents-Kara Seas in 2016 was not observed in late summer
but rather in mid-November and December, shortly after the two strongest UB episodes. Each UB
episode drove an intense upward flux of wave activity that resulted in unseasonable weakening of
the stratospheric vortex in November. The surface impact of this weakening can be linked to the
migration of blocking activity and cold spells toward Europe in early winter 2017.
Particularly unclear is the role of the sea ice decline over the Barents-Kara Seas emerging after the
late 1990s in changing the frequency and persistence of blocking and so leading to a Eurasian cooling via the WACS. In the observations, the MPI-M scientists have identified a significant upward
trend in wintertime frequency of UB occurrence in recent decades that accounts for a cooling rate
of 1oC/decade over Central Asia (Figs. 1; right panel, Fig. 3). Over the Barents-Kara Seas, UB trends
explain a small fraction of the warming, which is dominated by Arctic Amplification (Fig. 3). Whether the long-timescale changes in the Arctic have driven the UB trend remains an open question;
the observational studies suffer from the inability to decipher cause and effect at this timescal
A need for coordinated multi-model simulations, data analyses and diagnostics to investigate the
Arctic Amplification impacts on the mid-latitudes circulation and climate was evident, and the
Polar Amplification Model Intercomparison Project (PAMIP), co-designed by MPI-M scientists,
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was established (Smith et al., 2019). The first coordinated analysis of the PAMIP experiments
performed with 16 state-of-art atmospheric general circulation models (including ECHAM6) has revealed a robust but weak impact of Arctic Amplification on midlatitude weather and climate (Smith
et al., 2022).
The MPI-M scientists found that the response to Arctic sea ice loss and consequent Arctic Amplification consists of a weakening of mid-latitude tropospheric westerly winds and an equatorward
shift of the storm tracks, consistent with a negative phase of the North Atlantic Oscillation. This
tropospheric response occurs in all models, albeit with a wide inter-model spread in its strength.
The inter-model spread in westerly wind strength response is linked to the spread in midlatitude
eddy momentum feedback, a feedback 1.2 to 3 times too weak in the models (Fig. 4). Consequently, the simulated response likely underestimates the atmospheric circulation response to Arctic-sea
ice loss and consequent Arctic Amplification. This raises the question how well critical processes,
such as atmospheric blocking, that influence the response to Arctic Amplification are represented
in climate models.

Fig. 4: Emergent constraint based on the ensemble regression between eddy momentum feedback and the zonal wind
response index (ZWRI). Black line shows the regression with hatching showing the 95% confidence interval. Horizontal green line shows the constrained ensemble mean response, with the shading showing its 95% confidence interval.
Vertical black line and grey shading shows the mean and range of eddy feedback from the reanalyses. Ellipses show
the 95% uncertainties obtained by bootstrapping with replacement the ensemble members. A one-sided test is used to
calculate p values since we expect the response to increase as eddy feedback strengthens. All data are for DJF-mean.
(From Smith et al. 2022)
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Despite the crucial contribution of blocking in understanding the dynamics causing climate extremes over the high latitudes and possible links to circulation anomalies in lower latitudes, the
investigation is impeded by uncertainties related to definitions of blocking itself. A universally
accepted definition for blocking and a single theory that explains its dynamics of formation, maintenance, and decay, are still lacking. Therefore, a plethora of blocking indices has been developed;
each recognizes different aspects of the phenomenon, and different indices often yield diverging
climatologies of blocking action. Such discrepancies are particularly noteworthy in the case of highlatitude blocking (HLB) activity and can have a significant impact in the study of Arctic blocking
anticyclones that are important drivers of the summertime Arctic sea-ice melting. For example, the
role of Greenland blocking in driving summertime melting of Greenland ice has been found to be
of paramount importance.

Fig. 5: Winter (DJF)-mean Blocking Episode (BE) frequencies over the Northern Hemisphere diagnosed by (a) the 2D
PV-θ blocking index and (b–c) modified versions of the 2D blocking index introduced by Davini et al. (2021). In (b) the
value CT = –10 m (°lat)−1 is assigned throughout the Hemisphere (AGH_m-10). In (c) the value CT = 0 m (°lat)−1 is applied northwards of 60°N while elsewhere the value CT = -10 m (°lat)−1 is retained (AGH_h0). (From Tyrlis et al., 2021)

The disagreement in HLB detection is exemplified when the blocking climatologies obtained by two
prominent techniques are compared: the potential vorticity – potential temperature (PV-θ) blocking index (Pelly and Hoskins, 2003) and the absolute geopotential height (AGH) reversal method
(Davini et al., 2012). The latter algorithm yields strikingly lower winter HLB activity over Greenland
and the Bering Straits in comparison to the former (Fig. 5). The discrepancy is resolved after modifying the blocking detection criteria employed by the AGH method for latitudes higher than 60°N,
resulting in the convergence of climatology, interannual variability, and trends of HLB between the
two methods (Tyrlis et al., 2021). The better tuned AGH method can be valuable tool for the estimation of reliable HLB trends in climate model projections and crucial for the better understanding
of the Arctic Amplification and mid-latitude climate links.
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To summarize, on the shorter timescale (daily-to-subseasonal) the midlatitude atmospheric dynamics substantially impacts the Arctic weather and climate. On the longer time scale, the first coordinated multi-model study demonstrates a robust but relative weak influence of the Arctic on the
midlatitude weather and climate. Whether changes in the Arctic may contribute substantially to
changes in midlatitude variability in the future, especially when other influences – such as warming
in the tropics – may play a role, is still unknown. The current state-of-the-art models underestimate
the Arctic-Midlatitude linkages, perhaps a manifestation of the models underestimating the predictable part of climate variability over the Atlantic sector (Scaife and Smith, 2018). Furthermore,
the non-stationarity caused by global warming raises the question of how the teleconnections and
impacts between the Arctic and the mid-latitudes might change in the future.
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