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ABSTRACT

A distinct characteristic of the Arctic summer atmospheric circulation is the anomalous anticyclonic circulation
centered over the Arctic Ocean associated with significant Arctic warming. Previous studies have related the
underlying mechanisms to the earlier spring Eurasian snowmelt and the tropical Pacific forcing. Here, the au-
thors show that the Arctic summer anomalous anticyclonic circulation is significantly related to the extratropical
North Pacific sea surface temperature anomalies (SSTAs) in spring, indicating a teleconnection from the extra-
tropical North Pacific to the Arctic. The SSTA pattern is characterized by warm anomalies in the midlatitudes of
the extratropical North Pacific surrounded by significant cold anomalies, resembling the negative phase of the
Pacific Decadal Oscillation (PDO) but without significant signals in the tropics (referred to as the negative PDO-
like pattern). This negative PDO-like pattern in May can stimulate a Rossby wave propagating from the Bering
Sea to the Arctic and lead to an anomalous Arctic anticyclone which can be sustained during summer. Mean-
while, the negative PDO-like pattern can persist to summer and induce an anomalous surface low pressure over
the Bering Sea in summer. This anomalous surface low causes anomalous rising motions and induces upper-level
divergence anomalies which further intensify the summer Arctic anticyclone. The upper-level tropospheric Arctic
anticyclone can force anomalous adiabatic descent over the Arctic and sub-Arctic, leading to significant adiabatic
heating in the Arctic. As a result, a significant warming emerges over the Arctic with the center located in the
middle troposphere. The connection between the negative PDO-like SSTAs and the summer Arctic anticyclone
has been confirmed by numerical experiments.
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S. He et al.
1. Introduction

The rapid climate change over the Arctic in recent decades is char-
acterized by notable Arctic sea-ice decline and atmospheric and oceanic
warming (Gerber et al., 2014; McCusker et al., 2016; Collow et al., 2017;
Lind et al., 2018). It is suggested that both natural and anthropogenic
drivers have contributed to the changes (Stroeve et al., 2007; Serreze
and Barry, 2011; Day et al., 2012; Ding et al., 2017; Dai et al., 2019). The
Fifth and Sixth Assessment Reports of the Intergovernmental Panel on
Climate Change have highlighted the interlinks between
human-induced climate change and the Arctic sea-ice decline over the
past few decades (IPCC, 2013, 2022). The Arctic September sea-ice
extent for 2007—2022 shows a near-zero trend (Swart et al., 2015;
Lindsey and Scott, 2022), which seems to be inconsistent with the
continuous strengthening of anthropogenic forcing. Such a paradox may
be caused by internal climate variability, which can mask
human-induced sea-ice decline associated with a strong anthropogenic
forcing (Swart et al., 2015; Xu et al., 2022b). It is well-recognized that
natural variability, such as Pacific Decadal Oscillation (Trenberth et al.,
2014; Svendsen et al., 2018) and Atlantic Multidecadal Oscillation
(Chylek et al., 2009; Day et al., 2012) can drive climate variations in the
global and Arctic climate. Model simulations suggest that sea surface
temperature (SST) variability outside the Arctic has been the dominant
contributor to the recently observed Arctic warming aloft (Screen et al.,
2012; Xu et al., 2022a).

Apart from the natural and anthropogenic forcing discussed in the
cited studies above, the influence of atmospheric circulation on Arctic
sea-ice variability has been investigated extensively (Hu et al., 2002;
Rigor et al., 2002; Zhang et al., 2003; Ogi and Wallace, 2007; Deser and
Teng, 2008; Zhang et al., 2008; Overland and Wang, 2010; Knudsen
etal., 2015; Ding et al., 2017, 2022). Hu et al. (2002) suggested that the
upward trend in the North Atlantic Oscillation may underlie the decline
of Arctic summer sea-ice extent observed during the 1980s and 1990s.
Ogi and Wallace (2007) showed that years with lower Arctic summer
sea-ice extent for the period 1979-2006 tend to be associated with
anomalous high sea level pressure (SLP) and an anticyclonic circulation
over the Arctic in summer. The impact of positive summer SLP anom-
alies extending from the Beaufort Sea to the Greenland on the Arctic
summer sea ice has been documented in several studies (Watanabe et al.,
2006; Serreze and Barrett, 2008; Overland et al., 2012). Ding et al.
(2017) indicated that about 60% of the Arctic sea-ice decline since 1979
could be attributed to the positive trend of summer atmospheric circu-
lation over Greenland and the Arctic Ocean.

Some studies have explored how the anomalous atmospheric circu-
lation over the Arctic in summer is formed. It has been revealed that the
anomalous high pressure over the Beaufort Sea in summer relates to a
reduction of cyclogenesis (Moore, 2012; Knudsen et al., 2015). Remote
land surface forcing such as earlier spring snowmelt over Eurasia can
lead to anomalously positive SLP anomaly over the Arctic in summer via
amplifying stationary Rossby waves (Matsumura et al., 2014). Atmo-
spheric model experiments indicate that the tropical Pacific SST may
induce the positive trend of upper-tropospheric geopotential height over
Greenland and the Arctic Ocean by stimulating a northeastward prop-
agating Rossby wave train (Ding et al., 2014). Svendsen et al. (2018)
found that the extratropical North Pacific SST may cause winter Arctic
warming. These studies imply a potential influence of natural variability
on the Arctic atmospheric circulation. The question of whether changes
in boreal summer Arctic atmospheric circulation can be forced by
extratropical North Pacific SST has, however, not been examined.

In this study, we examine the potential contribution of the extra-
tropical North Pacific SST to the Arctic boreal summer
(June—July-August, JJA) atmospheric circulation anomalies.

2. Data and methods

Monthly SST on a 1° x 1° grid was obtained from the Hadley Centre
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Sea Ice and Sea Surface Temperature dataset, version 1 (HadISST1)
(Rayner et al., 2003). Reanalysis data were obtained from the NCEP/-
DOE Reanalysis II (Kanamitsu et al., 2002) with a 2.5° x 2.5° horizontal
resolution. NCEP/DOE Reanalysis II is an improved version of the NCEP
Reanalysis I model with error corrections and updated parameteriza-
tions of physical processes. We focus on the results post-1979, since the
analyses of geopotential height and other variables over the Northern
Hemisphere polar region, especially those in the upper troposphere, are
more reliable during the modern satellite era (Bromwich et al., 2007).
All the regression and correlation results are based on detrended data-
sets. A diagnostic for cyclogenesis is the Eady growth rate (EGR, o). This
indicates the baroclinic instability to the vertical wind shear and static
stability (Lindzen and Farrell, 1980), and is defined as

0.3098 i
o= TN

oU(z)

where f is the Coriolis parameter; N is the Brunt-Vaisalla frequency,
defined by N? = £ %g, in which g is the acceleration due to gravity, z is the
vertical coordinate, and 6 is the potential temperature; and U(z) is the
vertical profile of the eastward wind component. Higher EGR means a
stronger instability (Serreze and Barrett, 2008), leading to more gener-
ations of cyclogenesis.

3. Results
3.1. Covariance between the Arctic and the North Pacific

Previous studies have shown that the Arctic summer atmospheric
circulation displays notable changes associated with the Arctic climate
change (Serreze and Barrett, 2011; Ding et al., 2014, 2017). To represent
the main pattern of tropospheric circulation over the Arctic in summer,
we applied empirical orthogonal analysis (EOF) to the 200-hPa geo-
potential height (Z200). The time series of the first principal component
is referred to as Z200-EOF-PC1. This is the same level as was used by
Ding et al. (2017), who suggested that the positive trend of summer
Z200 over northeastern Canada and Greenland has a pronounced in-
fluence on the temperature, humidity, and downward longwave radia-
tion over the Arctic in summer, contributing to a reduction in sea ice.

The dominant pattern of the Arctic summer Z200 anomaly is char-
acterized by a notable center over the Arctic Ocean extending to
Greenland (Fig. 1(a)). The first leading mode of EOF (EOF1) explains
about 53.3% of the total variance of the Arctic summer Z200 anomaly.
This feature is consistent with the atmospheric circulation anomaly
emerging in the summer of 2007, which exerted a pronounced reduction
in Arctic sea ice and enhanced temperatures (Serreze and Barrett, 2011),
and resembles well the Arctic summer SLP anomalies associated with the
reduction of Arctic summer sea-ice extent (Ogi and Wallace, 2007;
Knudsen et al., 2015). The Z200 anomalies are closely related to the
intensity of the Arctic summer cyclonic activity (Serreze and Barrett,
2008). The principal component of EOF1 for summer Z200
(Z200-EOF-PC1) shows a close relationship with the variability of the
summer Z200 anomaly averaged over Greenland (66°-80°N, 50°W-0°;
referred to as GL-Z200) (Ding et al., 2017). Namely, the original
(detrended) Z200-EOF-PC1 and GL-Z200 are correlated at r = 0.89
(0.84). Therefore, Z200-EOF-PC1 can be used to describe the variability
of boreal summer atmospheric circulation over the Arctic.

The statistically significant summer atmospheric circulation anom-
alies (geopotential height and zonal wind) related to the Z200-EOF-PC1
exhibit a barotropic structure throughout the Arctic troposphere but do
not extend to the North Pacific (not shown). The summer Z200 anom-
alies and the associated wave activity flux (WAF) are mainly confined to
the Arctic (Fig. 1(b)), and no significant WAF is found to propagate from
the Pacific to the Arctic. This is different from the conclusions of Ding
et al. (2014), who pointed out that the positive trend of annual mean
7200 over Greenland and the Arctic is strongly associated with Rossby
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wave-train activity originating from the tropical Pacific. The contrasting
results may be related to the different time scale used in the studies.
Interestingly, the anomalies of Arctic summer Z200 are associated with
significant geopotential height anomalies and WAF in the spring months
(e.g., May) (Fig. 1(a)). Significant positive and negative 500-hPa geo-
potential height anomalies emerge over the extratropical North Pacific
and east of the Bering Sea in spring, respectively (Fig. 1(a), contours).
The corresponding WAF originates from the extratropical North Pacific,
which exhibits a distinctive arc-shaped trajectory and propagates
northeastwards through Canada (Fig. 1(a), vectors). Notably, the pole-
ward propagating wave activity is observed over the North Pacific in
both March and April. However, such a feature is more dominant in May
during which the wave activity originating from the extratropical North
Pacific propagates poleward to the Arctic (Fig. 1(a), vectors). The at-
mospheric circulation anomalies are marked by significant positive,
negative, and positive geopotential height anomalies over the Arctic, the
Bering Sea, and the extratropical North Pacific, respectively (Fig. 1(a),
contours), which display a barotropic structure throughout the tropo-
sphere (figure not shown). Based on the apparent poleward wave ac-
tivity originating from the extratropical North Pacific in May (Fig. 1(a)),
and motivated by a recent study by Lapointe et al. (2017) who implied
the potential impacts of the PDO on the climate over the western Ca-
nadian Arctic, we hypothesize that the extratropical North Pacific SST in
May can play an important role in modulating the Arctic summer
climate.

Our hypothesis that the Arctic summer geopotential height anoma-
lies have a significant relationship with the spring North Pacific SST is
supported by maximum covariance analysis (MCA). The first leading
mode of covariability between the Arctic summer Z200 and May SST in
the North Pacific for 1979—2022 is shown in Fig. 2. The first leading
MCA explains 82.4% of the covariance between the Arctic summer Z200
and May SST in the North Pacific. The MCA pattern of Arctic summer
7200 shows a distinct anomalous center confined over the Arctic (Fig. 2
(a)), consistent with the corresponding EOF1 pattern (Fig. 1(b)). It
suggests that associated with positive Z200 anomalies over the Arctic in
summer, the May SST exhibits significant positive anomalies centered at
midlatitudes (around 30°-40°N) of the extratropical North Pacific,
surrounded by negative anomalies (Fig. 2(b)). Note that the SSTAs in the
tropical Pacific are barely significant. The time series associated with the
first MCA mode (MCA1) is significantly correlated, with a correlation
coefficient of 0.52 (Fig. 2(c)). Thus, the leading SSTA pattern in the
extratropical North Pacific, which resembles the PDO (Mantua et al.,

(@) Z & WAF at 500 hPa, May 1979-2022

Atmospheric and Oceanic Science Letters 16 (2023) 100405

1997), may contribute to the Arctic summer atmospheric circulation
anomalies. We call this SST pattern a negative PDO-like pattern for
short.

3.2. Mechanisms of the North Pacific-Arctic teleconnection

To represent the variability of the PDO-like SSTAs shown in Fig. 2(b),
we define an extratropical North Pacific (ENP) SST index (ENPSSTI).
The ENPSSTI is defined as the difference of the area-averaged ENP SST
over the areas with significant positive values in Fig. 2(b) from the area-
averaged ENP SST over the areas with significant negative values in
Fig. 2(b) (north of 20°N, 120°E-100°W). Considering the weak signals in
the tropical Pacific, we removed the influence of El Nino-Southern
Oscillation in advance when we defined the ENPSSTI, by removing the
variability associated with the SSTAs in the Nino3.4 region using linear
regression. To emphasize the impact of extratropical ENP SST on the
Arctic atmosphere, we choose the ENPSSTI in May, which leads the
variations of the Arctic atmosphere in summer.

Focusing on the North Pacific-Arctic sector (180°-150°W), we show
the geopotential height variance and WAF (Takaya and Nakamura,
2001) associated with May ENPSSTI in Fig. 3(a—c) as two-month running
means. Rossby wave fluxes, which originate from the ENP (50°-60°N),
propagate poleward during May-June (Fig. 3(a), vectors), suggesting
the potential forcing of the ENP SSTAs. This feature can also be seen in
the horizontal propagation of the WAF in May (Fig. 3(d)). The poleward
Rossby wave fluxes have not been sustained in June-July (Fig. 3(b, d),
vectors) and July-August (Fig. 3(c, f), vectors); however, the high
anomalies over the Arctic are sustained and developed from May to
August (Fig. 3(d-f), contours), further indicating the influence of May
ENP SSTAs. This is consistent with the results revealed in Fig. 1, which
shows a poleward propagation of horizontal wave activities from the
east of the Bering Sea to the Beaufort Sea in May. It confirms the lagging
change in the atmosphere over the Arctic. There is a clear continuous
intensification of positive geopotential height anomalies from May to
August over the Arctic (Fig. 3(a—c), shading). From the daily evolution of
the geopotential height variance, the anomalies associated with the May
ENPSSTI start to propagate from the extratropical NP poleward toward
the Arctic around mid-May and then are sustained until the end of
August (figure not shown).

We now examine the possible mechanisms that may explain the
dynamical response of the Arctic summer atmosphere to the ENP SSTAs.
Moore (2012) suggested that the negative trend of EGR in the Beaufort

(b) Z & WAF at 500 hPa, JJA 1979-2022
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Fig. 1. Teleconnections from the North Pacific to the Arctic. Geopotential height anomalies (Z; contours with intervals of 5; units: gpm) and associated WAF (vectors;
units: m? s2) at 500 hPa in (a) May and (b) June-August during 1979-2022 (north of 30°N) regressed onto the detrended and normalized JJA Z200-EOF-PC1.
Shading indicates regions with height anomalies statistically significant at the 0.05 level.
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Fig. 2. Covariance between the North Pacific SST and the Arctic circulation.
Results of MCA for 200-hPa geopotential height north of 70°N in JJA and
subtropical North Pacific (20°-70°N, 120°E-120°W) SST in May for
1979-2022. Hatching indicates coefficients statistically significant at the 0.05
level. Shown in (a) are the patterns of Z200 (shading) and (b) SST (shading)
that accompany the first mode. (c¢) Time series of the Z200 (red) and SST (blue)
patterns shown in (a) and (b). Shading indicates correlation coefficients with
the first mode of MCA.
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Sea may contribute to the positive trend of the summer Beaufort Sea
High. Therefore, we present, in Fig. 4(d-f), the regression of the
two-month running mean of EGR from May to August onto the May
ENPSSTI. A clear consequence of the positive May ENPSSTI is the sig-
nificant negative EGR anomalies over the Arctic which appear over the
Beaufort Sea in May—June and expand to the entire Arctic in July-Au-
gust (Fig. 4(d-f)). It means a significant reduction of the Arctic bar-
oclinicity in summer associated with the SSTA pattern in May shown in
Fig. 2(b). These negative EGR anomalies can cause a reduction of
cyclogenesis and lead to anomalous high pressure over the Beaufort Sea
(Moore, 2012; Knudsen et al., 2015) (Fig. 4(a, b)). The reduced bar-
oclinicity from May to August relates to the weakening of the meridional
temperature gradient over the Beaufort Sea (i.e., positive dT/dy in Fig. 4
(g-i) , T is the air temperature with unit in K and y is the latitude with
uint in km), induced by the persistent significantly negative SSTAs near
the Bering Sea (Fig. 2(b)). This supports the earlier findings by Peings
and Magnusdottir (2014). As a result, the zonal wind over the
Arctic-Pacific sector shows significantly negative zonal wind anomalies
with the maximum magnitude center over the Beaufort Sea (Fig. 4 (j-1)).
The negative zonal wind anomalies emerging over the Beaufort Sea in
May-June are sustained to August with a gradual intensification.
Meanwhile, significantly negative zonal wind anomalies extend from the
North Atlantic northeastward into the Barents Seas, consistent with the
pathway of the primary North Atlantic storm track (Serreze and Barrett,
2008). These zonal wind anomalies may also be related to the ENP
SSTAs which can simulate Rossby wave activities propagating to the
North Atlantic (Fig. 3(d, €)).

Accompanied by the deceleration of the circumpolar westerly wind
at high latitudes (see the Beaufort Sea and Barents Sea in Fig. 4(j-1)),
statistically significant positive 200-hPa geopotential height anomalies
are centered over the Arctic Ocean (Fig. 5(a)) with an equivalent bar-
otropic structure in the troposphere (figure not shown). The anomalous
anticyclonic circulation aloft over the Arctic can force anomalous
adiabatic descent which contributes to the Arctic warm anomalies (Ding
et al.,, 2017). Additionally, the negative PDO-like SSTA pattern (see
Fig. 2(b) can induce an anomalous surface low pressure over the Bering
Sea which can cause anomalous rising motions aloft and anomalous
subsidence over the Arctic and/or the sub-Arctic (figure not shown),
leading to warmer anomalies in the Arctic troposphere due to adiabatic
heating (Matsumura et al., 2014). To further examine the connection
between the SSTAs and the Arctic temperature, we further analyze the
relationship between the May ENPSSTI and the Arctic summer air
temperature. Significant warm anomalies emerge in the troposphere
over the Arctic. It should be noted that the terminus of the Arctic
tropospheric warm anomalies is below 200 hPa with a center located in
the middle troposphere (Fig. 5(c, f)) which is lower than that of positive
geopotential height anomalies (Fig. 3(b, c), shading), confirming that
the significant boreal summer Arctic warming is caused by the dominant
tropospheric circulation in the Arctic rather than by the Arctic sea ice.

To round off the discussion on the influence of the ENP SSTAs on the
Arctic atmospheric circulation and temperature, we use the Whole At-
mosphere Community Climate Model (WACCM; Marsh et al., 2013) to
perform numerical simulations, setting sea-ice concentration and SST as
boundary conditions and all other external variables fixed. One control
experiment is forced by the seasonally varying climatological
(1979-2000) sea-ice concentration and SST. Subsequently, a pair of
12-month sensitivity experiments from January to December are per-
formed, with SSTA perturbations in the ENP from May to August (as
indicated by the significant correlations in Fig. 2(b), north of 20°N)
while other months are prescribed with climatological SST. The sensi-
tivity (control) experiments were integrated over 60 (40) years, and the
first 10 years of data were omitted before analysis. The difference be-
tween the sensitivity and control experiments in summer is presented to
illustrate the response of the atmosphere to the ENP SSTAs which start in
May. The difference in the summer atmosphere between the sensitivity
and control experiments is characterized by significant positive 200-hPa
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Fig. 3. Rossby waves propagating from the North Pacific to the Arctic. Geopotential height anomalies (shading; units: gpm) zonally averaged over 180°~150°W in (a)
May-June, (b) June-July, and (c) July—August for 1979-2022 regressed onto the detrended and normalized May ENPSSTI; vectors are the associated WAF (units:
m?s~2). Regions enclosed by green contours indicate height anomalies statistically significant at the 0.05 level.

geopotential height anomalies over the Arctic Ocean (Fig. 5(d)).
Compared to the observed counterpart (Fig. 5(a)), the positive anomaly
center shifts slightly southward to the Beaufort Sea and the magnitude of
the negative anomaly over the Barents Sea is larger. Similar to the ob-
servations, the simulated 700-hPa air temperature shows positive
anomalies from northern Siberia across the Arctic Ocean to Greenland,
with the significant positive anomaly center located near the Beaufort
Sea (Fig. 5(e)). Interestingly, the simulated warm anomalies are mainly
confined to the Arctic (north of 70°N) and below 200 hPa (Fig. 5(f)),
which also resembles the observations. We note that the WACCM, forced
by the ENP SSTAs from May to August, has reproduced the poleward
Rossby waves propagating from the Bering Sea to the Arctic (figure not
shown). Overall, the simulated summer Arctic atmospheric anomalies
closely resemble the observed counterparts associated with the negative
PDO-like SSTAs which persist from May to August, confirming that the
ENP SSTAs can influence the Arctic atmospheric temperature and cir-
culation in summer.

4. Conclusions

In this paper, we present a mechanism linking the extratropical
North Pacific to the boreal summer Arctic atmospheric circulation and
temperature variability. The Arctic summer atmospheric circulation is
characterized by a prominent maximum variance center over the Arctic
Ocean with an equivalent barotropic structure in the troposphere.
Concurrent with this feature, the North Pacific SST shows significant
positive anomalies in the midlatitudes (30°-40°N), surrounded by
anomalies with opposite signs, resembling the PDO pattern but without
clear linkages to the tropical Pacific. Observational analyses suggest that
the negative SSTAs in the Bering Sea shown in Fig. 2(b) can weaken the

meridional temperature gradient from the Bering Sea to the Beaufort
Sea, leading to a weaking of atmospheric baroclinic instability over the
Arctic, especially in the Beaufort Sea. It can cause a reduction of
cyclogenesis and lead to anomalous high pressure over the Beaufort Sea
(Moore, 2012; Knudsen et al., 2015). The PDO-like SSTAs can simulate a
Rossby wave teleconnection from the North Pacific to the Arctic, leading
to positive geopotential height anomalies in the Arctic. Consequently, an
anomalous anticyclone emerges in the upper troposphere over the
Arctic, which causes anomalous subsidence over the Arctic and/or the
sub-Arctic. The anomalous subsidence induces significant adiabatic
heating, leading to significant Arctic tropospheric warming. The
WACCM, which is perturbed by negative PDO-like SSTAs in the extra-
tropical North Pacific from May to August with the influence of El
Nino-Southern Oscillation having been removed, reproduced the
observed positive geopotential height anomalies and tropospheric warm
anomalies over the Arctic in summer.

Many studies have noted the distinct features of the Arctic summer
atmospheric circulation, such as the summer cyclone maximum (Ser-
reze and Barrett, 2008), the Beaufort Sea high (Serreze and Barrett,
2011; Moore, 2012), and the anomalous anticyclonic circulation over
Greenland (Ding et al., 2017). However, our understanding of the
contributing factors to the Arctic summer atmospheric variability is far
from complete. Serreze and Barrett (2008) suggested the effect of the
cyclogenesis over the Arctic Ocean and the influx of lows generated over
the Eurasian continent. Matsumura and Yamazaki (2012) revealed that
the earlier spring Eurasian snowmelt can lead to anomalous anticyclonic
circulation over the Arctic Ocean by amplifying the propagation of the
stationary Rossby waves. Additionally, a few studies have revealed the
potential teleconnection between the tropical Pacific and high latitudes
(Trenberth et al., 2014) and the Arctic (Ding et al., 2014). However,
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Fig. 4. Impacts of North Pacific SST on high-latitude atmospheric circulation. SLP anomalies (shading) in (a) May-June, (b) June-July, and (c) July—August for
1979-2022 regressed onto the detrended and normalized May ENPSSTI; its climatology is shown by contours with intervals of 2 (units: hPa). Panels (d, g, j), (e, h, k),
and (f, i, 1) are the same as (a—c), respectively, but for the EGR calculated from the surface to 500 hPa (shading; units: x 102d1Y), 500-hPa temperature meridional
gradient (dT/dy; shading; units: x 1077 K m™'; positive values indicates that the temperature anomalies increase poleward), and zonal wind at 200 hPa (U200;
shading indicates the anomalies and contours indicate the climatology; units: m s *). Stippled regions indicate anomalies statistically significant at the 0.05 level.
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Fig. 5. Impacts of North Pacific SST on the
Arctic warming. Regression of (a) 200-hPa
geopotential height (Z200; shading; units:
gpm), (b) 700-hPa temperature (T700; shading;
units: °C), and (c) air temperature zonally
averaged along 180°-150°W (T; shading; units:
°C) for JJA 1979-2022 related to the detrended
and normalized May ENPSSTI. Shading in (a)
and hatching in (b, ¢) indicate anomalies sta-
tistically significant at the 0.05 level. Panels
(d-f) are the same as (a-c), respectively, but for
the differences between the ensemble mean of
sensitivity runs and control runs by WACCM.
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these teleconnections are mainly derived from wintertime (Novem- Funding
ber-March) or annual mean datasets. In contrast to previous studies, our
results demonstrate that the summer Arctic atmospheric circulation can This research was supported by the National Natural Science Foun-

be influenced by the extratropical North Pacific SST. These results are dation of China [Grants No. 41991283], the Research Council of Norway
parallel to Li et al. (2015) who suggested the influence of winter Funded Project BASIC [Grant No. 325440], and Chinese-Norwegian
extratropical ocean warming on the winter Arctic sea ice and atmo- Collaboration Projects Within Climate funded by the Research Council
spheric circulation. of Norway (COMBINED) [Grant No. 328935].
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