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Arctic surface temperature war med mor e than twice asfast as global temperature
during the early 20" century, similar to during the recent global war ming. This Arctic
warming has been attributed to both external forcing® and internal variability
associated with atmospheric dynamics®® and Atlantic Ocean temperature’ in
combination with Pacific variability®. Here we show that Pacific decadal variability
alone was a key contributor to the early 20" century Arctic warming, through coupled
climate model experimentsthat super pose externally forced and dynamically driven
changes. Sea surface temperatures (SST) in the model are phased to observations by
prescribing historical wind variations over the Pacific, driving thermodynamically
consistent decadal variations. During the early 20" century, the Pacific Decadal
Oscillation (PDO) transitioned to a positive phase with concomitant deepening of the
Aleutian Low warming the Arctic by poleward low-level advection of extra-tropical air.
In addition, our experimentsreveal that theimplemented Pacific surface changes
weaken the polar vortex leading to subsidence-induced adiabatic heating of the Arctic
surface. Thus, our results suggest that the observed recent shift to the positive PDO

phase® will intensify Arctic warming in the forthcoming decades.

Observational records show two periods of enhanced decadal warming in the Arctic during
the instrumental period: the early 20" century warming between 1910 and the early 1940s,
and the later warming period starting in the 1970s (Supplementary Fig. 1). These warming
periods coincided with enhanced warming globally. The earlier increase in global temperature
has been explained by a combination of anthropogenic and natural external forcing factors’.
However, coupled climate models underestimate this warming possibly due to phasing of
internal variability®. Both the phasing of Atlantic multi-decadal variability (AMV) and the
PDO have been suggested as important reasons for accelerating and decelerating global
surface temperature trends® . Earlier studies on the topic have focused on the impact of the
Atlantic®’, but the PDO has earned attention related to the recent so-called ‘hiatus’ in the
global surface temperature trend'®. In addition, Pacific SSTs have been shown to impact
interannual variability'® and recent trends in the Arctic'® as well as modulate Arctic
Amplification®. Another recent paper suggested a combination of the positive phase of both
AMYV and PDO could have intensified the early 20™ century warming of the high latitude
Northern Hemisphere land surface’, but did not isolate the PDO contribution. Moreover, the
use of prescribed SST and sea ice conditions in earlier studies precluded detailed

consideration of the energetics that lead to the Arctic warming and the amplifying role of sea
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ice feedbacks. We hypothesize that the negative-to-positive shift of the PDO (Supplementary
Fig. 2) could have played a key role in the early 20" century Arctic warming, and we propose

a new mechanism for how this could come about.

To investigate how decadal variability in the Pacific could have contributed to the early 20™
century Arctic warming, we have performed two six-member ensemble experiments with the
Norwegian Earth System Model (NorESM)'” including transient 20" century forcing. The
first ensemble, a control experiment (CNTRL), is a fully coupled historical simulation as done
for the Coupled Model Inter-Comparison Project 5 (CMIPS5). The second ensemble (TAU-
PAC) is partially coupled by prescribing momentum flux anomalies'® from reanalysis' to the
Indo-Pacific Ocean. By using this method, we constrain the phasing of variability over the
Pacific Ocean and reproduce the observed phase changes of the PDO (Supplementary Fig. 2),
while the AMV remains largely unaffected in our model. At the same time the model
maintains an active thermodynamic coupling. It is therefore an energetically consistent
alternative for investigating the dynamics of the early 20" century warming to standard SST-
restoring ‘pacemaker’ experiments'’. Both ensembles include the same transient external
forcing, and although some non-linear interactions may exist between external forcing and the
response of the climate system to the imposed winds as with standard SST ‘pacemaker’
experiments'’, we can use this experimental setup to separate the impact of dynamical driven

ocean changes in the Pacific from the direct radiative forced changes (see Methods).

During the early 20™ century the Arctic (ocean and land surface north of 70°N) warms by
around 1.1 K from the minimum between the years 1911-1920 to the peak between 1936-
1945 (Fig. 1). At the same time Northern Hemisphere surface temperatures increase by
around 0.5 K. TAU-PAC captures well this Northern Hemisphere warming trend and year to
year variations (Supplementary Fig. 3). TAU-PAC also manages to capture the observed early
20™ century Arctic warming trend of 1.1K (ensemble range: 0.82-1.71K) and is significantly
warmer than CNTRL in the later part of this period. Radiative forcing leads to a warming of
only 0.45K in CNTRL, underestimating the early 20™ century Arctic warming by more than
50% (ensemble range: 0.04-0.80K), consistent with earlier studies™®. The early 20™ century
Arctic warming is strongest during the cold season, and we therefore focus on the months
from October to February (ONDIJF) (Fig. 1c). The seasonality is somewhat weaker in the

experiments compared to observations, possibly related to a weaker seasonal cycle of sea ice



71 extent in NorESM'’. It is however clear that by constraining SST variability in the Pacific we
72 reproduce the observed early 20" century Arctic warming.
73
74 The enhanced early 20" century Arctic warming in TAU-PAC is also seen in the trend
75  patterns of winter surface temperature (Fig. 2a-c). The warming pattern in TAU-PAC is
76  similar to observed and significantly stronger than the warming in CNTRL (Supplementary
77  Fig. 4). These results are largely independent of the choice of endpoints and averaging periods
78  between 1910 and 1945. However, observational data are scarce over the majority of the
79  Arctic Ocean during this period, especially during winter. This, together with internal
80  atmospheric variability, may account for discrepancies between observed and simulated trend
81  patterns. The Arctic warming is accompanied by a weak warming in the tropical North
82  Atlantic, and a stronger warming in the northern North Pacific and the tropical Pacific (Fig.
83  2). The tropical Pacific warms between 15-25°N, but because of poor data coverage in the
84  equatorial region during this period, observed data products seem to underestimate the
85  equatorial Pacific warming in the early 1940s>". On the other hand, TAU-PAC simulates
86  equatorial Pacific warming but no warming in the subtropics. This could be because the
87  meridional width of the Pacific cold tongue is too narrow in NorESM'”. Nevertheless, the
88  SST changes in both observations and TAU-PAC project upon a cold-to-warm PDO shift
89  (Supplementary Fig. 2b). These results suggest that by dynamically constraining the Pacific
90  Ocean we can account for the observed Arctic warming that cannot be directly explained by
91  external forcing simulated in CNTRL.
92
93 During the early 20" century warming period in TAU-PAC, the northward energy transport
94  increases, primarily due to increased atmospheric transport (Supplementary Fig. 5). As the
95  Arctic warms, sea level pressure (SLP) decreases near the Aleutian Islands in the North
96 Pacific (Fig. 2f), indicative of a deepening Aleutian Low. During the early 20" century
97  warming period the North Pacific-index*® describing the variability of the Aleutian Low shifts
98  from positive to negative (Supplementary Fig. 6). This tendency is reproduced in TAU-PAC.
99  However large uncertainties exist in observed SLP data in the North Pacific during this

100  period*. Aleutian Low variations can act as a boundary condition constraining internal

101 variability in the Arctic atmospheric circulation”. In addition, the deepening Aleutian Low is

102 consistent with increased horizontal heat advection into the Arctic’.
103
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A decomposition of the temperature tendency at lower levels (1000-700hPa) over the Arctic
(see Methods) shows that not only low-level horizontal advection, but also subsidence-
induced adiabatic heating, contributes to the early 20 century Arctic warming in TAU-PAC
(Supplementary Fig. 7). The subsidence occurs in association with a weakening polar
stratospheric vortex (Fig. 3) and the associated stratosphere/troposphere coupling23. Although
the downward stratosphere-troposphere coupling is well accepted, the associated mechanisms
remain disputed24. Several mechanisms have been proposed including: the non-local
downward control of the tropospheric circulation by stratospheric wave forcing, diabatic
forcing and potential vorticity change, wave reflection and refraction, as well as eddy
feedbacks in the troposphere®®. We find that the deepening Aleutian Low during the warming
period, and associated strengthening of the Asian trough and the ridge over the eastern North
Pacific (Fig. 4b, d), strengthens the amplitude of wave number one by about 20% (Fig 4f),
and there is positive interference between the perturbed and background stationary wave with
a spatial correlation of 0.96 in TAU-PAC (the correlation in CNTRL is -0.76). The westward
wave-tilt with height suggests upwards propagating waves that weaken the high latitude
westerlies and the polar vortex (Fig. 4f). This mechanism is similar to the atmospheric
response to El Nifio events”. The positive SLP trend over the Arctic consistent with adiabatic
heating is, however, not present in the observed data (Fig. 2d), although hardly any SLP

measurements exist in the Arctic before the 1950s°°.

While the advection term can cause the warming on the Pacific side of the Arctic, the
adiabatic heating is not necessarily bound to the Pacific side. The associated surface wind
changes (Supplementary Fig. 8) can for instance explain the maximum warming in the
Barents Sea region by increasing the transport of warm Atlantic water into this region and

reducing the sea ice extent here”.

The overall early 20" century Arctic temperature trend results from several shorter periods of
warming (Fig 1b and Supplementary Fig. 7). The heating by advection occurs when the
Aleutian Low deepens (Supplementary Fig. 6). The adiabatic heating events, on the other
hand, coincide with the minima of the Aleutian Low (Supplementary Fig. 6) and periods of
pronounced warming in the tropical Pacific (Supplementary Fig. 9). To investigate if the
deepening of the Aleutian Low and the Arctic warming are forced by the warming events in
the tropical Pacific alone, or if the changes in the extratropical Pacific sea surface contribute

as well, we have performed two additional ensemble experiments: TROP and XTROP. In
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these ensembles we prescribe momentum flux only over the tropical Pacific and the
extratropical Pacific, respectively. The full extent of the Arctic warming seen in TAU-PAC is
not reproduced in either of the additional ensembles (Fig. 5a, ¢). However, both ensembles
simulate a deepening Aleutian Low (Fig. 5b, f), albeit weaker than in TAU-PAC. This signal
protrudes through the mid-troposphere (Fig. 5c, g), while the pattern at upper levels is weaker
(Fig. 5d, h). Therefore, we conclude that the low-level heat advection and subsidence-induced
adiabatic heating that warms the Arctic in TAU-PAC is a result of a combination of tropical

and extratropical Pacific forcing, including tropical-extratropical interactions.

Our CNTRL ensemble indicates that radiative forcing can explain half of the warming in the
early 20™ century by warming the Arctic surface directly or indirectly through for instance
warming of the Atlantic Ocean. We find that the other half of the observed Arctic temperature
increase is dynamically forced through decadal variability in the tropical and extratropical
Pacific. A non-radiative Atlantic forcing effect has not been included in this study, and
therefore, we cannot exclude the possibility that a part of the early 20" century warming
could potentially also be attributed to a phase change of the AMV. Albeit the Pacific forces
some warming in the North Atlantic in TAU-PAC (Fig. 2c and 5a, e) through interbasin
teleconnections between the Pacific and the tropical North Atlantic (Supplementary Fig. 2d)
that could potentially contribute to the Arctic warming during this period. However, we link
the main drivers for the non-radiative Arctic warming in this period directly to the

implemented changes in the Pacific.

Since we can reproduce the early 20™ century warming without a pronounced AMYV signal,
we propose that the phasing of decadal variability in the Pacific played a major role in the
early 20™ century Arctic warming. However, the wind stress anomalies we prescribe over the
Pacific could potentially be forced by the Atlantic>’. In addition external forcing has been
shown to phase decadal variability over the oceans in some models®®. Such results are model
dependent; NorESM could be less sensitive to external forcing or could have a stronger link
between the Pacific and the Arctic than other models. As observations are limited for the early
20" century warming period, it is difficult to assess the veracity of our simulations. Therefore,
it is important to perform similar experiments with other models and forced by different
reanalysis products to understand the model and data dependency of these results.

Nevertheless, the results presented here propose a plausible mechanism involving both
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radiative forcing and decadal variability in the Pacific for the cause of a warming in the Arctic

of the size indicated by available observations.

The results from this study imply that the warmer Pacific SSTs associated with a positive
PDO in the 1980s could have enhanced the warming in the Arctic attributed to an Arctic
amplification of anthropogenic-forced global warming. We speculate that the present positive
PDO conditions® may cause the Arctic to warm at an even higher rate in the forthcoming
decades, although internal atmospheric variability and the phasing of AMYV, as well as the
secondary effects of the PDO Arctic Amplification® might offset it. Such PDO impacts on the
Arctic are important and need to be taken into account when evaluating future climate

predictions and projections.
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M ethods

For our experiments, we have used the Norwegian Earth System Model (NorESM). NorESM
consists of the atmospheric component CAM4-Oslo, the ocean component MICOM, the land
component CLM4, the sea ice model CICE4, and the coupler CPL7. NorESM is based on the
Community Earth System Model (CESM1)’! with the same land and sea ice components and
coupler but differs in the following aspects. NorESM uses an isopycnic coordinate ocean
general circulation model developed from MICOM?™ and the atmosphere component includes
a different chemistry-aerosol-cloud-radiation interaction scheme. The NorESM1-ME version
used here also includes prognostic biochemical cycling, which is deactivated in this study.

Here we use the CMIP5 version of the model'”*.

We performed six-member ensembles with NorESM with transient 20" century historical
forcing. After year 2006 forcing given by RCP4.5** is used. First, we have a control ensemble
(CNTRL) with six members of fully coupled historical simulations as done for the CMIP5*.
We initialize the historical simulations at year 1850 with initial conditions given by a
preindustrial control simulation. The initial conditions are selected at a 10-year interval from

the preindustrial control simulation.

The second ensemble simulation (TAU-PAC) is partially coupled, similar to the setup from
Ding et al. (Ref.18). Here we prescribe daily momentum flux anomalies from the NOAA-
CIRES 20™ Century Reanalysis data version 2 (20CR)"’ provided by the NOAA/OAR/ESRL
PSD, Boulder, Colorado, USA, from their web site at http://www.esrl.noaa.gov/psd/ to the
ocean component of the model between 25°S and 60°N in the Indo-Pacific. Otherwise the
model is fully coupled. We have a tapering region of linear weighting of 5° latitude outside
the latitudinal boundaries, at the Bering Strait in the north and at the southern tip of Africa in
the south. In grid boxes where there is sea ice we weight the momentum flux with the ice
fraction, so that for grid boxes with 100% sea ice the model is fully coupled. We initialize
these simulations at year 1870 from the corresponding ensemble member in CNTRL, and the
momentum flux modifications are implemented from year 1871. Thereafter we run the model

for 142 years, giving us an ensemble spanning years 1871 to 2012.

The 20CR anomalies are added to the model’s daily climatology, in contrast to a fully

coupled simulation where the ocean component receives momentum flux from the

10
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atmosphere component through the coupler. The anomalies and climatology are both
calculated based on the years 1901-2000, where the climatology is calculated from the
CNTRL ensemble. Since we are prescribing anomalies the mean state of the model does not
change. This method is used to constrain the model variability to observations, while at the
same time maintaining an active thermodynamic coupling. In this way, SST is a fully
prognostic variable that can freely interact with the atmosphere component of the model.
Since both ensembles include the same transient forcing, we can use this experimental setup
to separate the impact of dynamical driven Pacific Ocean changes from the radiative forced
changes. It should be noted however that the 20CR wind stress anomalies could also include
some radiative forced changes, and there could be non-linear interactions between the

radiative forced and wind forced responses.

To separate the effect of the tropical Pacific and the extratropical Pacific, we performed two
additional 6-member ensemble simulations: XTROP and TROP. XTROP has the same setup
as TAU-PAC, but we prescribe momentum flux anomalies only over the region in the Pacific
covering 25°N - 60°N with a tapering region of linear weighting of 5° latitude outside the
latitudinal boundaries. In TROP, we prescribe momentum flux anomalies only over the
tropical Pacific between 20°S - 20°N and from 150°E to the coast of America, with a tapering

region of linear weighting of 5° outside the boundaries.

Evaluation of our experimental design

Where there is a strong ocean-atmosphere coupling, for instance in the tropics, our method of
partial coupling prescribing wind stress anomalies works well to constrain SSTs. However,
since the prescribed wind stress anomalies are not used directly in calculating the surface heat
fluxes, the wind-evaporation-SST feedback is not taken into account. At higher latitudes the
correlation between observed and simulated SSTs is weaker. The correlation pattern between
TAU-PAC and observed SST (Supplementary Fig. 2¢ and d) matches the masking of the
basin, with the Indo-pacific region simulating observed SST variability in TAU-PAC. There
is also an area with significant correlation in the tropical Atlantic, similar to the ENSO

teleconnection pattern in this region™.

The main component of extratropical North Pacific SST variability is given by the PDO-

index’”. In TAU-PAC the PDO-index has similar phasing for all realizations, consistent with

11
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a wind-driven PDO*’, while there is no consistency between ensemble members of CNTRL
(Supplementary Fig. 2a, b). The observed PDO-index increased from 1910 into the early
1940s, but in TAU-PAC the PDO-index lags the observed data by around 5 years in the first
half of the simulation. We find a similar delay for the NP-index (Supplementary Fig. 6). The
maximum correlation between the observed PDO and the PDO in TAU-PAC for the first half
of the simulation is found when the observations lead by 6 years (r=0.86, p=0.005). The PDO
in TAU-PAC follows the observed PDO better in the second half of the simulation with a
correlation of 0.93 (p=0.0002) at lag zero. The delayed PDO in the first half of the simulation
could be due to the response time of the ocean to the prescribed momentum flux that starts in
year 1871, or a possible difference in advection timescales in the model compared to reality.
The historical PDO-index before 1920 depends on data used’’ and another possible reason for
the discrepancies in the beginning of our simulations is that sparse sampling before the
1950s*° leads to uncertainties in both the PDO index and the reanalysis product used to force

the model.

Between 1939-1942 there is evidence of a large El Nifio, but this warming in the tropical
Pacific is slightly more persistent in TAU-PAC than the observed data used here
(Supplementary Fig. 2e and 9). This pronounced equatorial Pacific warming in TAU-PAC
can also be seen in the trend pattern in Figure 2c. The difference in the tropical and
extratropical warming signals between observations and TAU-PAC (Figure 2a, c) could
explain why our model PDO lags the observed PDO. The pronounced El Nifio in TAU-PAC
might also shift the peak of the PDO-index in the early 1940s a couple of years later
compared to the observed PDO-index (Supplementary Fig. 2b). However, due to large
uncertainties in the instrumental data®, it is difficult to pinpoint the exact year of the peak of
the early 20™ century warming®®. Nevertheless, the timing of the 1940s dip in the Aleutian
Low (Supplementary Fig. 6) and the maximum of the PDO coincides with the El Nifio event
of the early 1940s and marks the final peak of the early 20" century Arctic warming.

Observational data

We chose the momentum flux from the 20CR in our experiment because it was the longest
available product at the time these experiments were initiated. Earlier simulations using this
method has shown that the ocean needs years to integrate the implemented wind stress
forcing. Furthermore, we have chosen to use the ensemble mean momentum fluxes,

anticipating them to be the most accurate. However, the ensemble mean is known to have less

12
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variance during the earlier period when observational data are scarce™. We avoid some of this
issue as the trend in variance is especially pronounced between 40-60°S*’, which is outside

the region of partial coupling in TAU-PAC.

For evaluating our model results we have used several other observational data products. For
surface temperature, we have used the NASA Goddard Institute for Space Studies Surface
Temperature Analysis (GISTEMP)*, accessed at https://data.giss.nasa.gov/gistemp with
1200km smoothing and using the NOAA Extended Reconstructed SST (ERSST) version 4%.
For SLP we used the gridded Met Office Hadley Center’s mean sea level pressure data set
(HadSLP2)*, and the observed North Pacific index® retrieved from
https://climatedataguide.ucar.edu/climate-data/north-pacific-np-index-trenberth-and-hurrell-
monthly-and-winter. For supplementary figures, we have also used the Hadley Centre Sea Ice
and Sea Surface Temperature data set version 1.1 (HadISST)"!, retrieved from
https://climatedataguide.ucar.edu/climate-data/sst-data-hadisst-v11, Berkley Earth global
surface temperatures*” provided by http://berkeleyearth.org/data/, and the Nansen-SAT

dataset™®.

For our analysis, we have used all grid points for the model data but excluding grid points
where there is no coverage in the observed data does not notably change the results from

those presented here.

Analysisand statistical methods

The Arctic surface temperature index is given by low-frequency filtered area-averaged
surface temperature north of 70°N. The PDO-index is defined as the low-frequency filtered
first principle component of detrended SSTs between 20°N-60°N and 120°E-120°W. We

use a third-order Butterworth low-pass filter with cut-off frequency of 15 years for low-
frequency filtering, and a standard Student t test for assessing significance between ensemble
means by considering the spread of each ensemble; for linear correlation coefficients, the

effective degrees of freedom based on the auto-covariance is taken into account.
The zonally averaged meridional heat transport is approximated using net longwave and

shortwave radiative heat fluxes at the top of the atmosphere and at the surface as well as both

latent and sensible heat fluxes at the surface. The atmospheric transport is given by the

13
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difference between total heat transport and that estimated for the ocean based on surface

fluxes.

The temperature tendency over the Arctic is decomposed using daily model output of
atmospheric temperature (T) and three-dimensional wind fields (U, V, Q) and is given by the

following equation

T 1( aT +V6T> QT@B N Q
a a\ cos¢adl d¢ 6 dp Cp

where a is the Earth’s radius, ¢ is latitude and A is longitude, 8 is potential temperature, p is
: : : . a
pressure and ¢, is the specific heat capacity at pressure p. The warming tendency (a—:) of the

wintertime temperature response to the Pacific changes are considered for year-to-year and
seasonal adjustments. The first term on the right-hand side of the equation is the horizontal
advection term, the second term is adiabatic temperature change through vertical motion, and
the last term is the diabatic heating given as the residual of the equation by considering the
daily temperature tendency. Adiabatic warming (cooling) occurs when there is subsidence
(uplift). The terms of the tendency equation are computed first for each grid point at all

vertical levels and afterwards averaged over the region of interest.

Data availability
The data that support the findings of this study are available from the corresponding author on

request.
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Figure Legends

Figure 1 Arctic surface temperature. Low-frequency filtered annual Arctic (70-90°N)
surface temperature for GISTEMP* (black line) and a, the ensemble mean of CNTRL (grey
line) and b, TAU-PAC (green line). Green (grey) shading indicates the ensemble spread of
TAU-PAC (CNTRL). ¢, Change in surface temperature in the Arctic (north of 70°N) between
the average over two periods 1911-1920 and 1936-1945 for GISTEMP’ data (black) and
ensemble mean of CNTRL (grey) and TAU-PAC (green) for five month means.

Figure 2 Changein surface temperature and SLP. Change in surface temperature north of
the equator in K (&, b, ¢) and SLP north of 20°N in hPa (d, €, ) given by the difference
between the average over two periods 1936-1945 and 1911-1920 in GISTEMP*’ (a) and
HadSLP2?® (d), and the ensemble mean of CNTRL (b, €) and TAU-PAC (c, f) for the cold
season (ONDJF). Filled contours indicate significance at a 5% level. Contour levels are

shown for every 0.25 K for surface temperature (a, b, ¢) and 0.5 hPa for SLP (d, g, ).

Figure 3 Changein vertical temperature and geopotential height in the Arctic. Monthly
mean change given by the difference between the average over two periods 1936-1945 and
1911-1920 in temperature (colors) and geopotential height (contours) over the Arctic (north of
70°N) for a, CNTRL and b, TAU-PAC. Contour levels are shown for every 0.25 K for
temperature and for every 20 m for geopotential height. Dashed gray (solid black) lines
indicate negative (positive) geopotential height anomalies, and the thick black line indicates

the zero line for geopotential height anomalies.

Figure 4 Geopotential height. Change given by the difference between the average over two
periods 1936-1945 and 1911-1920 in geopotential height at 53 hPa (&, b) and at 510hPa (c, d)
north of 30°N in CNTRL (a, ¢) and TAU-PAC (b, d) for the cold season (ONDJF). Filled
contours indicate significance at a 5% level. Contour levels are shown for every 5Sm and 10m,
for 510 hPa and 53 hPa geopotential height, respectively. €, f Change (shading) given by the
difference between the average over two periods 1936-1945 and 1911-1920 in the Wave 1
component of the eddy geopotential height between 45-75°N in CNTRL (e) and TAU-PAC
() for the cold season (ONDJF). Contour lines indicate the climatological wave 1 and are
shown at 60 m and then for every 120m, where gray dashed (black solid) lines are negative

(positive). The thick black line indicates the zero line.
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Figure 5 Additional experiments. Change in surface temperature in K (a, €), SLP in hPa (b,
f), and geopotential height (GPH) in m at 510 hPa (c, g) and at 53 hPa (d, h) north of 30°N
given by the difference between the average over two periods 1936-1945 and 1911-1920 in
the two additional experiments XTROP (a, b, ¢, d) and TROP (e, f, g, h) for the cold season
(ONDJF). Filled contours indicate significance at a 5% level. Contour levels are shown for
every 0.25 K, 0.5 hPa, 5m and 10m, for temperature, SLP, 510 hPa and 53 hPa geopotential
height, respectively.
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