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Abstract

Using 51-year reanalysis data, we propose that the winter Western Pacific (WP) pattern, which
brings about a warm and cold winter in Japan, is associated with the previous winter North Atlantic
Oscillation (NAO). We focus on the Arctic sea-ice fluctuation and El Nifio/Southern Oscillation
(ENSO) related to the weather in Japan about the mechanism regarding the relationship of the
winter WP with the winter NAO in the previous year. We calculate the lag correlation of the
geopotential height, the sea-ice and the Sea Surface Temperature (SST) with the winter WP index
which divided into the low, middle and high frequency variations. The negative (positive) phase of
the winter WP associates with the positive (negative) phase of the previous winter NAO. The
positive (negative) phase of the low-frequency winter NAO variation impacts the sea-ice decrease
(increase) in spring and summer while the middle-frequency NAO variation impacts the La Nifia
(El Nifio) phenomenon in winter from summer. We suggest the winter NAO is a candidate for

exciting the winter WP in the following winter through both the sea-ice and the ENSO.



1. Introduction

The persisting cold wave and the heavy snowfall in the wintertime East Asia have a social,
economic and psychological impact on Japan because of the lack of atomic power station in the era
of post-Fukusima accident. The colder winter is the more electricity is needed. The cold wave and
heavy snowfall are associated with the hemispheric anomalous atmospheric circulations. For
example, the Western Pacific (WP) and Eurasian (EU) patterns, which are well-known
teleconnection patterns defined by Wallace and Gutzler [1981], have an impact on the anomalous
atmospheric circulation in the East Asia. It is thus important to find out the formation process of the
WP pattern, which has a significant influence on society, and so on.) Whether the WP pattern in
coming winter is anomalous or not is important for not only the scientists but also the Japanese who
are worry about the lack of the electricity. Thus, the long-term forecast for the wintertime WP
pattern is important.

Honda et al (2009) hypnotized that wintertime weather in the East Asia is related to the ice
reduction of the Barents Kara Sea in the previous autumn. Their AGCM results indicate that the
decrease of the sea-ice in summer and autumn strengthens the Siberian anticyclone, and brings
about cold anomaly in East Asia. Although they did not directly note the WP pattern, the ice
reduction in the autumn may give us the key to the long-term forecast in the winter in the East Asia.
In fact, some figures in their reanalysis data look similar to the WP. Also, Takano et al (2008)
showed that Siberian-Japan pattern, which is similar to the WP pattern, is favorable for the heavy
snowfall in Japan. Hori et al (2011) also pointed that arrival of the cold wave to East Asia is related
to the anticyclonic anomaly formed in association with the sea ice decline of the Barents-Kara Sea.

Ogi et al (2003) showed that summertime sea ice over the Barents Sea and summertime
weather in the East Asia are related to the wintertime North Atlantic Oscillation (NAO) in the
previous year. The impact of the NAO in the Arctic Sea ice along with the Barents Sea is also
pointed out by Rodwell et al (1999). The some kinds of previous studies introduced above, suggest

that the winter cold wave in East Asia should potentially be associated with the previous winter
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NAO. However, no previous studies have been examined the predictability of the winter WP pattern
from the NAO in the previous winter. The first purpose of the present study is to confirm that the
winter WP pattern has an association with the previous winter NAO.

El Nifio/Southern Oscillation (ENSO) is well-known another key factor for long-term
prediction. WP pattern is known as one of the most dominant teleconnection patterns that are
excited by ENSO [e.g., Horel and Wallace, 1981; Mo and Livezey, 1986; Kodera 1998]. For
example, Horel and Wallace (1981) showed that the winter El Nifio events and the negative phase of
the Southern Oscillation Index (SOI) are associated with the positive phase of the winter WP.

Therefore, the influence of both the tropics, e.g., ENSO and the Arctic, e.g., the sea-ice
should be considered. As the previous studies suggested, the winter WP pattern can be related to
both the NAO and ENSO. If interannual variation of the NAO is has some relationship with ENSO,
the linkage mechanism among the WP, NAO, and ENSO would be complicated. For example, if
NAO influence the ENSO, or if ENSO influences the NAO, careful consideration should be took
into account. For example, Nakamura et al (2006, 2007) demonstrated that springtime AO
influences the ENSO in the following winter. Because Arctic Oscillation (AO) and NAO have
similar structure in the Atlantic northern hemisphere, NAO might also have some influences on the
ENSO. The second purpose of the present study is to distinguish the cause and effect of the three;
NAO, WP and ENSO. In particular, a possible the influence of the NAO on the ENSO is
demonstrated. Finally, the formation process of the WP pattern from both low and high latitudes are
discussed. The method of this study is mainly by statistical analyses using reanalysis data set for the

period of about a half century.



2. Data and Method

The atmospheric data used in this study is the National Centers for Environmental
Prediction and National Centers for Atmospheric Research (NCEP/NCAR) reanalysis data [Kalnay
et al., 1996]. The sea-ice concentration and the sea surface temperature (SST) data used in this
study is a Met Office Hadley Center’s sea ice and sea surface temperature data set version 1
(HadISST1) [Rayner et al.,2003]. The ground snow depth data from 1979 through 2010 by the IMA
Climate Data Assimilation System reanalysis (JCDAS) is also used in this study. We used monthly
mean data from 1960 to 2010 except of the snow data. We defined that the winter WP index is the
time series of the first leading mode by an Emperical Orthogonal Function (EOF) Analysis of the
monthly mean 500hPa geopotential height in December over the Pacific sector, 20°-80°N,
120°-180°E.

To examine the existence of relationship between the winter WP and the previous winter
NAO, we calculate the lag correlation of the previous winter atmospheric fields with the winter WP
index. As details area shown in the following sections, a significant relation between the WP and the
NAO in the previous winter was found. To assess the relationship between the winter WP and the
previous winter NAO objectively, we apply a coupled EOF analysis by using geopotential height
data of Western Pacific covering the WP area in a winter and those of North Atlantic covering NAO
area in the winter one year before. Here, the NAO area is over the Atlantic sector, 30°-90°N,
50°W-10°E, and the WP area is the same as the WP index. As details area shown the following
sections, a coupled NAO and WP pattern was found in the leading mode of the coupled EOF. We
define the time series of the leading mode of the coupled EOF as the NAO+WP index. To find out
the linking process of the winter WP in the next year, we calculate of seasonal evolution of the
linear regressed sea-ice, SST fields with the winter NAO+WP index. The time series of the
NAO+WP index are divided into low, middle and high frequency variations. The low frequency
data defined in this study is 7-year running mean. The high frequency data is original data minus

3-year running mean. The middle data is the band pass filtered data that is the original data minus
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7-year running mean and minus the high frequency data. In this analysis, we have removed linear
trend from the sea-ice concentration of each grid point before calculating the lag correlation of the

Acrctic sea-ice with the NAO+WP index, because the strong decrease trend of the sea ice might hide

significant relationship.



3. Results
3.1. The winter WP and the previous winter NAO

Figure la shows the simultaneous spatial correlation of the first leading mode from the EOF
analysis of the geopotential height at 500hPa over the Pacific sector, 20°-80°N, 120°-180°E. A
significant north-south dipole pattern is seen over the western part of the North Pacific; the high is
over Japan whereas low over Russian Far East. The contribution of the first mode is 39.8% and
second mode is 22.6%. The pattern is quite similar to that of the original WP pattern first defined by
Wallace and Gutzler (1981), in which two points correlation was applied. Figure 1a-2 shows
simultaneous correlated temperature map at 1000hPa with the WP index. The temperature over
Japan is anomalously high and Russian Far East is anomalously low. It therefore is confirmed that
the WP pattern is the most amplified pattern around Japan in winter, and its influence on the
weather Japan is the most dominant. The positive of the WP index defined in this study is cold north
and warm south. Since the negative WP is in reversed phase of the pattern, Japan is overall cold
winter in the negative WP index.

Figure 2 shows the lag correlation map of the geopotential height at 500-hPa in December of
the previous year with the winter WP index of the EOF analysis. The significantly positive
correlation in the Iceland and negative correlation in the North Atlantic Ocean are shown in Figure
2. This geopotential height anomaly is quite similar to the negative phase of the NAO pattern
defined by Wallace and Gutzler (1981). This lagged significant correlation indicates that when the
winter NAO is negative (positive) phase, the positive (negative) phase of the WP pattern appears
and the warm (cold) anomaly is tends to be brought in the Far East in the following winter. To
assess this one-year-lag relationship objectively, we performed the EOF analysis by using the data
coupling the areas covering the action center of the NAO in December and the WP in the following
December. The first mode of this coupled EOF analysis is shown in Figure 3. The contribution of
the first mode is 29.7% and second mode is 16.5%. The successive occurrence of the negative phase

of the NAO and the positive phase of the WP in the following winter is the most dominant. The
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same one-year-lag connection as shown in Figure 2 was demonstrated in this EOF analysis, and we

define this first leading mode index as NAO+WP index.

3.2. The process from the winter NAO to the following winter WP

In order to account for the connection of the NAO and WP pattern in the next year, the
memory that is not in the atmosphere is needed because the atmosphere itself does not have such a
large memory that influences the phenomena in the next year. Some candidates are the ocean, land,
and sea ice since their heat capacity is much larger than that of the atmosphere. Here we
demonstrate some oceanic processes playing roles in connecting these two atmospheric patterns.
Figure 4 shows the correlation of the Arctic sea-ice concentration in spring (left), summer (middle)
and autumn (right) with the winter NAO+WP index. There are the positive correlations in the
Eurasian side of the Arctic Sea, in particular Barents Sea, in spring, summer and autumn with the
winter NAO+WP index. This means that the linkage of the previous winter positive (negative) NAO
and negative (positive) WP with cold Japan in the following winter is in association with the
decrease (increase) of sea-ice in the Arctic in spring through autumn. The correlation coefficients
with the long-term moving averaged data are large as compared to those with short-term moving
average. There were no correlation between the high-frequency or band-passed NAO+WP index
and sea-ice in the Arctic sea (Figures not shown). The correlation pattern of the Arctic sea ice with
the WP index with low pass filter ware also almost the same as in Figure 4 (Figure not shown).
These results suggest that long-term variation of the summertime sea-ice is a key to connecting the
two winter teleconnection patterns.

The sea-ice decrease of the Barents Sea in spring and summer connection with the winter
negative NAO and the following winter positive WP is consistent with the result of the influenced
by the winter NAO of Ogi et al. (2003). Further, the relationship that the decrease of the Arctic
sea-ice cover in the summer brings the cold anomaly in the Far East in the winter is consistent with

the result of Honda et al. (2009).



Other oceans may have an important role in the linkage of the NAO and WP. Figure 5
shows the global-scale correlation map of the SST with the winter NAP+WP index. ENSO signal is
obvious. This indicates that EI Nifio and WP simultaneously tend to occur after one year of the
negative phase of the winter NAO. Next, we demonstrate the time evolution of El Nifio-South
Oscillation (ENSO). Figure 6 shows the time-longitude cross section of the longitudinal averaged
SST at 10°S-10°N of the correlated with the winter NAO+WP index filtered by three high-pass (a)
less than 3 years, (b) less than 5 years, (c) less than 7 years and (d) band-pass between 3-7years.
There are the positive correlations in the central and eastern Pacific Ocean from summer to winter
except of the 3years high-pass filtered data. In addition, the correlation of the band-pass between
3-7years is the highest. This SST correlation area is in accordance with the positive SST anomaly
area when El Nifio develops. In contrast, the low-pass filtered SST does not have any significant
correlations in the tropics with the winter NAO+WP index (Figures not shown). Not the decadal
ENSO or quasi-biennial oscillation (QBO) time scales but the time scale involved in the ENSO does
associate with the NAO and WP linkage. Similar SST developing signature correlated with the
previous winter NAO index with band pass filtered was also seen in the tropical Pacific (Figure not
shown). In summary, if winter NAO is negative (positive) phase, then El Nifio (La Nifia) develops
from summer to winter, and warm (cold) winter brings about Japan in association with positive
(negative) WP.

To estimate the strength of this relationship among three phenomena; NAO in the previous
winter, ENSO and WP, we execute an EOF analysis by using three kinds of the data; the 500hPa
geopotential height data in the area of the NAO in December, and those of the WP in the following
December, and the SST in the ENSO area in the following December. Here, the ENSO area is over
the Pacific sector, 10°S-10°N, 90°W-180°W, and the NAO and the WP area is same as those of the
NAO+WP index. The EOF is calculated by using the standardized data, i.e., by using correlation
matrix. Because EOF analysis data is weighted in the latitude direction, we set that the areas of the

NAO, the WP and the ENSO are almost equal size. Figure 7 shows the horizontal pattern of the first
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mode of the EOF. The EOF pattern signifies the occurrence of the negative phase of the NAO, the
positive phase of the WP and EIl Nifio. The same relationship was seen in this EOF analysis, and we
defined the time series of this leading mode as the NAO+WP+ENSO index. The contribution of the
first mode is 31.7% and the second mode is 13.5%. We can also confirm that the NAO, WP and

ENSO are closely tied with each other.



4. Discussion

We indicated that the winter NAO has the potential to be associated with the following
winter WP, and bring the temperature anomaly in the Far East. In addition, we called for that there
are two processes of the low and high latitude influences with the relationship between the
wintertime NAO and the following winter WP. The first of these is the low-frequency variation of
the Arctic sea-ice in spring trough autumn and the second is the high-frequency ENSO from
summer to winter. Thus, the low and high frequency NAO act on sea-ice and SST through a
different process, and excite WP in the following winter. Furthermore, we supported the relationship
between NAO and WP by defining the NAO+WP index, which set up from EOF analysis with the
data coupling the both area of the winter NAO and the following winter WP. In the same way, we
evaluate relationship of the NAO, the ENSO and the WP objectively by use of the
NAO+WP+ENSO index. In the process from the winter NAO to the summer ENSO, we suggested
that the snow anomaly in the western Eurasian Continent by the influence of the winter NAO, by
the association of some following articles.

Clark et al., (1999) and Hori and Yasunari, (2003) showed that the winter NAO impacts on
the snow in the western Eurasia Continent, and Barnett et al., (1989) showed that the winter snow in
the Eurasia Continent is associated with the summer Indian monsoon and ENSO each other. In
addition, Nakamura et al., (2006, 2007) showed that the cold air outbreak from Asia to the tropical
zone intensifies the western burst on the western tropical Pacific and becomes the trigger of El Nifio.
Thus, the winter NAO has possibilities to intensify the cold air outbreak by the snow anomaly in the
western Eurasia Continent. We can therefore hypothesize that tropical atmosphere and ocean
respond by the snow anomaly associated with the wintertime NAO, and then EIl Nifio outbreaks. To
examine this hypothesis, we examine Eurasian snow anomaly and its related atmosphere and ocean
processes regressed with the NAO+WP+ENSO index. We focus on the 3-7years band-pass time
scale because the correlation with the EI Nifio in this time scale is the highest.

Figure 8 shows the correlation of the snow (upper) and surface air temperature (lower) in
10



(@), (b) December and (c), (d) January with the winter NAO+WP+ENSO index with the 3-7years
band-pass filter. Positive correlation in the western Eurasian Continent is seen in figures 8a and 8c,
and the negative correlation is seen in figures 8b and 8d in response to the snow anomaly. In
addition, well correlated areas widen from December to January. These results signify that the
negative NAO widens snow-covered area in the western Eurasian continent, and result in the cold
anomaly there through the winter.

Figure 9 shows the correlation of the geopotential height at 500hPa (upper) and 850hPa
(lower) in (a), (b) January and (c), (d) February. The cyclonic anomaly is seen over the western
Eurasian continent in January, and the anticyclonic anomaly is seen over Tibetan plateau in January
and February. This anticyclonic anomaly is located at the downstream of the cyclonic anomaly.
Because the anticyclone over Tibetan plateau has the potential to intensify the cold air outbreak
from Asia to the tropical zone, and to induce western wind burst on the western tropical Pacific, we
examine the correlation of the meridional wind and zonal wind with the winter NAO+WP+ENSO
index.

Figure 10 shows the latitude-height cross section of the meridional wind along the average
from 110E° to 120E° (upper) and the longitude-height cross section of the zonal wind along the
equator (lower) in (a) January, (b) (c) February and (d) March. The northern wind anomaly can be
seen between equator and 10°N in the lower troposphere both in January and February, suggesting
that the cold air outbreak is intensified by the anticyclonic anomaly over Tibetan plateau. In
addition, the western wind anomaly can be seen in the zonal wind in February and March, which
accord well with the northern with negative NAO. These processes starting from negative NAO can

induce the occurrence of the El Nifio from summer to winter.
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5. Conclusions

We have newly demonstrated that positive (negative) phase of wintertime WP pattern,
which brings warm (cold) anomaly to Japan along with East Asia, is related to the negative phase of
NAO in the previous winter by statistical analyses. This year-to-year linkage may have a potential
for long-term weather prediction. This study proposed two routes for this year-to-year linkage. One
is the Arctic route and the other is the tropic route. The key factor for the Arctic route is the Arctic
sea ice. The negative (positive) phase of the winter NAO weakens (strengthens) the poleward
temperature advection by both the atmosphere and ocean. This weakened (strengthened) warm
advection also speeds up (speed down) the springtime sea-ice reduction. This more (less) ice
condition than normal persists until the season of the ice freezing in autumn. In winter, all the arctic
is covered by sea ice regardless of the autumn ice area. The more the ice produces the more the heat
releases to the atmosphere. This anomalous heat flux from the ocean to the atmosphere excites the
Rosshy wave propagation, which induce the cold advection to Japan. The influence of the NAO
from this route is low-frequency, like decadal time-scale, variation. This is reasonable because sea
ice and ocean have large heat capacity.

Another route is from the ENSO. This study found that negative winter NAO induces El
Nifio in the following winter. Because El Nifio remotely excites the WP pattern, winter NAO can
induce the WP pattern in the following winter. The time-scale of this NAO influence is 3-7 years,
which accords well with the time scale of ENSO. The process from the winter negative NAO to El
Nifio is as follows. Anomalously wide snow cover in the western Eurasian Continent by the
influence of the negative phase of the winter NAO, which brings about cold winter in the Europe,
makes the air temperature in the region low. This negative heat release excites the cyclonic
anomalous circulation over the temperature anomaly, and wave propagation excites the anticyclonic
circulation over the Tibetan plateau. This anticyclonic circulation brings about the cold air outbreak
from Asia to the western tropical Pacific Ocean, which intensifies the western wind burst on the

western tropical Pacific Ocean. This western wind burst can excites El Nifio in the following
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summer to winter.

In consequence, both the long-term and short-term variations of the winter NAO act induce
the WP in the following winter. Therefore, the phase of the NAO in the previous winter would be a
predictor of the WP. We have proposed two processes for the connectivity of NAO and WP. Other
hidden processes may influence the WP in the following winter. This must be done in future. To

confirm the proposed processes, the usage of some Coupled Global Climate Model (CGCM) study

is the next step.
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Figure Captions

Figl. The correlation maps of (a) the geopotential height at 500hPa and (b) the temperature
at 1000hPa in December with WP index.

Fig2. The correlation map of the geopotential height at 500hPa in the previous December
with the WP index.

Fig.3 The correlation map of the EOF analysis for the data which combined the NAO area
in December with WP area in the following December.

Fig4. The correlation of the sea-ice in spring (left), summer (middle) and autumn (right)
with the high (upper), middle (middle) and low (lower) frequency NAO+WP index. We define that
spring is March, April and May, summer is June, July and August and autumn is September,
October and November.

Fig5. The correlation map of the SST in the following December with the NAO+WP index.

Fig6. The time-longitude cross section of SST correlations with the time filtered NAO+WP
index. High-pass filters less than a) 3years, b) Syears, c) 7years and d) band-pass between 3 and
Tyears.

Fig7. The correlation map of the EOF analysis for the data which coupled the three area;
the NAO area in December, WP area and EIl Nifio/La Nifia area in the following December.

Fig8. The correlation of the snow (upper) and surface air temperature (lower) in (a), (b)
December and (b), (d) January with the NAO+WP+ENSOIndex of the 3-7 years bandpass.

Fig9. The correlation of the 500hPa (upper) and 850hPa (lower) of the geopotential height
in (a), (b) January and (b), (d) February with the NAO+WP+ENSO index of the 3-7 years bandpass.

Figl10. The correlation of the meridional wind (upper) and zonal wind (lower) in (a)

January, (b) (c) February and (d) March with the NAO+WP+ENSO index of the 3-7 years
bandpass.
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Figl. The correlation maps of (a) the geopotential height at 500hPa and (b) the temperature at
1000hPa in December with WP index.
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Fig2. The correlation map of the geopotential height at 500hPa in the previous December with the
WP index.
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Fig.3 The correlation map of the EOF analysis for the data which combined the NAO area in
December with WP area in the following December.
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Fig4. The correlation of the sea-ice in spring (left), summer (middle) and autumn (right)

with the high (upper), middle (middle) and low (lower) frequency NAO+WP index.

We define that spring is March, April and May, summer is June, July and August and

autumn is September, October and November.
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Fig5. The correlation map of the SST in the following December with the NAO+WP index.
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Fig6. The time-longitude cross section of SST correlations with the time filtered NAO+WP index.
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Fig7. The correlation map of the EOF analysis for the data which coupled the three area; the NAO
area in December, WP area and EI Nifio/La Nifia area in the following December.
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Fig8. The correlation of the snow (upper) and surface air temperature (lower) in (a), (b) December
and (b), (d) January with the NAO+WP+ENSOIndex of the 3-7 years bandpass.
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Fig9. The correlation of the 500hPa (upper) and 850hPa (lower) of the geopotential height
in (a), (b) January and (b), (d) February with the NAO+WP+ENSO index of the 3-7 years bandpass.
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Figl10. The correlation of the meridional wind (upper) and zonal wind (lower) in (a) January,
(b) (c) February and (d) March with the NAO+WP+ENSO index of the 3-7 years bandpass.
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