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ABSTRACT

Using the NCEP . NCAR reanatysis datasel covering a 40-year period from January 1958 to December
1997, sea surface temperature (1950-1992), and monthly sea~ice concentration datasel for the period tram 1953
10 1995, we imvestigate conncctions between winter Arctic Oscllation (AQ) and Siberian high (SH). the East
Astan wiater monsoon (EAWM), and winter sea—ice extenl in the Barents Sea, The results indicate that winter
AQ not only mfluences climate varutons wn the Arctic and the North Atlantic sector, bul also shows possible et
fects on winter SH. and further influences EAWM. When winter AQ s i 1ts positive phase, both of winter SH
and the EAWM are weaker than normal. and awr temperature trom near the surface to the middle troposphere i
about ¢1.5—2"C higher than normal i the southeastern Siberia and the East Astan coast, including castern China,
Koreu, and Japan, When AQ reaches its negative phase, an opposite scenario can he observed.

The results also indicate that winter SH has no significant effects on climate variations 1 Arctie and the
Nortth Atlantc sector, Tis influence intensity and extent are obviously weaker than AQ. exhibiting a Tocal tea
ture 1 contrast to AQ, This study further reveals the possible mechanism of how the winter AO & related 1o win-
ter SH. It is found that winter §H variation is closely related to both dynamic processes and aw temperulure vart
atians from the surface Lo the middle troposphere, The western SH variation mamly depends on dynamic pro-
cesses, whike Lts eastern part 1s more closely refated ta air temperalure variation. The mamnlaining of winter SH
mainly depends on downward motion of airflow of the nearly entire troposphere. The airflow originates from the
North Atlantic sectar, whose variation is influenced by the AQ. When AQ 15 1n its positive {negalive) phase,
downward motion remarkably weakened (strengthened), which further influences winter SH. In addition, winter

AO exhibits significant influences on the simultaneous sea—ice extent in the Barents Sea.

Key words; Arcuc Oscillalion (AQ), Siberian high. East asian winter monsoon, Sea—ice extent
1. Introduction

The East Asian winter monsoon system is one of the most active components of the
global climate system. Climate variability in East Asia has notable impacts on both adjacent
regions and the region far away (Lau and Li 1984: Yasunari 1991; Lau 1992: Wang et al,
2000). In winter the robust Siberian high occupies the Asian continent with a strong Aleutian
low 1o its east. The most prominent surface feature of the East Asian winter monsoon is
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characterized by strong northwesterlies along the east flank of the Siberian high and the coast
of East Asia except for the South China Sea where northeasterlies prevails (Chen et al. 20001,
At 500 hPa there is a broad trough centered about at the longitudes of Jupan. Tn the high
troposphere (200 hPa} the dominant feature is the East Asian jet with its maximum appearing
just southeast of Japan. The jet is closely associated with intense baroclinicity, large verucul
wind shear, strong advection of cold air, and further with pressure surges,

With respect to some effective factors on the East Asian winter monsoon and Siherian
high, the question has received less attention. Many studies have been conducted to explore
the relationships between ENSO events and climale variability over East Asia. Some results
have revealed that the mature phase of ENSO often occurs in boreal winter and is normully
accompanied by 4 weaker—than—normal winter monsoon along the East Asian coust (Zhang
et al, 1996: Tomita and Yasunari 1996; Ji et al, 1997). Consequently. climate in southeastern
China and Korea is warmer and wetter than normal during ENSO winter (Tao and Zhang
1998: Wang et al, 2000). Wang et al. (2000) put forwarded that the key system that bridges the
warm (cold) events in the eastern Pacific and the weak (strong) East Asian winter monsoott is
an anomalous lower—troposphere anticyclone (cyclone} located in the western North Pacific,
Thus, they mainly emphasize extratropical—tropical interactions to explain relationship be-
tween ENSO events and the East Asian winter monsoon.

Walker (1923) noted a tendency toward simultaneous strengthening or weakening of the
Icelandic Low and the Azores high, and first named it the North Atlantic Oscillation (NAO),
Since then, problems related to the NAQ have been continuously examined, Particularly n
the Climate Variability and Predictability (CLIVAR) program, the NAC is an atmospheric
factor affecting oceanic variation,

Actually, the NAO represents a teleconnection pattern on sea level pressure (SLP). In
order to describe the pattern’s strength variation, the NAQ index is generally defined as the
normalized SLP difference between Ponta Delgada (Azores) and Akureyri (Iceland) (Serreze
et al, 1997), The NAO exists throughout a year, and it is most pronounced during the North-
ern winter, Some studies (Barnston and Livezey 1987) indicate that the NAQ variation can
account for more than one—third of the total variance of SLP field over the North Atlantic.
Moreover, the NAO has been associated with various climatic signals. Hurrell and Van Loon
{1997) believe that in addition to the Southern Oscillation, the NAQ is a major source of
interannual variability of weather and climate around the world: and # is closely ussociated
with changes in the surface westerlies across the North Atlantic into Europe {Hurrell 19931,
Furthermore, the NAQO contributes to the largest fraction of the Northern Hemisphere tem-
perature variability of any mid—latitude (Hurrell 1996).

Thompson and Wallace (1998) first proposed the concept of the Arctic Oscillation (AQ}
Some studies have been followed up to investigate AQ-related research works (Wang and
Ikeda 2000; Fyfe et al, 1999: Skeie 2000; and many others). During a winter, AO's vertical
structure extends deep into the stratosphere. Similar findings have also been recognized i the
context of troposphere—stratospheric coupling (Baldwin et al, 1994: Perlwitz and Graf 1995,
Kitoh et al. 1996; Kodera et al, 1996),

Actually, the NAO and AQ are nearly indistinguishable {Dickson et al. 2000), particular-
ly in winter. The AQ time series is nearly indistinguishable from the leading structure of varr
ability in the Atlantic sector (e.g. the NAQ). Their temporal correlation is 0.95 for monthly
SLP anomalies during November—April 1947-97 (Deser 2000},

Since Walker (1923) first put forwarded the concept of the NAQ, many researchers focus
their attention on the North Atlantic sector to examine some associations of the NAQ with a
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broad runge of physical and biological responses m the North Atlantic. Those include varia
tions in wind speed, latent and senstble heat (lux (Cayan 19924, b, ¢}, evaporation—precipita
tion {Cavan and Reverdin 1994; Hurrell 1993), sea surface temperature (Cayan 1992c:
Hansen and Bezdek 1996), and the strength of the Labrador Current (Myers et al. 1989).

Lip to now, the relationships between the NAQ (AQ) and the Siberian high and the Eust
Asian winter monsoon are not well known, although Rogers (1984) suggested that the NAO
are associated with significant SLP differences over much of the hemisphere except for Siberia
and western North America. Therefore, the associations between winter NAO (AOQ) and
Siberian high, the East Asian winter monsoon have not been understood yet.

Many previous studies investigated Arctic sea—ice variability (Walsh and Johnson 1979,
Wang et al. 1994: Wang et al, 1995 Mysak ¢t al. 1996; Slonosky et al, 1997; Mysak and Venegas
1998 Wang and Tkeda 2000; Dickson et al. 2000}, Those studies demonstrated clearly that Arctic
sea—ice variations get directly tied with the NAQ or AO. Previous studies. however. do not stress
the causes and possible mechanisms for interunnual variations of winter sea—ice extent in the
Barents Sea (The study by Dickson et al. (2000) did not explore the reasons for interannual vana-
tions of winter sea—ice in the Barents Sea.). Actually. winter sea—ice variations in the Barents Sea
are closely associated with climate variations in East Asia on interannual and decadal timescales,
A series of preliminary studies of Arctic sea—ice anomalies 1n the Barents and Kara Seus in con-
junction to ENSO events and chimate variations over East Asia were conducted by Wu et ul.
(1997), Wu et al. {1999}, and Gao and Wu (1998), In this study, a sea—ice extent index is calcu-
lated in the region from 20 to 70°E and south of 82°N,

The purpose of the present study is to examine the question of how the AQ in winter af-
fect winter Siberian high, the East Asian winter monsoon, and sea—ice extent in the Barents
Sea. We will discuss possible mechanisms for AO influencing Siberian high. For this purpose.
in section 2 we first introduce the datasel used. definitions of some atmospheric circulation
indices and analysis methods, Section 3 discusses observational analyses, Section 4 investi
gates how AQ influences winter Siberian high. Section 5 discusses the causes of winter sea—ice
extent variations in the Barents Sea, Section 6 summarizes our {indings along with a short dis-
cussion of some issues.

2. Dataset and methods

The dataset used in this study is from the National Centers for Environmental
Prediction—National Center for Atmaspheric (NCEP / NCAR) reanalysis datasel covering &
40—yr period from January 1958 to December 1997, including sea level pressure (SLP). 500
hPa height. nearly surface temperature at 2 m, and nearly surface wind fields at 10 m from
ground, wind field and temperature field at each standard level from 200 to 1000 hPa,

In addition, we utilize monthly mean sea surface temperature (S8T) for the period trom
January 1950 to December 1992 spanning 2°x 2° in latitude and longitude, and monthly
sea—ice concentration from 1953 to 1995, which taken from the web sie
http: 7 / nsidc.org / NSIDC / CATALOG / data__ list__ by__ subject html. The monthly
mean volume flux (transport) of the North Atlantic seawater into the Barents Sea for the
years of 1970—1994 (units: Sv=10° m" s} (across Fugloya—Bear Island section, i.e. the west.
ern entrance of the Barents Sea) and the monthly mean temperature of the upper 200 m of the
water column from the Kola section (30°30°E) (the south shelf of the Barents Sea) are taken
from Grotefemndt et al, (1998).

Because svnoptic background at the earth surface 15 often influenced by steering flow




300 Advances in Atmospheric Sciences Yol ¥

aloft, we select the middle troposphere—500 hPa to define 4 new AO index. The new extent
index of the winter (December—February) AO is defined us space gridpoint numbers at 300
hPa that are less than or equal to 5200 geopotentiul meters (hereafter AO index). This defim-
tion has many advantages: First, previous definitions about AQ (NAO) mainly consider vari-
ations in SLP fields, but SLP is often influenced by land or oceanic boundary conditions. We
also noticed that in SLP fields, AQ (NAQ) is more close to the North Atlantic sector, Second,
it shows some problems to express AO variations by using the leading empincal orthogonal
functions {EQF) modes of SLP. The leading modes only account for less than 50%, of the 1o

tal variance, Meanwhile, the calculation method is also inconvenient, i, it must utilize all of
the historic dataset to obtain a new AO index. Finally, according to Wallace's opinon
(Wallace 2000), the formation of AQ is viewed as reflecting the inferaction between the eddies
and the conally symmetric component of the flow, therefore, the definition of AQ in the
troposphere or the stratosphere is more reasonable.

In addition, a winter Siberian high (SH) extent index is also defined as spuce gridpoint
numbers, which are greater than or equal to 1030 hPa on SLP in the Eurasiun Continent.

As described in the introduction. strong northwesterlies prevails over the coust of East
Asia during winter, while southweslerlies is dominant wind in summer. Therefore, the intenst
ty of winter or summer monsoon of East Asia is closely tied with meridional wind. and fur-
ther with temperature and rainfall. In this paper. an intensity index of the Eust Asian winter
monsoon (EAWM) is defined as the sum of 13 normalized zonal SLP differences (110°E m-
nus 160°E) over 20°~30°N with a 2.5° interval. which represents meridional wind component
over the coast of East Asia, The sum is again normalized. namely (Shietal. 1996}

y
M= Y(A4.,— A3},
il

* i

M- M
JM, =
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where M and o, are the average and mean square deviation, respectively, 4. and
A., represent normalized (denoted by asterisk) SLP n the ith latitude and the sth year at
110°E and 160"E, respectively.

3. Observation analyses

3.1 Interannual variations in winter SH, EAW M and winter 40

Variations of intensity of EAWM greaily depend on behuvior of both winter SH and
Aleutian low, Actually, only using winter SH also can express intensity of FEAWM, Yuriations
of winter SH and EAWM (Fig. 1a) indicate that of them vary in—phase except for some spe-
cial winters from 1963 / 1964 to 1965 7 1966 and 1968 / 1969, which represent significant dis-
crepancy between them, Overall, stronger (wéaker) EAWM corresponds to greater (smaller)
extent of the winter SH. The correlation between the two time series is 0.46, exceeding 99%0
significant level. Conversely, variation of the winter AQ is out—of—phase with winter SH (Fig.
1b). The simultaneous correlation is —0.56, also exceeding 99% significant level. Compared
with Fig. la. variation of winter SH is more closely related 1o winter AQ than to EAWM,
This also shows that both winter SH and FAWM are obviously weak from the end of the
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Fig. 1. ) Variauen of winter SH ndex {solid curve) and wiensuy index ot EAWM (dashed

curve), (b) Variaton of winter A index (solid curve) and winter SH index (dushed curve). All the
data have been normalized.

1960's to the middle of the 1970's, while since 1990 both of them exhibited a upward trend.

AQ, which exists throughout a year, 1s a perpetual center in the Northern Hemisphere,
while winter SH only exists in winter (semi~perpetual active center in the atmospheric circuls
tion). The interaction between the lwo active centers occurs in winter. If the interaction
occurs. it would play the important rule in influencing climate variations over East Asia, Te
answer these questions, we perform the following analysis.

3.2 Possible Influences of extremes in winter AQ on climate aver Eust Asia

Based on the time series of winter AQ, we selected five largest positive and five largest
negative anomalies, respectively. The five largest positive anomalies include the winters of
1989 7 90. 1975/ 76, 1974 /75, 1991 # 92 and 1988 / 89, and the largest negative anomalies

are the winters of 1976 /77 1969 / 70, 1968 ./ 69. 1962/ 63 and 1967 / 64, Then, we perform
composile and statistical significant lesi.
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321 sLpP

The predominant features (Fig. 2a) are that negative SLP differences uppeared o the
north of 35°N with its center being nearly in the north of Tceland and the east of Greenland.
The negative maximum is less than —14 hPa, The negative SLP differences occupied much re-
gion controlled by SH, impticating weaker winter SH. Conversely, in middle latitudes positive
SLP differences clearly have four positive centers. They are located in the middle and western
Atlantic, Europe and the northern Africa, the eastern Tibetan Plateau, and the notthern Pacy-
fic, respectively. Particularty in the northern Pacific. Europe and the northern AfTica, positive
SLP differences are even more remarkable. Obviously. winter Aleutian low is obviousl
weakened. Consequently. EAWM is weaker than normal, The regions where SLP differences
are above the confidence level mainly include the entire Arctic and the northern Eurasia,
Europe and the northern Africa, the middle—western North Atlantic. the northern Pacific, It
1s evident that the northern SH is weaker,

The distribution of SLP differences is very similar to the NAQ, In this study, a winter
NAOQ index is defined as the SLP differences at (40°N_ 10°W) and (65°N, 22,5°W), It is similar
te Hurrell’s definition (1995) in which he used the normalized SLP difference between Lisbon,
Portugal (38.8°N. 9.1°W) and Skykkisholmur, Iceland (65 1°N, 22.7°W). As suggested by
Hurrel (1997), Ponta Delgada is a better station to describe the westward migration of the
subtropical high through spring and summer. For winter season, however, Lisbon is an ap-
preciate station compared to Ponta Delgada for defining the NAO index, The winter AQ in-
dex is clesely related to the NAQ index as shown in Fig. 2b. The cerrelation coefficient be-
tween the two time series is (.66, far exceeding 99,9% confident level, and further indicating
that the AO and the NAO describe the same phenomenon, In addition, we also calculate cor-
relations between winter AQ index of this study and the simultaneous winter AO index
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Fig. 2. (a) Differences in mean SLP between the two extremes in winter AQ (the positive minus the
negatwve], unus: hPa, The heavy shaded area denotes the differences exceeding 990 confidence
level. and the Light is above 95% confidence level. (b)Variations of wanter AO mdex (solid hne) und
the NAQ index, (c) The same as wn (b) except for Thompson and Wallace’s AO 1ndex {(dashed linc),

In (bjand (¢), ail the data have been normalized.
defined by Thompson and Wallace (1998). Figure 2¢ indicates that the two time series exhibit
approximately the same trend; and the correlation coefficient is 0,77,

3.2.2 Air temperature at 830 hPa

The extreme change in winter AQ not only influences SLP, but also affects air tempera-
ture. Figure 3 demonstrates that there are three warm centers in the Northern Hemisphere:
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Fig. 3. Sume as in Fig, 2a. except for awr temperature 1°C) al 850 hPa

one is the southern Canada and the middle~eastern United States: the second is the northern
Europe and part of subarctic regions, such as the Burents Sea and the Kara Sea; the third iy
Siberia, Mongolia, the eastern China, Korea, Japan and the partly northwestern Pacific.
Negative air differences appear in the following regions: the northeastern Canada and the en-
tire Greenland with the largest negative temperature differences being nearby the Davis Strait
and the Labrador Sea, the northern Africa and the western Asia, Alaska and the northeastern
Russia. In general, corresponding to positive extremes in winter AQ, air lemperature is about
0.5-2°C higher than normal over Fast Asia. and about more than 2°C over the northern
Asian Continent, while temperature over Alaska is about 1-3°C lower than normal. Con
versely, for the negative extremes in winter AQ air temperature over East Asia decreases by
about 0.5-2°C and even exceeding 3°C over the north of 45°N. Alaska is 0.5-2°C higher. An-
other dominant feature of air temperature anomalies exhibits negative differences interval
with the positive one. It seems to be like a structure of Rossby wave train. Significance test re-
veals that the regions surrounding the North Atlantic and the northern Africa are the most
dominant, The northeastern Asia including Mongolia, China, Korea and Japan akso shows
stronger differences. The rest are Alaska, the eastern Tibetan Plateau and the northern Bay of
Bengal Undoubtedly., when winter AO is in its positive phase. air femperature over
Mongolia, the eastern China, Korea and the southern Japan would be higher than normul,

3.2.3 Geopatential height ar 500 hPa

Figure 4 shows that negative differences exceed 180 geopotential meters gpm over the
southern Greenland. The largest positive difference occupies Europe. Over East Asiu and the
eastern United States, there are positive differences of above 60 gpm, Therefore, the trough 1




No. 2 Wy Bingyi and Wang Jiu 305

I] 1 ."I

Fig. 4 Same a5 n Fig. 2a, except for geopotential height Igpm) at S00 hPa

weakened over East Asia. Consequently, cold wave attacking East Asia becomes inactive, 1m-
plving weakened EAWM. Figure 4 also indicates that corresponding to AQ's extreme positive
phase. the extent of the polar vortex is notably reduced to north. The systems surrounding the
polar voriex would move northward, Thus, there are positive height anomalies appearing in
middle latitudes, Significance test also confirms that height differences over East Asia are
above confidence levels, AQ extremes show stronger influences over the western purt of the
Northern Hemisphere than East Asia and the northern Pacific. In fact. possible impacts from
winter AO are not only restricted to some special extremes mentioned above, but also to uni-
versal AOD events, Figure 5a represents correlations between winter AQ and simultaneous
SLP. There is significant negative correlation occupying the polar side of S0°N with positive
correlations appearing in East Asia. and the northwestern and nerthern Pacific, implying that
the northern SH is weaker, Correlations of winter AO with the nearly surface air temperaure
(2 m above ground) (Fig. 5b) exhibit the similar structure to Fig. 3. In Asia. the regions where
correlations are positive and above 95% confidence level are mid-high latitudes in the Asi
Continent, East Asia including China, Korea and the southern Japan, and the subtropical
northern Pacific. Furthermore, positive correlations extend from the southern Japan to the
South China Sea. In addition, positive correlations also cover the northers Europe and some
subarctic regions, such as the Barents Sea, and the central and eastern United states. This
phenomenon further demonstrates that the AQ’s positive phase dircctly results in higher air
temperature appearing in East Asia and mid—high latitudes of the Asian Continent. Figure 3
reveals that winter AQ is the most predominant system o control and influence interannual
climate variability in the Northern Hemisphere, and its influences are even stronger than

ENSO events,
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Fig. 5. Correlations of winter AO index with (a) winter SLP and (b) nearly surface air temperature
ai 2-meter high from the ground. The heavy shaded area represents that correlations cxceed 947
confidence level, and the ight s above 45% confidence level,
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Fig. 6. Saine as n Fig, 2a, except for winter SH. The positive extremes include the following win-
ters: 1976 77, 1968 - 69, 1966/ 67, 1983 - 84, and 1963 7 64: and the negauve are 1978 79,
1977 573 1971772, 1970 7 71 and 1975 76, The criterion for sclectng those extremes 1 the

samc as n winter AOQ,

3.3 Possible Influences of extremes in winter SH on SLP. 850 hPa temperature and
geopoiential keights at 500 hPa

33,1 SLrP

Compared with the negative phase of winter SH (Fig. 6), over most of Eurasia and entire
Arctic, SLP notably rises with an largest increase appearing in the south to the Kara Sea.
while in most of the northern Pacific SLP drops more than 6 hPa with its negative center be-
ing nearby the Alaska Peninsula, Consequently, winter Aleutian low deepens. It is evident
that distribution of SLP differences is favorable for stronger EAWM. Winter AQ seems 1o be
weakened due to positive SLP differences in the entire Arctic region, Significance test indi-
cales that the most significant differences in mean SLP appear in mid—high latitudes of the
Asian Continent and Fast Asia, While in the entire Agctic and the northeastern North
Atlantic. no significant differences exist, implying no dominant impact of extremes in winter
SH on winter AQ. Both the extent and intensity influenced by winter SH are obviously weak
er than AQ’s influences (Fig. 2).

33,2 Air temperature

Differences of air lemperature at 850 hPa between the two extremes in winter SH (F. 7
are negative over the mid—latitudes of the Asian Continent and the northwestern Pacific with
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Fig. 7. Same as in Fig. 6, except for air temperatuce at 850 hPa, )

Fig. 8. Same as in Fig. 6. except for height at 500 hPa,
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a negative largest value appearing in the southwesl 10 the Lake Baykal, While over Aluska
and the northwestern Canada, differences are positive, Significant test also confirms thut
temperature differences over the regions mentioned above exceed 95% confident levels.
Therefore, Mongolia, China, Korea and Japun are mainly countries influenced by winter SH.
When winter SH is in its positive phase. air temperature in those countries would drop. in rc-
sponse 1o a strong EAWM. We also notice no significant differences appearing in the Arctic
region, implving no remarkable influences on winter AQ,

3.3.3 Geopatential height ut 500 hPa

The predominant feature (Fig. 8) is negative height differences covering most of middie
latitudes in Asian Continent, East Asia, and the northwestern Pacific with a negative center
appearing in the south of Aleutian, While nearly entire Arctic and part of high latitudes .
¢luding the northern Eurasia and the northern America, the height differences are positive.
The phenomenon clearly demonstrates that the trough over the northwestern Pacific would be
deepened: and Aleutian low becomes stronger. Consequently, cold air activities over East
Asta would be more active and frequent. Correspondingly. lower air temperature occurs in
the regions. Significance test clearly indicates that extremes in winter SH exhibit no significant
effects on winter AO.

4. How does the winter AQ influence winter SH?

Using data analyses mentioned above, we found that winter AQ significantly influences
climale variations in East Asia, particularly through impacts on winter SH. The question is
how the AQ influences EAWM. Analyses in this study indicate that climale variations closely
related to winter AQ mainly occur in the western part of the Northern Hemisphere, Europe
and the northern Africa. In other words, how do those anomalies far from East Asia influence
winter SH. and further EAWM? It is widely known that 507N latitude just crosses the body of
winter SH. Thus, we first select the longitude—height section for u and w alone S0°N (Fig. 9).
Upward motion (Fig. 9a) occupies nearly entire troposphere from 0 to 60°W (ie, the Notth
Atlantic sector) and the east of 140°E, while downward metion also controlls the entire
troposphere from 20 to 40°F and 80 to 140°E. The latter is controlled only by winter SH. The
phenomenon reveals that winter SH is closely related to dynamic processes. and further relat-
ed to climate variations in the North Atlantic sector. Ding et al, (1991) also proposed that the
maintaining of winter SH primarily depends on downward motion of airflow aloft, We notice
that airflow also exhibits downward motion from 850 to 200 hPa in the region from 60 to
$0°E. When winter AQ 1s in its extremely positive phase (Fig. 9b, compared with Fig. 9a}.
streamlines from 60 1o 80°E in nearly entire troposphere clearly show upward motion. Corre-
lations between winter AO and vertical wind speed along 50°N show that positive correlations
exceeding 95% confidence level cover nearly the entire troposphere of 60°-80°E and
30°-40°W, while negative correlations appears in 120°~140°E, 20°~40°E and 55°~70°W. This
implies that the corresponding upward motion in the entire troposphere from 60 to 80°E is us-
sociated with the AO’s positive phase. Conversely, when AQ reaches its negative phase (Fig.
Gc), airflow in the same region (Le. from 60 to 80°E) shows strongly downward mation with
the extent of downward motion increasing by more than 20 longitudes compared with Fig.
9b.

It is evident that variations of vertical motion (Fig, 9b) are even more violent than that in
Fig. 9¢. Upward motion is alternative with downward motion. Therefore, the circulation
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Fig. 9. (a) The longitude—height section of climatological streamline for « and w in winter along
509N, Vertical velocity 15 mubtiplied by 1000, units: ms™. (b) Same as 1n {a), except for composite
winter streamline corresponding to the positive extremes in winter AO. The heavy shaded area rep-

resents that correlations of winter AQ index with vertical velocity exceed 99% confidence level.
and the light is above 95% confidence level (¢} Same as in (b). except for the negalive extremes.
and the shaded area 1s also Lhe same as in (b), except for winter SH,

patterns become more complicated, In contrast, variations of vertical motion in Fig, 9c are i
simpler from 80°W to 140°E over the mid—high troposphere. i.¢. the upward motion region
from $0°W to about 40°E and the concurrent downward region appear in the region from 50
to 140°E over the mid—high troposphere. Correlations of winter SH with vertical wind speed
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Fig. 10. ta) Correlations of winter AQ index with vertical velocity at 200 hPa, and the shaded arca

15 the same as in Fig. 9. (b) Same as 1n (a), but for winter SH.

also exhibil significant negative correlation over the same region. Undoubtedly, winter AO in
fluences vertical motion, and further winter SH,
Above analyses clearly indicate that vertical motion in the whole troposphere is identical
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Fig. 11, The longitude-height section along 50°N of {a) composie anomaly wind tield (u o}

AL

{units: ms™') and unomaly air temperature (units: °C)accerding to the positive extremes in winter
SH. Vertical velocity is multiplied by 1000,0. (b) Same as i (a), but for the negative extremes. (¢}
Significance test for differences in mean air temperature between the two extremes (the positive
nunus the negative}, The shaded area 1s the same as in Fig. 24,

{Fig. 9b, ¢), particular in 60"—80"E. So we sclect vertical motion at 200 hPa to represent the
horizontal structures of the correlations between vertical motion and AOQ (8H) (Fig. 10], The
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predominant features shown in Fig. 10a are that distribution of correlations exhibits ke
Rossby wave (rain structure extending from the northern Canada southeastwards Lo the
northwestern Pucific. The major positive correlation regions include the region between the
eastern Greenland and the northwestern Europe, the central Eurasia, East Asia. and the
northwestern Pacific, Consequently, when winter AQ is in ils positive anomalies, in East Asia
from 20 1o 40°N, the location occupied by the western SH and the north of Lake Balkhash the
upward motion would become stronger, which directly diminishes extent of winter SH. This
conclusion can be further confirmed from Fig. 10b.

The question is whether or not there is a close relation between vertical motion and air
temperature over the region controlled by the winter SH, To explore the question, we select
anomaly wind fields (u,w) and air temperatute anomaly of the winter SH extremes, l'igure
11a demonstrates that in response 1o posilive extremes in winter SH. the largest downward
motion anomalies also appear in the nearly same region, ie from 50 to 90°E. which is well
consistent with Fig. Y9c. We notice that weaker upward motion is over around 100°E. and
speculate that the weaker upward motion anomalies are exciled by stronger downward mo-
tion over both sides of it (anomaly downward motion is also evident in East Asia from 120 to
140°E), While for negative extremes in wmter SH (Fig. 11b), anomalous downwurd motion
controls the entire troposphere from 10¢ to 120°E, accompanied by upward motion anoma
lies appearing in 60—90°E. Compared 1o Fig. 1la, it is found that over the same region (i.e.
from 60 to 80°E), although directions of anomalous vertical motion ure opposite, they corre-
spond to negative air temperature anomalies. Figure 1lc shows the most significant differ-
ences of air temperature are localed in the region from 130 to 150°E over the low—middle
troposphere. Anomalous wind fields, however, do not exhibit any significant differences,
Those phenomena demonstrate that vertical motion does not show any close relation with air
temperature aloft.

As shown in Fig. 7, winter SH exhibits a close association with air temperature over the
region trom the central Asian Continent to East Asia. The further examination (Fig. 12) re-
vealed that there is significant negalive correlation appearing in the region from the Lake of
Baykal to 25°N and from the Lake Balkhash to the northwestern Pacific with its center lo-
cated in the regions rom 35 1o 50°N and from 90 to 120°N, Another predominant feature is
the center of SLP does not coincide with the correlation’s center: and the latter i located in

Fig. 12. Correlations of wwnter SH with wir temperalure ¢t 350 hPa {the shaded areu and the
dushed line)and chimatological meun SLP for winter. The shaded areu s the same as w Fig. 11,
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the southeastern part of the former. If we consider correlations of winter SH with neurly sur-
face air temperature. the correlation’s center moves even southwards to the south of 43N
(not shown), Therefore, winter air temperature variations over the central Asian Continent
East Asia are mainly influenced by winter SH. The lower temperature appearing in the
southeastern SH results from cold airflow along the southwestern and southern SH.

S, Influences on winter sea—ice extent in the Barents Sea

Winter AO significantly influences not only atmospheric circulation over the North
Atlantic. Arctic, and East Asia. but also Arctic sea~ice, especially on seu—ice extent in the
North Atlantic (Dickson et al. 2000). Dickson et al, (2000), however, did not investigate the
reasons lor interannual variations of winter sea—ice extents in the Burents Sea, and they only
stressed the median ice border at the end of April for the periods 1963—1969 and 19891995,
carresponding. respectively. to minimum and maximum phases of the NAO index.

The influcnces of winter AQ on the simullaneous sea—ice extent in the target region
primarily depend on the following ways: the first is the surface wind—driven forcing: the sev
ond 15 the effect on transport of the North Atlantic Ocean warm water into the Barents Sea,
further influgncing seawater temperature,

Winter AQ is closely associated with surface wind variations across the North Atlantic
into Europe. There are strong southwesterly anomalies appearing in the northeastern North
Atlantic (Fig. 13a), Le, between Iceland and the northwestern Europe. In addition, southerly
anomalies are overlying the Barents Sex, and directly contribute lo decrease of sea—ice. The
converse scemario can be abserved (Fig, 13b) in response to negative phase of winler AQ., We
also notice that significant differences in mean westerly and southerly between the two ex
tremes in winter AQ just occur in the northeastern North Atlantic. Driven by surface wind
forcing. the warm current would transport more warm seawater into polar region via the

Fig. 14. Ditferences in mean SST (°C) between the two extremes in winter AQ (the positive minus
the negalive). The shaded area 1s the same as in Fig. Za.
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Fig. 15. (&) Winter seawater volume fluxes across the Fugldbya—Bear Island section at the western
entrance of the Barents Sca (sohd line) and the simultancous temperature of upper 208 m of the
water column from Kol section (33°30°E) (dashed line). (b} Winter AO index {thick solid line} and
wanter sea—ice extent index in the Barents Sea (thin solid line) and mixed luyer seawaler lempera
ture (dashed line). All the dala huve been normalized. Note: Lhe daia shown in (a) are taken from
Grotefendl et al, {1998}, and for Fugloya—Beur Island secuon and Kole section see the Fig. 1V
Grotefendt et al, (1998),

Barents Sea in response to positive extremes in winter AQ, Actually, influenced by AQ. 58T is
obviously higher in the eastern and northeastern Atlantic {Fig. 14). Significance test for S8T
differences also confirms that along the eastern Atlantic coast, SST differences exceed 95«
confident level,

The following observation (Fig. 15) further confirms our speculations. The winter mean
seawater volume fluxes into the Barents Sea are closely related to the simultancous mean
seawater temperature of upper 200 m {Fig. 15a). More Atlantic seawater inflow causes higher
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lemperature in the mixed layer with the corrclation coefficient being 0.74. The winter AQ -
dex is also closely related to seawater temperature (Fig, 15h) with the correlation coellicient
being 0.49. implying that high AQ phuse would transport more North Atlantic seawater into
the Barents Sea, and further raises seawater temperature, Therefore, seawater temperaiure
would influence sea—ice coverage, Figure 15b clearly indicates the inverse relation between
seawater temperature and sea—ice extent.

6. Conclusions and discussions

This paper has aimed to identify climate signalures over East Asia und the winter sea—ice
extent in the Barents Sea in response 1o winter AQ. The following conclusions are drawn:

(1) Winter AO exhibils the predominant influences on climate variations over East Asia.
When winter AQ is in its positive (negative) phase, SLP significantly falls (rises} in high
latitudes and entire Arctic. The concurrent positive (negative) SLP anomalies appear in
the nearly entire middle latitudes of the Northern Hemisphere, and positive (negative) air
temperature anomalies occupy East Asia, As a resull, both winter SH and EAWM are
weaker (stronger) than normal,

The maintaining of winter SH primarily depends on downward motion of airflow aloft,
greater part of which originates from the North Atlantic sector, Winter SH varialion has
close associalion with the vertical motion variation in the nearly entire troposphere over
its western parl. i.¢. the west of 90°E and the north of Lake Balkahsh,

Winter AOQ possibly influences winter SH in the following manners: first, SLP directly de:
creases {increases) in high latitudes of the Asian Continent. The other is that winter AO
influences the vertical motion, and further influences winter SH. When winter AQ shows
its posilive anomalies, the vertical motion becomes stranger over the middle-low latitudes
of the East Asia and the region between 90°E and the Caspian Sea from 45 to 55°N.
Winter SH only influences climate in the central Asian Continent and East Asia, whose
effects exhibit * the local features” compared with AO, Winter SH has no significant mflu
ences on Arctic climate. Variations of EAWM greatly depend on behavior of both winter
SH and Aleutian low. Actually, winter SH variations also approximately represent varia
tions of EAWM. In general, sirong winter SH directly results in low temperature over the
central Asian Continent, East Asia, and part northwestern Pacific, leading to strong
EAWM.,

By means of influencing surface wind stress, surface sea temperature and the transport of
the North Atlantic warm seawaler into subarctic, particularly into the Barents Sea, the
winter AO variations further influence the simulianeous sea—ice extent in the Barents Sea,

(2

(8]

4

©

—

In the light of those analyses investigated above, we obtain further understanding of cli-
mate in the Northern Hemisphere in response to winter AQ. AQ is not limited in Arctic and
the North Atlantic sector. Actually, the winter AQ anomaly exhibits close associations with
the climate anomaly in the Northern Hemisphere, even with the global climate system. Our
preliminary research clearly indicates that the winter AO anomaly is closely related to the
previous anomaly climate signals occurring in middle—low latitudes. The anomaly signals
gradually move northwards to Arctic (not shown). This phenomenon implies that anomalous
climate in middle low latitudes may be the leading faclors for creating the winter AQ
anomaly. Therefore. it 1s necessary to further examine possible physical mechanisms for the
winter AQ anomaly and its influences on climate over East Asia, particularly for its associa-
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tions with teleconnection as shown in Fig. 10a and Fig. 3.

In addition, we should also emphasize the importani roles of the ocean (including sea—ice
coverage) on atmospheric circulation (Wu et al, 1999), Figure 9a clearly demonstrates that
over the North Atlantic sector and the northern Pacific (east of 140°E) the upward motion oc-
cupies nearly entire troposphere, signifying the occunic heating plays the crucial roles,
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