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Abstract—Presented is the review of the modern knowledge of the Arctic Oscillation (AO). Demon-
strated is the relation of air temperature and precipitation in Northern Eurasia to this dominant type of
wintertime atmospheric variability at northern extratropical latitudes. It is demonstrated that AO is a
result of the coupling between the troposphere and stratosphere. The attention is paid to the long-range
forecasting of AO index and to the factors complicating the forecasting. Given are the new results of the
authors’ research. Used is the wintertime AO index computed by the authors from the 20th Century
Reanalysis dataset. The high- and low-frequency components of AO index variability and the periods of
statistically significant trends are analyzed using the 112-year series (1901-2012). Demonstrated is the
key impact of wintertime AO phase on the anomalies of air temperature and precipitation in Northern
Eurasia at the time scale of years and decades. This impact is manifested in the northern part of Northern
Eurasia in the prevalence of warmer and wetter winters at the positive AO phase and of colder and drier
winters at the negative AO phase. The precipitation anomalies of opposite sign prevail in the southern
part of Northern Eurasia. It is demonstrated that the winter AO phase affects the terms of the springtime
air temperature transition to positive values.
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1. INTRODUCTION

The term “Arctic Oscillation” (AO) was proposed by D.W.J. Thompson and J.M. Wallace [48] for de-
scribing the form (mode, state) of variability of atmospheric processes that is corresponded by the variabil-
ity pattern of air pressure and geopotential height characterized by the anomalies of the same sign in the
polar region and by the anomalies of the opposite sign in the zone of 40°-50° N. This variability pattern is
formalized as the leading empirical orthogonal function (EOF) of the anomalies of pressure and geopoten-
tial height northward of 20° N that makes up about 20% of the total variance of the series of pressure and
geopotential fields. The positive AO phase is characterized by the negative anomalies of pressure and
geopotential in the polar region and by their positive anomalies in the zone of 40°-50° N. If the AO phase is
negative, the signs of anomalies are opposite.

The variability pattern typical of AO for the first time had been detected by E.N. Lorenz in 1951 [39] and
had been considered afterwards in a number of studies [4, 36, 51, 52, 54] long before paper [48] was
published. However, D.W.J. Thompson and J.M. Wallace revealed for the first time that AO is the
dominant type of variability of wintertime extratropical atmosphere in the Northern Hemisphere that has
the equivalent-barotropic structure at the seasonal scale of averaging and mainly defines atmospheric
conditions from the Earth surface to the middle stratosphere. The authors of [49, 50] demonstrated that this
variability pattern manifested in the fields of wind, air temperature, snow and ice characteristics, and many
other meteorological parameters, mainly defined the trends in meteorological parameters at the middle and
high latitudes of the Northern Hemisphere which were observed in the last decades of the 20th century.
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D.W.J. Thompson and J.M. Wallace [48] defined the basic pattern of AO as the first EOF of monthly
mean anomalies of sea-level air pressure field northward of 20° N for the period of 1979-1995 in winter
months from November to April inclusive. The AO index was defined as the projection of monthly mean
pressure fields to this pattern with the subsequent normalization. The series of this index for the period of
1899-2002 can be found at the website of University of Washington (jisao.washington.edu/ao/). In their
next paper [49] D.W.J. Thompson and J.M. Wallace replaced the sea-level pressure fields by the fields of
H, oo northward of 20° N for all months of the year and defined the AO index as the projection of monthly
mean anomaly of H g, to this base. Nowadays the AO index is computed in the Climate Prediction Center
(CPC) with the basic period of 1950-2000. The AO indices from 1950 till now are published at the CPC web-
site (www.cpc.noaa.gov/products/precip/CWlink/daily ao index/monthly.ao.index.b50.current.ascii.table).

The physical nature of the Arctic Oscillation has become a subject of numerous studies in the recent
decade. Currently the scientific community shares a common conception of AO. It is understood as the result,
to a significant degree, of the coupling between the troposphere and stratosphere. The planetary Rossby
waves with the wave numbers 1 and 2 (wintertime climatic waves caused by contrasts between sea surface
temperature and land temperature and by terrain inhomogeneity) propagate from the troposphere to the
stratosphere; there they interact with the circumpolar vortex, disturb and weaken it to a certain degree [35,
37, 38, 46, 49]. The positive AO phase is associated with the positive anomaly of the circumpolar vortex
intensity that is favored by increase in the temperature gradient between the sun-heated and shadowed parts
of the atmosphere, by the intensification of the mean zonal flow, and by the smaller amplitude of planetary
waves. This makes the circumpolar vortex less sensitive to the impact of waves because their refraction
towards the equator takes place [46]. The negative AO phase is associated with the weakening of the
circumpolar vortex that is caused by the lower temperature gradient between the sunheated and shadowed
parts of the atmosphere, by the weakening of the mean zonal flow, and by increase in the amplitude of
planetary waves. This intensifies meridional circulation and increases the probability of the collapse of
waves that is accompanied by the sudden stratospheric warming and by the circumpolar vortex destruction
[22, 38, 55]. Stratospheric variations of AO are transferred to the troposphere [16—18, 28, 29]. The
propagation of Rossby waves in the stratosphere is possible only in the western flow [20]; therefore, AO is
a wintertime phenomenon. According to the definition given by D.W.J. Thompson and J.M. Wallace [49],
the typical active season of AO is January—March.

At present, intensive studies have been carried out in the area of long-range forecasting of winter AO
index [21, 26, 43, 44]. The most successful model forecasts [12, 14, 47] describe up to 40% of the variance
of the AO index interannual variability. On the one hand, this is quite high percentage; on the other hand, it
is not high enough to make these forecasts meet the requirements of practical use.

The long-range forecasting of the winter AO index is complicated by the multi-stage nature of the pro-
cess that defines the AO polarity and consists of at least two stages. At the first stage the generation of the
anomalies of long planetary waves takes place in the troposphere. At the second stage the interaction of
waves with the zonal flow in the stratosphere and the signal translation to the troposphere occur.

The intensification of long tropospheric waves is observed in winters with El Nino, and the weakening
takes place in winters with La Nina [25]. However, the correlation between the wintertime indices of El
Nino—Southern Oscillation (ENSO) and AO is statistically insignificant. It is demonstrated in [34] that the
statistical insignificance of this relation is caused by its instability. El Nino affects greatly the AO polarity
only in the case of the weak circumpolar vortex when different AO phases are almost equiprobable. In the
case of the strong circumpolar vortex, El Nino does not affect AO and the positive AO phase is observed,
this is manifested in the weakness of the linear relation.

According to the data of [31], along with El Nino the intensification of long climatic waves is favored
by the advection of cold Arctic air to East Asia along the eastern periphery of the zone of positive
anomalies of pressure and geopotential located over the Taymyr Peninsula. This anomaly induces warm
advection to the polar region resulting in geopotential increase and the circumpolar vortex weakening. The
intensification of long waves and the circumpolar vortex weakening result in the negative polarity of AO
[25, 31, 37].

It should be noted that the AO pattern over the North Atlantic is similar to the pattern of the North
Atlantic Oscillation (NAO). In spite of the fact that NAO is, to a significant degree, a result of the
interaction between the North Atlantic and tropospheric circulation [40, 41] and AO is the stratosphere-
troposphere phenomenon [18, 49], NAO is often represented as the regional North Atlantic display of AO
[6, 53]. The physical substantiation of closeness of NAO and AO indices is presented in [15]. However, the
coefficient of correlation between the mean wintertime AO and NAO indices is about 0.8, hence, these are
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two different indices. The difference between these indices is clearly manifested if one analyzes the impact
of AO and NAO on meteorological parameters in Northern Eurasia.

2. DATA AND METHODS

The present paper uses the grid data on sea-level air pressure, air temperature, and precipitation for the
period of 1901-2012 (112 years) from the 20th Century Reanalysis dataset, v.2 [23, 24, 56] published at the
Earth System Research Laboratory website (www.esrl.noaa.gov). To provide the synoptic interpretation of
AO, the data were used on the position and intensity of cyclonic centers at the middle and high latitudes of
the Northern Hemisphere in 19582008 [45] from the website of the US National Snow and Ice Data Cen-
ter (nsidc.org). The AO index was computed in accordance with the definition by D.W.J. Thompson and
J.M. Wallace [48]. The base was computed as the first EOF of the fields of monthly (December—March)
mean anomalies of sea-level pressure northward of 20° N in 1950-2000. The monthly mean values of the
index were computed as the projections of the fields of monthly mean anomalies of pressure in 1901-2012
to this base. The average wintertime (December—March) AO index was computed as the mean value of
non-normalized monthly mean indices for this season. After that the normalization of the index with the
base period of 1950-2000 was carried out. The winter years in the graphs and text are given for January, for
example, the year 2010 corresponds to the winter 2009/10.

The present research is mainly based on the analysis of linear relations. The interannual (high-frequency)
and decadal (low-frequency) variability is clearly pronounced in the data series with the duration of more
than a century. The uncertainty in the correlation coefficient associated with the low-frequency variability
is not resolved by the simple removal of a linear trend. Therefore, the series of the AO index and the series
of air temperature and precipitation at the grid points were divided into low-frequency (moving 9-year
average) and high-frequency (the difference between the values of the initial series and of the corresponding
9-year average) components characterizing decadal and interannual variability, respectively. The length of
the analyzed series decreased from 112 to 104 years (1905-2008). The correlation analysis was carried out
separately for the high- and low-frequency components of variability of AO index and fields of air
temperature and precipitation. The significance of correlation coefficients and linear trends was estimated
using the #-test taking into account the effective number of degrees of freedom [19]. The correlation
coefficients are significant at the level of 5% if their absolute value exceeds 0.2 for the high-frequency
component and 0.5 for the low-frequency component.

The analysis of composites was also used. The values of AO index depend on the base period of the
analysis of principal components and normalization. To avoid this dependence, the composites were
constructed based on the upper and lower quintiles of the AO index (each equals 22 years of the total
112-year series, 1901-2012). The statistical significance of difference between the composites was assessed
using the Monte Carlo method [57].

3. ANALYSIS AND RESULTS
3.1. The Arctic Oscillation

The positive polarity of AO (Fig. 1a) is associated with the negative anomalies of sea-level pressure
and geopotential in the polar region and with the positive anomalies of these parameters in the zone of
40°-50° N. In the field of sea-level pressure anomalies, this zone is divided into two vast areas of positive
anomalies: Atlantic and Pacific. The positive anomaly of zonal wind in the zone northward of 45° N and the
negative anomaly southward of 45° N correspond to this pattern of the field of pressure and geopotential
anomalies. The Hadley and Ferrel cells intensify and the polar cell weakens due to the air pressure drop in
the polar region. In the case of AO negative polarity, the anomalies have the opposite sign. It should be
noted that the AO pattern becomes more zonally symmetric as height increases and the zone of the positive
anomalies of geopotential in the middle stratosphere has almost no breaks.

The intensification of the westerlies at middle and high latitudes in the Atlantic-European sector results
in the intensification of the advection of warm and humid Atlantic air to Northern Eurasia and exerts signif-
icant influence on wintertime temperature and precipitation (see below).

The synoptic interpretation of AO is obvious from the analysis of anomalies of the number of cyclonic
centers at the middle and high latitudes of the Northern Hemisphere (Fig. 1b). In winters with the positive
polarity of AO in the area of the Icelandic low the intensification of cyclogenesis takes place and developed
cyclones move to the east-northeast mainly through the northern part of the North Atlantic and further
along the northern coast of Eurasia. The number decreases of polar-frontal cyclones moving from the east-
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Fig. 1. (a) Leading empirical orthogonal function (EOF;) of the mean monthly sea level pressure anomalies (Decem-
ber—March) shown as a regression of sea level pressure fields on the AO index. (b) Rank correlations between wintertime
numbers of cyclonic centers with sea level pressure below 1010 hPa in 5° latitude x 20° longitude trapezoids and the AO
index (1958-2008).

ern coast of the USA to the east-northeast through the North Atlantic to Central and Southern Europe. In
winters with the negative polarity of AO, the spatial distribution of anomalies in the number of cyclonic
centers is opposite.

In terms of climatologic fronts [13], the positive AO phase is associated with the intensification of the
Arctic front and with the weakening of the polar front; on the contrary, the negative AO phase is associated
with the weakening of the Arctic front and with the intensification of the polar front (hereinafter, “intensifi-
cation” and “weakening” should be considered as anomalies). This concept explains well the interrelation
between temperature and precipitation, on the one hand, and the AO index, on the other hand. This interre-
lation is analyzed below.

Both the interannual variability and the periods of long-term variability are strongly pronounced in the
long-term variations of the average wintertime (December—March) AO index (Fig. 2a). The periods of
long-term variability include the following: the decrease in the index from the early 20th century to the early
1940s, its relative stabilization in the 1940s—1960s, the dramatic increase in the 1970s—1980s with the peak
(+2.49 SD) in winter 1988/89, and the subsequent decrease in the 1990s—2000s with minimum (—2.71 SD)
in winter 2009/10 (SD is the standard deviation). The mentioned values correspond to the absolute maximum
and minimum of AO index according to the observational data since the beginning of the 20th century.

Figure 2b presents the moving estimates of 20-year trends of AO index. The points in the graph corre-
spond to the central years of 20-year periods. Negative trends in AO prevailed in the 1900s—1950s. The
minimum negative trend equal to —1.79 SD/20years (the point corresponding to the year 1930) was ob-
served in the 1920s—1930s. The increase in the AO index with the maximum of 1.90 SD/20 years in 1987
prevailed from the 1960s to the 1990s. After that the dramatic transition to the descending trends was ob-
served with the minimum value of —1.56 SD/20 years in 2000. All above extremes are statistically signifi-
cant at the level of 5%.

One should notice the following feature of the long-term variations of trends that is manifested in the
dramatic passage from the ascending trend in the 1980s—1990s to the descending trend in the 1990s—2000s.
One of the possible reasons for such dramatic change is associated with the significant warming observed
in the Arctic in the last third of the 20th century [8, 30]. The warming was accompanied by geopotential in-
crease in the polar region and by the circumpolar vortex weakening that made it more sensitive to the im-
pact of planetary waves [34, 36] and lead to dramatic decrease in the AO index.
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Fig. 2. (a) Time series of the normalized wintertime (December—March) AO index (/), and its 9-year running mean (2). (b)
Running estimates of 20-year linear trends of the wintertime (December—March) AO index. Trends exceeding 1.4 (the
absolute value) SD/20 years are significant at the 5% level.

3.2. Synchronous Relations between Wintertime Values of Air Temperature
and Precipitation and the Arctic Oscillation

Air temperature. The statistically significant synchronous relations between the wintertime air temper-
ature in Northern Eurasia and the AO index are considered in [48—50] and other papers. In [9-11, 32, 33,
42] the effects of the winter polarity of AO on air temperature anomalies in different regions of the North-
ern Hemisphere in next seasons were demonstrated along with synchronous relations. However, the authors
of the above papers came to nothing more than the analysis of the situation in the second half of the 20th
century. The given paper considers initial series of 112 years (1901-2012) that enabled analyzing interrela-
tion between air temperature and total precipitation and the AO index at different time scales with the insig-
nificant loss of the series length.

Figure 3a presents the map of coefficients of correlation between the high-frequency components of
variability (less than nine years) of average winter values of air temperature and the AO index computed for
the period of 1905-2008. The zone of positive statistically significant correlations covers almost the whole
territory of Northern Eurasia. As a whole, correlation coefficients exceed 0.5 for the huge zone from the
British Isles to the Sea of Okhotsk and exceed 0.7 for Scandinavia, the most part of Eastern European Plain,
and some regions in East Siberia. On the vast territory of Northern Eurasia, 25-50% of the variance of
average wintertime air temperature associated with its interannual variability is related to AO in the 20th
century. The positive AO phase is associated with the positive anomaly of air temperature almost on the
whole territory of Northern Eurasia. The negative temperature anomaly is observed if the AO phase is
negative.

The field of air temperature anomalies associated with the AO phase is a quadrupole that agrees well
with the circulation pattern of AO presented in Fig. 1. In the case of the positive AO phase, the Icelandic
low intensifies, and cold advection from the Canadian Arctic Archipelago intensifies at its rear. This re-
sults in the negative anomaly of temperature in the northeast of North America and in Greenland. The
advection of the warm sea air to Northern Eurasia where the positive anomalies of air temperature are ob-
served, intensifies in the warm sectors of the cyclones moving from the Icelandic low to the east-northeast
along the Arctic front. The warm sea air flows to the southeast of North America along the southern periph-
ery of the Azores high ridge. At the same time, the intensification of cold air advection from Central Asia
results in the negative anomaly of temperature in the Eastern Mediterranean and Northern Africa. The in-
crease in the positive anomalies of pressure in the Pacific region results in the positive anomaly of tempera-
ture in Eastern Asia and in the negative anomaly of temperature in Alaska and in the coastal areas of North
America. The distribution of anomalies is opposite in the case of the negative AO phase. It should be espe-
cially noted that the weakening of the Arctic front and the intensification of the polar front take place at the
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Fig. 3. Correlations between the high frequency (a, ¢) and low frequency (b, d) components of the mean wintertime
(December—March) values of (a, b) air temperature, (c, d) total precipitation, and the AO index (1905-2008).

negative AO phase (Fig. 1b). This means that the prevalence of the negative anomalies of air temperature
over the northern part of Northern Eurasia at the negative AO phase is associated with the fact that there
meridional Arctic intrusions with the trend towards anticyclogenesis and blocking occur more frequently.

The absence of significant correlation between temperature and the AO index in the Central Arctic
should be noted. The positive anomalies of air temperature in the Central Arctic are associated with the
interlatitudinal exchange, namely, with warm advection from the south [8] as it was, for example, in the
1930s. The intensive zonal transport at the positive AO phase isolates the Central Arctic from the impact
from the south that should have resulted in the cooling [8]. However, the significant destruction of ice cover
in the Arctic Ocean under the influence of wind strengthening at the positive AO phase [5, 42], evidently
compensates this isolation and results in the insignificance of relations.

The field of correlation coefficients for low-frequency variability components is presented in Fig. 3b. In
Northern Eurasia the zone of correlations of above 0.5 mainly covers Western and Central Europe and only
the northwestern regions of Eastern Europe. However, the values of correlation are kept statistically
significant at the level of 5% even outside this zone. On the whole, increase is observed in the area of
significant correlations over water areas that is explained by the high interannual inertia of sea surface
temperature anomalies formed under the influence of AO. The correlation coefficients exceeding 0.5 for
low-frequency components are observed over the most part of the Arctic that is evidently associated with
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decrease in the ice concentration at the positive AO phase and with the long-term inertia of ice cover
characteristics [1, 2, 42].

The analysis of correlation coefficients between temperature and the AO index in Northern Eurasia
enables the important conclusion: the successful forecast of AO polarity is needed for the accurate forecast
of wintertime air temperature anomaly in Northern Eurasia. This conclusion is true at least for the territory
of Eastern Europe where more than a half of the variance of average wintertime air temperature associated
with its interannual variability is related to AO index.

Precipitation. The impact of AO on precipitation in Northern Eurasia is not as unambiguous as its
impact on air temperature; therefore, the literature pays less attention to this problem. Meanwhile, if one
analyzes the relations between precipitation in Northern Eurasia and AO as well as the relations between
AO and air temperature and other meteorological parameters, the results agree well so illustrating the
mechanisms of these relationships.

Two zones of significant correlations are clearly observed in the field of correlations between
high-frequency components of wintertime total precipitation and AO index (Fig. 3c): the zone of positive
correlations from Newfoundland to Chukotka and the zone of negative correlations from Florida to the
Black Sea. These zones are still more pronounced for low-frequency components (Fig. 3d), and the zone of
negative correlations spreads to Kamchatka with small breaks. These zones of significant correlations agree
well with the correlations between the anomalies of the number of cyclonic centers and the AO index
presented in Fig. 1b which indicate the position of main climatologic fronts at extratropical latitudes (the
Arctic and polar fronts). The intensification of the climatologic Arctic front takes place in the winters with
the positive polarity of AO, and the positive anomaly of precipitation is observed in the northern part of
Northern Eurasia. The positive anomalies of precipitation over the North Atlantic and Eurasia in winters
with the negative polarity of AO are mainly associated with the polar-frontal cyclones and are observed in
the southern part of Northern Eurasia (the zone of 40°-50° N).

The most dramatic meridional contrast between the positive and negative anomalies of precipitation is
observed over the North Atlantic and Western Europe. Though not so dramatic, this contrast is also clearly
observed over Eastern Europe. The zones of positive anomalies of total precipitation tend to be displaced
to the north of Eastern Europe in winters with the positive polarity of AO and to the southwest in winters
with the negative polarity.

The comparison of correlation maps for the low-frequency components of the variability of precipitation
(Fig. 3d) and air temperature (Fig. 3b) demonstrates that the zone of the maximum positive correlations of
temperature over Europe is concentrated between climatologic fronts that are clearly manifested in precipi-
tation. It should also be noted that the signs of correlation between AO and air temperature and preci-
pitation mainly coincide over the northern part of Northern Eurasia (northwards of about 50° N). The
positive anomalies and values of air temperature and total precipitation are observed at the positive AO
phase, and the negative ones, at the negative AO phase. This is explained by the dominant contribution of
circulation to the climate formation in this region in winter: the sign of anomalies of air temperature and
precipitation is defined by the sign of the anomalies in advection of warm and humid Atlantic air to the
continent. The signs of correlations mainly differ in the southern part of Northern Eurasia (southwards of
40°-50°N). The positive anomalies of air temperature and the negative anomalies of precipitation prevail at
the positive AO phase, and opposite anomalies are registered at the negative AO phase. This happens
because the contribution of the radiative climate-forming factor increases as the latitude decreases. At the
positive AO phase the anticyclonic pressure field, the negative anomaly of precipitation and cloudiness,
and the positive anomaly of insolation caused by the latter and defining the positive anomaly of
temperature, prevail in these regions. The intensification of the climatological polar front accompanied by
the positive anomaly of precipitation and cloudiness, by the negative anomaly of insolation, and by the
negative anomaly of air temperature, occurs at the negative AO phase.

It is noteworthy that the relationship between the interannual variability of precipitation and AO is sig-
nificantly manifested on the windward (western) slope of (quasi)meridionally oriented mountain systems,
the Scandinavian Mountains and the Ural Mountains, and is not pronounced for the variability of the decad-
al scale.

The analysis of correlations between the wintertime total precipitation and winter AO index indicates
the significant dependence of precipitation anomalies on the AO phase. Up to 30% of interannual variabil-
ity and up to 50% of decadal variability of wintertime precipitation in Eastern Europe are associated with
the AO index.
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Fig. 4. Difference between the composites of the dates of spring transition of air temperature to positive values after the
winters with the AO index in the upper and lower quintiles.

3.3. The Effects of Wintertime Arctic OScillation on the Terms
of Springtime Temperature Transition to Positive Values

The effects that AO produces in winter on the climatic characteristics of spring are especially
interesting. These characteristics include the period of snow melting, river ice breakup, flood beginning,
and vegetation start. The statistically significant correlation between the springtime and summertime air
temperature in different areas of Eastern Europe and the wintertime AO index was noted in [9, 10, 32, 33].
The territory of Northern Eurasia is huge and the terms of the beginning of spring vary considerably from
region to region. So, we present here the estimates of the impact of the winter polarity of AO on the terms
when air temperature steadily crosses 0°C (they are defined as the dates when the zero isotherm from
minus to plus is crossed by the straight line connecting the monthly mean values of air temperature
assigned to the middle of the month). For this purpose, the terms of the crossing (dates) were averaged for
22 years with the maximum (upper quintile) and 22 years with the minimum (lower quintile) values of the
AOQO index from the period of 1901-2012, and the differences (days) between them were computed (Fig. 4).
The differences exceeding five days are statistically significant at the level of 5% and are typical of almost
the whole northern part of Eastern Europe. These differences exceed 30 days in the center and northwest of
the European part of Russia. This means that the trend towards earlier spring is observed in the European
part of Russia after the winters with the positive polarity of the AO index.

The earlier transition to the positive values of air temperature on the Arctic coast of Eastern Europe
and Western Siberia is associated with the earlier melting of the coastal ice and with the positive correlation
between the springtime temperature in the Barents Sea and the winter AO index [9]. The asynchronous
impact of the wintertime circulation on the air temperature in continental Europe in spring is explained by
the positive feedbacks between air temperature and snow cover [27]; the spring position of the southern
boundary of snow cover depends on the intensity of zonal circulation in the preceding winter [3, 7].

After the winters with the positive AO phase the earlier ice breakup should be expected on the rivers in
the central and northern part of Eastern Europe. In the north of the European part of Russia (Figs. 3¢ and
3d) such winters accompanied with large total wintertime precipitation also cause earlier and higher floods.
Later and lower floods should be expected after the winters with the negative polarity of the AO index.

4. CONCLUSIONS

The Arctic Oscillation is the dominant type of wintertime atmosphere variability at the extratropical lati-
tudes of the Northern Hemisphere characterized by different signs of the anomalies of air pressure and
geopotential in the polar region and in the zone of 40°-50° N.

The positive AO phase is characterized by the intensification of the zonal circulation northwards of
40°-50° N, by the displacement of the trajectories of the Atlantic cyclones to the north of Eurasia, and by
the intensification of the Arctic front and advection of the warm Atlantic air to the continent. In the case of
the negative AO phase, the meridional circulation prevails, the trajectories of the Atlantic cyclones displace
to the south, the blocking is observed in the Atlantic-European sector, and the advection of the Arctic air to
the north of Eurasia intensifies.

The mean value of the Arctic Oscillation index in winter in the 20th century is characterized by signifi-
cant high- and low-frequency variability. The most significant 20-year trends in the average wintertime AO
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index were observed in the 1920s—1930s (up to —1.79 SD/20 years), 1980s—1990s (up to 1.90 SD/20 years),
and 1990s—2000s (up to —1.56 SD/20 years).

More than 25-50% of the variance of average winter air temperature in Northern Eurasia in the 20th
century was associated with AQO. The positive anomalies of air temperature prevail in the winters with the
positive AO phase, and the negative anomalies of air temperature prevail in the winters with the negative
AOQO phase.

Along with air temperature, the Arctic Oscillation significantly affects the spatial distribution of winter-
time precipitation in Northern Eurasia. The intensification of the Arctic front in winters with the positive
AOQ phase is accompanied by increase in precipitation in the north of the European part of Russia, in Sibe-
ria, and over the Arctic Ocean. In the case of the negative AO phase, the zone of precipitation increase is
displaced to the south, to Southern Europe, Central Asia, and Mongolia.

The earlier transition to the positive air temperature in the northern and central parts of Eastern Europe
associated with the positive AO phase in combination with the positive anomalies of wintertime precipita-
tion, results in earlier and higher spring flood on the rivers of this region. The results of studying the rela-
tionship between the terms and height of the spring flood and the winter AO phase will be presented in the
next paper.
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