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Abstract—We studied the variations in time series of the near-surface water vapor partial pressure on the ter-
ritory of Europe over a multiyear period. It is found that the contribution of fluctuations on time scales from
2 to 5 years is from 35 to 60% of the variance of the interannual variations. The spatial dependences of the
local coherence between harmonics on 2—4 scales of Nifio3.4 index and the water partial pressure in Europe
are determined. We determined that the correlation of these variations reaches 0.7—0.9. It is shown that west-
ward-propagating planetary waves play a significant role in energy transfer from equatorial regions to midlat-
itudes. This energy begins to increase in the winter of an El Nifio year and reaches the maximum a year later.
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Water vapor plays an important role in the thermo-
dynamics of the atmosphere and in the physics of
atmospheric aerosol [1]. As estimated in [2], its per-
centage of the greenhouse effect is up to 50%, and the
percentage of clouds, also associated with the atmo-
spheric water vapor content, is 25%. Like temperature
and precipitation trends [5], the variations in water
vapor also characterize climate changes [3, 4].

In [6] it is shown that the variations in the inte-
grated water vapor content and water vapor partial
pressure are coherent and related to macrocirculation
processes. The authors hypothesized that the interan-
nual variations in atmospheric water vapor content
depend on atmospheric dynamics, the most promi-
nent manifestation of which is considered to be the
El Nifio — Southern Oscillation (ENSQO). Alternation
between warm conditions of El Nifio and cold condi-
tions of La Nifa represents the strongest interannual
oscillation of the global climate system. El Nifio events
are characterized by surface heating in the tropical part
of the Pacific Ocean and the weakening of equatorial
trade winds, occurring every few years. These condi-
tions are accompanied by changes in the atmospheric
and oceanic circulations, influencing the global cli-
mate and marine and ground ecosystems. In particu-
lar, El Nifio influences substantially the mid- and
high-latitude atmospheric dynamics [7, §].

In this work we will try to identify the possible
manifestations of equatorial processes in the variations
of the atmospheric water vapor content over Europe.
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The Nino3.4 index of temperature anomalies on
the ocean surface is usually used as an ENSO charac-
teristic. Monthly indices are available from 1950 to the
present [9]. The index represents anomalies of the
average sea surface temperature (SST) in the region
bounded by —5 and 5° S and 170 and 120° W. This
index is highly variable on the El Nifio timescales [8].
The El Nifio/La Nifia event is considered to have
happened if the five-month sliding average of the
Nino3.4 index exceeds +0.4°C for El Nifio or —0.4°C
for La Nina for at least six consecutive months.

In [6] we compiled long time series of near-surface
water vapor content over Europe that was determined
from meteorological parameters. The eight-time mea-
surements of the relative humidity and temperature
were used to estimate the water vapor partial pressure e.
We employed data from different European meteoro-
logical services [10] and Rosgidromet archive for the
territory of Russia [11].

The ENSO energy is considered to be mostly in the
range of 2—7 years [7, 12]. Bandpass filtering of time
series of water vapor partial pressure was used to deter-
mine the contribution of fluctuations in this time
interval, found to be from 35 to 60% of the variance of
the annual average e values, depending on the obser-
vation site; this is comparable to the contribution from
the linear trend, usually applied in analysis of interan-
nual variations [5].

We sought coherent events on the same timescales
in time series of water vapor content and Nino3.4
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Fig. 1. Amplitude wavelet spectra (90%-significance level is shown by semibold line): of (a) water vapor partial pressure (Nor-
way); (b) Nino3.4 index; and (c) their phase cross-spectrum for oscillations significant at 90% probability on timescales of

2.5(0), 3 (@), and 4 (x) years.

index by analyzing their wavelet spectra. The wavelet
spectrum, obtained using the Morlet parent function,
extracts a quasi-periodic signal on a required times-
cale and localizes its amplitude and phase in time (the
method was developed in [13] to search for coherent
variations in time series of atmospheric parameters
and admixtures). In these wavelet spectra, referenced
to a single period of time, we selected significant (at no
less than 90% probability) disturbances, identified
simultaneously in time series of the water vapor con-
tent and Nino3.4 index. It is well known that, when a
periodic process is present, its phase does not change
in time [14]. The main criterion in selecting coherent
variations, i.e., the distribution of the difference
between phase spectra for a given timescale, has a nar-
row maximum during the time when the amplitude
spectra exceed the 90%-significance level. The signif-
icance level was estimated in [15] according to the chi-
squared test using the white noise model. The con-
stancy of phase characteristics indicates that processes
are coherent, with the wavelet transform localizing
these processes in time. The timescales of variations
and their amplitudes and time referencing were deter-
mined in such a way.

Figure 1 presents an example of amplitude wavelet
spectra of water vapor partial pressure (Norway) and
Nino3.4 index together with their phase cross-spec-
trum for oscillations significant at 90% probability on
timescales of 2.5, 3, and 4 years.

ATMOSPHERIC AND OCEANIC OPTICS

A wavelet transform of a time series shows that
water vapor content, like the Nino3.4 index, contains
significant quasi-periodic variations on timescales of
2—5 and 6—8 years. It can be seen that the variations
on timescales of 2—3 years are more intense; however,
they are not constant, but occur and decay, sometimes
in the form of a few modes simultaneously. Analogous
synchronous variations were detected in time series of
the near-surface temperature on the entire territory of
Europe. Meteorological parameters on the territory of
Europe vary coherently with the Nino3.4 index in an
irregular fashion: the coherence appears, continues for
a few years, and then disappears.

To estimate the level of the linear interrelation
between these quasi-periodic variations in time series
of water vapor content in separate periods of time, we
studied the local wavelet correlation [16] between vari-
ations (on timescale of 2—4 years) in the Nino3.4
index and water vapor partial pressure on the Euro-
pean territory of Russia. The water vapor data, homo-
geneous in quality and time coverage, and obtained at
a dense network of stations, made it possible to con-
struct the spatial dependences of phase and correla-
tion characteristics of the link between water vapor
content and the Nino3.4 index. Unfortunately, the
available long time series of water vapor content over
western Europe are much more sparsely spaced and,
as such, could not be included in the analysis.
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Fig. 2. Spatial dependence of (a) the cross-spectral phase shift and (b) and local wavelet correlation between 3-year periodicity of
the Nino3.4 index and near-surface water vapor partial pressure on the European territory of Russia during 2008—2016.

It was found that, during the periods when varia-
tions on each timescale are significant, the correlation
between these variations is 0.7—0.9 at the 95%-signif-
icance level. The phase cross-spectrum in all events
indicated that these variations propagated from east to
west. A characteristic example of how local wavelet
correlation and cross-spectral phase shift (of varia-
tions on three-year timescale) of the Nino3.4 index
and water vapor partial pressure are distributed in
space during 2008—2016 is presented in Fig. 2.

In [17] it was concluded that ENSO had influenced
the North Atlantic Oscillation in the second half of the
twentieth century and at the beginning of the twenty-
first century, characterized by about two-year delay.
No opposite effect with a similar degree of reliability
was found. Hence, the variations in atmospheric cir-
culation will also determine the field of water vapor
content in Europe.

We will discuss how ENSO energy is transferred to
midlatitudes. In [18] it is suggested that the ENSO
energy is transferred to high latitudes via planetary
waves and, in particular, with the participation of Kel-
vin waves. In work [7] it is argued that the energy of
El Nifo events is transferred to middle and high lati-
tudes by Rossby waves. In [19] the wintertime
(November—March) ERA-Interim reanalysis data for
geopotential in the troposphere and stratosphere from
1979 to 2016 are used to analyze the spectra of wave
disturbances with zonal numbers 1 <k < 10. It is found
that the energy of eastward-propagating waves may be
a factor of 1.5—2 larger in El Nifio than La Nifia years

ATMOSPHERIC AND OCEANIC OPTICS  Vol. 32

No. 5

in the tropical and subtropical troposphere and in the
subtropical lower stratosphere.

It was shown earlier that waves with characteristics
close to those of Kelvin waves are found in midlatitudes;
they propagate westward and have periods of 10—
60 days [20]. That is, Kelvin waves can be identified at
midlatitudes; and the variance of synoptic-scale fluctu-
ations in pressure may serve as a measure of their inten-
sity. In order to determine how the intensity of wave
activity is related to the ENSO in the range of Kelvin
waves, we applied bandpass filtering to time series of the
near-surface pressure and obtained time series of the
variance of pressure fluctuations in a band from 10 to
60 days on the territory of Europe and compared the
average fluctuations in El Nifio and La Nifa years.

It is found that, in contrast to La Nifa years, in
wintertime of El Nifio years the wave activity of fluc-
tuations in near-surface pressure with periods of 10—
60 days increases on average by 12% relative to multi-
year average wintertime levels, and decreases, on aver-
age, by 25% in summertime. We note that the variance
of synoptic-scale fluctuations of pressure is a factor of
2—4 larger in winter than summer, making the sum-
mertime reduction of wave activity insignificant. This
effect persists into the next year: a year after El Nifio
the wave activity with the periods of 10—60 days is, on
average, 15% higher as compared to La Nifia years.

We estimated the intensity of wave processes as
anomalies in the variance of synoptic-scale variations
in the near-surface pressure relative to the multiyear
average level for each month. In all time series of pres-
sure fluctuation anomalies we detected variations syn-
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chronous with the Nino3.4 index on the same times-
cales as in time series of near-surface temperature and
near-surface water vapor partial pressure. The local
wavelet correlation between pressure fluctuation
anomalies and the Nino3.4 index, when these fluctu-
ations exist, reaches 0.8—0.9 at no lower than the 95%-
significance level. The spatial maps of the phase cross-
spectrum indicate that these variations propagate from
east to west; the maximum of the pressure fluctuation
anomalies lags the maximum of the Nino3.4 index by
about 1 year in all cases.

It can be concluded that the El Nifio — Southern
Oscillation makes a significant contribution to the
interannual variations in water vapor content on the
territory of Europe, with an important role in the
ENSO energy transfer being played by westward-
propagating planetary waves. The energy of these
waves starts to increase during winter of an El Nifio
year and reaches a maximum a year later.
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