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NCEP/NCAR reanalysis data for the period of 1948-2020 were used to detect, describe
(in geographical sense) and compare the patterns of multidecadal variability of the
hydrometeorological parameters (thermal, dynamic and humidity) in the Ponto-Caspian region
(Black Sea, Sea of Azov and Caspian Sea). Polynomial approximations of the time series of the
annual mean values indicated the non-linear nature and periodicity of the long-term variability
of considered parameters. Being geographically closely located, these seas reveal significantly
different patterns of variability. In the Black Sea two temporal intervals of an average duration
of 20 and 40 years with multidirectional trends of hydrometeorological parameters changes have
been detected, while in the Caspian Sea three such intervals lasting 10-25 years are identified.
The North-Eastern wind regime prevails over the both basins. However, if in the Black Sea wind
components act unidirectionally (air temperature rise/cooling coincides with the weakening/
strengthening of both components), then in Caspian they act the opposite way, with the major
portion of heat advection provided by zonal (Eastern) transport. Phases of air warming/cooling
in both basins coincide with a weakening/strengthening of this transport. The time lag between
the shift of dynamic and thermal (as well as humidity) regimes is about 6—8 years, suggesting a
leading role of the large-scale atmospheric forcing variations in the regional variability. Specific
humidity is positively correlated with air temperature and decreases/increases during periods of
cooling/warming. In contrast, relative humidity and precipitation rate variations are negatively
correlated with air temperature trends. Over the Caspian Sea intensification of Eastern transport
and associated cooling coincide with a situation when the North Atlantic Oscillation (NAO)
index decreases to negative values, and the East Atlantic-West Russian pattern (EAWR) index
is significantly positive. On the contrary, weakening of the Eastern transport and warming occur
during a period of sharp strengthening of the NAO, coinciding with strongly negative values
of the EAWR index. As for the Black Sea, the situation is controversial: the general pattern of
variability in 1948-1992 was similar to that in the Caspian Sea and consistent with described
combinations of indexes. However, after 1992 no pronounced trend in variability of North-
Eastern transport have been observed.
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1. Introduction

The water bodes of the Ponto-Caspian basin (Black Sea, Sea of Azov and Caspian Sea)
have common geological history, similar salinity conditions (brackish) and located in the
same climate zone. They merged in the past into a single pool several times, most recently
in the Pliocene period, when they were incorporated in the almost fresh Pontian Lake-Sea.
In modern times, the Black Sea remained connected with the Sea of Azov via the Kerch
Strait and after construction of the Volga-Don Canal in 1952 all three seas were artificially
reunited again. As a result, both native and invasive species from the Black Sea enter and
established (due to similar environmental conditions) in the Caspian Sea, shaping its eco-
system. Therefore, it is important to compare the variability of abiotic parameters in these
seas. The Black Sea is also a part of the Mediterranean basin, connected with it through the
Bosporus Strait, the Sea of Marmara and the Dardanelles Strait (Figure 1).

Recent climate change pronouncedly shapes the Ponto-Caspian Seas ecosystem. In
this regard, since the abiotic environmental factors (air and water temperature, wind, hu-
midity of the atmosphere) strongly impact the ecosystem, the study of their variability is the
first-priority issue.

Long-term variability of the surface air temperature (SAT) and sea surface tempera-
ture (SST) in the Black Sea in 1950-2005, associated with the local wind regime (which, in
turn is governed by the large-scale atmospheric oscillations) has been studied in a number of
research (e.g., Kazmin and Zatsepin, 2007; Kazmin et al., 2010; Kontoyiannis et al., 2012). In
contrast to the quasi-regular decadal oscillations of the SST, typical for the Northern Atlan-
tic, the authors described the pattern of the long-term SST variability in the Black Sea as an
intermittent periods of SST increase/decrees with the duration of approximately 6—10 years
and short (1-2 years) and quite abrupt transitions between them.

Recently, Ginzburg with co-authors calculated linear trends of hydrometeorological
parameters in the Black Sea for 1980-2020 (Ginzburg et al., 2021) and showed that com-
pare to an increase of SAT over the Black-Azov Sea region (+0.053 °C/year in 1980-2020)
and SST in the Black Sea (+0.052 °C/year in 1982-2020), the values of these parameters in
the 2000s noticeably differ from those in the 1980s—1990s: the maximum average monthly
summer and minimum average monthly winter temperatures have increased, and the num-
ber of mild winters has increased. An average annual SST of the Black Sea, which did not
exceed 15 °C in the 1980s — early 1990s, has exceeded 16 °C since 2010 (with the maximum
of 16.71 °C in 2018).

The linear trends of a few abiotic parameters in the Caspian Sea over a relatively short
time period (15-25 years) have been studied by Ginzburg with coauthors (Ginzburg, Kostianoy,
Sheremet, 2004; Ginzburg, Kostianoy, Sheremet, 2005; Ginzburg, Kostianoy, Sheremet, 2012;
Ginzburg and Kostianoy, 2018a; Ginzburg and Kostianoy, 2018b; Kostianoy et al., 2019). How-
ever, those works were limited by interannual variability and linear trends estimations, without
addressing the issues of nonlinear decadal (not to mention multidecadal) changes.

Nonlinear inter-decadal climatic changes in the Black Sea-Caspian region and their
relationship with variations of atmospheric circulation, North Atlantic and other oscillations
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were also considered in the works of Polonsky and Voskresenskaya with co-authors
(e.g., Polonsky, 2013, 2015; Polonsky et al., 2013; Polonsky and Novikova, 2018; Kovalenko
and Voskresenskaya, 2019 etc.).

Recently, an analysis of multidecadal variability of the hydrometeorological parame-
ters (thermal, dynamic and associated with the moisture content of the atmosphere) in the
Caspian Sea area for the period 1948-2017, based on polynomial approximation approach
was performed by Kazmin (2021). Polynomial approximation analysis identified three main
temporal intervals with an average duration of 10-25 years (1948-1964, 1972-1996, 2006—
2017) with the multidirectional trends of parameters changes, which was considered as a
manifestation of multidecadal variability (Kazmin, 2021).

The goal of the presented study is to compare the nonlinear multidecadal variability
of hydro-meteorological parameters in the whole Ponto-Caspian region (Black, Azov and
Caspian Sea) over a longer period (1948-2020). Reasonable assumption is that over such a
long-time span (73 years), the parameters were not changed linearly, but followed periodic
climate variations.

The main challenge of this study is to detect the time intervals of multidirectional
trends of parameters changes within the considered time span (1948—-2020) and provide com-
parative description (in geographical sense) of hydro-meteorological parameters variability
in the closely located, but very different basins (Black and Caspian Seas).

2. Data and methods

The hydrometeorological parameters of the environment, considered in this work are
divided into thermal (surface air temperature — SAT; sea surface temperature — SST), dy-
namic (zonal wind component — U; meridional wind component — V; wind speed module —
W = (U?+ V2)*%) and parameters, associated with the moisture content of the atmosphere
(relative humidity — RH, specific humidity — SH, precipitation rate — PR, and precipitable
water — PW). The wind components are taken at the level of 1000 mb. The monthly-
averaged values of the above-mentioned parameters for the period of 1948-2020 from
NCEP/NCAR reanalysis dataset were obtained at NOA A/Physical Sciences Laboratory
(https://psl.noaa.gov/cgi-bin/data/timeseries/timeseriesl.pl). All atmospheric parameters
were spatially averaged within the areas shown in Figure 1 (red boxes). SST values were
spatially averaged for the deep-water parts of the basins taking into account the resolution
of the source data (Figure 1, blue fill). Further, the monthly-mean values were averaged
over the year and time series of annual values of the considered parameters for the period
of 1948-2020 have been constructed. Exception is the SST, for which the reliable data are
available only since 1982 (the beginning of the regular satellite measurements of SST).
Further, polynomial approximations of 2—4 degrees were calculated for each time series.
Degree of polynomial approximations was selected to highlight the gross features of long-
term variability and is different for time series.
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Fig. 1 — Study area. Red boxes — areas of spatial averaging of atmospheric parameters
for the Black Sea and the Sea of Azov and Caspian Sea. Blue fill
(deep-water parts of the Black and Caspian Seas basins) — areas of spatial averaging of SST

SST is one of the primary abiotic factors affecting the ecosystems, but as it was men-
tioned above, it is reliably available only since 1982. To extend the time span for assessment
of thermal trends back to 1948, SAT is may be appropriate as a proxy for SST because of
their close correlation. Earlier it was confirmed on an annual time scale for the Black Sea
(correlation equal to 0.9; Kazmin et al., 2010) and for the Caspian Sea (correlation equal to
0.82; Kazmin, 2021).

Despite the seasonality of the region, we performed our analysis on the annual times-
cales, since the examination of seasonal differences indicated, that multidecadal variability
of SAT is generally consistent across the year (Figures 2B and D and also Kazmin, 2021).
Similar results have been obtained for the wind and moisture content of the atmosphere.
Certainly, there are some seasonal discrepancies that should be analyzed in detail in the fu-
ture. However, at the initial stage our goal was to highlight the gross features of multidecadal
variability on the basin-wide and annual scales.

For the comparability of the results, the time series were normalized as follows:
P =(P-wlo, where P__is the normalized parameter, P is the original parameter, u is the
arithmetic mean of the distribution, and o is the standard deviation of the distribution. Then,
polynomial approximations were calculated for normalized time series.

To evaluate the statistical significance of obtained correlations, the null hypothesis was
tested with Student’s t-test. All correlation coefficients, presented in this study, are statisti-
cally significant with the probability level p < 0.05.

Akaike information criterion (AIC) and Bayesian information criterion (BIC) were
used to evaluate comparative performance of linear and polynomial models (see details in
section 3.2).
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3. Data preprocessing

3.1. General patterns of multidecadal variability of abiotic parameters
in the Ponto-Caspian seas in 1948—2020

Original unsmoothed time series of considered abiotic parameters with overlayed pol-
ynomial approximations of 2—4 degrees for the Black and Caspian seas are presented at

Figure 2 and Figure 3 (thermal), Figure 4 (dynamic) and Figure 5 and Figure 6 (associated
with the atmospheric moisture content).

Fig. 2 — Original time series of annual-mean (left) and seasonally averaged for summer (red)
and winter (blue) (right) values of SAT in the Black (A, B) and Caspian (C, D) seas.
Dotted lines — polynomial approximations

Examination of seasonal differences (for SAT) indicated, that multidecadal varia-
bility are generally consistent across the year (Figures 2B and D). Thus, we performed

further analysis on the annual timescales to obtain the gross features of multidecadal
variability.
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Fig. 3 — Original time series of annual-mean values of SST in the Black Sea (BS, blue line)
and Caspian Sea (CS, deep blue line)

Fig. 4 — Original time series of annual-mean values of zonal wind components (left) and meridional
wind components (right) in the Black (A, B) and Caspian (C, D) seas.
Dotted lines — polynomial approximations

These time series confirm the validity of the assumption about the non-linear nature of
the hydrometeorological parameters variability. For comparison, we also calculated linear
trends of mentioned parameters for the periods, used in the works by Ginzburg with co-au-
thors (1980-2020 for the Black and 1982-2017 for the Caspian seas) (not shown). In order
of magnitude, they are generally consistent with the above-cited results of Ginzburg with
co-authors (Ginzburg, Kostianoy, Sheremet, 2004; Ginzburg, Kostianoy, Sheremet, 2005;
Ginzburg, Kostianoy, Sheremet, 2012; Kostianoy et al., 2014; Ginzburg and Kostianoy,
2018a; Ginzburg and Kostianoy, 2018b; Kostianoy et al., 2019; Ginzburg et al., 2021) and our
previous results (Kazmin, 2021).
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Fig. 5 — Original time series of annual-mean values of atmospheric moisture content parameters
in the Black Sea. A — relative humidity, B — specific humidity, C — precipitation rate,
D — precipitable water. Dotted lines — polynomial approximations

Fig. 6 — Original time series of annual-mean values of atmospheric moisture content parameters
in the Caspian Sea. A — relative humidity, B — specific humidity, C — precipitation rate,
D — precipitable water. Dotted lines — polynomial approximations
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Polynomial approximations of the normalized time series (Figure 7) confirm the non-
linear character of the multidecadal variability of the considered parameters. However, the
patterns of variability are significantly different in the Black and Caspian seas.

Fig. 7 — Polynomial approximations of normalized time series of hydrometeorological parameters
in the Black (left) and Caspian (right) seas: (A, B) — thermal (SAT); (C, D) — dynamic (U, V, W,);
(D, E) — related to atmospheric moisture content (RH, SH, PR). Colored rectangular fill marks
the periods of the corresponding parameters increase/decrease. Black triangles at the abscissa axis
mark the years of highs/lows of the corresponding parameters

Black Sea

In the Black Sea two temporal intervals of an average duration of 20 and 40 years
with multidirectional trends of hydrometeorological parameters changes have been detected
(Figure 7A). Thus, SAT decreased in 1948-1968 and raised in 1980-2020. Minimum of SAT
values, marked with the black triangle at the abscissa axis (Figure 7A), were observed around
1972.

As for the dynamic parameters, U and V weakened, and W increased in 1948—1964
(Figure 7C). Opposite trends were observed after 1968 with U and V strengthening and W
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decreasing till 1996. After that, till the end of observational period, all dynamic parameters
changed insignificantly, practically remaining constant (Figure 7C).

The values of parameters, related to atmospheric moisture content (RH and PR) in-
creased in 1948—-1962 and decreased after 1968 till the end of observational period. However,
SH pattern was different (decrease in 1948—1978 and increase in 1984-2020) (Figure 7E).

Caspian Sea

In the Caspian Sea, unlike the Black Sea, three temporal intervals of average duration
of 1025 years with multidirectional trends of hydrometeorological parameters changes are
detected. Thus, the SAT decreased in the period of 1948—1965, increased in 1972-1998, and
decreased again in 2006—2020 (Figure 7B). Minimum and maximum of SAT values, marked
with the black triangles at the abscissa axis (Figure 7B), were observed around 1968 and
2002, respectively.

As for the dynamic parameters, V and W increased, and U weakened in 1948—1958
(Figure 7D). Further, in 1962—1988, opposite trends of V and W weakening and U strength-
ening were observed (V weakening lasted till 1996). These trends were again reversed
(V and W strengthening and U weakening) in 19942012 (V strengthening started later, in
2004 and continued until the end of the observation period). This is consistent with positive
trend of W, calculated in Kostianoy et al. (2014) for 1979-2011. The highs/lows of U and W
were recorded around 1960 and 1990 and that of V — around 1960 and 2002.

The values of parameters, related to atmospheric moisture content (except specific hu-
midity) increased, decreased, and increased again in 1948—1965, 1972-1998, and 20052017,
respectively (Figure 7F). The specific humidity (SH) changed in the opposite way. Highs/
lows of RH and PR were observed around 1965 and 2002. Low/high of SH took place around
1961 and 1992.

One of the remarkable results of observational analysis is that the shift of the dynamic
regime both in the Black and Caspian seas occurred earlier than the shift of the thermal and
humidity regimes (Figure 7, black triangles at the abscissa axes). On average, the lag between
zonal component of the wind and air temperature and humidity parameters is 6—8 years.
This suggests a leading role of climatic variations of the large-scale atmospheric forcing
in the regional variability of thermal and humidity parameters. For the Caspian Sea it was
already reliably confirmed, using both the NCEP/NCAR and 20™ Century Reanalysis data
(Kazmin, 2021).

3.2. Performance of linear and polynomial models

Since the conclusions, presented in this paper are based on polynomial approximations
of time series, it is reasonable to confirm that this approach is definitively better than the
linear trends, used in previous studies. As an unbiased estimator of the fit of polynomials
relative to linear model, the Akaike information criterion (AIC) and Bayesian information
criterion (BIC) were used. The AIC and BIC are the estimators of out-of-sample predic-
tion error and thereby relative quality of statistical models for a given set of data. Given a
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collection of models for the data, AIC/BIC estimates the quality of each model, relative to
each of the other models. Thus, AIC/BIC provides a means for model selection. A lower
AIC/BIC value indicates a better fit. Table contains the values of AIC and BIC for linear and
polynomial approximations. For all considered time series (except precipitable water) both
criteria are less for polynomials, which proves that polynomials provide better fit to obser-
vations relative to linear model.

Table. Akaike information criterion (AIC) and Bayesian information criterion (BIC) for linear and
polynomial approximations of time series in the Black and Caspian seas.
Pink/blue fill marks higher/lower values of criterion

Criterion | Approximation | SAT | U | V | W | RH | SH | PR | PW
Black Sea

AIC Linear. 202.4 | 194.3 | 198.1 | 190.0 | 201.3 | 198.8 | 181.9 | 186.9

Polynomial 174.0 | 125.8 | 142.9 | 141.2 | 178.7 | 194.8 | 175.2 | 189.1

BIC Linear 203.9 | 200.8 | 202.6 | 199.5 | 202.8 | 206.3 | 189.3 | 190.4

Polynomial 182.0 | 138.1 | 153.1 | 150.5 | 187.7 | 200.8 | 185.0 | 195.2
Caspian Sea

AIC Linear 200.4 | 1953 | 197.1 | 194.0 | 200.3 | 200.8 | 182.9 | 184.9
Polynomial 175.0 | 127.8 | 1449 | 140.2 | 180.7 | 193.8 | 177.2 | 186.1
BIC Linear 204.9 | 199.8 | 201.6 | 198.5 | 204.8 | 205.3 | 187.3 | 1894

Polynomial 184.0 | 139.1 | 156.1 | 151.5 | 189.7 | 202.8 | 186.0 | 197.2

4. Results and discussion

4.1. Multidecadal variability of the wind regime and associated air temperature changes
in the Black and Caspian Seas

Black Sea

Over the Black Sea area, with annual averaging, the North-Eastern atmospheric trans-
port regime prevails, with the zonal component of the wind exceeding the meridional one by
about two times. In more detail, the relationship between the zonal and meridional compo-
nents of wind during the air temperature increase/decrease phases in the Black Sea is shown
in Figure 8A. This illustration indicates that air temperature rise coincides with the weaken-
ing of both zonal (Eastern) and meridional (Northern) wind components. The opposite situ-
ation is observed during the phase of air cooling (zonal and meridional transport increase).

Since wind components act unidirectionally (air temperature rise/cooling coincides
with the weakening/strengthening of both components), it is reasonable to use wind speed
(W) for correlation with air temperature. The relationship between W and the air temper-
ature over the Black Sea is shown in Figure 9A, which clearly demonstrates that during
periods of cooling, the temperature decrease is associated with an increase of wind speed.
During the warming phase, on the contrary, the temperature rises due to the weakening of
wind speed.
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Caspian Sea

Over the Caspian Sea area, with annual averaging, the North-Eastern atmospheric
transport regime also prevails, with the zonal component of the wind exceeding the meri-
dional one by about five times. Relationship between the zonal and meridional components
of wind during the air temperature increase/decrease phases in the Caspian Sea is shown
in Figure 8B. However, unlike the Black Sea, in the Caspian Sea an increase of air temper-
ature coincides with the weakening of zonal (Eastern) wind component and simultaneous
intensification of meridional (Northern) component. The opposite situation is observed dur-
ing the phase of air cooling (zonal transport increases, and meridional one weakens). This
observation requires additional comments. If the connection of air warming/cooling with
the weakening/strengthening of the zonal transport of cold air masses from Central Eurasia
is quite obvious, then the strengthening/weakening of the Northern meridional transport
during periods of warming/cooling seems to contradict the logic (according to which the
strengthening/weakening of the meridional transport of cold air masses from the North
should lead to cooling/warming). This discrepancy can be explained by taking into account
that advective heat transport is proportional to wind speed and the horizontal gradient of air
temperature. The spatial distribution of the annual average climatological air temperature in
the part of Central Eurasia adjacent to the Caspian Sea, from which advective heat transport
occurs (https:/cdn.mapmania.org/original/detailed map of annual average temperature
around the world 78684.jpg), shows that zonal air temperature gradient here significantly
exceeds the meridional one. Approximate estimates indicate that the zonal gradient is about
7 °C/1000 km, while the meridional gradient is only 2 °C/1000 km. Taking into account that
also the velocity of zonal transport exceeds the velocity of meridional transport in about five
times, we can talk about the leading role of zonal (Eastern) transport in the heat advection to
the Caspian Sea area. The opposite thermal effect of meridional transport is simply absorbed
by the prevailing impact of zonal transport.

Fig. 8 — Correlations between zonal (U) and meridional (V) wind components in the Black (A)
and Caspian (B) Seas. Blue/red dots and blue/pink fill indicate periods of SAT decrease/increase
(1948-1964/1972—-2008 for the Black Sea and 1996-2012/1968—1988 for the Caspian Sea).
Dotted lines — linear regressions. R — correlation coefficients
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The relationship between the zonal component of wind and the air temperature over
the Caspian Sea is shown in Figure 9B, which clearly demonstrates that during periods of
cooling, the temperature decrease is associated with an increase of zonal (Eastern) transport.
During the warming phase, on the contrary, the temperature increases due to the weakening
of zonal transport.

Fig. 9 — Correlations between wind speed (W) and air temperature (SAT) during periods of cooling
(1948-1964) and warming (1972-2008) in the Black Sea (A). Correlations between zonal wind
component (U) and air temperature (SAT) during periods of cooling (1948—1958, 1996-2012)

and warming (1968—-1988) in the Caspian Sea (B). Blue/red dots and blue/pink fill indicate periods
of SAT decrease/increase. Dotted lines — linear regressions. R — correlation coefficients

4.2. Multidecadal variability of the air temperature and atmospheric moisture content
in the Black and Caspian Seas

Further, the relationships between the long-term variability of atmospheric moisture
content parameters and air temperature were addressed in brief. Specific humidity, which
is the absolute mass of water vapor per unit mass of air regardless of its temperature, is one
of the most important humidity characteristics. Specific humidity is positively correlated
(R = 0.8 in the Black Sea and R = 0.75 in Caspian) with air temperature and decreases/
increases during periods of cooling/warming (Figures 7E and F). Since the specific humid-
ity itself does not depend on the air temperature, its change can occur due to evaporation
from the water surface or advective transport. Considering that during the periods of spe-
cific humidity increase/decrease (warming/cooling, respectively) zonal transport weakened/
increased, the main factor of specific humidity variability should be evaporation from the
sea surface. Thus, it can be assumed that an increase of air temperature causes intensified
evaporation and an observed rise of specific humidity, and vice versa.

Relative humidity is the ratio of the partial pressure of water vapor in the air to the equi-
librium pressure of saturated vapor at a given temperature. The relative humidity depends
on the air temperature — at given specific humidity, the relative humidity will be lower for
warm air and higher for cold air. This explains the observed negative correlation (R =—-0.75
in the Black Sea and R =—0.81 in the Caspian) between air temperature and relative humidity
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(Figures 7A, B, E and F). During the periods of cooling/warming there is an increase/de-
crease of relative humidity.

The precipitation rate was also negatively correlated with air temperature (R =-0.81 in
the Black Sea and R =—0.94 in the Caspian Sea). It increased during the periods of cooling
and decreased during the periods of warming (Figures 7A, B, E and F). The precipitation rate
is the result of complex interaction of a number of factors and cannot be analyzed in detail
in this work.

The precipitable water, which is the mass of water vapor in a column of air of a unit
area from the surface to the upper boundary of the atmosphere, behaves similarly to relative
humidity: it increases during cooling periods and decreases during warming. However, no
statistically significant correlation between variations of precipitable water and air tempera-
ture was found. In part, this can be explained by the fact that the polynomial approximation
of this parameter demonstrates a worse result relative to the linear trend (higher values of
AIC/BIC for polynomial; Table).

4.3. Possible impact of the large-scale atmospheric forcing upon the wind regime
in the Ponto-Caspian area

In the context of this study, the relationship of the observed multidecadal variability
of hydrometeorological parameters with the large-scale atmospheric processes is of interest.
However, the issue is complicated and could provide the subject for another full-scale re-
search. In this regard, we presented here only some debatable assumptions, based on quali-
tative phenomenological analysis.

Large-scale atmospheric processes, potentially affecting the long-term variability of
regional wind regime over the Ponto-Caspian area can be the North Atlantic Oscillation
(NAO) and the East Atlantic-West Russian pattern (EAWR). NAO is associated with fluc-
tuations in the atmospheric pressure difference between the Icelandic minimum and the
Azores maximum in the North Atlantic and can affect the intensity of western atmospheric
transport over Europe up to the Eastern Mediterranean and the Caspian region. The EAWR
oscillation system is comprised by two centers of anomalous atmospheric pressure over the
Caspian Sea and Western Europe and governs the North-Eastern transport regime in the
region under consideration (Barnston, Livezey, 1987). There are a number of studies on the
behavior of atmospheric processes at various combinations of NAO and EAWR intensity. In
particular, the weakening of the NAO (NAO index <0) combined with the strengthening of
the EAWR (EAWR index >0) provides conditions for the intensification of North-Eastern
transport (Krichak et al., 2002; Kutiel, Benaroch, 2002). It is exactly the situation that we
observed during the periods of Eastern transport intensification (and, consequently, cooling)
over the Caspian Sea in 1948—1958 and 1994-2010: the NAO index decreased to negative
(1948—1958) or zero (1994-2010) values, while the EAWR index was significantly positive.
On the contrary, during the easing of the Eastern transport (warming) in 1968—1988, there
was a sharp increase of the NAO index, coinciding with the strongly negative values of the
EAWR index (Figures 10A, B and C).
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As for the Black Sea, the situation is controversial: the general pattern of variability
in 1948-1992 was similar to that for the Caspian Sea with North-Eastern transport strength-
ening/weakening in 1948—1965/1970-1990, and consistent with described combinations of
NAO and EAWR. However, after 1992 no pronounced trend in variability of North-Eastern
transport have been observed (Figures 7C, 10D).

Fig. 10 — Long-term variability of NAO index (A; https://en.wikipedia.org/wiki/North Atlantic
oscillation#/media/File:Winter-NAO-Index.svg, modified by the authors), EAWR index (B)
and the zonal wind component U (C — Caspian, D —Black Sea).

Orange/blue bars at the A panel indicates positive/negative values of the NAO.
Red/blue fill in the B panel indicates periods of positive/negative values of the EAWR index.
Vertical red lines mark the years of minimum and maximum values of the NAO index
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5. Conclusions

This study addressed a crucial problem of exploring the variability of basic abiotic
environmental factors, which may affect the marine ecosystems of the Ponto-Caspian seas.
Analysis of the multidecadal variability of hydrometeorological parameters (thermal, dy-
namic and associated with the moisture content of the atmosphere) in the Black and Caspian
seas areas for the period 1948-2020, based on polynomial approximation approach was per-
formed. Test with unbiased estimators (AIC/BIC metrics) confirms that polynomials provide
a definitively better fit to observed time series relative to the linear model, used in previous
studies.

We argue that closely located geographically, but essentially different basins of the
Black and Caspian seas reveal different patterns of long-term variability of hydrometeoro-
logical parameters. Polynomial approximations allowed to distinguish in the Black Sea two
temporal intervals of an average duration of 20 and 40 years with multidirectional trends
of hydrometeorological parameters changes, while in the Caspian Sea three such intervals
lasting 10-25 years are identified, which is considered as a manifestation of multidecadal
variability.

Under annual averaging, the North-Eastern wind regime prevails over the both basins.
However, if in the Black Sea wind components act unidirectionally (air temperature rise/
cooling coincides with the weakening/strengthening of both components), then in Caspian
they act the opposite way. Phases of air warming/cooling in the Caspian Sea coincide with
a weakening/strengthening of the Eastern wind transport since the zonal wind speed and
horizontal air temperature gradient significantly exceed meridional ones. In the Black Sea
warming/cooling coincide with a weakening/strengthening of the wind speed, since both
wind component provide the same effect.

Noteworthy result of observational analysis is that the shift of the dynamic re-
gime in both seas occurred 6—8 years earlier than the shift of the thermal and humidity
regimes. This suggests a leading role of climatic variations of the large-scale dynamic
atmospheric forcing in the variability of thermal and humidity parameters in the Black
and Caspian Sea.

In regard to parameters, associated with the moisture content of the atmosphere, it was
found that both in the Black and in the Caspian seas specific humidity is positively correlated
with air temperature and its decrease/increase coincide with phases of cooling/warming. In
contrast, relative humidity and precipitation rate variations are negatively correlated with air
temperature tendencies.

As for an impact of the large-scale atmospheric processes on regional wind regime,
qualitative observational results indicate that intensification of Eastern transport (and, con-
sequently, cooling) over the Caspian Sea coincides with a situation when the NAO index
decreases to negative or zero values, while the EAWR index is significantly positive. On the
contrary, weakening of the Eastern transport (and warming) occurs during a period of sharp
strengthening of the NAO coinciding with strongly negative values of the EAWR index. In
the Black Sea the situation is controversial: the general pattern of variability in 1948—1992
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was similar to that in the Caspian Sea and consistent with described combinations of NAO

and EAWR. However, after 1992 no pronounced trend in variability of North-Eastern trans-
port have been observed.
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CPABHUTEJIBHBINA AHAJNU3 MYJbTUAEKAJTHON U3MEHYUBOCTH
I'MAPOMETEOPOJJIOI'NYECKUX ITAPAMETPOB
B IOHTO-KACIIUMCKHAX MOPSIX

A. C. Kazpmun', T. A. Illuranosa

Hnucmumym oxeanonozuu um. I1. 1. llupwosa PAH,
Poccus, Mockea, 117997, Haxumosckuii npocnexm, 0. 36,
“e-mail: akazmin@ocean.ru

Hannsie peanamm3za NCEP/NCAR 3a 1948-2020 rT. HCmonmb30BaHBI IS WCCIEIOBAHUS
MHOTO/IEKaTHON HM3MEHUYMBOCTH THAPOMETEOPOIOTHUECKUX IapaMeTpoB (TEIUIOBBIX, AMHA-
MHYECKHX U BIaKHOCTHBIX) B [loHTO-Kacmuiickom pernone (Ueproe, A3osckoe u Kacrmiickoe
Mopsi). [lommHOMMAIbHBIE ANMMPOKCHMAIMM BPEMEHHBIX PSAJOB CPEAHETO/IOBBIX 3HAUYCHHUH
YKa3bpIBAlOT Ha HEJMHEHHBIH XapakTep M NEPHOAWYHOCTH IONTOCPOYHOW H3MEHUYHBOCTH
paccMaTpuBaeMbIX mapaMeTpoB. bymaydm reorpaduueckn ONM3KO PACHONOKEHHBIMH, 3TH
MOpsl J€MOHCTPHPYIOT COBEPIICHHO pa3Hble MOJAENHM H3MeH4nBocTH. B UepHoM Mope
oOHapy)XeHHI JBa BPEMECHHBIX HHTEpBaia CpeaHed mpomonkuTenbHOCThI0 20 m 40 meT ¢
pa3HOHANPABJICHHBIMI TEHACHIUSIMH M3MEHEHHS THIPOMETEOPOIOTHYECKUX MapaMeTpOB, B
TO BpeMs Kak B Kacrmiickom Mope BBISIBICHBI TPH TAaKUX WHTEPBaJa MPOAOIIKUTEIBHOCTHIO
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10-25 ner. B o0oux OacceiiHax mpeoOnagaeT CeBEpPO-BOCTOUHBIH BETPOBOH PEXUM.
Opnnako, ecnu B YepHOM MOpe BETpPOBbIE KOMIIOHEHTHI JEHCTBYIOT OJIHOHAIPABICHHO
(ToBBILIICHNE/OXIIAKIEHUE TEMIIEpaTypbl BO3AyXa COBIAJaeT C OcliabieHneM/yCUIeHueM
000MX KOMIIOHEHTOB), TO Ha Kacrnuu oHM AEWCTBYIOT POTHBOIOJIOKHBIM 00pa3oM, mpuyeM
OosblIas 4acTh aJBEKUUHM TEIUIa OCYLIECTBISETCS 30HAJBHBIM (BOCTOYHBIM) MEPEHOCOM.
®da3bl MOTEIUICHHS/OXJIAKICHUS BO3IyXa COBMAMAIOT C OCJIA0JICHUEM/YCHICHHEM STOrO
nepeHoca. BpeMeHHOH Jiar MexIy HM3MEHEHHEM JMHAMHYECKOr0 M TEIUIOBOIO PEXHMOB
(a Taxke BIAKHOCTH) COCTABIISIET OKOJIO 6—8 JIeT, YTO CBHJETENbCTBYET O BEIyIIEH poyin
KpyIHOMAacIITaOHbIX M3MEHEHUH arMocdepHoro BozaercTBus. KojeOaHHsS OTHOCHTENBHOM
BJIAYKHOCTH U KOJIMUECTBA OCAJIKOB OTPULATEIFHO KOPPEIUPOBaHbI C K3MEHEHHEM TeMIepary-
psl Bozayxa. Hax Kacnimiickim MopeM nHTEHCH(UKALKS BOCTOYHOTO IIEPEHOCA M CBSI3aHHOE
C 3THM IIOXOJIOJIAaHME COBIAAAIOT C cUTyalued, korga uHaekc CeBepo-ATIAaHTHYECKOTO
konebanus (CAO) yMmeHbIIAETCs 0 OTPHULATENBHBIX 3HAUCHUH, a HWHAEKC BocToyHO-
Atnantuueckoro — 3amaaHo-Pycckoro (BA3P) konebaHusi SABISCTCS IMOJOXKHTEIBHBIM.
Hanporus, ocnabieHue BOCTOYHOIO IEPEHOCA M IOTEIUIEHHUE IPOUCXOAST B IIEPHOJBI
peskoro ycunenus CAQO, coBMajarolero ¢ OTpUIaTeIbHBIMU 3HaYeHUsMU uHjekca BA3P.
Yro kacaercst UepHOTro MOps, TO CUTyalUsl IPOTHBOPEUYHBA: 00IIass KapTHHA U3MEHYHUBOCTH
B 1948-1992 romax Obuta aHamoru4yHa TakoBOi B KacmwmiickoM MOpe W COOTBETCTBOBaJa
OMKCAHHBIM KOMOMHAIMIM HHICKCOB. OmHako nociie 1992 roga He HAOMIONAIOCh HUKAKOW
B]:.lpa)KeHHOﬁ TCHACHI WU B UBSMCHYNBOCTHU CEBEPO-BOCTOYHOIO IEPEHOCA.

KutoueBble cJjioBa: MynbTHICKaJgHasT HW3MEHYMBOCTH, TeMIlepaTypa BO3lyXa,

TeMIepaTypa IMOBEPXHOCTH BOJBI, BETPOBOW PEXKHUM, BIAXKHOCTb armocdepsl, [loHTO-
Kacnuiickue mopst

Baaropapnoctu. [lanHoe wuccienoBaHue — OBIJIO  BBINIOJHEHO B paMKax

locynapcTBenHoro 3aganuss MUHUCTEpCTBA HayKH U BBICIIET0 0Opa3oBanus Poccuiickoit
®enepanun, Tema Ne #FMWE-2021-0002.
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