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The Arctic region is characterized by strong and rapid climate changes. The surface air
temperature in the Arctic is growing two times faster than the average global temperature
(Arctic amplification). The reduction of sea ice in the Arctic leads to changes in atmospheric
circulation and, hence, to changes in cyclone activity over the Arctic. Cyclones contribute to
the meridional atmospheric heat and moisture transfer from mid-latitudes into the Arctic,
thereby changing cloud feedbacks with impacts on the sea ice retreat. Most of the heat is
delivered by atmospheric circulation and its small part, by oceanic circulation. Inadequate
representation of cyclone activity characteristics can lead to errors in resolving important
processes in the Arctic and their variability.

The ability of the regional climate models (Arctic CORDEX) to simulate cyclone
activity for the Arctic region is investigated. 10 regional climate models (RCMs), including
models with and without “nudging” are considered. Comparing the characteristics of cyclone
activity with the use of an ensemble of RCM’s hindcast simulations and reanalysis data
(ERA-INTERIM, NCEP-CFSR, NASA-MERRAZ2) for four seasons (winter, spring, summer,
autumn) and for the period 1981-2010, biases in cyclone frequency, intensity and size over
the Arctic (region ca. north of 65°N) are quantified (fig. 1). In spite of these biases RCM’s are
able to represent the characteristics of cyclone activity in the Arctic region, in particular
RCM’s with “nudging”. The spread across the models is estimated (fig. 2).

This work was supported by the Russian Foundation for Basic Research (15-35-21061,
16-55-10039, 14-05-00518 and 16-35-60078).
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Fig. 1. The frequency of cyclones as a function of their depth and size from
various reanalysis data and the multi-model ensemble mean in winter and summer.
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Fig. 2. Spatial distributions of cyclone characteristics from the multi-model ensemble
mean (color shading) in winter and summer. Isolines show standard deviation across the data.



Polar lows over Nordic seas from satellite observations and reanalysis data
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One of the most important types of vortices in the Arctic are polar lows. They
are characterized by short lifecycle (less than one day) and a relatively small size (less than
1000 km). Storm waves and wind, icing on ships and offshore structures, and other
extreme weather conditions associated with polar lows can cause significant damage to
infrastructure, natural ecosystems and navigation in the region, the damage caused by
catastrophic weather conditions may interfere with the extraction of natural resources in
the Arctic shelf and marine transportation on the Northern Sea Route (Khon et al.,
2010). Global warming and associated sea ice retreat in the Arctic lead to increase of
frequency of extreme events along the Northern Sea Route (Khon et al., 2014), possibly
associated with polar lows. The analysis of polar lows activity and their changes is one of
the key problems in assessing climate changes in the Arctic region.

The characteristics of extreme mesocyclones (polar lows) for the period 2002-2008
are investigated. The ability of the reanalysis data to simulate polar lows over Nordic
seas in comparison with satellite observations is assessed. 4 reanalyses (ERA-
INTERIM, ASR, NASA-MERRA and NCEP-CFSR) with different resolutions are
considered (Fig. 1). Reanalyses are able to represent ca. 75% of the observed polar lows
(Fig. 2) . This work was supported by the Russian Foundation for Basic Research

(15-35-21061, 16-55-10039, 14-05-00518 and 16-35-60078).
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Fig. 1 Spatial distribution of polar lows in 2002-2008 according to satellite data (X) and
reanalyses (ERA — “0O”, ASR - “+”, MERRA - “*” CFSR - “0 )
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Fig. 2 The ratio of the number of polar lows over Nordic seas from reanalyses (Nm) and from satellite
data (Nr).
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Sensitivity of global climate to external forcing depends on climate feedbacks (FB)
[1]. One of significant feedbacks is related with the rate of temperature decrease with
height in the troposphere (lapse rate - LR). It is a characteristic of atmospheric static
stability. Cyclonic (anticyclonic) and convective activity in the atmosphere depend on
LR. The contribution of LR variations is important for the Arctic amplification [2]. We
use here ERA-Interim reanalysis data [3] for the period 1979-2014 with 0.75°%0.75°
horizontal resolution for assessment of LR FB characteristics.

We analyze, in particular, the relationship between the tropospheric LR y and the
surface air temperature (SAT) T as it was done in [4,5]. The relationship parameter dy/dT
is estimated from the corresponding linear regression of y on T.

Figure 1 shows the latitude dependence of the annual-mean LR values in the Northern
Hemisphere (NH). The LR values for various latitudes were normalized on the LR value
for the NH as a whole yy = 6.3 K/km.
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Fig. 1.

Figure 2 shows the latitude dependence of the dy/dT estimates obtained with the
use of the annual-mean values in interannual variability. The dy/dT estimates for various
latitudes were normalized on the corresponding estimate (dy/dT)w: = 0.045 km™ for the
NH as a whole. According to Fig. 2 the dy/dT estimates in the Arctic latitudes can be
twice larger than for NH as a whole.
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Figure 3 presents a parameter p=P/Pyy characterizing the relative variations of
vertical temperature stratification in the troposphere on different NH latitudes in
interannual variability during 1979-2014. Parameters P and Py, are defined as y™(dy/
dT)6T and ywY(dy/dT)wdThn , correspondingly. Values 67 and JTw. characterize
standard interannual deviations for SAT at different latitudes and for NH as a whole.
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According to the results obtained from reanalysis data for the period 1979-2014
the relative LR interannual changes in the troposphere of the Arctic latitudes are up to 4
times larger than for the NH as a whole and much larger than for tropical latitudes. The
positive correlation of LR and SAT is a characteristic of positive climate FB.

This work was supported by the RFBR and RAS. Characteristics of the
atmospheric static stability were analyzed in the framework of the RSF project (14-17-
00806).
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The summer of 2015 was characterized by extremely high temperatures and an extreme
precipitation deficit in the Lake Baikal basin. These climate extremes are displayed on the background of
corresponding long-term positive trends for temperature and negative trends for precipitation during the
last decades (http://meteorf.ru/). The Lake Baikal basin is among Russian regions with the strongest
warming in summer during the last decades. Such regional climate trends should cause negative trends of
the water balance in the Lake Baikal basin.

Figure 1 shows the relationship between anomalies of precipitation and surface air temperature in
summer for the Lake Baikal basin from the ERA-Interim reanalysis data for the period 1979-2015. There
is a significant negative correlation (coefficient of correlation -0.62). According to the corresponding
linear regression, precipitation is decreasing by 12% for the 1K temperature increase. The estimates are
similar to those obtained for mid-latitudinal Eurasian regions from meteorological observations for spring-

summer months since the 19th century [1].
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Fig. 1. Relationship between anomalies of precipitation and surface air temperature in summer for the
Lake Baikal basin from the ERA-Interim reanalysis data for the period 1979-2015.

The estimated long-term tendency is accompanied by strong interannual variability affected by
various climate processes with blocking anticyclones formation and effects of quasi-cyclic El Nifio
phenomena. In particular, the year 2015 was the year of the El Nifio formation and large positive surface
temperature anomalies in the eastern and central Pacific Ocean on the equator. The El Nifio effects with
significant influence on the global surface temperature are manifested in Russian regions. According to
[2], there was a high risk of high temperatures and drought conditions in spring-summer 2015 for the
Asian mid-latitude regions of Russia in association with the El Nifio event.

Figure 2 shows wavelet coherence between precipitation in June-September over the Lake Baikal
basin and El Nifio index (Nifio3.4) in January for the period 1979-2015. According to Fig. 2 there is a
significant coherence on interannual and interdecadal time scales during the last decades.
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Fig. 2. Wavelet coherence between precipitation in June-September over the Lake Baikal basin and
El Nifio index (Nifio3.4) in January for the period 1979-2015.

Hydrometeorological changes in the Baikal Lake basin are related to its specific longitudinal and
latitudinal position. According to model estimates we have to expect a general tendency of decrease for
summer precipitation in mid-latitudinal Russian regions under global warming (except for the Far East
and the Amur River basin) [3-5]. Multi-model simulations show a general runoff reduction in summer for
the Yenisei, Ob and Volga River basins. This tendency is reinforced from west to east with a maximum
decrease in summer runoff in the Yenisei River basin including the Angara River and Lake Baikal basins.
Further to the east to the Lena and Amur River basins as a whole is shown the growth of summer runoff.
Such changes can be related with the monsoon activity in the Far East.

This work was supported by the RFBR and RAS. Regional climate extremes associated with
blockings were analyzed in the framework of the RSF project (14-17-00806).
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In this paper we discuss the events when “small” eddies occurred between large vortex
formations. Three case studies were performed over the eastern Atlantic, Western and Eastern
Europe.

We examined the events observed on June 18, 2010 (Figure 1a), January 15, 2006 (Figure
1b), and May 11, 1998 (Figure lc). The information was derived from the METEOSAT-5-9

geostationary satellite imagery in water vapor (WV) channel 6.2 ym with high time resolution (15
min). The spatial resolution was from 3 km at the equator to 5-11 km at middle and northern
latitudes.

The simultaneous analysis of consequent WV imagery and synoptic maps allowed us to
identify the conditions of formation and evolution of “small vortex arrays” as well as to suggest a
mechanism of small-scale eddies interaction and also to examine their linkage to the blocking
processes in the atmosphere.

The evolution of atmospheric processes in the areas in question can be described as follows.

Two large vortex formations (cyclone and anticyclone) moving towards each other (which is an
extremely rare case), deformed and narrowed the space occupied by the trough and ridge. The
array of “small” eddies “floating” to the north was formed particularly along the ridge. The main
feature of the flow pattern at AT500 was the existence of a powerful ridge oriented along the
meridian. The highest positive pressure anomalies (up to 24 hPa) were observed there.

The research showed that the occurrence of “small” eddies can be considered as an indicator
of a blocking system. Heavy storms in the North Atlantic were characterized by very low pressure
in all the situations observed. Meanwhile, this is one of the prerequisites for the occurrence of
blocking systems in Europe.

The satellite information demonstrated us many other examples of the effects resulting from
the interaction of two large vortex formations. We also studied the interaction of two typhoons. A
satellite imagery of two closely adjacent interacting typhoons (Figure 2) gives another example
showing how an array of small eddies is formed between two large vortex formations. The
conditions of occurrence and evolution of “small” eddies resulting from the interaction of two
and more vortex formations were studied by a numerical model [1]. The results of
numerical experiments simulating a real situation presented in Figure 2 are shown in Fig.3. Figure
4 confirms the possibility of occurrence of small eddies resulting from the interaction of three
closely located vortices.

1. Pokhil A.E., Sitnikov 1.G., Zlenko V.E. Recearch of atmospheric vortex by numerical model.-
2010: Energy, Economika, Technika, Ecology.Ne 2, p.35-41.
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c)
Figurel. The METEOSAT water vapor images for channel 6,2 ym (between 600-300 hPa)
a) 18 June 2010, b) 15 January 2006, ¢c) 11 May 1998.

. Figure 3. The numerical results confirming the possibility of occurrence of small eddies,
for the situation presented in Figure 2.
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Figure 4. Dynamics of three vortexes and their trajectories of movement, derived with the
model research. The integration time (in hours) is given in the left bottom corner.



Numerical simulations of “small” eddies formation in the atmosphere
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Some cases of occurrence and interaction between “small” eddies are considered in
this paper. It can be exemplified by vapor eddies observed in the atmosphere on the border
between large vortex formations. Another example of formation of “small” eddies took place
during the interaction of two typhoons over the Pacific Ocean. The satellite imagery provides
a clear picture of the occurrence of “small” eddies between two closely (as compared to the
size of a tropical cyclone) adjacent typhoons. The formation of “small” eddies was observed
also in the eye of a storm.

Numerical experiments with the assemblies of the finite Size distributed eddies
corresponding to the situations in the real atmosphere are carried out using model [1].

Based upon the model, the occurrence of secondary “small” eddies was observed
during the interaction of a pair of cyclone and anticyclone eddies as well as of a pair
consisting of a cyclone vortex and an anticyclone vortex.

The results of numerical experiments with the groups of two-five eddies
demonstrated the formation and evolution of secondary “small” eddies. The examples are
illustrated in Figures 1-2.

It was derived that the formation of “small” eddies takes place in the area between
two vortex structures of different or similar nature under certain correlations of the moments
of momentum, energy and velocity profile gradient decline in the initial eddies.

The criteria for occurrence of ‘“small” eddies, as well as an option for
assessment of the quantity and mass of the formed “small” eddies based upon the laws of
conservation of mass, angular momentum and energy are suggested. It is assumed that these
situations serve as examples of energy transfer from large scale to small one.

1.Pokhil A.E., Sitnikov I.G., Zlenko V.E. Investigation of interaction of atmospheric vortexes by a numerical model.-2010:
Energy:Economic, Technique, Ecology. Ne 1, p.35-41.
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Fig.1. The dynamics of two different systems (a and b) of four interacting eddies of
various intensities and distances between the centers simulated by the model.
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Fig.2. The dynamics of two different systems (a and b) of five interacting eddies
with different distances between their centers and intensity correlations simulated by the
model.
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There are different data sets for blocking anticyclones obtained with the use of different
methods of their detection (e.g. [1]). Here, the data for blocking anticyclones in the
Northern Hemisphere from RIHMI-WDC (All-Russia Research Institute of
Hydrometeorological Information - World Data Centre) are analyzed for the period
1949-2010 [2] (see also [3,4]). Carrying out the analysis, we used the data on the
blocking anticyclones whose duration was not less than 5 days. Also anticyclones with
their centers located southward of 35 N were not considered.
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Fig. 1. Mean annual cycle of blocking frequency in the Northern Hemisphere.

The annual cycle of blocking frequency is presented in Fig. 1. Figure 1 shows larger
frequency of blockings during winter in comparison with summer with a longitudinal
shift of the frequency maximum in the annual cycle. So, in the Euro-Atlantic region
from November to April the maximum frequency is observed within 0-35 W, while
during the period from May to October it tends to shift eastward to 30-60 E. For the
Pacific Ocean the maximum frequency region of blockings tends to shift in the opposite
direction: during the winter period it is located eastward of 180, while in summer it
shifts to the western part of the Pacific Ocean. The specified features of the blockings
annual cycle generally correspond to those that have been obtained on the basis of other
methods of the blocking anticyclones detection (e.g. [5]).
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Fig. 2. Interannual variability of blocking days number in the Northern Hemisphere in
summer and winter. Time series of the mean number of blocking days in Euro-Atlantic
region (60W-60E) are also shown (10-years running means are shown with solid lines).

Interannual variations of blocking frequency in winter and summer are presented in Fig.
2. For the period of 1985-2005 the prominent negative trend of blocking days number is
noted both in Euro-Atlantic and Pacific regions of the Northern Hemisphere in winter
and in summer. At the same time, it is necessary to take into account the existence of
nonlinear interdecadal variability of blocking days number.

This work was supported by the RFBR and RAS. Interannual variability of
atmospheric blockings was analyzed in the framework of the RSF project (14-17-
00806).
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