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Abstract—Based on the NCEP/NCAR and ERA-Interim reanalysis archives, we investigated different
methods to detect atmospheric blocking events in Western Siberia. Two criteria were studied that are
based on calculating meridional gradients of the 500 hPa height and potential temperature at the dy-
namic tropopause. A situation is considered blocking, when it features a gradient inversion of the inves-
tigated characteristics. Additionally, we performed a synoptic analysis of individual blocking events.
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1. INTRODUCTION

Problems of atmospheric blocking have been paid increasing attention to [1, 4, 7, 9-12, 14, 16-22] every
year. During atmospheric blocking, the westerly jet and eastward shift of circulation systems characteristic
of the mid-latitudes are violated. Extreme weather phenomena, such as droughts in summer and extreme
colds in winter, are related to blocking events. Besides temperature anomalies, blockings produce condi-
tions for the essential redistribution of precipitations [17], gas and aerosol components of air [4, 8, 22].

Western Siberia is not a region with high atmospheric blocking frequency [10]. Nevertheless, even at
low frequency, atmospheric blockings may impact weather conditions and living circumstances of people
in the region. A vivid example is the episodes of winter [1] and summer blocking in 2012. In Western Sibe-
ria, June 2012 was the warmest since 1891, and December 2012 was the coldest in the history of instrumen-
tal observations [3]. So, there is an essential necessity in more detailed investigations into the variability of
blocking events in the region.

At present, the Western Siberian climatic variability of the temperature and moisture regime, synoptic
processes, and atmospheric gas composition has been studied in detail [5, 6, 8], but blocking variability
practically has not been investigated. The results obtained generally for the Siberian-Ural region, for exam-
ple in [11, 12], fill the existing gap to a certain extent. However, one cannot confidently assert that the
blocking frequency variations obtained for such a vast region are equally characteristic of its separate parts.

To investigate blocking events, one uses different indices (criteria) of blocking. The main goal of any
blocking index is to determine objectively the number of blocking events and their geographical position
during a certain time interval. In the recent decades, not only the classical methods for blocking detection
[2, 16, 20, 21] have been updated, but also new approaches [18, 19] have been developed. The possibilities,
merits, and demerits of criteria of detecting blocking situations proposed at present may differ substantially
for different regions. The goal of our paper is to select (based on the data from several reanalysis archives)
the most suitable criterion to autodetect blockings in Western Siberia.
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2. DATA AND METHODS
2.1. Detecting Blocking Events in the Atmosphere

The main task of any blocking index is to determine objectively the number of blockings and their geo-
graphic location during the certain time period. Before switching to the analysis of the existing methods, we
note several important facts that are the key ones for all the criteria. In 1950 paper [20] provided a definition
of the blocking process in the atmosphere for the first time. One of the basic conditions for blocking exis-
tence, according to the author, is splitting of the westerly jet into two branches that are significant in terms
of airmass transport. Currently, it is considered [19] that a necessary blocking component is the presence of
a large-amplitude equivalent-barotropic anticyclone poleward of the anomalous eastern jet.

Depending on the pressure field configuration, one identifies two basic types of blocking [14]:
monopole and dipole. A monopole blocking looks like an intensified ridge, and there are atmospheric
troughs at its foot on either side. Due to its shape, such blockings are termed “Omega” (Q2). A dipole block-
ing in space looks like the meridionally-oriented numeral 8 comprising a blocking anticyclone and a cy-
clonic region. The anticyclone is from the blocking polar side, and the cyclonic part is from the equatorial
side. To honor the researcher who identified this blocking type, the latter is referred to as “Rex” [14].

A number of studies deal with methods for blocking detection [2, 10-12, 16, 18-21]. Until now, there
are many disputable issues, particularly, when studying blockings in certain regions. One of the detailed re-
views of the existing blocking criteria is proposed in [9]. As the studied region (Western Siberia, 60°-90° E)
was selected somewhat artificially in terms of atmosphere circulation features, we do not address the
blocking criteria that are rather intended to calculate the blocking intensity. Using similar criteria (blocking
action, block intensity) is expedient when investigating large regions, because this implies calculating the
difference between the blocking anticyclone center and its periphery as well as integrating its characteris-
tics. We constrain ourselves to comparing two criteria enabling us to establish the presence of blocking for
each individual longitude. These criteria are based on calculating the gradients of meteorological charac-
teristics on either side of the blocking central latitude (). This parameter (¢.) is a key one in diagnosing
blockings, because it reflects the region of Rossby wavebreaking [18] and is calculated by the climatic
position of the storm track (eddy kinetic energy at the 300 hPa height).

The first approach was laid already in 1950s [20]. The criteria based on this approach have been devel-
oped in many studies. We select one of them proposed in [16] and updated by the present paper authors in
[21]. According to [21], the following gradients are calculated:

GHGS = 290 — Z(cps);

SN (1)
GHGN = 2(@.) = 2(9,)

(Pn - (PO

where Z is 500 hPa geopotential height at latitude ¢ and longitude A; ¢, =80°N £ A, 9y =60°N £ A, o=
=40°N £ A, A =4°.

A situation is considered blocking, when GHGS > 0, GHGN <—-10 m/degree of latitude. Another (addi-
tional) condition signifies that there should be a strong western stream north of the blocking; thereby, the
cases of anomalous southward shift of the mid-latitude jet stream are eliminated from “the blocking cata-
log.”

The other used index was proposed in [18, 19]. This is the so called PV-6 blocking criterion based on the
estimate of the atmosphere dynamic characteristics, potential vorticity (PV) and potential temperature (0).
To establish a blocking fact, one studies the variation in the potential temperature at the dynamic
tropopause (PV-0) relative to ¢.. In the Northern Hemisphere, the dynamic tropopause is approximated by
the 2 pvu surface, 1 pvu= 10K m?/(kg s). The PV-6 index has great values for the tropical tropopause and
smaller ones for the polar tropopause. As PV-0 (at some assumptions) may be considered as material, the
investigation into its directional distribution enables us to identify not only the blocking event presence but
also the origin of airmasses in the blocking surroundings as well as their transformation. To autodetect
blocking, one calculates differences in the total values of potential temperature:

2 Qo+ Ap/2

2
B_A

®
Odp — j 0dp Q)
where ¢ = @A) £ A, A =4°
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Fig. 1. Distributions of (a, ¢) the 500 hPa geopotential height and of (b, d) the potential temperature at the dynamic tropopause
at 12:00 GMT for the blocking events on (a, b) January 31, 2012 and (c, d) December 14, 2012. The distributions are built
from the ERA-Interim reanalysis data.

According to [18, 19], B < 0 in the westerly jet, and 3> 0 in the regions with blocking.

As noted in [19], the PV-0 value, being a dynamic characteristic, is more sensitive than the geopotential
surface height. Therefore, its spatial distribution appears more detailed. For example, Figure 1 provides Zs
and PV-0 distributions at 12:00 GMT on January 31, 2012 and December 14, 2012. One can clearly see
“filaments” in the potential temperature distribution (Figs. 1b and 1d) that reflect airmasses of different
origin. Apparently, the PV-0 value “motley” distribution elucidates the selection of a sufficiently wide
band for the Ap = 30° integration, instead of selecting simply several values in certain regions, like for the
GHGS criterion.

A more fundamental difference for the addressed criteria is selecting the ¢ value. When calculating the
GHGS criterion in the Northern Hemisphere for all longitudes it is assurred that, ¢, = 50°N (¢5). To calcu-
late 3, [19] proposed another approach to determine ¢ .. Based on the analysis of a large dataset, it was shown
that the climatic position of the storm track differs significantly in different longitudinal sectors. Therefore,
when calculating 3, the authors of [19] used the latitude ¢, that changes depending on the longitude. Such an
approach helped to obtain an essential decrease in the blocking frequency in the west of the Pacific Ocean, as
compared with the application of the fixed latitude ¢s,. According to the calculations in [18, 19], in Western
Siberia @ is approximately 8° to the north of ¢ 5,. The number of the blockings detected in Western Siberia
obtained in the calculations by applying ¢, increases by several times. Additionally, the blocking frequency
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Table 1. Mean blocking frequency (%) in Western Siberia in 1979-2014

Pso D5 Pso D,
Parameter
GHGS | GHGS + GHGN | GHGS | GHGS + GHGN B B+ GHGN B | B+ GHGN
Instantaneous blocking
F
NCEP/NCAR | 5.73 5.49 13.15 8.24 - - - -
ERA-Interim 5.79 5.51 13.44 8.52 12.61 10.96 22.89 12.38
AF 5 0 142 52 129 99 316 125
Blockings longer than five days
NCEP/NCAR | 2.42 2.23 6.02 3.22 - - - -
ERA-Interim 2.29 2.08 5.79 3.09 2.33 1.90 6.16 2.56
AF 9 0 174 47 12 -9 196 23

minimum obtained near 90° E (when calculating with ¢ = 50° N), shifts eastward, into the 135° E region.
With account of such fundamental differences in the number of the detected Western Siberian blockings,
the estimate of justifying the ¢, use for the investigated territory was especially relevant. Therefore, we
calculated the blocking frequency for both criteria by applying @; and 5.

Also, it was interesting to determine how the role of the GHGN condition changes when blocking is auto-
detected by applying ¢s, and @;. When calculating the criteria with ¢, it was necessary to change the
parameters of the additional GHGN condition. Since in Western Siberia the blocking central latitude shifts by
8° on average, we considered expedient to use the following parameters: ¢, =85°N £ A, ¢, =65°N £ A. The
A parameter depending on the scale of the used grid played an important role in selecting these indicators.

In our study all the blockings are categorized into instantaneous blockings (IBs) and 5-day (and longer)
blockings (B5). According to [19], the situations corresponding to the above criteria over at least one obser-
vational interval were included in the first category. Further in the paper, we add @5, to the name of the cri-
terion calculated by using the standard blocking latitude, whereas ¢, is added to the name of the criterion
calculated by using the “floating” latitude.

2.2. Calculating the Blocking Frequency

We calculated the blocking event frequency in percentage. The product of days in a year (=365 or 366)
and the number of grid points (/ = 13) within the 60°-90° E range at the 2.5° grid step is taken as 100%
(the greatest possible number of realizations). The IB frequency was calculated as the ratio of the number
of cases meeting the blocking conditions to the greatest possible number of all realizations within the
indicated range. The B5 frequency was calculated as the ratio of the total of the blocking days (with 5-day
and longer blockings) to the greatest possible number of realizations. For our study we use the data from
two reanalysis archives: NCEP/NCAR [15] (Zs5q) and ERA-Interim [13] (Zsq0, PV-0). All the data have the
2.5° spatial resolution; thus, A is 5°. When calculating by formulae (1) and (2), we selected the maximum
value of five (¢ * 5°, £ 2.5°, % 0°) for all the @ = A parameters.

3. RESULTS

3.1. Mean Blocking Frequency

Table 1 presents the results of calculating the mean blocking frequency () in Western Siberia (IB and
BS5) over 1979-2014. The AF value was calculated as follows:

AF = [F - 1} % 100% 3)

b
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Table 2. Correlation coefficients for the blocking criteria in Western Siberia to the base criterion over 1979-2014

. (Pso (pk (pSO (p),
Blocking
GHGS GHGS GHGS + GHGN B B + GHGN B B+ GHGN
1B 0.99 0.45 0.73 0.76 0.75 0.16 0.54
B5 0.99 0.45 0.70 0.74 0.69 0.29 0.51

where F}, is the blocking frequency determined by the basic criterion, for which we accept GHGS(p5¢) +
+ GHGN(5¢), and F are the blocking frequency values determined by any other criterion. We selected the
basic criterion in favor of the criterion with the least blocking frequency.

Table 1 provides the mean AF values for two archives. Apparently, the results obtained for different
reanalysis archives agree well. However, the results obtained for different criteria differ substantially. First
of all, one should focus on the following aspects of applying different blocking characteristics and different
versions of determining the central latitude:

1. A change in the central blocking latitude leads to an increase in the number of the detected blockings
for both considered criteria. Herewith, the correlation coefficients (Table 2) for the basic criterion and for
the criteria with ¢, are insignificant. This implies that the criteria with ¢, record the situations that the
criteria with @5, do not detect at all. If the criteria with ¢, detected the same events as the criteria with @5,
but for a more extended interval, such an increase in frequency would not lead to an abrupt decrease in the
correlation coefficients, particularly, for the B(¢,) criterion.

2. Addition of the GHGN condition does not play a significant role for the criteria with @5, particularly,
for GHGS(@5,). For this criterion, eliminating the situations of the strong southward shift of the jet stream
showed only 5 and 9% of similar cases of the total number for IBs and B5s, respectively. The account for
the GHGN(¢;,) condition leads to an essential decrease in the number of the detected blockings, but in this
case their relation to the basic criterion increases notably (Table 2). The revealed fact may evidence that the
criteria with ¢, identify much more situations for whose elimination GHGN was developed. Nevertheless,
even after accounting for the GHGN condition, the number of the blockings detected by the criteria with @;,
remains more than that detected by the criteria with ¢ s,. Herewith, for the 3(¢;) criterion, the calculation
results are much more ambiguous than those for GHGS.

3. Table 1 shows that for the GHGS indicator only about half of the blocking cases are long-term B5
events (“true” blockings), whereas the remaining part of the gradient reversal situations represents a sepa-
rate class of phenomena that have been less studied by now. Therefore, one may have expected the ratio
between these two blocking types to probably change at the @ variation. It appeared, however, that the dif-
ferences for the GHGS indicator are insignificant (particularly, when accounting for the GHGN condition),
i.e., the @ variation simultaneously leads to an increase in the number of both long-term events and “in-
stantaneous” blockings. Quite different situation is observed for the 3 criterion. However, as the differences
for this criterion in detecting B5s and IBs are not only in the ¢ variation, below we discuss in greater detail
the usage of the [ criterion to detect blocking events.

4. The correlation coefficients for the B(s5,) criterion and for GHGS (¢ 5) are sufficiently great (Table 2),
which evidences in favor of preferential identification of the same events by these criteria. There are, how-
ever, essential differences in detecting IB and B5 blockings through 3, simultaneously both for (¢ o) and
for B(¢;). The number of IBs detected by the 3 criterion is essentially more than that for the basic criterion;
for long-term B5 events, particularly accounting for the GHGN condition, this difference is not significant
(Table 1). Differences in detecting IBs and B5s through p are especially clear as compared with the already
described GHGS criterion (for which the deviation from the basic criterion is constant both for IB and for
BS).

This implies that the 3 criterion, being more sensitive, enables one to identify more short-term events
of the PV-0 gradient reversal. As noted above, one should perform a more detailed analysis of these events.
In Fig. 2 we provided the Zso, and PV-0 distributions for the situations when only B(pso, ¢;) meets the
blocking condition of all the used criteria. Herewith, the GHGN condition is satisfied in both cases. On the
Zsq distribution map, in the former case (February 6, 2001, Fig. 2a) one can see a blocking near the western
boundary of the investigated region, but the blocking practically does not affect Western Siberia. At the
same time, if one examines the PV-0 distribution (Fig. 2b), a blocking is recorded throughout the entire
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Fig. 2. The same as in Fig. 1, but for the blocking events on (a, b) February 6, 2001 and (c, d) December 3, 2001.

60°-90° E. In the latter case (December 3, 2001) in the Zs, field over Western Siberia there is no blocking
anticyclone (Fig. 2¢), but the PV-0 distribution (Fig. 2d) evidences the contrary situation.

The B greatest values are within the region where the GHGS(¢s,) > 0 and the GHGN(psy) < —10
conditions are met (the figure is not presented). Judging by the above examples, inclusion of the remaining
part of the B> 0 values in automatic blocking recording remains in doubt so far.

3.2. Analysis of Individual Blocking Events

To clarify the reasons for a greater number of the blocking events detected by the criteria with the more
northern blocking latitude (¢,), as to well as elucidate the roles of the GHGN condition for similar events,
we address the features of detecting blocking events for one of the most contrasting intervals, the year
2001. When calculating the IB frequency with no account for GHGN, it appeared that for the criteria with
¢, the number of the detected blockings is more than that for the criteria with @5, by a factor of 4 and 2 for
GHGS and B, respectively. The analysis of the longitude-time section of the detected events (the figure is
not presented) showed that the greatest differences are in summer.

Let us address individual blocking cases recorded only by the criteria with ¢,. To begin with, we focus
on the events at which GHGS(¢,) and B(¢;) showed the blocking presence, but the GHGN condition was
not met (Figs. 3a—3d). One can see in the figures that over the Western Siberia, in fact, there is a situation of
reversal of the Zs,, meridional gradient (Figs. 3a and 3c) and of PV-0 (Figs. 3b and 3d), but the sign reversal

RUSSIAN METEOROLOGY AND HYDROLOGY Vol. 42 No. 10 2017
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Fig. 3. Distribution of the (a, b, e, h) 500 hPa geopotential height and of the (c, d, g, j) potential temperature at the dynamic
tropopause at 12:00 GMT; (f, 1) the stream lines at 850 hPa for the blocking events on (a, ¢) August 22,2001, (b, d) June 12,
2001, (e, f, g) July 13, 2001, and (h, i, j) June 10, 2001. The distributions are built from the ERA-Interim reanalysis data.

of these values occurs because of the deep intrusion of a tropospheric trough from the northwest. Thereof,
the pressure in the southern regions of Western Siberia appears higher than that in the northern regions,
calculation of the GHGS(¢,) and B(,) criteria evidences the blocking presence over Western Siberia, but
the blocking is not observed in fact. The synoptic analysis of pressure and isentropic fields over the entire
observational interval in the cases when only the criteria with ¢, met the blocking condition, showed that
there are many similar situations for the Western Siberia territory in the summertime. Unfortunately, it is
impossible to consider even their small part within one paper. However, we assume that it is these cases that
cause an essential increase in the number of blockings over Western Siberia illustrated in the plot of the
mean blocking frequency in [18, 19]. Although these synoptic formations may be sufficiently stable (as
many as five days and more) and their frequency for Western Siberia is sufficiently great, they cannot be
attributed to blocking events in the calculations of a long-time variability due to the absence of a large-scale
barotropic anticyclone over the region. One might assume that with the account for the GHGN additional
condition it would be possible to avoid recording the situations described above. However, it appeared that
there is also a probability to detect “cutoff cyclones” when observing the GHGN condition. The
distributions in Figs. 3e-3g demonstrate a region of a “cutoff” low pressure over Western Siberia, whereas
the criteria with ¢, identify it as a blocking. At the same time, the GHGN condition is met, because there is
a sufficiently strong westerly jet over the low pressure region (Fig. 31).
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There are also such configurations of the 500 hPa height field for which the GHGS(g ) criterion does not
detect blocking over Western Siberia due to a strong northward shift of the blocking anticyclone. The criteria
with @, also record such cases, and the GHGN condition is met in this case. The situation in Figs. 3h-3j
may be an example: from the streamline configuration (Fig. 3i) one can see that the situation is, in fact,
blocking, but due to the extreme north position, the GHGS(¢@5,) criterion does not detect a similar situation.
It is important to note that in this case the duration of the described situation is not too long (June 9 and 10).
Already on June 11 over Western Siberia the situation was observed with the cutoff low described above.

4. CONCLUSION

Thus, the analysis showed that the results of calculating the blocking event frequency for the two
reanalysis archives appeared to agree well among themselves. However, for the different criteria and meth-
ods of setting the blocking central latitude, the number of blockings detected in Western Siberia differs sig-
nificantly. The [ criterion calculated based on PV-0 was established to be more sensitive to atmospheric
variations, and it detects such weak gradient reversals that often do not manifest themselves in the 500 hPa
field. However, the synoptic analysis of individual cases showed that these reversals may not often evolve
to the blocking state. The PV-0 gradient greatest values agree with the region where the Zs, gradient values
meet the blocking condition, i.e., the efficiency of the addressed criteria is comparable for the most evolved
blocking situations.

Detecting blockings by calculating the PV-0 gradients, as well as by using ¢, is a too subtle and am-
biguous instrument that requires involving a synoptic analysis. However, calculating PV-0 and ¢, may be
useful when analyzing individual events in detail, thus improving the insight into the dynamic processes
occurring in the atmosphere during blockings. To autodetect blockings in Western Siberia the criterion
based on calculating the Zs, gradients with applying the fixed central ¢, blocking latitude is more
appropriate.
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