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Ab stract—Based on the NCEP/NCAR and ERA-Interim reanalysis ar chives, we in ves ti gated dif fer ent
meth ods to de tect at mo spheric block ing events in Western Si be ria. Two cri te ria were stud ied that are
based on cal cu lat ing me rid i o nal gra di ents of the 500 hPa height and po ten tial tem per a ture at the dy -
namic tropo pause. A sit u a tion is con sid ered block ing, when it fea tures a gra di ent in ver sion of the in ves -
ti gated char ac ter is tics. Ad di tionally, we per formed a syn op tic anal y sis of in di vid ual block ing events.
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1. IN TRO DUC TION

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].

West ern Si be ria is not a re gion with high at mo spheric block ing fre quency [10]. Nev er the less, even at
low fre quency, at mo spheric block ings may im pact weather con di tions and liv ing cir cum stances of peo ple
in the re gion. A vivid ex am ple is the ep i sodes of win ter [1] and sum mer block ing in 2012. In West ern Si be -
ria, June 2012 was the warm est since 1891, and De cem ber 2012 was the cold est in the his tory of in stru men -
tal ob ser va tions [3]. So, there is an es sen tial ne ces sity in more de tailed in ves ti ga tions into the vari abil ity of
block ing events in the re gion.

At pres ent, the West ern Si be rian cli ma tic vari abil ity of the tem per a ture and mois ture re gime, syn op tic
pro cesses, and at mo spheric gas com po si tion has been stud ied in de tail [5, 6, 8], but block ing vari abil ity
practically has not been investigated. The re sults ob tained gen er ally for the Si be rian-Ural re gion, for ex am -
ple in [11, 12], fill the ex ist ing gap to a cer tain ex tent. How ever, one can not con fi dently as sert that the
block ing fre quency vari a tions ob tained for such a vast re gion are equally char ac ter is tic of its sep a rate parts.

To in ves ti gate block ing events, one uses dif fer ent in di ces (criteria) of blocking. The main goal of any
block ing in dex is to de ter mine ob jec tively the num ber of block ing events and their geo graph ical po si tion
dur ing a cer tain time in ter val. In the re cent de cades, not only the clas si cal meth ods for block ing de tec tion
[2, 16, 20, 21] have been up dated, but also new ap proaches [18, 19] have been de vel oped. The pos si bil i ties,
merits, and de mer its of cri te ria of de tect ing blocking situations proposed at present may dif fer sub stan tially
for dif fer ent re gions. The goal of our pa per is to se lect (based on the data from sev eral reanalysis ar chives)
the most suit able cri te rion to autodetect block ings in West ern Si be ria.
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2. DATA AND METHODS

2.1. De tecting Blocking Events in the At mo sphere

The main task of any block ing in dex is to de ter mine ob jec tively the num ber of block ings and their geo -
graphic lo ca tion dur ing the cer tain time pe riod. Be fore switch ing to the anal y sis of the ex ist ing meth ods, we 
note sev eral im por tant facts that are the key ones for all the cri te ria. In 1950 pa per [20] pro vided a def i ni tion 
of the block ing pro cess in the at mo sphere for the first time. One of the ba sic con di tions for block ing ex is -
tence, ac cord ing to the au thor, is split ting of the west erly jet into two branches that are sig nif i cant in terms
of airmass trans port. Cur rently, it is con sid ered [19] that a nec es sary block ing com po nent is the pres ence of
a large-amplitude equiv a lent-barotropic an ti cy clone poleward of the anom a lous east ern jet.

De pending on the pres sure field con fig u ra tion, one iden ti fies two ba sic types of block ing [14]:
monopole and di pole. A monopole block ing looks like an in ten si fied ridge, and there are at mo spheric
troughs at its foot on ei ther side. Due to its shape, such block ings are termed “Omega” (W). A di pole block -
ing in space looks like the me ridi on ally-oriented nu meral 8 com pris ing a block ing an ti cy clone and a cy -
clonic re gion. The an ti cy clone is from the block ing po lar side, and the cy clonic part is from the equa to rial
side. To honor the re searcher who iden ti fied this block ing type, the lat ter is re ferred 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 (jc). This parameter (jc) 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 ap proach was laid al ready in 1950s [20]. The cri te ria based on this ap proach have been de vel -
oped in many stud ies. We se lect one of them pro posed in [16] and up dated by the pres ent pa per au thors in
[21]. Ac cord ing to [21], the fol low ing gra di ents are cal cu lated:
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A sit u a tion is con sid ered block ing, when GHGS > 0, GHGN < –10 m/de gree of lat i tude. An other (ad di -
tional) con di tion sig ni fies that there should be a strong west ern stream north of the block ing; thereby, the
cases of anom a lous southward shift of the mid-latitude jet stream are elim i nated from “the block ing cat a -
log.”

The other used index was proposed in [18, 19]. This is the so called PV-q blocking criterion based on the 
estimate of the atmosphere dynamic characteristics, potential vorticity (PV) and potential temperature (q).
To establish a blocking fact, one studies the variation in the potential temperature at the dynamic
tropopause (PV-q) relative to jc. In the Northern Hemisphere, the dynamic tropopause is approximated by
the 2 pvu surface, 1 pvu = 10–6 K m2/(kg s). The PV-q index has great values for the tropical tropopause and 
smaller ones for the polar tropopause. As PV-q (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:
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where j0 = jc(l) ± D, D = 4°.
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Ac cord ing to [18, 19], b < 0 in the west erly jet, and  b > 0 in the re gions with block ing.
As noted in [19], the PV-q 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 Z500

and PV-q 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-q value “motley” distribution elucidates the selection of a sufficiently wide
band for the Dj  = 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 jc value. When calculating the
GHGS criterion in the Northern Hemisphere for all longitudes it is assurred that, jc = 50° N (j50). To calcu- 
late b, [19] proposed another approach to determine jc. 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 b, the authors of [19] used the latitude jl 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 j50. According to the calculations in [18, 19], in Western
Siberia jc is approximately 8° to the north of j50. The number of the blockings detected in Western Siberia
obtained in the calculations by applying jl increases by several times. Additionally, the blocking frequency
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Fig. 1. Dis tri bu tions of (a, c) the 500 hPa geopotential height and of (b, d) the po ten tial tem per a ture at the dy namic tropo pause 
at 12:00 GMT for the block ing events on (a, b) Jan u ary 31, 2012 and (c, d) De cem ber 14, 2012. The dis tri bu tions are built
from the ERA-Interim reanalysis data.



minimum obtained near 90° E (when calculating with jc = 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 jl use for the investigated territory was especially relevant. Therefore, we
calculated the blocking frequency for both criteria by applying jl and j50.

Also, it was interesting to determine how the role of the GHGN condition changes when blocking is auto-
detected by applying j50 and jl. When calculating the criteria with jl, 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: jn = 85° N ± D, j0 = 65° N ± D. The 
D parameter depending on the scale of the used grid played an important role in selecting these indicators.

In our study all the block ings are cat e go rized into in stan ta neous block ings (IBs) and 5-day (and lon ger)
block ings (B5). Ac cord ing to [19], the sit u a tions cor re spond ing to the above cri te ria over at least one ob ser -
va tional in ter val were in cluded in the first cat e gory. Fur ther in the pa per, we add j50 to the name of the cri -
te rion cal cu lated by us ing the stan dard block ing lat i tude, whereas jl is added to the name of the cri te rion
cal cu lated by us ing the “float ing” lat i tude.

2.2. Cal cu lating the Blocking Fre quency

We calculated the blocking event frequency in percentage. The product of days in a year (t = 365 or 366) 
and the number of grid points (l = 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] (Z500) and ERA-Interim [13] (Z500, PV-q). All the data have the
2.5° spatial resolution; thus, D is 5°. When calculating by formulae (1) and (2), we selected the maximum
value of five (j  ± 5°, ± 2.5°, ± 0°) for all the j  ± D parameters.

3. RE SULTS

3.1. Mean Blocking Fre quency

Ta ble 1 pres ents the re sults of cal cu lat ing the mean block ing fre quency (F) in West ern Si be ria (IB and
B5) over 1979–2014. The DF value was cal cu lated as fol lows:
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Ta ble 1. Mean block ing fre quency (%) in West ern Siberia in 1979–2014

Pa ram e ter
j50 jl j50 jl

GHGS GHGS + GHGN GHGS GHGS + GHGN b b + GHGN b b + GHGN

Instantaneous blocking

F
NCEP/NCAR
ERA-Interim
DF

5.73
5.79

5

5.49
5.51

0

13.15
13.44
142

8.24
8.52
52

–
12.61
129

–
10.96

99

–
22.89
316

–
12.38
125

Blockings longer than five days

NCEP/NCAR
ERA-Interim
DF

2.42
2.29

9

2.23
2.08

0

6.02
5.79
174

3.22
3.09
47

–
2.33
12

–
1.90
–9

–
6.16
196

–
2.56
23



where Fb is the blocking frequency determined by the basic criterion, for which we accept GHGS(j50) +
+ GHGN(j50), 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.

Ta ble 1 pro vides the mean DF val ues for two ar chives. Ap par ently, the re sults ob tained for dif fer ent
reanalysis ar chives agree well. How ever, the re sults ob tained for dif fer ent cri te ria dif fer sub stan tially. First
of all, one should fo cus on the fol low ing as pects of ap ply ing dif fer ent block ing char ac ter is tics and dif fer ent 
ver sions of de ter min ing the cen tral lat i tude:

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 jl are insignificant. This implies that the criteria with jl record the situations that the
criteria with j50 do not detect at all. If the criteria with jl detected the same events as the criteria with j50

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(jl) criterion.

2. Addition of the GHGN condition does not play a significant role for the criteria with j50, particularly, 
for GHGS(j50). 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(jl) 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 jl 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 jl

remains more than that detected by the criteria with j50. Herewith, for the b(jl) criterion, the calculation
results are much more ambiguous than those for GHGS.

3. Ta ble 1 shows that for the GHGS in di ca tor only about half of the block ing cases are long-term B5
events (“true” block ings), whereas the re main ing part of the gra di ent re ver sal sit u a tions rep re sents a sep a -
rate class of phenomena  that have been less stud ied by now. There fore, one may have ex pected the ra tio
be tween these two block ing types to prob a bly change at the jc vari a tion. It ap peared, how ever, that the dif -
fer ences for the GHGS in di ca tor are in sig nif i cant (par tic u larly, when ac count ing for the GHGN con di tion),
i.e., the jc vari a tion si mul ta neously leads to an in crease in the num ber of both long-term events and “in -
stan ta neous” block ings. Quite different sit u a tion is ob served for the b cri te rion. How ever, as the dif fer ences 
for this cri te rion in de tect ing B5s and IBs are not only in the jc vari a tion, below we dis cuss in greater detail
the usage of the b cri te rion to de tect block ing events.

4. The cor re la tion co ef fi cients for the b(j50) cri te rion and for GHGS (j50) are suf fi ciently great (Ta ble 2),
which ev i dences in fa vor of pref er en tial iden ti fi ca tion of the same events by these cri te ria. There are, how -
ever, es sen tial dif fer ences in de tect ing IB and B5 block ings through b, si mul ta neously both for b(j50) and
for b(jl). The num ber of IBs de tected by the b cri te rion is es sen tially more than that for the ba sic cri te rion;
for long-term B5 events, par tic u larly ac count ing for the GHGN con di tion, this dif fer ence is not sig nif i cant
(Ta ble 1). Differences in de tect ing IBs and B5s through b are especially clear as com pared with the al ready
de scribed GHGS criterion (for which the de vi a tion from the ba sic cri te rion is con stant both for IB and for
B5).

This implies that the b criterion, being more sensitive, enables one to identify more short-term events
of the PV-q gradient reversal. As noted above, one should perform a more detailed analysis of these events.
In Fig. 2 we provided the Z500 and PV-q distributions for the situations when only b(j50, jl) meets the
blocking condition of all the used criteria. Herewith, the GHGN condition is satisfied in both cases. On the
Z500 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-q distribution (Fig. 2b), a blocking is recorded throughout the entire
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Ta ble 2. Cor re la tion co ef fi cients for the block ing cri te ria in West ern Si be ria to the base cri te rion over 1979–2014

Block ing
j50 jl j50 jl

GHGS GHGS GHGS + GHGN b b + GHGN b b + GHGN

IB
B5

0.99
0.99

0.45
0.45

0.73
0.70

0.76
0.74

0.75
0.69

0.16
0.29

0.54
0.51



60°–90° E. In the latter case (December 3, 2001) in the Z500 field over Western Siberia there is no blocking
anticyclone (Fig. 2c), but the PV-q distribution (Fig. 2d) evidences the contrary situation.

The b greatest values are within the region where the GHGS(j50) > 0 and the GHGN(j50) < –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. Anal y sis of In di vid ual Blocking Events

To clarify the reasons for a greater number of the blocking events detected by the criteria with the more
northern blocking latitude (jl), 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 
jl the number of the detected blockings is more than that for the criteria with j50 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 jl. To begin with, we focus
on the events at which GHGS(jl) and b(jl) 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 Z500 meridional gradient (Figs. 3a and 3c) and of PV-q (Figs. 3b and 3d), but the sign reversal 
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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.



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(jl) and b(jl) 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 jl 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 jl 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. 3f).

RUSSIAN METEOROLOGY AND HYDROLOGY   Vol. 42   No. 10   2017

650 ANTOKHINA et al.

Fig. 3. Dis tri bu tion of the (a, b, e, h) 500 hPa geopotential height and of the (c, d, g, j) po ten tial tem per a ture at the dy namic
tropo pause at 12:00 GMT; (f, i) the stream lines at 850 hPa for the block ing events on (a, c) Au gust 22, 2001, (b, d) June 12,
2001, (e, f, g) July 13, 2001, and (h, i, j) June 10, 2001. The dis tri bu tions are built from the ERA-Interim reanalysis data.



There are also such configurations of the 500 hPa height field for which the GHGS(j50) criterion does not
detect blocking over Western Siberia due to a strong northward shift of the blocking anticyclone. The criteria
with jl 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(j50) 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. CON CLU SION

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 b criterion calculated based on PV-q 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-q gradient greatest values agree with the region where the Z500 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-q gradients, as well as by using jl, is a too subtle and am-
biguous instrument that requires involving a synoptic analysis. However, calculating PV-q and jl 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 Z500 gradients with applying the fixed central j50 blocking latitude is more
appropriate.
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