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Ab stract—The au thors have de vel oped a clas si fi ca tion of the con di tions for the Novorossiysk bora for -
ma tion based on the data on the syn op tic con di tions pre ced ing the phe nom e non and con trib ut ing to its
de vel op ment. The Azores, North At lan tic, Si be rian, and Arc tic classes of the Novorossiysk bora have
been iden ti fied. The au thors also has de vel oped a syn op tic and cli ma tic method for clas si fy ing the cases
of the Novorossiysk bora, which con sists in tran si tion from an a lyz ing typ i cal schemes of syn op tic pro -
cesses to an a lyz ing di rectly the fields of sur face pres sure and geopotential height that char ac ter ize each
syn op tic class of the Novorossiysk bora. The use of this method made it pos si ble to use the data of mod -
el ing pres sure fields, which are sim u lated by mod els much better than wind fields, for the fore cast of the 
phe nom e non. Due to this method,  it be came pos si ble not only to de tect cases of the Novorossiysk bora,
but also to iden tify their classes for a long pe riod from 1979 to the pres ent and also to make a fore cast of
the fre quency of the Novorossiysk bora in the 21st cen tury. It has been found that the num ber of the
bora events of the Si be rian class, against which the bora of the fron tal and mon soon types be long ing to
the most ex treme ones in terms of their me te o ro log i cal char ac ter is tics and con se quences is more of ten
ob served,  will in crease in the pe ri ods of cli mate warm ing.

DOI: 10.3103/S1068373924110098

Key words: Novorossiysk bora, syn op tic con di tions, cli mate fore cast, nu mer i cal mod el ing, se vere
weather event

IN TRO DUC TION

The Novorossiysk bora is a strong gusty wind di rected down moun tain slopes to ward the sea in the area
from Anapa to Tuapse and caus ing a fast and sharp cool ing in win ter. In Novorossiysk, the bora is man i -
fested most strongly: the av er age an nual num ber of days with the bora is above 30–40, and their max i mum
fre quency is reg is tered in No vem ber–March [6, 8–10]. The wind gusts ac com pa ny ing the bora can ex ceed
40–50 m/s. Dur ing the bora, a fast air tem per a ture drop for sev eral hours is of ten ac com pa nied by the for -
ma tion of heavy glaze on coastal fa cil i ties and ships, some times lead ing to their de mo li tion and flood ing
and to a sig nif i cant eco nomic dam age for the re gion. The com bi na tion of a strong and du ra ble cold wind,
high air hu mid ity, and a dra matic tem per a ture drop cre ates ex tremely un com fort able con di tions for the
pop u la tion and the en vi ron ment, some times lead ing to ir re vers ible loss. In view of this, de spite the lo cal na -
ture of the phe nom e non, the ex plo ra tion of the bora is still rel e vant from both fun da men tal and ap plied
points of view, mak ing it pos si ble to re veal the pat terns of the long-term dy nam ics of the fre quency of high
wind speeds typ i cal of the bora and to get closer to un der stand ing the role of cli mate change in these pro -
cesses. The cli mate fore cast of the Novorossiysk bora is also of prac ti cal im por tance, since the in for ma tion
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about the bora ob tained from the fore cast will al low as sess ing the wind im pacts and con se quences of the
bora and, if nec es sary, tak ing early mea sures to mit i gate a po ten tial dam age.

The exploration of the Novorossiysk bora became more active in the late 19th century. For example,
based on analyzing the data for 1891–1900, N.A. Korostelev revealed an important pattern: the bora happens
“…when the air pressure in the country rises quickly, forming the barometric maximum, and, as a result,
there is a strong pressure fall towards the sea, where the conditions favorable for the formation of
barometric minima are constantly present” [7]. This means that he was the first to conclude that the bora is
mainly formed under a certain type of large-scale circulation in the presence of local factors that are favo-
rable for its development.

A de tailed and fre quently used genetic classification of the Novorossiysk bora was pre sented in the pa -
pers by A.M. Gusev et al. [8] based on the ob ser va tions in 1891–1900 and 1952–1954. Ac cord ing to this
clas si fi ca tion, four types of the Novorossiysk bora are dis tin guished: downslope, airmass, mon soon, and
fron tal one. For ex plicit con sid er ation of large-scale at mo spheric pro cesses and their type, E.K. Semenov et 
al. [10] de vel oped a syn op tic clas si fi ca tion that does not con tra dict the ge netic one but com ple ments it in
terms of the fea tures of gen eral at mo spheric cir cu la tion and mu tual po si tion of pres sure sys tems in the sur -
face and lower at mo spheric lay ers. Ac cord ing to the clas si fi ca tion of E.K. Semenov et al., the fol low ing
syn op tic types of the Novorossiysk bora are dis tin guished: the Azores, North At lan tic, Si be rian, and Arc tic
ones. For iden ti fy ing the types of the Novorossiysk bora, other ap proaches us ing the meth ods of clus ter
anal y sis ap plied to sur face pres sure fields were also used. For ex am ple, V.V. Efimov et al. [6] dis tin guished 
two types of the sur face pres sure field con fig u ra tion for the cases of the Novorossiysk bora. Other au thors
ba si cally paid at ten tion to case stud ies and their mod el ing in lim ited ar eas [12, 13].

The nov elty of the pres ent pa per con sists in re veal ing a con nec tion of syn op tic con di tions and the con -
fig u ra tion of a large-scale pres sure field with the Novorossiysk bora oc cur rence for a long pe riod, which
makes it pos si ble to es ti mate the trends in its fre quency. The ten-year pe riod 1998–2007 was an a lyzed to
pro duce the syn op tic clas si fi ca tion of the Novorossiysk bora in [10], while the long-term anal y sis in the
pres ent study used the ERA-Interim reanalysis data on sur face pres sure and 850 hPa geopotential height
over the cold sea son (Oc to ber–April) for 1979–2015.  

The ob jec tive of the pres ent study is to in ves ti gate the av er age long-term fea tures char ac ter iz ing the fre -
quency of dif fer ent types of the Novorossiysk bora events ac cord ing to the syn op tic clas si fi ca tion against
the back ground of mod ern and pro jected cli mate change us ing ob ser va tions and mod el ing based on typ ing
of large-scale at mo spheric pro cesses. 

DATA AND METHODS

Estimation of the prob a bil ity of a se vere weather event and in ves ti ga tion of its fu ture dy nam ics re quires
knowl edge of phys i cal con di tions that are fa vor able for the de vel op ment of this phe nom e non, its char ac ter -
is tic struc ture and life cy cle, as well as the lo cal fea tures af fect ing its evo lu tion. This is par tic u larly valid for 
events whose math e mat i cal mod el ing is com pli cated at the cur rent stage of sci en tific de vel op ment. In other
words, “it is nec es sary to de velop a con cep tual model of a phe nom e non, the knowl edge of which gives a
fore caster con fi dence in a need for in tro duc ing cer tain changes in fore cast prod ucts of the model” [2].

The uniqueness of the synoptic classification consists in a comprehensive approach used to understand
the essence of large-scale atmospheric processes that contribute to the formation of the Novorossiysk bora.
The synoptic classification continues and strengthens in details the genetic classification by A.M. Gusev
et al. [8].

The fol low ing data were used for a long-term syn op tic sys tem ati za tion of the Novorossiysk bora events
in 1979–2015: (1) the syn op tic clas si fi ca tion of the Novorossiysk bora events for the cold sea son (No vem -
ber–April) [10] for 1998–2007 (95 cases) ac cord ing to sur face, ra dio sonde, sat el lite, and ra dar ob ser va -
tions; (2) the re sults of the ERA-Interim global reanalysis; (3) the nu mer i cal ex per i ments with the
WRF-ARW mesoscale model that were held dur ing the study for in di vid ual cases of the Novorossiysk bora
[4–6, 8, 13–15]. The set of di verse data made it pos si ble to pro ceed to a con cep tual syn op tic model of the
Novorossiysk bora [2, 10].

De spite the fact that ac cord ing to the Beau fort scale, a storm wind is a wind whose speed at a height of
10 m above the ground ex ceeds 20.8 m/s, the pres ent study con sid ers a wind with a speed of 10 m/s and
more as the Novorossiysk bora event (with the com pli ance of other char ac ter is tics). This thresh old value
was ob tained in [10], where the quan ti ta tive cri te ria for iden ti fi ca tion of the bora were de vel oped: pres sure
ten dency, sur face pres sure, air tem per a ture, wind speed, and pre cip i ta tion. Each ep i sode of the bora dur ing
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1998–2007 was clas si fied at first ac cord ing to the ge netic clas si fi ca tion [8] and then ac cord ing to the syn -
op tic clas si fi ca tion based on the quan ti ta tive cri te ria pro posed in [10]. 

The ERA-Interim reanalysis data [16] on the sea-level pres sure and 850 hPa geopotential height in the
cold sea son (Oc to ber–April) for 1979–2015 for the ter ri tory of 40°–70° N, 10°–60° E with a hor i zon tal spa -
tial res o lu tion of 0.75°  ́0.75° were used to get an idea of long-term vari a tions in the fre quency of the
Novorossiysk bora. The time pe riod from 1998 to 2007 was an a lyzed sep a rately since it cor re sponded to
the cal en dar of the Novorossiysk bora from [10], which in cluded 95 cases of the bora.

Based on the 36-year sam ple ob tained, the mean val ues of both pa ram e ters (sea-level pres sure and 850 hPa 
geopotential height) were com puted. Ad di tionally, for greater clar ity, the de vi a tions from the multiyear
mean (1981–2015) pres sure and geopotential height were cal cu lated. 

The INMCM 4 Earth cli mate sys tem model de vel oped at the Marchuk In sti tute of Nu mer i cal Math e mat -
ics of the Rus sian Acad emy of Sci ences [3] was used for the cli mate fore cast of the Novorossiysk bora for
2016–2100. The fre quency of dif fer ent syn op tic classes of the Novorossiysk bora was cal cu lated based on
the re sults of the nu mer i cal ex per i ments within the Cou pled Model Intercomparison Pro ject, Phase 5
(CMIP5). The ad van tage of the INMCM 4 model is that it is one of the best CMIP5 en sem ble mod els in
sim u lat ing the North ern Hemi sphere air pres sure field. The cal cu la tions were per formed for the re sults of
the CMIP5 ex per i ment [18] un der the RCP8.5 sce nario [17]. The air pres sure field for each “model day”
was com pared with the com pos ite field for a cer tain syn op tic class of the bora. For the com par i son, the spa -
tial cor re la tion of these two fields was es ti mated. If the cor re la tion co ef fi cient was above 0.95, it was as -
sumed that the spa tial struc ture of the pres sure field is fa vor able for the bora for ma tion on that day. The
choice of the value of 0.95 as an in di ca tor of the sim i lar ity of fields dem on strated a good con sis tency of the
fre quency of the bora events ac cord ing to the reanalysis and the model.

RE SULTS AND DIS CUS SION

The re sults have been ob tained based on the syn op tic clas si fi ca tion of the Novorossiysk bora de vel oped
by E.K. Semenov et al. ap plied for a lon ger (as com pared to [10]) time pe riod 1979–2015. This gives a ba -
sis for a greater in sight into long-term cli ma tic pat tern of syn op tic fea tures in the de vel op ment of the
Novorossiysk bora. 

The anal y sis of the com puted com pos ite fields of sea-level pres sure for the types dis tin guished in the
syn op tic clas si fi ca tion has shown that the Azores type is char ac ter ized by the pres ence of an elon gated
sublatitudinal high-pressure area over the cen tral part of Eu rope (about 1025 hPa in the cen ter). The pres -
sure dif fer ence with Novorossiysk, which is lo cated in a col in this case, is about 6–8 hPa. Over north ern
Eu ro pean Rus sia and Scan di na via, a vast low-pressure zone is ob served. On the map of the sur face pres sure 
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Fig. 1. The com pos ite maps of the sur face pres sure de vi a tion from the multiyear means (1979–2015) for dif fer ent classes
of the Novorossiysk bora: (a) the Azores, (b) North At lan tic, (c) Si be rian, and (d) Arc tic classes.



de vi a tions from the long-term means for the cho sen ter ri tory (Fig. 1a), the pos i tive max i mum is marked
over Ger many and the Czech Re pub lic. 

A sim i lar pat tern is ob served in the dis tri bu tion of the av er aged sur face pres sure field that forms the
Novorossiysk bora of the North At lan tic type. In this case, the high-pressure zone is also sit u ated over the
cen ter of Eu rope, but the pres sure at the cen ter is lower than for the Azores class, and the pres sure de vi a -
tions from the multiyear means are smaller (Fig. 1b). 

In case of the bora of the Si be rian class, the cen ter of a large an ti cy clone is on av er age lo cated over the
south ern part of the Ural Moun tains (with the pres sure above 1034 hPa), and its ridge oc cu pies al most en -
tire Eu ro pean Rus sia. This sit u a tion is also pre served at the level of 850 hPa. The main dif fer ence from the
first two classes is the fact that pos i tive anom a lies in the east of the an a lyzed ter ri tory are al most two times
greater (Fig. 1c).

The an ti cy clone ac com pa ny ing the Novorossiysk bora of the Arc tic class is sit u ated over the Barents
and Kara seas. This is the most pow er ful an ti cy clone. The pos i tive pres sure anom a lies oc cupy more than a
half of the study area with the max ima in the north (Fig. 1d).

The use of the syn op tic-climatic ap proach al lowed ob tain ing new data on the fre quency of the
Novorossiysk bora as a whole and of each of its types. It should be noted that ac cord ing to the reanalysis,
the num ber of cases of the Si be rian bora in creased (al most two times!) in 2008–2015 as com pared to
1998–2007, while the num ber of the bora events of the Azores and North At lan tic classes de creased, al -
though the to tal num ber of the Novorossiysk bora events al most did not change (a fig ure is not pre sented).

Ear lier [10], the com par i son of the syn op tic and ge netic [8] clas si fi ca tions re vealed that the stron gest
bora ac cord ing to the ge netic clas si fi ca tion (the bora of the fron tal and mon soon types [8]) is most of ten
ob served for the Si be rian or Arc tic classes of the syn op tic clas si fi ca tion. This com ple ments the re sults
presented in [6], where the prev a lence of the fron tal bora in the cold sea son is also noted.

The fron tal type of the bora [10] is char ac ter ized by high val ues of the pres sure ten dency (to –4 hPa per
past three hours), a low pres sure at the ob ser va tion point (not more than 1015 hPa), a dra matic tem per a ture
drop, and pre cip i ta tion. A wind speed for this type of the bora can reach 20–35 m/s. The fron tal bora is
never lo cal ized only in Novorossiysk. It al ways af fects a sig nif i cant part of the coast and can con tinue up to
ten days. The mon soon type of the bora is ac com pa nied by a sig nif i cant hor i zon tal tem per a ture con trast,
which in creases in the Black Sea area, the tem per a ture drops dra mat i cally (to –10…–20°C), and the wind
speed reaches 40 m/s! The mon soon bora can last from three to eleven days, i.e., this type of the bora is
most du ra ble [10].

Let us con sider one of the most strik ing cases of the bora for the 21st cen tury as an ex am ple of the struc -
ture of a large-scale pres sure field dur ing the Novorossiysk bora and of the evo lu tion of such struc ture.
Such syn op tic ap proach makes it pos si ble to un der stand the char ac ter is tic fea tures of a large-scale pres sure
field be fore, dur ing, and af ter the bora, which can help in fore cast ing the phe nom e non. 

In the win ter of 2012, the fron tal Novorossiysk bora was ob served against the syn op tic con di tions of the
Si be rian class. This ep i sode was stud ied and sim u lated by dif fer ent re search groups [1, 6, 12]. Dur ing this
bora, se vere frosts in south ern Eu ro pean Rus sia on the Black Sea coast were ac com pa nied by  strength en ing 
of north east ern wind dur ing the pe riod from Jan u ary 25 to Feb ru ary 10. Sea smoke and rapid ic ing of ships
oc curred in the Krasnodar krai (Kerch Strait) at wind speeds up to 26 m/s on Jan u ary 27–28 and in Novo-
rossiysk at hur ri cane winds to 38 m/s on Jan u ary 27. On Feb ru ary 7–8, wind speeds reached 26–29 m/s in
the Kerch Strait, 33–44 m/s in Novorossiysk, and 32–39 m/s in Gelendzhik. Hur ri cane and close wind
speeds led to a large-scale power fail ure, dam age to roofs and build ings, fall ing of trees, so the emer gency
re gime was in tro duced (https://meteoinfo.ru/novosti/8520-28012014).

The for ma tion of such strong bora in Jan u ary 2012 was as so ci ated with a large-scale trans for ma tion of
at mo spheric cir cu la tion, which led to an ab nor mal warm weather in the Rus sian Arc tic and an ex tremely
cold weather in South ern Eu rope (this sit u a tion was an a lyzed in de tail in [11]).

This large-scale trans for ma tion was caused by the move ment of the ridge of the Si be rian High to the so-
uthern Urals and the Lower Volga, where it had formed an in de pend ent cen ter with a max i mum pres sure of
1055–1058 hPa by mid-January 2018. As a re sult, fa vor able con di tions were formed for an in tense advec-
tion of warm air from West ern Eu rope and the At lan tic Ocean to the cen tral Arc tic Ba sin. The east ern trans -
port of the cold air from Si be ria and North ern Kazakhstan in ten si fied along the south ern pe riph ery of this
an ti cy clone, which fi nally led to for ma tion of high cold cy clones over the north ern Cas pian Sea. 

At the same time, an other high cold cy clone, which en hanced still more the advection of con ti nen tal air
from Si be ria to the Black Sea and the Bal kans, was formed over Tur key. This is a vivid ex am ple of the
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for ma tion of the fron tal Novorossiysk bora against the back ground of the syn op tic pro cesses of the Si be -
rian class. 

As men tioned above, the INMCM 4 model re sults were used to pro duce the cli mate fore cast of the
Novorossiysk bora fre quency in the 21st cen tury both for the to tal num ber of ep i sodes and with their di vi -
sion to syn op tic types. The sea-level pres sure fields, which are quite ac cu rately sim u lated by cli mate mod -
els, were used to de tect the bora events. At the pre lim i nary stage, the INMCM 4 air pres sure fields that cor -
re sponded to the syn op tic classes fa vor able for the Novorossiysk bora for ma tion were iden ti fied  [10]. The
ver i fi ca tion has shown that the spa tial con fig u ra tion of the pres sure field can be used as a sign of the risk of
the Novorossiysk bora de vel op ment.

The fol low ing con clu sions can be made from the re sults of the stage of cli mate fore cast. Dur ing the
warm ing in the 21st cen tury, the to tal num ber of the Novorossiysk bora events is ex pected to in crease (by
9% as com pared to 1979–2015). More de tailed anal y sis for 20-year pe ri ods has shown that the most no tice -
able in crease in the to tal num ber of the Novorossiysk bora events (26%) is ex pected in 2021–2040 and
2041–2060 (14%), and the re turn to the mod ern mean val ues will oc cur in the late 21st cen tury. Model sim -
u la tions of in di vid ual types of syn op tic con di tions un der which the Novorossiysk bora is formed dem on -
strate that the great est changes (by 50%) are as so ci ated with the North At lan tic type, the fre quency of the
Azores type is de creas ing in sig nif i cantly (by 7%), the one for the Arc tic type re mains close to mod ern one,
and the fre quency of the Si be rian type is in creas ing by 18%. This is as so ci ated with the fact that against the
back ground of cli mate warm ing, the great est changes are ob served in the Arc tic (a tem per a ture rise), which
con trib utes to the strength en ing of an ti cy clones in the north and north east of Eu ro pean Rus sia.

CON CLU SIONS

The use of the syn op tic-climatic method made it pos si ble not only to de tect the cases of the Novo-
rossiysk bora but also to de ter mine their syn op tic types for the pe riod from 1979 to 2015, to use the data of
mod el ing pres sure fields un til the end of the 21st cen tury for a cli ma tic long-term fore cast of the fre quency
of the Novorossiysk bora events, and to pro duce the fore cast of the Novorossiysk bora fre quency in the
21st century as a whole and for in di vid ual syn op tic types.

It has been found that in the pe riod of cli mate warm ing in the 21st cen tury, against an in crease in the
av er age number of the bora ep i sodes by 9%, the num ber of the ep i sodes of the North At lan tic type will
increase (by 50%), the fre quency of the bora events of the Azores type will de crease (by 7%), and the fre -
quency of the bora of the Si be rian type, dur ing which the cases of the fron tal and mon soon bora, which are
the most ex treme in terms of their me te o ro log i cal char ac ter is tics and con se quences, are most of ten observed,
will in crease (by 18%). 
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