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In the research work, a statistical analysis of the fogs’ repeatability in the Kazakhstan sector
of the Caspian Sea, continuous duration, wind speed and direction, relative humidity was
carried out. Operational data of observations from the following stations were used: isl.
Kulaly, Fort-Shevchenko, Aktau and Tushchibek. The research period was from 1970 till
2020. Statistical analysis made it possible to identify the highest frequency of occurrence by
seasons, half-years, to estimate the continuous duration of fogs depending on the time of the
year and the location of the observation point. The maximum duration of the phenomenon
and the accompanying meteorological conditions are also noted. A comparative analysis of
the Fort-Shevchenko and Aktau stations was carried out. This made it possible to highlight
excellent areas of wind direction with the appearance of fogs. This is a consequence of
different baro-circulation conditions for the formation of the phenomenon. In the conclusion
of the work, that the highest frequency of fogs on the eastern coast of the Caspian Sea
is observed in the transitional seasons of the year, with the exception of Aktau station,
which is located much farther south of the other stations. The longest continuous duration
of fogs at the stations of Fort-Shevchenko, isl. Kulaly and Tushchibek are recorded in
winter, up to 6...8 days. At Aktau station up to 6...8 days in the warm half of the year.
Duration more than 60 hours on isl. Kulaly is celebrated during the cold season; the
maximum duration in Aktau and Tushchibek in recent decades is significantly less than
at other stations; a comparative analysis revealed that in Aktau the highest frequency of
occurrence is in the western and eastern sectors, and in Fort Shevchenko in the northern.
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INTRODUCTION

Fogs are dangerous phenomena that can
impede the movement of any type of transport.
A lot of scientific works are devoted to studies
of fog formation, their forecasting and analysis.
At the end of the last century, the research of fog
formation processes in Kazakhstan was mainly
carried out at the Kazakh Scientific Research
Hydrometeorological Institute, the Alma-Ata
Geophysical Observatory. There are well-known

the 1940 years (Moshkovich E.M., 1943). In the
1950s, T.A. Duletovawasengagedinthe synoptic-
aerological conditions of fogs in Kazakhstan.
The study used observational data from stations
located at the country’s airports. The work also
carried out a thorough analysis of aerological
conditions. All types of fogs are considered, as
well as phenomena that could precede them or
follow after them, such as rain, drizzle, haze
(Duletova T.A., 1957). In the modern period, the
studies of fogs in Kazakhstan are carried out by
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G.O. Orakova, G.T. Musralinova and other
scientists (Orakova G.O. et al., 2016). V.P.
Pastukh, L.E. Anapolskaya studied the annual
course of fogs, V.V. Smirnova, V.P. Shevchenko
studied the fogs of the northern seas of Russia,
where there is also a stable ice cover as in the
Caspian Sea (Pastukh V.P., 1960, Smirnov V.V.
et al., 2003). Fogs are observed from satellite
data, for example, using the EOS MODIS model
Chinese scientists determine the location of fogs
over the China Sea (Hao Zhengzhou et al., 2009).
The features of using a two-dimensional model
of the atmospheric boundary layer for estimating
the parameters of coastal fog for Siberian water
bodies based on reanalysis and the output data
of a regional climate model are also considered
(Nadezhina E.D. et al., 2010). Of course, the
main conditions for the formation of fogs their
features are given in many sources devoted
to hazardous phenomena, marine research
(Bukharitsin P.I. et al., 2014, Hydrometeorology
and hydrochemistry of the seas, 1992, Matveev
Y.L.,2005, Smirnov V. V.etal.,2003). Fog studies
were carried out both on land and in the sea area
of various regions (Dorman C.E. et al., 2020,
Gultepe L. et al., 2015, Koracin D. et al., 2014).
Limited visibility during fogs is a serious
hazard to shipping, fishing and coastal
services. Deterioration of visibility up to 2
km or less does not allow to fully carry out
loading and unloading operations in ports,
poses a danger to navigation and shipping.

During fog, the mooring of ships to bases,
transport refrigerators and tankers stops,
which leads to downtime of ships and lifting
equipment, the cessation of work in ports and
oil transshipment points (Bukharitsin P.I. et al.,
2014).Drivingwithlimitedvisibilityisprohibited.
During the cold period of the year in the Caspian
region, the frequency of fog is quite high,
especially long-term fog. Radiative and advective
fogs can form depending on synoptic conditions.
Radiation fogs, as a rule, form during the night
and morning hours, lasting up to 6 hours. They
appear in the crumbling spur of the Siberian
anticyclone. Radiation fogs practically do
not form during the warm season. Advective
fogs are longer and are formed in warm
sectors of cyclones. They also appear mainly
in the cold half-year (Hydrometeorology and
hydrochemistry of the seas, 1992, Matveev Y.L.,
2005, Uteshev A.S., 1959). Researches of fogs
in the Caspian Sea are relevant in the modern
period there are not many works in this direction
due to the limited source material and its access.

DATA AND METHODS OF RESEARCH

For the research work were used data of
observations from 4 meteorological stations
located in the North and Middle Caspian of the
period 1970...2020 (Aktau, Tushchibek Stations)
and1986...2020(Fort-Shevchenko,KulalyIsland
Stations). Their locations are shown in Figure 1.

Fig. 1. Map of the location of observation stations

The stations were selected in the sea
area, on the coast and on the continent, which

made it possible to consider how the orography
and local features affect the distribution of the

10



Scientific article

phenomenon. As data, we used information
about the recording of the phenomenon, the time
of the beginning and end of the phenomenon.
Conducted statistical analysis. Over the entire
period, the frequency of fogs was calculated
by months, seasons and half-years. The
duration of the events was also calculated.
Frequency of days with fog

The number of days with fog depends on
many factors: on synoptic conditions, surface,
time of year and day, proximity of the sea
and settlements, etc. The greatest frequency
of fogs in the East Coast - in the spring, early
summer and autumn. Longer fogs up to 8 days
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are observed in winter, with the exception of
Aktau, where the duration of the phenomenon
is maximum in the warm season, namely in late
spring and early summer (Fig. 2). This fact is
associated with the presence of abnormally
cold waters during this period, which increase
the possibility of steam condensation in the
drive layer. During the year, the movement of
warm water can cause fog formation from the
central part of the sea (Hydrometeorology
and hydrochemistry of the seas, 1992). Fogs
last up to 2 days in spring and autumn. There
are very few fogs from July to September.
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Fig. 2. Frequency of occurrence of various number of days with fog

Thedistributionofthenumberofdayswith
fogs by seasons and semesters is also different.
For the entire period the total number of days
with fogs at the stations was calculated (Table 1).

It follows from the table that the

largest number of foggy days are observed in
winter and autumn. However, in Aktau, the
maximum is observed in spring (334 days
for the entire period from 1970 to 2020).

Table 1
The number of days with fogs for the entire period

Cold | Warm

Station Winter | Spring | Summer | Autumn season | season A.l :
(Oct- (Apr- | period

March) | Sep)
Kulaly isl. 253 79 1 59 361 31 392
Fort- Shevchenko 146 118 16 42 234 88 322
Aktau 179 334 290 156 392 567 959
Tushchibek 328 93 6 132 517 42 559
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Rare fogs characterize the summer period, except
for Aktau. Kulaly Island station recorded such
fog 1 time in 35 years, at Fort-Shevchenko — 16
times, and at Tushchibek station for 51 years only
6 times. If we consider the total number of fogs,
then the highest frequency of their occurrence is
observed in Aktau (959 cases) which is several

times higher than the indicators at other stations.
The duration of the fogs
It is not only the frequency of fog recurrence that
is important, but also their continuous duration.
Table 2 presents information on the continuous
duration of the phenomenon by hours in
percentage terms for all months for the stations.

Table 2
Duration of fogs in percent per hour
Duration of fogs in hours
Stati | Mon [ g 4 >
on th 8... 12... 16... 20... 24... 28... 32... 36... 40... 44... 48... 6
4 8 12 16 20 24 28 32 36 40 44 48 60 0
Kula 1 41 3 3 3 6 3 9 13 3 3 9 3
ly 2 38 13 6 13 3 9 3 6 3 6
isl. 3 47 16 6 6 6 3 3 3 3 3 3
4 91 3 3 3
5 97 3
6 97 3
10
7 0
10
8 0
9 91 3 6
0 75 6 13 3
11 65 10 10 3 10 3
12 44 16 6 6 9 3 3 39
Fort- 1 51 6 11 6 3 11 3 6 3
Shev 5 59 12 3 12 3 6 3 3
chen 3 56 12 6 3 3 6 3 6 3 3
ko 4 69 9 11 3 3 6
5 71 17 6 3 3
6 97 3
7 94 6
8 94 6
9 94 3 3
10 8 6 3 3 6
11 91 3 3 3
12 54 14 17 3 3 3 6
Akta 1 65 14 10 2 2 4 4
u 2 75 4 12 8 2
3 48 16 12 6 8 4 2 2 2
4 39 29 10 8 6 2 2 2 2
5 53 10 10 6 8 2 4 2 4 2
6 49 18 18 2 4 2 2 4 2
7 47 20 12 2 6 4 4 2 2 2
8 67 14 10 2 4 2 2
9 76 4 8 4 2 2 2 2
10 61 20 10 2 4 2 2
11 69 14 6 4 2 2 2 2
12 69 10 10 8 4
Tush | 42 14 8 2 8 20 2 2 2
chib 2 64 12 6 6 4 2 4 2
ek 3 74 10 6 4 2 2 2
4 8 8 4 2
5 92 6 2
10
6 0
10
7 0
10
8 0
9 98 2
10 9% 6 2 2
11 55 16 10 6 6 2 2 4
12 45 16 6 6 8 6 2 4 2 4 2
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Naturally, duration up to 4 hours is more
often observed at all stations. More than 60 hours
on the Kulaly Island are observed in the cold
season, 3 and 9% of the total number of recorded
observations. The duration of fogs is 60 hours
in January and March at Tushchibek and Aktau
stations — 2%. More than 30 hours the duration
of fogs is not more than 13%, mainly from 3
to 6%. From 10 to 20 hours averages 8...10%.

According to this table you can
also notice a higher percentage in the
autumn-winter  period of the season.

It was also interesting to look at
the maximum values of the duration of the
phenomenon for the entire observation period
and the accompanying values of relative
humidity, wind speed and direction. Thus,
the maximum at the Fort-Shevchenko station
was in February 2002, the duration of the fog
was 56 hours. The humidity was 98-100%,
the wind speed was on average up to 3 m/s,
mainly in the western and southern sectors.

On the Kulaly Island Station the
maximum duration was in January 2001, it was
78 hours with a humidity of 97-100% the wind
of the northern sector at a speed of 0-3 m/s.

a) Fort-Shevchenko

At Aktau station, there were more
prolonged fogs in 1970...1980 period — 64
hours (1984, July), in the 21st century the
duration does not exceed 50 hours, a maximum
of 46 hours in 2010 in May. Also at Tushchibek
station the maximum was in 1971 — 71 hours.
And in recent years no more than 20 hours.

During researching, it was noticed that
there are some differences in the frequency
of fog in Aktau compared to other stations.
Undoubtedly, the main reason is the location of
the station (Gusak Zh.K. et al., 1976). The sea
currents are also influenced by the distribution
of the wind, respectively, the baric-circulation
field, and the proximity of the settlement. Even in
light winds, smoke from two adjacent chimneys
of different heights can be carried in different
directions. The fog zone over 200 m is usually
not transferred as a whole. The upper and lower
layers can be transported in different directions
at different rates (Koshelenko 1.V., 1977). For
a visual comparative analysis, the distribution
schemes of the amount of fogs depending on the
wind direction and speed at Fort-Shevchenko
and Aktau stations are presented for the period
from 2010 till 2020. (fig. 3). Wind speeds are

b) Aktau

Fig. 2. Distribution of the number of fogs depending on wind direction and speed at
Fort- Shevchenko and Aktau stations for the period from 2010 till 2020

Naturally, the recurrence of fogs at low
wind speeds of 1...2 m/s is the highest. The
highest frequency of fogs in Fort-Shevchenko
was noted in the northern sector — 28 cases at
wind speed of 1...2 m/s and even 2 cases at
wind speed of 7 m/s. In the Aktau, the highest
frequency of occurrence is in the western and
eastern sectors, 48 and 37 cases. Number of
fogs in the Aktau is higher than in the Fort-
Shevchenko station for the same period.

As aresult, prolonged fogs for more than
a day can be observed in the cold season, and
in Aktau in summer, which can lead to a long-
term deterioration of visibility. This, in turn, is
reflected in the work of shipping, fishing, etc.

Ships slow down and sometimes stop
sailing altogether. When visibility is less
than 1 km, restrictions are introduced for
small ships and for ships engaged in fishing.
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CONCLUSION

In the conclusion of the study,
the following conclusions can be drawn:

- the highest frequency of fogs on the
eastern coast of the Caspian Sea is observed
in spring and autumn, with the exception
of Aktau station, which is located to the
south. There, the maximum frequency of fog
is observed in the spring-summer period;

- the longest duration of fogs at the
stations of Fort Shevchenko, Kulaly Island and
Tushchibek are recorded in winter, up to 6-8
days, sometimes up to 10 days. At Aktau station
up to 6-8 days in the warm half of the year;

- the duration of the fogs is more than 60
hours on the Kulaly Island Station is observed
in the cold season, 3...9%. At Tushchibek
and Aktau stations, fogs for more than 60
hours are observed in January and March,
2%. More than 30 hours, the percentage of
duration does not exceed 13%, mainly from
3 to 6%. 10 to 20 hours on average 8-10%;

- the maximum duration in Aktau and
Tushchibek in recent decades is less than at the
stations of Fort-Shevchenko and Kulaly Island;

- in the Aktau, the highest frequency
of occurrence is in the western and eastern
sectors, 48 and 37 cases. Number of fogs
in the Aktau is higher than in the Fort-
Shevchenko station for the same period.
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KACHHI TEHIBTHIH KABAKCTAH/JABIK CEKTOPBIHIAFBI TYMAHIAPIBIH
CHUTIATTAMACEHI

7K.K. Haypo3oaeBa' reorp.rbuibiM, kanauaarel, .M. IllnmkuHa'

! «Kazeuopomemy» PMK Kacnuii meyiziniy euopomemeopono2usiviy sepmmeyiep 6acKkapmacsl,
Anmamul, Kazaxcman
e-mail: naurozbaeva.zhanar@mail.ru

Frimeimu-3eprrey xymbichiHaa Kacnuii TeHI31HIH Ka3aKCTaHJBIK CEKTOPBhIHAA TYMaHHBIH
KalTajmaHybl, Y3/I1KC13 Y3aKThIFbI, )KEJIIIH KbUIIaMIBIFbl MEH OAFBITHI, bIIFAJIIBUTBIKKA CTa-
TUCTUKAJBIK Tajaaybl kyprizuial. 3eprrey yuin Kynansr apan, @opr-1lleBuenko, Akray
xoHe TyIbpIOeK CTaHIUSIIapIbIH JKeIeT AepeKTepl naiaanansliasl. 3eprrey Mep3imi 1970-
2020 xox. XKeut mesriaepi OOWBIHIIIA TYMaHHBIH €H KOl KalTallaHybl aHBIKTaJIIbI. JKblT
Me3TrijliHe *KoHe 0aKbuIay HYKTECIHIH OpHajacyblHa OaillaHbICTBI Y3/IKCI3 Y3aKThIFbI €Cell-
tenred. @eHOMEHHIH MaKCUMaJlIbl Y3aKThIFbI MEH 17IECTIC METEOPOJIOTUSUIBIK JKaFaaiiap aa
oenrineneni. ®opr-llleBueHko xoHe AKTay CTaHIUSIAPBIHA CAJIBICTHIPMAIIBI TAJIIAY KYP-
3111, OyJ1 TYMaHHBIH Maiijia 00ybIMEH K€l OaFbIThIHBIH CEKTOPJIAPBIH aHBIKTayFa MYM-
KIHJIK O6epai, Oys1 KYObUIBICTBIH Maia O0TybIHBIH OapUKaNIbIK-UUPKYISIUSIIBIK JKaFdaiibiH
kepcereni. JKyMbICTBIH KOpbIThIHAA Kacmuii TeHI31HIH MIBIFBIC KarajayblHIa TYMaHHBIH
€H JKOFaphl XKULIIr Oip-OipiHEH OHTYCTIKTE OpHajackaH AKTay CTaHLMACHIH KOCIaraHa,
KBUIJIBIH OTIeN Ke3eHiHAe Oaiikanaasr, Kymnansl Men TympiOek ctannusiaapaa 6...8 KkyHre
JIeH1H KbIcTa 00maabl; AKTay CTaHITUSCHIHIA KBUIIBIH JKbUIBI )KapTHICKIHAA 6. ..8 KYHre JAei-
1H; y3aKkThIFbl 60 carartan acajbl; Kyiansl Cyblk Me3riiae 00Jaabl; COHFBI OHXKBUIIBIKTAP-
narel Aktay mMeH TymiiOekTiH MakCcUMalAbl Y3aKThIFbl Oacka CTaHIUsJIapFa KaparaHja
anTapibIKTall a3; AKTayna €H >Korapbl TYMaHHBIH KHUUTITT OAaThIC KOHE HIBIFBIC CEKTOpJIa-
pBIHIA XKen Oosica aHbIKTanaabl, ain @opt-1lleBueHKo cTaHIMACKIHAA — COATYCTIK CEKTOp/a.

Tyiiin ce3nep: Kacnuii TeHi3i, TyMaH, TYMaHHBIH Y3aKThIFbl, TYMaHHBIH KalTalaHybl

XAPAKTEPUCTHKA TYMAHOB B KA3AXCTAHCKOM CEKTOPE KACITU-
CKOI'O MOPA

K.K. Haypo36aeBa' kaugunar reorp. Hayk, .M. Illnmkuna'

! Vnpasnenue euopomemeoponozuneckux ucciedosanuii Kacnuiickoeo mops, PI'TI «Kazeuopomemy,
Anmamul, Kazaxcman
e-mail: naurozbaeva.zhanar@mail.ru

B uccnenoBarenbckoil paboTe MpoBEACH CTAaTUCTHUECKUN aHANN3 MOBTOPSEMOCTH Tyma-
HOB Ka3axCTaHCKOro cekropa Kacmmiickoro Mopsi, HENpepbIBHON MPOJOIKUTEIbHOCTH,
CKOPOCTH M HAallpaBJI€HUs BETpPa, OTHOCUTEIBHOM BIaXHOCTHU. [Ins mccrnenoBaHusi Mpu-
BJICUEHBI CPOUHbIC JaHHble cTaHiui: 0. Kymamel, @opr-IlleBuenko, Akray u TymuoOex.
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ITepuon uccnenosanus ¢ 1970 mo 2020 rr. CtaTucTUYECKUI aHAIU3 TTO3BOJIAJI BBISIBUTH HaM-
OOJIBIITYI0 TTOBTOPSEMOCTh TI0 CE30HaM, IMOJIYTOAMSAM, OIICHUTh HEMPEPBIBHYIO MPOIOJIKHU-
TETBLHOCTh TYMaHOB B 3aBHCIMOCTH OT BPEMEHH I'ojia M PacTION0KEHUS ITYHKTa HAOIFOICHHUS.
Takoke 0TMEUYeHBI MAKCUMAJILHO JUTUTEIIbHBIC MPOIODKUTEIBHOCTH SBJICHUSI, COITYTCTBYIO-
IIMe MPU 3TOM METEOPOJIOTHYECKHE yclIoBHs. [IpoBeieH cpaBHUTENbHBIN aHAIN3 CTaHIUN
®opr-IlleBueHKko U AKTay, KOTOPBIH MO3BOJIUI BBISIBUTH OTJIIMYHBIC CEKTOpA BETPOBOTO Ha-
MIpaBJICHUS TP TOSBICHUH TYMaHOB, YTO TOBOPHUT O Pa3IMYHBIX OapUKO-IIUPKYIISIITUOHHBIX
ycioBui (opMHUpPOBaHUS SBJICHHS. B 3aKkiIfoueHn# paOdoTHI ClIeJIaHbl BBIBOJIBI, YTO HAUOOIIb-
masi MOBTOPSIEMOCTh TYMaHOB Ha BOCTOYHOM I0Oepekbe Kacrnuiickoro Mopsi oTMedaeTcst
B IIEPEXO/IHBIE CE30HBI T0/1a, 32 UCKIFOYCHUEM CTAaHIIUU AKTay, KOTOpas pacIoyioKeHa ro-
pasao ¥0KHEE OTHOCUTEIIbHO OCTAJIBHBIX CTAHIIMI; HauOObIIIasi HelIpepPhIBHAS MPOIOJIKH-
TEIBLHOCTh TyMaHOB Ha cTaHiusIX Popr-IlleBuenko, o. Kynaner u Tymmbek peructpupyercs
3UMOH, 110 6...8 nHel. Ha craniuu Akray 110 6...8 AHEH B TEIJIOE MOJYroJue; MPOI0JIKH-
TeIbHOCTH OoJiee 60 yacoB Ha 0. Kyimanbl oTMeuaeTcs B X0JIOIHOE BpeMs T0/1a; MaKCUMaJIbHast
MPOJIOJKUTEILHOCTD B AKTay B TyIuOeK B MOCIEAHUE JECATHIICTHS 3HAYUTEILHO MEHBIIIE,
9YeM Ha JIPYTUX CTAHIMAX; IIPU CPAaBHUTEILHOM aHaJIU3€ BBISABICHO, YTO B AKTay HauOOJIb-
11ast TOBTOPSIEMOCTh B 3aIlaTHOM M BOCTOYHOM ceKkTopax, a B @opt-11leBueHKo B ceBEpHOM.
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