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Ab stract—The study presents the results of long-term mon i tor ing of wind waves was car ried out on the 
off shore fixed gas pro duc tion plat form in the north west ern part of the Black Sea in 1995–2011. The
anal y sis of more than 31000 wave re cords pro vided re li able sta tis ti cal char ac ter is tics of wind waves in
the an a lyzed re gion. It was found that the max i mum wave height reached 4.8 m in sum mer and 8.76 m
in win ter. The max i mum hourly wave height ex ceeds sig nif i cant wave height by 1.9 times in the vast
ma jor ity of cases. The method of an nual max ima re vealed that in the Karkinit Bay the max i mum wave
height with the re turn pe riod of 50 years is equal to 9.2 m.
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As the ex plo ra tion and pro duc tion of oil and gas ex panded on the north west ern shelf of the Black Sea
and nav i ga tion in creased, re li able in for ma tion on long-term char ac ter is tics of this ba sin be came pre cious
and ac tively sought. 

Long-term in stru men tal ob ser va tions of wind wave pa ram e ters are ab sent, so in for ma tion on the re turn
pe riod of waves of var i ous fre quency and on the prob a bil ity of their gen er a tion in the Black Sea has been
ob tained by cal cu la tions [5, 6] and in the re cent years, us ing wave mod els such as SWAN [4, 9, 13] and
WAM [3, 8]. 

De spite the great num ber of ref er ence data on the mean char ac ter is tics of wind waves in the Black Sea
([1, 3] etc.), there are no pub li ca tions based on long-term mea sure ments in its north west ern part.

The ob jec tive of the pres ent pa per is to an a lyze long-term hydro meteoro logi cal mon i tor ing data and to
ob tain the sta tis ti cal char ac ter is tics of wind waves de scrib ing the wave re gime in this re gion in 1995–2011.

Data and pro cess ing. In De cem ber 1995, the equip ment for the hydro meteoro logi cal mon i tor ing was 
in stalled on Golitsyno-4 off shore fixed gas pro duc tion plat form lo cated on the north west ern shelf of the
Black Sea at the point with the co or di nates 45°42. ¢5  N, 31°52. ¢5  E (the dis tance from the shore is about
50 km) [10]. The twisted re sis tance wave gage with the sam pling pe riod of 4 Hz and with the pos si bil ity of
recording the wave height to 10 m was used to mea sure wave height [7]. The mea sure ment er ror did not
ex ceed 1 cm. The reg is tra tion of sea sur face el e va tion was con ducted dur ing 1995–2002 and 2008–2011
(the ob ser va tion pe riod is 12 years); more than 31000 wave re cords with the du ra tion of 20–60 min utes
were col lected. Cur rently, wind wave mea sure ments on Golitsyno-4 plat form are the lon gest for the
Black Sea. 

The quality of wave data was controlled, and unreliable fragments were rejected. In the present paper,
the significant wave height Hs was determined as four values of standard deviation. The maximum wave
height in the wave record Hmax was found as the largest distance between the trough and the crest. The
maximum of a thousand of waves H1/1000 often considered as the maximum wave was calculated as H1/1000 = 
= 1.9Hs.
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To ob tain wave char ac ter is tics with a low prob a bil ity of oc cur rence (once in 5, 10, 20, 30, 40, 50 years),
the an a lyt i cal dis tri bu tion func tion for the ex tremes of the an a lyzed pa ram e ters was con structed. The dis tri -
bu tion func tion was ob tained by the method of an nual max ima us ing the Gen er al ized Ex treme Value
(GEV) dis tri bu tion [11]. The 95% con fi dence in ter vals were de ter mined ac cord ing to [12].

Re sults. The low est mean val ues of sig nif i cant wave height in the north west ern part of the Black Sea
were ob served in sum mer and were equal to 0.40–0.48 m. Dur ing sum mer storms the max i mum height of
sig nif i cant waves reached 2.4 m, and that of sin gle waves reached 4.8 m. In win ter waves in ten si fied: the
mean sig nif i cant wave height in win ter was 0.85–1.00 m, that is, by 2–2.5 times greater than in sum mer.
Dur ing storms in Sep tem ber to April, the sig nif i cant wave height was >3 m, and the mean height of max i -
mum waves ex ceeded 6 m. Ac cord ing to mon i tor ing data, the high est wave was 8.76 m (Jan u ary 22, 1998). 

The com par i son of the o ret i cally cal cu lated max i mum height H1/1000 and the mea sured max i mum wave
height Hmax re vealed that the above for mula can be used with high ac cu racy (the cor re la tion co ef fi cient is
0.986, the bias (Hmax – H1/1000) is equal to –0.09 m) to de ter mine the max i mum wave height based on the
known sig nif i cant wave height. 

Weak waves (0.1 m < Hs < 0.5 m) dominate from May to September, the highest probability (73.6%) is
observed in July. In winter, the frequency of occurrence of waves with the height <0.5 m is equal to 20–
26%. Slight waves (0.5 m < Hs < 1.25 m) were most frequently (47–57%) registered in October to March;
in summer, their probability did not exceed 37%. Moderate waves (1.25 m < Hs < 2.5 m) were rather rarely
(to 3%) observed in May to August; the probability of such waves in winter was 27%. The average annual 
percentage of measured waves with the height of 1.25–2.5 m is 13%. Rough waves (2.5 m < Hs < 4.0 m)
were not registered in summer, their probability in winter was about 3%. Storm waves with the significant
wave height above 4 m were not recorded in the analyzed region. 

The cal cu lated val ues of sig nif i cant wave height and max i mum wave height with the re turn pe ri ods of 5, 
10, 20, 30, 40, and 50 years as well as the lim its of 95% con fi dence in ter vals are pre sented in the ta ble. It
was found that the sig nif i cant wave height with the re turn pe riod of 50 years is 4 m, and the max i mum wave 
height can reach 9.2 m. It should be noted that the ob tained es ti mates are based only on mea sure ment data
from the off shore fixed plat form in 1995–2002 and 2008–2011, and these data have some gaps. There fore,
higher val ues of wave height than those pro vided in the ta ble should be ex pected for the north west ern Black 
Sea. 

Thus, the hydro meteoro logi cal mon i tor ing car ried out in 1995–2002 and 2008–2011 on Golitsyno-4
off shore fixed plat form in the Karkinit Bay al lows the fol low ing con clu sions:

—the monthly mean significant wave height Hs was equal to 0.4–0.48 m in summer and 0.85–1 m in
winter; 

—the max i mum wave height dur ing storms reached 4.8 m in sum mer and 8.76 m in win ter;

—the highest frequency of occurrence was obtained for weak waves (Hs < 0.5 m) in summer and for
slight waves (0.5 m < Hs < 1.25 m) in winter; 

—the maximum hourly wave height for the northwestern Black Sea was equal to 1.9Hs in the vast
majority of cases; 

—the sig nif i cant wave height with the re turn pe riod of 10, 30, and 50 years is 3.8, 3.9, and 4 m, re spec -
tively, and the max i mum wave height with the same re turn pe ri ods can reach 7.4, 8.6, and 9.2 m, re spec -
tively. 
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The es ti mates (m) of ex treme val ues of wave height of var i ous prob a bil ity for the north west ern part of the Black
Sea

Pa ram e ter
Re turn pe riod, years

5 10 20 30 40 50

Hmax

D(Hmax)
Hs

D(Hs)

6.68
4.82–8.55

3.59
3.29–3.89

7.42
5.41–9.43

3.76
3.46–4.06

8.18
  6.06–10.30

3.89
3.59–4.19

8.64
  6.47–10.81

3.95
3.65–4.25

8.95
  6.79–11.11

3.98
3.67–4.28

9.2
  7.05–11.35

4.01
3.71–4.31

Note: D is the 95% con fi dence in ter val.
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