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Abstract

This paper presents the results of a statistical analysis of severe bora occur-
rence at two locations, Split and Dubrovnik, in mid-Adriatic. A situation with severe
bora is defined as a period with wind, the direction of which is continuously be-
tween 360° and 90°, with a mean hourly speed > 17.0 ms™' during at least one
hour. In the 30-year period of observation (1958-1987) 116 situations with severe
bora were registered in Split. This is four times less than in Senj, on the northern
Adriatic. In Dubrovnik, severe bora is not so frequent. It is shown that severe bora
with maximum gusts > 40.0 ms™! appears along the entire Adriatic coast, but its
duration and frequency decrease from north to south.
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SaZetak

U radu je prikazana statisti€ka analiza pojave olujne bure za dvije lokacije, Spiit
i Dubrovnik, na srednjem Jadranu. Situacija s olujnom burom definirana je kao period
u kojem vjetar, iz smjerova od 360°-90° uz srednju satnu brzinu vjetra 2 17.0 ms~,
‘traje barem 1 sat. U 30-godi¥njem periodu (1958-1987) u Splitu je zabiljeZeno
116 situacija s olujnom burom. To je &etiri puta manje nego u Senju na sjevernom
Jadranu (Baji¢, 1989). U Dubrovniku bura nije tako Sesta pojava. Pokazano je da se
olujna bura s maksimalnim udarima > 40.0 ms™' javlja duZ cijele jadranske obale,

ali trajanje i utestalost olujne bure se smanjuje od sjevera prema jugu.

Kljuéne rijedi: olujna i jaka bura, Split i Dubrovnik, statistitka analiza vjetra

1966; Luksié, 1975; Yoshino, 1976).

It is known that there are many

Many authors have analysed the

other places along the Adriatic coast where

Adriatic bora from various points of view,
mainly along the northern Adriatic coast
and especially in Senj. The climatological
and statistical analysis of the northern

" Adriatic wind field indicates that bora is

the - most frequent local wind (Makjanié,

the relief allows strong channeling effects.
However, there are no wind measurements
at such locations and available data do not
allow final conclusions.

‘ A detailed statistical study of severe
bora in Senj, during a 30-year period, was
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done by Baji¢ (1989). It showed that bora

duration and strenght strongly depend on the
locality. On the northern Adriatic the loca-
tion with the most frequent and the longest
duration of severe bora is Senj. The Senj
region belongs to the lowest mountains area
in the Dinaric Alps (Fig. 1). The lowest
pass in the region (Vratnik Pass) rises close
to Senj. However, the mountain range
upstream of the Senj bora belongs not only
to a fairly low-lying region of the Dinaric
Alps, but also to a region where the moun-
tain barrier is the narrowest. Because of
that, violent bora occurs in this region and
the strong channeling effects are responsible
for the Senj bora longevity and strenght.
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Fig. 1. Topography of the western part of Yugoslavia ‘

Sl. 1. Topografija zapadnog dijela Jugoslavije

The basic characteristics of the wind
regime on the northern and mid-Adriatic
were described by Penzar (1977) and Mak-
janié (1978). Makjani¢ examined first the
spatial connection between bora occurrences
at the different locations along the Adriatic
coast. If bora blows at any of the coastal
stations there is a large probability of its
occurrence (63 %) in Senj, too. If it blows
in Senj, the probability of its occurrence at
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some other station is less than S0 ¥. This
means that there are situations with bora
only in the Senj region. However, if bora
occurs in the mid-Adriatic region (Split) its
probability in Senj is 74 % and in Dubrovnik
50 %. If bora blows in Dubrovnik, the prob-
ability of bora occurrence at Senj is 72 %
and at Split 84 %. It has been shown that
the connection of bora occurrence between
Split and Dubrovnik is better than between
Split and Sen;j.

Although the existing climatological
and statistical analyses of the mid-Adriatic
bora have brought about important results,
they have still not presented all the severe
bora characteristics. The purpose of this
paper is to show that the bora wind can be
severe and long lasting - along the entire
Adriatic coast.

The basic statistical analysis was
done using the wind data from Split and
Dubrovnik on the mid-Adriatic coast and
compared to a similar analysis of the northern
Adriatic Senj bora (Bajié, 1989).

2. Severe Bora in Split

Makjanié (1978) has shown that the
highest probability of bora occurrence, after
Senj, is found in the Split region. There-
fore, Split data for the 30-year period
(1958-1987) were analysed first.

Split is situated in the central part
of the Adriatic coast, also near a mountain
pass (Klis Pass, Fig. 1), but close to a re-
gion where the Dinaric Alps are broader
and higher than in the Senj region.

In the {following analysis we will
consider the frequency and duration of se-
vere bora and the maximum bora speeds. A
severe bora situation is defined as a period
in which wind direction is from 360° - 90°
with a mean hourly speed V__, 2 17.0
ms~! during at least one hour.

In the considered 30-year period, 116
situations with severe bora were observed in
Split (Tab. 1) which was four times less
than in Senj. In 28.5 ¥ of these cases the
maximum gusts in Split reached > 35.0 ms™1.

The total number of days with severe
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Tab. 1. Statistical review of strong and severe bora in Split for individual years during the pericd 1958-1987.
Tab. 1. Statisticki pregled situacija s jakom i olujnom burom u Splitu po godinama u razdoblju 1958-1987.

SITUATIONS WITH SEVERE STRONG SEVERE BORA STRONG BORA
MV ax MN \ :3/5> 7 %/0> '3/7> Vi DATE tmax DATE Tiax QATE
YEAR 2'25 2':;0 2520 2517 2510 ms™ (hours) (hours) Nd Nd1 Nh Nh1 th "N " M M M
_ %) %) ) %)
(ms')
1958 - - 1 4 4 3 38 353 2202. 8 19-2002. 36 29-3004 10 27 25 03 25 46 126 363 41 79
1959 - - 2 1 4 3 38 388 2202 15 16-17.01. 40 16-1801 40 27 41 05 44 39 107 332 38 85
1960 - wvi-xit - - - - 23 227 2504 - - 15 25-2606 - - - - - 22 60 M7 13 63
1961 - X 1 1 1 38 46 365 0514. 11 22-2303. 37 07-0812. 8 22 29 03 36 50 137 378 43 76
1962 I - 14 - 6 2 52 422 1503 25 14-1503. 68 14-1703. 11 30 81 09 74 51 140 481 55 94
1963 - - 3 2 83 2 3 410 2111. 11 21-2301. 65 21-2301. 6 19 30 03 50 38 104 375 43 99
1964 - - 1 7 1 9 41 362 0301 4 3101 37 08-1006. 10 27 22 03 22 42 115 327 37 78
1965 Wi - - - 2 3 4 279 0902. 8 1112 41 08-1002. 5 14 22 03 44 43 118 326 87 76
1866 XI - - - - 2 3 277 3112 3 16-17.03 33 21-2212 3 08 6 01 20 35 96 296 34 85
26.03. :
1967 WV - 1 6 3 3 42 404 1403 21 14-1503. 40 43-1503 8 22 44 05 55 52 143 361 41 69
1968 - - 2 3 3 5 3 420 0801 9 0801 27 i7-1802. 9 25 32 04 36 43 148 334 38 78
1989 MXXH - 1 - 1 3 4r 399 0212. 3 0212 35 01-0201. 4 11 14 02 35 - 46 126 383 44 83
1970 -l - - 3 2 2 4 316 0902. 5 1902 25 15-1604. 5 14 11 01 22 51 140 300 34 58
AY 1908.
1971 XX - 1 4 1 5 40 373 0812, 11 20411, 29 08-1042. 8 22 37 04 46 57 156 446 51 78
09.12.
1972 I1X - - 2 - 1 22 341 2511. 3 2511. 21 030410. 2 06 5 01 25 29 79 162 18 56
1973 VXl | 2 2 1 3 38 355 0404 3 0404. 33 24-2510. 4 141 8 01 20 45 423 311 36 68
1974 Xl - - - - 1 17 280 2710. 5 1412 17 17-1804. 1 03 5 01 50 16 441 111 13 74
1975 v 1, - - - - 29 267 0606 - - 16 214-2203 - - - - - 18 49 120 14 67
X1LXI 04-06.08.
1976 XIX0 | - - = 1 30 240 1941. 1 2803 33 18-2011. 1 03 1 001 10° 22 60 150 17 68
1977 - - - 2 - 1 12 330 0212. 3 020312. 25 02-0312. 3 08 4 01 13 14 38 101 12 72
978 - X 1 - -1 4 366 0501 4 0501 19 27-2810. 1 03 4 041 40 33 90-218 25 68
1979 - X 2 - 2 1 17 379 3142 8 3112 23 0201 3 08 20 02 67 19 652 124 14 65
1980 - X 1 1 1 2 30 360 2212 6 02-0301. 26 07-0812. 4 11 12 01 30 33 80 224 26 68
1981 - | 4 6 4 3 30 380 080t 8 07-0901. 42 07-0901. 8 22-24 03 30 42 115 332 38 79
1982 - \% 2 3 41 3 30 394 0102 5 02-0303. 16 0603 6 16 10 01 17 20 80 165 18 57
1983 - - 2 5 3 3 40 450 3101. 11 2742 48 01-06312. 6 16 32 04 653 41 112 344 39 84
1984 - VI 2 5 1 1 20 376 0902. 10 09-10.02. 22 09-1002. 3 08 11 01 37 25 68 213 24 85
1985 - - - 414 - - 27 300 0402. - - 0 15-1602. - ~ - - - 23 132 121 14 53
1986 XXl - - 2 - 2 28 340 1202. 1 1202 26 03-0411 2 06 2 002 10 25 71 1657 18 63
2512
1987 - - 3 7 2 2 57 432 2111. 4 0303 22 21.11. 6 16 16 02 27 55 148 302 35 55
11.10/21.14.
Total 27 17 33 67 46 70 1033 450 3101. 25 14-1503. 68 14-17.03. 147 548 1083 7969
1683. 1967. 1962.
Annual

mean 09 06 11 22 15 23 345 49 13 183 02 37 361 99 2656 30 74
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Tab. 2. Statistical review of strong and severe bora in Spiit for individual months during the period 1958-1987.
Tab. 2. Statisticki pregled situacija s jakom i olujnom burom u Splitu po mjesecima u razdoblju 1958-1987.

MONTH I I ] v \% Vi Vil vill IX X Xl Xl YEAR
MN MV 33) 13 1@ @ 1) (1) 3@ 11 2 13 26 53) 1727
Vmax235 13 15 ) 4 1 = = = = = == 3 7 33
35>Vmax230 12 1 12 2 1 - - ~ 4 5 10 10 67
Vgreq220 15 10 4 3 - - - . 1 1 3 9 46
20>Vgeqz1? 15 11 9 5 3 1 - - 4 8 5 14 70
17>Vgreg210 130 137 144 109 47 38 40 29 73 80 100 106 1033
‘ SEVERE BORA
Ng 32 27 27 9 3 1 - - 5 8 9 26 147
Ng (%) 34 32 29 10. 03 0.1 - - 05 08 10 28 13
Ng> 12 09 09 03 01 003 - - 0.2 03 03 1.0
Nh 156 78 96 23 7 2 - - 1" 15 38 122 548
Np 1(%) 07 04 04 0.1 003 001 - - 041 0.1 02 06 02
Nh2 49 29 36 26 23 20 - - 2.2 19 42 47
tax (hours) 23 10 25 10 4 2 - - 3 4 11 11 25
29- 09+ 14- 20- 14-
date 31.01. 10.02. 156.03. 21.04. 1506. 09.06. - - 01.09. 11.10. 20.11. 27.12. 15.03.
1962. 1984. 1962. 1959. 1968. 1964. 1971. 1987. 1971. 1983. 1962.
STRONG BORA
ng 160 158 138 90 50 36 37 26 69 80 100 129 1083
ngy (%) 172 187 148 100 54 40 40 28 77 -97 111 139 99
Nd> 59 55 46 30 17 12 13 09 25 3.1 36 52
nhy (%) 1323 1233 1059 680 259 269 155 110 446 575 678 1182 7969
Nh2 59 641 47 32 12 13 0.7 05 21 26 3.1 53 30
Mha 83 78 17 76 . 52 7.5 42 42 6.5 6.4 6.8 9.2
Tmax (hours) 65 51" 68 36 26 37 9 10 14 33 33 48 65
21- 26- 14- 29- 14- 08 19- 03- 24- 18 0O1- 21-
date 23.01. 28.02. 17.03. 30.04. 1505. 10.06. 20.07. 04.08. 04.08. 25.10. 20.11. 03.12 23.01.
1963. 1963. 1962. 1958. 1968. 1964. 1971.  1958. 19568. 1973. 1976. 1983. 1963.
Vmax(m/s) 450 394 422 355 310 285 262 297 300 333 432 439 450
31.01. 01.02. 1503. 04.04. 16.05. 30.06. 21.07. 27.08. 09.09. 16.10. 21.11. 27.12. 31.01.
date 1964.
1983. 1982. 1962. 1973. 1964. 09.06. 1963. 1985. 1977. 1958. 1987. 1983. 1983.
1986.

bora, Ny, was 147 (1.3 % of

with strong bora (10.0 ms™* V < 17.0 ms™%)

all days) and

1083 days (36.1 %). Severe bora occurred
on the average for 18 hours (compared to
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Fig. 2. The annual courses of relative frequency of
days (Ng,, ng,) and hours (N, ny) with
severe or strong bora for Senj (1957-1986),
Spiit, (1958-1987) and Dubrovnik (1956-1964)

Sl. 2. Godi&nji hodovi relativne &estine dana (N,
ng,) | sati (N, ny,) s olujnom, odnosno jakom
burom u Senju (1957-1986), Splitu (1958-1987)
i Dubrovniku (1956-1964).
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- Fig. 3. The annual courses of relative frequency of

severe or strong bora situations of particular
duration (N, n_) in hours for Spiit (1958-1987)
and Dubrovnik (1956-1964)

Sl. 3. Godisnji hodovi reletivne &estine situacija s
olujnom odnosno jakom burom odredenog trajanja
Ny, ny) u satma za Spit (1958-1 987) |
Dubrovnik (1956-1964).



£6

V. Vugetié: Statistical Analysis of Severe Adriatic Bora

Tab. 3. Relative frequency of severe bora duration and strong bora duration in Split during the period 1958-1987.
Tab. 3. Relativna &estina trajanja olujne bure i jake bure u Splitu za razdoblje 1958-1987.

-]

DURATION RELATIVE FREQUENCY OF SEVERE BORA (%) : ;
(hours) | I [ v \ Vi Vil vil IX X X Xl YEAR
<05 121 103 112 3.5 26 10 - - 43 6.9 52 95 666
05-10 6.1 6.1 10 1.7 - - - - - - 1.7 78 243
11-15 26 - 10 = - - - - - - i0 1.7 6.2
16-20 = = - - - - - - - = - ~ -
21-25 10 - 1.7 - - - - - = - - - 25
TOTAL 218 164 149 52 26 10 - - 43 6.9 7.9 19 100

DURATION RELATIVE FREQUENCY OF STRONG BORA (%)
(hours) | I 1] \Y; Y Vi il IX X X XI  YEAR
<05 66 68 73 55 26 21 24 17 41 41 47 51 530
05-10 46 43 40 31 11 09 10 06 21 26 30 28 304
11-20 19 18 12 10 04 05 - 02 10 08 09 24 121
21-30 04 06 04 02 01 - - - - 04 04 07 28
31-40 o1 02 02 01 - 01 - = - 01 01 04 13
41-50 02 01 - = - - = = = - 01 04
51-60 - 01 - = = - - 2 L, - - e 0.1
61-70 G - 01 - - - = - - - - s 03
TOTAL 140 139 132 99 42 36 34 25 72 78 91 115 1000

140 hours in Senj) and strong bora for 266
hours annually. The average number of hours
with severe bora in one day, N,,, was 3.7
hours as opposed to 7 hours in Senj.

A statistical analysis of particular
months (Tab. 2 and Fig. 2) presents the

greatest relative frequencies of severe bora

days, N,,, being 3.4 % in January and 3.2 ¥
in February. Severe bora appeared with al-
most the same frequency in March (2.9 %)
and December (2.8 %). During the summer
months strong bora was not observed in
Split. The maximum relative frequency of
strong bora days, ny,, was in February
(18.7 %). The courses of N, and n,, are in
accordance with similar courses of hours
with severe and strong bora.

~ The next bora characteristic is its
duration. Althought it is well known that
bora lasting up to several days is not un-

usual, the bora duration problem must be
discussed in terms of wind speed and partic-
ular locality.

Distributions of severe and strong
bora durations show the exponential decrease
in number of cases with increasing duration
(Tab. 3). In 67 % of severe bora situations
(in comparison with 43 % in Senj) and 53 ¥
of strong bora situations, the duration (NH,
ny) was less than 5 hours. January is the
month with the greatest N, and ng, 21.8 %
and 14.0 ¥ rsp., of all hours with severe or
strong bora (Fig. 3). |

The longest severe bora duration of
25 hours was recorded on 14-15 March
1962 (Tab. 4-7). On that occasion the highest
mean hourly wind speed of 29.2 ms™! reached
the maximum value in the 30-year period.
The absolute maximum speed of bora gusts
(45.0 ms™) was registered on 31 January
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Tab. 4. Severe bora situations in Split with a duration
of more than 10 hours. v

Tab. 4. Situacije s olujnom burom u Sphtu s traja-
njem veéim od 10 sati.

49

Tab. 6. Severe bora situations un Spllt with maxi-
mum bora gust > 400 ms™'.

. Tab. 6. Situacije s olujnom burom u Splltu s mak-

simalnim udarom vjetra > 40.0 ms™.

(hours) (hours) (ms™) (ms™)

SITUATIONS  Viax Date Veeg t T
(ms™) (ms™) (hours) (horus)

14-15. 03. 1962. 25 68 422 292
29-31. 01. 1962. 23 62 - 231
14-15. 03. 1967. 21 40 404 236
16-17. 01. 1959. 15 40 384 242
22-23. 03. 1961. 11 24 320 231
21-23. 01. 1963. 1 65 364 219

20. 11. 1971. 1 20 314 183

27. 12. 1983. 1 13 439 238

24. 01. 1963. 10 1 360 239
20-21. 04. 1958. 10 20 284 212
09-10. 02. 1984. 10 22 376 201

Tab. 5. Strong bora situations in Split with a duration
of more than 40 hours -

Tab. 5. Situacije s jakom burom u Splitu s traja-
njem veéim od 40 sati.

31.01.1983. 450 3101. 238 3 5
27.12.1983. 439 2712. 238 11 13
21.11.1987. 432 2111, 247 4 22
14-17.03.1962. 422 1503. 292 25 68
08.01.1968. 420 0801. 272 8 20
21.11.1963. 410 2111. 233 6 8
13-15.03.1967. 404 1403. 236 21 40

Tab. 7. Severe bora situations in Split a with maxi~
mum mean bora velocity = 23.0 ms™.

Tab. 7. Situacije s olujnom burom u Splitu s mak-
simalnom srednjom satnom brzinom vjetra 2=
230 ms™'.

SITUATIONS Vsred Date Vmax t T
(ms™) (ms™) (hours) (horus)

SITUATION T t Vrax Vsred
(hours) (hours) (ms™) (ms™)
14-17.03.1962. 68 25 422 292
21-23.01.1963. 65 11 364 219
29-31.01.1962. 62 23 - 231
26-28.02.1963. 51 2 312 178
01-03.12.1983. 48 8 374 19.4
07-08.01.1971. 42 8 380 201
08-10.02.1965. 41 6 279 186
16-18.01.1959. 40 15 384 242
13-15.03.1967. 40 21 23.6 143

1983, when severe bora lasted only 3 hours.
In 7 out of 116 severe bora situations in
Split maximum gusts were 40.0 ms™! com-
pared to 11 out of 434 such cases in Senj.
Their longevity was over 10 hours in 11 sit-
vations. In 18 cases the number of hours
with severe bora in Senj was greater than
50. Thus, the essential difference between
these two locations is not in the intensity of
maximum wind speed but in the frequency
and persistence of severe bora. It is most

14-17.03.1962. 292 1503. 422 29 68
08.01.1968. 272 0801. 420 8 20
31.12.1979-
01.01.1980. 249 3112. 379 8 9
21.11.1987. 247 2111, 432 4 22
28-290.04.1958. 242 2904. 340 5 10
16-18.01.1958. 242 16-17.01.384 15 40
08-10.12.1971. 240 0912. 373 11 29
23-2401.1963. 239 2401. 360 10 11
31.01.1983. 238 3101. 450 3 5
13-16.03.1967. 236 1403. 404 21 40
21.11.1963. 233 21141. 410 6 8
01.02121969. 233 0212. 399 9 3
22-23.03.1961. 231 2203. 320 11 24
29-31.01.1962. 231 2901. - 23 62

frequent in the cold season and its duration
in Split is not as long as in Sen;j.
3. Severe Bora in Dubrovnik

" The mean hourly wind data in Du-
brovnik for the 1956-1964 period were also
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Tab. 8. Statistical review of strong bora situations in Dubrovnik for individual years (above) and individual
months (below) during the period 1956-1964.

Tab. 8. Statistidki pregled situacija s jakom burom u Dubrovniku po godinama (gore) i mjesecima (dolje) u
razdoblju 1956-1964.

SITUATIONS WITH

YEAR 35> 20> 17> nd nd| nh nh1 nhz \" max date T max date
Vimex Vmax Vared Vared Vsred (%) (%) (ms ) (hours)
235 =225 220 217 210
(ms™")
1956 - 7 - 22 29 79 187 21 65 315 0302 53 02-05.02.
1957 5 1 - 10 20 55 156 18 78 450 Of.12 36 30.11-01.12.
1958 - 3 - - 13 18 49 74 08 44 309 1904 12 19.10.
1959 - 6 - - 14 19 52 102 12 49 327 1701. 22 17-18.01.
1960 - 1 - - N 16 44 57 07 36 298 0501. 12 04-05.01.
1961 - -5 - - 19 24 66 86 10 36 303 1801. 18 22-23.03.
1962 1 10 - 2 19 25 69 158 18 63 350 o0212 38 14-16.03.
1963 1 10 - 1 18 21 .63 183 21 87 384 21.11. 67 21-24.01.
1964 1 9 - - 18 26 741 78 09 30 351 o0312 1 20-21.02.
21-22.09.

Total 4 56 1 4 144 198 1081 450 01.12.1957. 67 21-24.01.1963.
Meén 04 82 01 04 160 220 60 120212 55
MONTH I i n v \' Vi Vil vill IX X X Xl YEAR
Vinax235 1 A T Cam om rm m = = o 2 4
3B>V25 20 10 6 1 - - - 10 56
Vsred220 = = &= - - - - - - = - 1 1
20>vSred21 7 - 2 1 - o = - - - - - 1 4
17>Vgreg210 29 22 17 5 13 22 144
ng .41 31 22 11 10 10 4 7 17 18 4 23 198
ngy (%) 147 122 79 441 36 37 14 25 27 6.5 1.5 82 6.2
Ng2 46 34 24 12 11 11 04 08 19 20 04 -26 ;
Nh 297 217 146 46 27 32 5 12 48 75 84 92 1081
nhq (%) 44 36 22 07 04 05 01 0.2 0.7 11 1.3 14 19
Mha 72 70 66 42 27 32 13 1.7 28 42 210 40
Tomdhouws) 67 53 38 14 7 11 2 4 11 13 12 18 6

21- 02- 14- 15 15~ 20.0860. 21- 08- 20- 21-

24.01. 05.02. 16.03. 16.04. 16.05. 27.06. 01.07. 30-31.22.09. 09.10. 21.11. 21.12. 24.01.
date 1963. 1956. 1962. 1957. 1964. 1957. 1964. 08.61. 1964. 1956. 1963. 1962. 1963.
Vmax(ms_1) 333 320 330 309 234 240 250 225 305 265 384 450 450
date 29.01. 17.02. 156.03. 19.04. 16.05. 22.06. 01.07. 20.08. 22.09. 11.10. 21.11. 01.12. 01.12.

1957.

1959.

1962.

1958.

1964.

1956.

1964.

1960.

1964.

1963.

1963.

1957. 1957.
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Tab. 9. Relative frequency of strong bora duration in Dubrovnik during the period 1956-1964.

Tab. 9. Relativna Sestina trajanja jake bure u Dubrovniku za razdoblje 1956-1964.

DURATION RELATIVE FREQUENCY OF STRONG BORA (%)

(hours) l 1 il v v Vi Vil Vil IX X X Xl YEAR
<5 95 54 48 2.7 4.1 1.3 2.7 41 34 48 13 6.1 502
5-10 54 48 6.8 20 13 20 - - 20 20 - 34 297
11-20 48 20 13 07 - 0.7 -~ - - 20 0.7 34 156
21-30 13 07 - - - - - - - - - - 20
31-40 - - 0.7 - - - - - - - - 0.7 14
41-50 - - - - - - - - - - - - -

51-60 - 0.7 - - - - - - - - - - 0.7
61-70 0.7 - - - - - - - - - - - 0.7
TOTAL 217 136 136 54 54 40 2.7 4.1 54 8.8 20 136 1000

Tab. 10. Strong bora situatins in Dubrovnik with a
duration of more than 25 hours.

Tab. 10. Situacije s jakom burom u Dubrovniku s
trajanjem vedim od 25 sati.

SITUATION T t Vimax  Vered
(hours) (hours) (ms™") (ms™)

21-2401. 1963. 67 - 300 153
02-04.02. 1956. 53 315 18.0
14-16.03. 1962. 38 1 330 175
3011-01.12. 1957. 36 11 450 20.2

Tab. 11. Strong bora situations in Dubrovnik with
maximum bora gust = 350 ms™".
Tab. 11. Situacije s jakom burom u Dubrovniku s

maksimalnim udarom vijetra = 35.0 ms™".

SITUATION Vmax Date Veeq t T
(ms™) (ms 1) (hours) (hours)
30.11-01.12. 1957. 450 01.12. 202 11 36
21.11. 1963. 384 21.11 18.3 2 12
03.01. 1964. 351 0301. 16.7 1 3
02.12. 1962. 350 02.12. 150 - 9

analysed. In Dubrovnik only 4 such situa-
tions were observed in the period considered,
compared to 41 situations in Split for the
1958-1964 period. Since severe bora in Du-
brovnik is rare, statistical analysis covered

Tab. 12. Strong bora situations in Dubrovnik with a
maximum mean bora velocity = 17.0 ms™.
Tab. 12. Situacije s jakom burom u Dubrovniku s

maksimalnom srednjom satnom brzinom vjetra =

17.0 ms™.

SITUATION Veredq Date Viax t T
(ms™) (ms ") (hours)(hours)

30.11-01.12. 1957. 202 01.12. 450 11 36
14.12.1962. 186 14.02. 344 1 3
21.11.1963. 183 21.11. 384 2 12
03.02.1956. 180. 03.02. 315 1 53
15.03.1962. 175 15.03. 330 1 38

only strong bora cases. These results could
not be compared directly to the Split re-
sults because of the different periods of
wind measurements.

The total number of days with strong
bora in Dubrovnik for the 9-year period was
198 (6 % of all days), and strong bora oc-
curred on the average for 120 hours in one
year (Tab. 8). Its occurrence is extended to
all seasons with the greatest relative fre-
quency of ng, and n,, in January (14.7 %
and 4.4 %, respectively, Fig. 3). In 50.2 %
of 144 cases strong bora duration was shorter
than 5 hours, and it decreased exponentially
with an increase in the number of hours
(Tab. 9). The longest duration of strong bora
(67 hours) was observed on 21-24 January
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1963 (Tab. 10-12). The absolute maximum
of gust reached 45.0 ms™* on 1 December
1957. In 4 cases gusts in Dubrovnik were =
35.0 ms™!, and bora duration was longer
than 25 hours.

This statistical analysis shows that
the intensity of maximum bora gusts at the
Dubrovnik location is similar to Split. How-
ever, severe bora in Dubrovnik is a very
rare phenomenon with a duration of only a
few hours.

4. Summary and Conclusion

The statistical analysis of severe bo-
ra in Split (1958-1987) and Dubrovnik
(1956-1964) showed its frequency and per-
sistence in mid-Adriatic. These results were
compared with a similar analysis of the

northern Adriatic Senj bora (Baji¢, 1989).

In the period considered the total number of
days with severe bora in Split was four
times less than in Senj, confirming Senj
specific characteristics in respect to severe
bora frequency. In spite of a shorter period
of wind measurement in Dubrovnik, it can
be concluded that severe bora at this loca-
tion was rare. Although severe bora frequency
and duration in Senj and in mid-Adriatic
region were not similar, the absolute max-
imum of bora gusts was almost the same.
The - absolute maximum of bora gusts was
48.0 ms™! in Senj and 45.0 ms™' in Split
and Dubrovnik during brief periods of severe
bora.

On both northern and mid-Adriatic
severe bora occurred most frequently during
the winter season. Severe bora in Split nev-
er lasted several days. The average dura-
tion of severe bora situations was 4.7 hours
in Split as opposed to 12.3 hours in Senj.
The longest duration of severe bora excee-
ded 25 hours in Split and 128 hours in
Senj. The strong bora characteristics ob-
tained for two locations considered in mid-
-Adriatic did not show such differences. The
situations of strong bora had approximately
equal duration in Split and Dubrovnik (7.7
and 7.5 hours, respectively). The maximum
duration of strong bora was 68 hours in

V. Vudetié: Statistical Analysis of Severe Adriatic Bora

Split and 67 hours in Dubrovnik.

Thus, severe bora with gusts greater
than 40.0 ms™! appears along the entire Adri-
atic coast, but its persistence and frequency
decrease from north to south. These results,
therefore, comfirm a previous statement
(Baji¢, 1989) that bora duration and strenght
strongly depend on the locality and partic-
ularly that the well-known Senj bora is not
representative of the broader Adriatic area.

References

Baji¢ A., 1989: Severe bora on the northern Adria-
tic, Part |: Statistical analysis, Rasprave, 24, 1-8.

Benkovié M., 1990: Statistitka analiza jake bure u
Dubrovniku, Vijesti PMC, 36, 13-23.

lvandan-Picek B. and V. Vu&etié, 1990: Bora on the
northern Adriatic coast during the ALPEX SOP,
20-25 March 1982, Rasprave, 25, 1-12.

Makjani¢ B., 1978: Bura, jugo, etezija. Prilog poz-
navanju vremena i klime SFRJ sv. 2, 117 str.

Luksié 1., 1975: Bura u Senju, Senjski zbornk, 6,
467-494.

Penzar B. 1977: Tlak zraka i vjetar, Prilog pozna-
vanju vremena i kime SFRJ, sv. 5, 75 str.
Vugeti¢ V., 1984: On the time and space variation

of the northern Adriatic bora, Zbornik meteoro-
logkih i hidrolodkih radova, 10, 134-137.
Vutetic V., 1988: Bora on the northern Adriatic,
12-18 April 1982, Rasprave, 23, 27-44.
Yoshino MM;, 1976: Local wind bora, University of
Tokyo Press, 289 pp.

List of symbols

MV ax — month with no data on maximum bora gust
MN - rmonth with no wind data
tmax - maximum number of hours with mean bora
velocity = 17.0 ms™ during one severe bora
situation
max - Maximum number of hours with 100
ms™ < Vgeq < 170 ms™ during one strong
bora situation
t - number of hours with mean bora velocity =
170 ms™ ;
T - number of hours with 10.0 ms™ < Vg4 <
170 ms™

2 -1
Viax — Mmaximum bora gust (ms™)

T
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Vsred - maximum mean hourly velocity during strong
or severe bora situations (ms™)
Ng.Ng = number of days with severe (strong) bora

for at least one hour

Ndv ngy - relative frequency of severe (strong)
bora days (%)
Ndz’ N> mean number. of days with severe

(strong) bora in a particular month
Nh, N - number of hours with severe (strong)
bora '

Npi» Npy - relative frequency of hours with severe
(strong) bora (%)
th, Ny, — Mmean number of hours with severe

(strong) bora during one severe (strong) bora day
Ly, Ny - relative frequency of severe (strong) bora
situations of particular duration in hours

N

ratak sadrZaj

Iako je poznato da je na pojedinim
lokacijama duZ jadranske obale Cesta pojava
bure, problem uestalosti potrebno je anali-
zirati v odnosu na njezinu brzinu i specifié-
nost lokacije. Stoga je za podrudje Splita
(1958-1987) i Dubrovnika (1956-1964) na-
pravljena detaljna statisticka analiza olujne
(Vgreg = 170 ms~!) i jake bure (10.0 ms™!
< Vgpeg < 17.0 ms~!) i usporedena sa sliG-
nim rezultatima u Senju (Baji¢, 1989).

U 30-godiSnjem razdoblju ukupni broj
dana s olujnom burom u Splitu bio je &etiri
puta manji nego u Senju. Premda je u Du-
brovniku postojao kraéi niz ‘mjerenja vjetra,
moZe se zakljuditi da je na toj lokaciji bura
vrlo rijetka pojava i traje svega nekoloko
sati. Kao i na sjevernom Jadranu olujna bu-
ra na srednjem Jadranu je najce§éa u zim-
skim mjesecima. U Splitu njezino prosjeéno
trajanje je 4.7 sati, za razliku od 12.3 sata
u Senju. Situacije s jakom burom u prosjeku
priblizno jednako traju u Splitu i Dubrovniku
(7.7 sati i 7.5 sati, redom). Najdulje trajanje
olujne bure u Splitu izfosilo je 25 sati u
usporedbi s 128 sati u Senju. Jaka bura je u
Splitu najdulje puhala 68 sati dok u Du-
brovniku 67 sati. Prema tome, na srednjem
- Jadranu se ne pojavljuje olujna bura u tra-
janju od nekoliko dana kao 3to je to slucaj
‘u Senju. Medutim, vaZno je istaknuti da
najéedéa i najdulja olujna senjska bura nije
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reprezentativna za §ire podrudje Jadrana

nego je uvjetovana lokalnim efektima.

Jako se Gestina i perzistencija olujne
bure u Senju i na srednjem Jadranu razli-
kuju, apsolutni maksimalni udari vjetra su
gotovo jednaki. U Senju je registrirano 48.0
ms™!, a u Splitu i Dubrovniku 45.0 ms™ 1.
Stoga se olujna bura s maksimalnim udari-
ma veéim od 40.0 ms ! moZe pojaviti duZ
cijele jadranske obale. Medutim, njezina
udestalost i trajanje se smanjuje od sjevera
prema jugu kao i udaljavaju¢i se od Dinari-
da na Sto je ukazala analiza olujne bure u
Omidlju i Puli (Baji¢, 1989).

U meteorolo3koj praksi poznato je da
postoje i druge lokacije gdje reljef dozvoljava
izraZene kanalne efekte i olujnu buru. Buduéi
da se na tim mjestima ne obavljaju mjerenja
vjetra, raspoloZivi podaci o polju vjetra na
Jadranu ne omoguduju konaéne zakljucke.

Lista simbola

MVinax — Mieseci s nedostajuéim podacama mak-

simalnih udara vjetra

MN - mijeseci s nedostajuéim podacima vjetra

tnax ~ maksimalni broj sati sa srednjom satnom
brzinom vietra > 17.0 ms™ u jednoj situaciji s
olujnom burom

Trhax - Maksimaini broj sati sa 10.0 ms™h < Vgreq
< 17.0 ms™' u jednoj situaciji s jakom burom

t - broj sati sa srédnjom satnom brzinom vijetra 2
170 ms™

T - broj sati sa 100 ms™ < V

\%

\%

sreg1
max ~ Maksimalni udar vjetra (ms™)

sred ~ maksimalna srednja satna brzina u situaciji
s jakom ili olujnom burom (ms™")

Nd,nd - broj dana s olujnom (jakom) burom u ba-

" rem jednom satu

Ndw Ndy ~ relativna &estina dana s olujnom (jakom)
» burom (%)

Ny, Ng, — srednji broj dana s olujnom (jakom) bu-
rom u pojedinom mjesecu

Ni, Ny - broj sati s olujnom (jakom) burom.

th P = relativna &estina sati s olujnom (jakom)
burom (%)
th, Ny, — Srednj broj sati s olujnom (jakom) bu-

rom u dana s olujnom (jakom) burom
b Ny~ relativna Sestina situacija s olujnom (ja-
kom) burom odredenog trajanja u satima

N



