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BLACK SEA STORM RISK FACTOR FOR THE CRITICAL
INFRASTRUCTURE OF THE ROMANIAN COASTAL SPACE

Georgeta BANDOE

Rezumat: Mediul costier romanesc este afectat, dugum reiese din analizaatvii
regionarii fenomenelor de risc din Roménia, de daategorii distincte de riscuri naturale
si anume de riscurile climatice (in principal furtiyzi de riscurile generate de schimbarea
nivelului mirii. Riscurile climatice agoneaz pe termen scurii foarte scurt, generand
accelerarea tuturor proceselor dearm i plaja, provocand schimiysi profunde
morfologice asupra ecosistemelsi inducand pagube materiale prin distrugerea
amenagrilor, construgiilor portuare, localitizilor etc. Riscurile provocate de schimbarea
nivelului mirii au efect pe termen lung, ritmurile actuale destere provocand pagube in
viitorii 25...50 de ani. Combinate, aceste dawategorii de riscuri naturale induc efecte
negative propaional mai mari pentru infrasteructura criticdin spaiul costier romanesc.

Abstract: Romanian coastal environment is affected, as blegspears in the analysis of
phenomena regions risk map of Romania, by twondistategories of natural hazards
namely climate risks (mainly storms) and the rigkising from changes in sea level.
Climate risks act on short and very short termutisg in acceleration of all coastal and
beach processes, causing profound morphologicahgés on ecosystems and property
damage by inducing destruction of facilities, pednstruction, settlements, etc. Risks
caused by changing sea levels have long-term etfegent growth rates causing damage
in the coming 25 ... 50 years. Combined, thesechtegories of natural hazards adversely
induce higher proportion of critical infrastructuia the Romanian coastal area.
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1. Introduction

Knowledge of the storms in northwestern Black $eain is of particular
importance in terms of weather (the genesis antliwo of these storms), in terms
of wind engineering (evaluation speed and gust iofiveharacteristics for proper
sizing of structures subjected extreme wind acteng) in terms of coastal hydraulics
(appreciation of the exceptional characteristicspafcific storms waves to protect the
coastal region and the perimeter port basin ofhAedstern Black Sea). Black Sea
Basin aero-synoptic specific conditions are diyectllated to the field above the
European Baric. Thus, knowledge of atmosphericul@tion over the Black Sea
basin requires knowledge of air traffic within Epeoand therefore knowledge of
determinants of pressure centers. In Europe, thesaheric circulation (Fig. 1) is
subject to five such centers: Arctic Anticyclone ofes Anticyclone, Asian
Anticyclone, Mediterranean Depression and IcelaadrBssion.
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The synoptic processes which often condition tleeelaration of wind
production in the Black Sea basin are those regjatirdevelopment of Mediterranean
cyclones crossing the Balkans and plays most irapbrble in generating storms.
Note that the intensification of wind is highemiimter compared with the hot season.

A direct result of general circulation processeffuénce weather around the
Black Sea is the predominance of movement of agsegfrom the altitude, from
west to east. Both the strong and the normal @dtituinds are oriented from west to
east. In case of a retrograde movement, the guedetian be different, but for a short
period. The main Baric configurations at Europearell have no place within our
country or in close proximity. Instead, each ofntheould affect Romania's territory
more or less.

Fig. 1. Baric main centers across Europe
M, — Azores Anticyclone, M- Russian-Siberian Anticyclone,;M Scandinavian Anticyclone,;D
— Iceland Depression,,3>- Mediterranean Depressiong B Minimum Asian éfter Mahara Gh).

The analysis of severe weather situations, igrigagh important issue, namely
that the most important synoptic feature of thep@tman-Black Sea area is its
location in an area of interaction of at least wiche typical formations. In most
cases, interaction occurs between Mediterranealongyorigin and a dual-acting
disturbance over the central-western, north-ceatrdlcentral-Asian parts of Europe.
Wind characteristics are similar for the entiretinevestern Black Sea basin. This is
explained by the relationship between strong wagime which is above the Black
Sea and evolution of different types of Meditereaneyclones that are brought here
all the time, their action combining with the orfesome strong anticyclones fields of
the continent.
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2. Romanian coastal storms

Acceleration of wind developed in the Black Segirbain the northwestern part
- presents some peculiarities. For statisticalyaiglof data obtained from weather
stations Sfantu Gheorghe, Constanta and Mangaliah& period 1961 - 1990 and
the meteorological station located offshore plat®r Gloria, for the period
1991 - 2000 and references using synoptic morenrgueriod 2000 - 2001, could
establish some characteristics of wind acceleraRomanian seaside area. Data
analysis reveals that, on the coast, accelerafittgeavind is strong and frequent, the
dominant lines being due to influence of baric eenaicross Europe.

Wind speeds exceeding 10 m/s are proper for whalied generistorm(wind
acceleration). This acceleration of wind, when wapeed values of large and very
large with over 72 hours duration, are classedraag storms and high waves that
induce longitudinal currents from shore, deterngneffects of erosion and great
material damages.

It can be noticed that during the year, wind spe®tiwind frequency in a given
direction are not constant, with a gradual chanigeviod direction within a few
hours, depending on changes from slow to fastefitmospheric pressure or on an
atmospheric front that becomes closer or that pdksearea.

The wind direction during storms has a relativetigble direction, oscillations
are usually on specific sector directions, e.gnfriorth-west to north and north-east
(9®). An example is the storm recorded in Constanta Jome 8 and 15 - 18
December 1997, 19 - 24 November 1998 and 6 - 7eBdyar 2000. For the storm
that occurred on 6 - 7 September 2000, the winchireed in the northern sector,
ranging from north-west to north-east. It can bdiced that during a storm,
regardless of duration or intensity of wind, thetine@ast direction is dominant, fact
also valid for Gloria recorded storms, station tedaoffshore. The low frequency
winds in the wind acceleration period are recordatie western sector. It should be
emphasized that the studies indicate an averag@ dfays of the year with strong
acceleration of wind, of which most, approxima#0y% occurring in winter season.

The strongest storm recorded on the Romanian BBaekcoast occurred in the
period January 30 to February 20, 1962 when theirmemw wind speed was
37 m/s (Fig. 2). Also there was a storm in Constaliring 8 - 11 January 1981, the
maximum wind speed was 28 m/s and average windispae 17.5 m/s.

This acceleration of wind recorded are charaadriby a long duration of
occurrence for storms taking place on the seasimmtenot offshore where a storm
has a minimum of 80 hours.

It can be noticed that during a storm the wind Has blown kept its direction
form the northern sector, ranging from directiongtimeast and northwest. The main
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reason of these two powerful storms (1962, 1984} the development of Siberian
Anticyclone in north-eastern part of the sea, #éfigcby means of high pressure
dorsal. Atmospheric pressure reached 767 mmHg,hwiesulted in an acceleration
of wind from northern sector, the force on the Beduscale being 6...9 degrees.
Agitation of the sea on the shore area was assasgpdde 5 and in only a few hours
to reach level 7 (the highest degree of agitaggyistered at a coastal station).
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Fig. 2. Distribution of daily average values of wind atrStanta station
in winter 1961 - 19624fter E. Vespremeanu, G. Bandoc, A. Stroe)

There is acceleration of the wind also at the ehdummer when Siberian
Anticyclone has reduced values of its intensity amdd characteristics, time
duration, direction and intensity are the samenathé winter season. For all the
storms generated by the presence of Siberian Attiog (north), and a cyclone of
Mediterranean origin (south or south-east), onesegrthat on-shore wind intensity is
almost equal to that from off-shore, in the eadyts of the start of the storm, or even
higher.

One example is September 1999 or the storm ofl980ctober 1993, when on-
shore wind speed was close to the values recomdetieoopen seas, in the same
period. This storm of short duration (30 hours) wharacterized by a sharp rise in
atmospheric pressure due to elongation Siberianicyahbne dorsal over the
Romanian seaside. Note that for smaller storms(aktens of hours), the values that
characterize their intensity are greater, espgaatirms caused by the evolution of a
Mediterranean cyclone. For example, storm of 9 nd@mbrie1981, the maximum
wind speed on land has reached 28 m/s, average wpse28 m/s and it took only 36
hours.

In order to identify accelerations of the wind otlee whole period considered
for the Romanian seaside, it should be analyzedetigtence of at least two
consecutive measurements in which the wind speededed 10 m/s and the
minimum period of occurrence was 12 hours. It camlserved a grouping of wind
accelerations in the cold period of the year, tlatis from October to March, when
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baric gradients have high values. Studying the tateber of cases registered with
the wind acceleration with duration of more than Hdurs, 70 % of cases are
recorded in the cold period of the year. It shdagdnoted that in cold season of the
year, winds from the northern sector are predontiaaa they can be classified in the
category of long duration and high speeds windslewh the warm season occur
winds predominant from south, joining the classslbrt period and lower speed
winds.

The winter wind is intense due, especially, to #laeection of cold air from
north, comparing to the hot season when intensdicaf wind are spectacular, but
short term, associated mostly with an atmosphmsit.fAfter long and strong storms,
longer than 72 hours, follows a period when windespdecreases leading to the
atmospheric calm.

Another feature of the acceleration of wind on Bemanian seaside is the
presence of gusts, especially when wind speed ahrhigher than the mean real
wind. For the Romanian Black Sea area gusts ardioned with wind speed
between 20 m/s and 25 m/s specific to northerntlomasind offshore station Gloria.
There are exceptional cases, as recorded in th sduMangalia station where
normally recorded wind values are the lowest.

Isolated cases have been also studied, like tlee daming the storm of
15 - 18 December 1997, when the average wind spe&lilina station exceeded
maximum of 24 m/s, gusts of 34 m/s and Gloria @tatthe maximum wind speed
was 23 m/s, gusts of 28 m/s.

A characteristic of the Romanian seaside, paaiguhe northern sector, is the
average wind gusts recorded during a mean winecesdly at the beginning or end
of storms. Thus, the June 9, 1999, in Sulina, &fterdays of moderate wind speed,
the intensification of the wind range of 10 m/s 4@dn/s, the wind suddenly drops to
4 m/s, but with gusts of 18 m/s. Sulina is congdeas a pole of wind for the
Romanian Black Sea Basin due to geographic posiaititude, etc. Due to the
position of Sulina station which is situated in #astern part of the city, on a pier, at
6 km from shore, the wind data (average maximuredgpand gust wind speed) can
be considered valid with good approximation, faa aesas situated in the proximity
of the Romanian Black Sea coast.

Analysis of wind acceleration on the Romanian Bl&ea coast has led to the
conclusion that there is a fairly large degree afiability of wind during storms,
identifying several types of wind development, egly if we refer to significant
storm terms of intensity and duration of wind. Thement when wind speed reaches
the maximum valuean be an important criterion in identifying difat types of
wind acceleration.
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Along with this criterion is addettie prevailing wind directiomnd according to
these criteria, one can identify different typesie¥elopments in wind speed during
the storm, on the cardinal and inter-cardinal dives of action.

Working method adopted in determining the differéypppes of developments

accelerating wind was as follows: it has been éshedal that the wind speed to be
equal to 10 m/s or exceed this value, for eachrdecbstorm there should be
determined the number of hours wind speed excesghtain imposed gears namely
10, 15, 20, 25, 30, 35, 40 and 45 m/s. Within edass of wind speed (between two
successive gears), duration of the action of wiad walculated in hours. Using this
working method three types of wind accelerationngcin the northwestern Black

Sea basin have been identified.

A first type of evolution of wind speed during sts (type 1) is that where a
slow increase in wind speeds at the beginningeoktbrm is observed, followed by a
rapid decrease in speed.

The second type of development identified for wied speed during storms
(type 2) is characterized by a rapid increase mdvéipeed at the beginning of the
storm, followed by a period of slow attenuationvahd speed by the end of the
storm.

The last type of development identified duringmsi® wind speed (type 3) in the
northeastern basin of the Black Sea, is one tt@atsta moderate increase in wind
speed at the beginning of the storm, after whi@neths a slight decrease of wind
speed.

Based on calculations for period under studyfdhewing conclusions resulted:

a. The frequency of occurrence of different typedevelopment of wind during
storms, with the highest frequency (58 %) corredpoto the type of storm
characterized by modestly increasing wind speethatbeginning of the storm,
followed by a period of slow attenuation wind spd®dthe end of the storm
(3rd type of evolution of wind speed during thestp The frequency of occurrence
for this type of storm is 58 % of the total numbgrecorded cases (Fig. 3).

b. In case of the second type of evolution of vapded during the storm, in which
there is a rapid increase at the beginning of sfotlowed a slow decline until the
end of the storm's wind speed, frequency has a&&R% (Fig. 3.), of the total
acceleration of wind occurred in the period undedy

c. It can be noted that for the first type of wapked evolution characterized by a
slow increase in wind speed at the beginning of dfwem followed by a rapid
decrease in speed, frequency is only 10 % (Figpf3he total number of cases
registered with acceleration of wind.

d. On equal parameters as duration and as intetygiy2 of wind speed evolution
during the storm is dangerous because its effestimpirise (Quick release) and type 1
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of evolution of the wind speed is dangerous bec#si$gydrologic consequences and
its action on the shoreline and upon the constnudétom the marine space.

e. In most cases, the recorded wind acceleratiendiee to wind blowing from the
northern sector (north, northwest, northeast).
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Fig. 3. The frequency of occurrence of the three typesinfl evolution during storms

For the powerful storms of the Romanian Black Semst, maximum
deployment is 230 hours and wind speed may reaghle of 40 m/s. Most
frequently, the identified acceleration of wind eiced during winter, spring and late
autumn. These storms are characterized by théhaicthe wind direction remained
unmodified throughout the studied wind acceleratiith a powerful influence upon
the critical infrastructure.

Climate risks (by the potential dangers they regmg, should be considered in
terms of widening opportunity for all processedhie coastal area, with effects in
profound changes of morphology, ecosystems, coastalonment and, ultimately,
causing property damage by destruction of fagliinethis space.

For the entire Romanian Black Sea coast the wgiadnatural factor of high risk.
It is characterized by strong dynamics, which isegated by sea surface that
influences atmospheric circulation system and tlo¥ement of air masses in the
atmospheric boundary layer (SLA) above the sea.
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