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INTRODUCTION

The centennial of noteworthy historical event, Bloody Sunday ineés¢rgburg on 9 January 1905,
which gave rise to the rebellion against czarism in Russia,marked by an extreme natural event
in Estonia a hundred years later. A cyclone known as Gudrun inaiftBcNCountries and Erwin on
the British Isles and in Central Europe developed over the Noldmti&t and travelled across the
British Isles, Scandinavia and Finland on 7-9 January 2005. The ktrtge cyclone reached the
hurricane force according to the Saffir-Simpson hurricane scaldeast according to maximum
wind speeds measured by Danish Meteorological Institute in D&n@dm &, gusts up to 46 m s
). The storm was one of the strongest both in Scandinavian iesuatrd in Estonia for about 50
years, causing massive forest damage, disruption of power and |imeseflooding of coastal
settlements and substantial changes to coastal geomorphology atal eoasystems. The storm
killed at least 17 people, including one in Estonia. The main progarmage was a result of strong

winds and flooding in coastal areas.

Meteorological observation over the last half-century (in theid3&ka region) show an increase in
frequency of cyclonic weather conditions and decrease in antres in winter (Sepp, Post &
Jaagus, 2005). Cyclonic weather is favourable for storms. Fangestthe number of storm days in
winter in Vilsandi (Figure 1.1), the westernmost station on thestcof the Baltic proper, has
increased dramatically (Orviket al, 2003). This trend is associated with many other changes in
climatic variables: air temperature increase, shorteninggsemwith sea ice and snow cover, etc.
These variables seem to be the main regional expressiogielafl climate change, posing an
increasing risk on the coastal community in the future in thecBada region. In addition to human
infrastructure, vitalization of coastal geomorphic processésréseen as a result of anticipated sea
level rise and increasing storminess (e.g. Kenal, 2003, Suursaaet al, 2004). Study of the
processes related to the evolution and consequences of both cyclosesrarglirges are therefore

very important.



Figure 1.1. West Estonian archipelago and western coast wflanmd Estonia. Location of

meteorological stations.



1. METEOROLOGICAL AND HYDRODYNAMIC ANALYSIS OF THES TORM

1.1.January storm of 2005 on the background of extreme climatic events ovehe last
half-century
As a result of high (+70 cm) initial values of the Balt®aSevel, the fast travelling cyclone with a
favourable trajectory and strong SW-W winds, the new highestded storm surge occurred in
Parnu (+275 cm), as well as in many other locations along theBststian coast (Suursaetral,
2006).

The previous surge with nearly comparable height (+253 cm) oniastook place 38 years ago
also in Parnu and was empirically considered as an extrearelgvent (e.g. Suursagtral 2003).
However, an increase in storminess in the NE Atlantiensification of westerlies and trends
towards higher storm surge levels is recently reported on tiishBlsles (Loweet al, 2001),
German and Danish coasts (Langentetrgl, 1999), Finland (Jylhét al, 2004, Johansscet al,
2003, 2004), Sweden (Meiet al, 2004, Raisaneet al, 2004) and Estonia (Jaagetsal. 2004).

In case of extraordinary natural phenomenon, people are ofteasieaterif the disaster has been
unique in the history. It can be said that the hurricane was atherggrongest in recorded history,
though its position in record-lists differs by countries. Accordimghe Danish Meteorological
Institute, Gudrun was among the ten largest storms ever exgedieén this region, but either by
wind speed values or estimated losses it was not as seridasiasfance, hurricane Anatol on 3-4
December 1999. In Sweden, Gudrun was probably the most serious s&Bmaars and probably
the costliest (much more damageable) in history, exceedingagte of Anatol by at least two

times.

Daily observation data as well as the catalogue of st¢@nsku et al, 2003) for Estonian coastal
stations have been used in comparison the January storm with fee starms in Estonia. In that
respect, a special attention is usually given to the sito@ctober 1967 when the previous extreme

flooding in Parnu occurred.

The January storm of 2005 meteorologically falls into the samlewith 23 January 1995 storm by
wind speed, which damages were though smaller. It also rande @o5-7 August 1967 and 18
October 1967 storms. The first one, called then as “the stortineoentury” featured extensive
forest damages in NW Estonia, and the second one set a new prog@adevel height record at

Parnu - +253 cm. The strongest wind speed, gust wind of 48 was recorded during 27 October
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- 2 November 1969 storm at Ruhnu. However, no reliable averagespeed data are available on
that event. The highest recorded average wind speed reached’3® toth Dirhami and Tallinn
stations during the 6-7 August 1967 storm. According to the maximum peedsvalues (10
minute average), for example 22.9 this Vilsandi and 25.2 m’sin Kihnu, the storm was not
extraordinary at all. The maximum wind speed has been highemdoy times during earlier
storms, particularly in Vilsandi, the westernmost meteorolbgstation in Estonia. On the 9
January 2005, the highest wind speeds were measured over the Guiiro&, at S6rve, Ruhnu
and Kihnu stations (Table 1). But during the storms of 18 October 1962lahdvember 1980,
even higher wind speed values were recorded in Kihnu.

Table 1. Maximum observed wind speeds (10 min averaged) mng wind gusts together with
time (GMT, on 9 January 2005) in selected Estonian meteorologetabrnst The stations are
arranged by longitude increase

Station Maximum wind Gusts (m/s)
speed (m/s)

Vilsandi 22.9 (04.00) 33.4 (05.00)
Sorve 28.0 (09.00 35.0 (08.00)
Ristna 18.5 (04.00) 28.9 (05.00)
Ruhnu 26.0 (06.00) 34.2 (05.00)
Virtsu 14.7 (04.00) 27.1 (09.00)
Kihnu 25.2 (03.00) 37.5 (03.00)
Pakri 20.5 (12.00) 30.3 (11.00)
Parnu 18.4 (03.00) 30.8 (02.00)
Tallinn-Harku | 12.3 (11.00) 21.8 (05.00)
Viljandi 11.4 (05.00) 28.9 (06.00)
Kunda 11.0 (20.00) 21.9 (20.00)
Tartu 10.3 (10.00) 22.5 (07.00)
Narva 10.8 (21.00) 24.2 (19.00)

The dynamics of the 10-minute mean wind speed during 8 and 9 January 2iiff&rext stations
around the Gulf of Livonia and on Saaremaa Island is shown ineFigQr It is clearly visible that
the wind speed increased earlier in the westernmost statid@@&ve and Vilsandi. Later, it started
to rise above the Gulf of Livonia. During the maximum flooding imBgf.-6 o’clock GMT), the
highest wind speed was measured at Kihnu and Ruhnu. Unfortunately, peatkef the storm,

automatic weather stations at three locations were ssitoff due to the lack of electricity.
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Figure 1.2. Dynamics of 10-minute mean wind speed on 8 dad@ary 2005.

For comparison, a similar graph is provided for 17-19 October 196udré-1.3). It should be taken
into account that wind speed at that time was measured usingevoeaty which offers less
accuracy. Weathercock records were usually overestimatedefdhe, the maximum wind speed
34 m § measured by weathercock in Kihnu corresponds to approximately 29' roy s
anemorhumbometer. Nevertheless, wind speed data during theastdrftooding on 18 October

1967 show even higher wind speed than during the storm and floodingammu&ry 2005.
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Figure 1.3. Dynamics of 10-minute mean wind speed on 17-19 €ci667.

Meteorological observation data of the previous severe storm eneftie western coast of Estonia
indicate that the storm on 9 January 2005 was not unique. Even higiteispeeds have been
recorded during many earlier storms. More detailed comparisbntigtstorm of 18 October 1967
shows that the maximum wind speeds were similar. Therdfdereasonable to assume that the

main reason of the 9 January flooding was the high seallef@le the storm.



1.2.Evolution of the hurricane. Storm parameters in Estonia
Cyclone Gudrun formed in the afternoon of 7 January 2005 as a perturbatios poiar front on
the North Atlantic, west of Ireland (Figure 1.4). At firdtetcyclone was barely visible as a low-
pressure area of about 990 hPa. The continued evolution of the cyckmded by a large
temperature contrast between the cold air mass in the north amdamd moist air mass south of
the front. The deformation of the polar front rapidly grew and tloéong continued to deepen by
the evening of 8 January, when the cyclone centre was trayallross the Scandinavian Peninsula.
The nadir point of 960 hPa was reached northeast of OsloC&t @AT (Carpenter, 2005).

The highest mean wind speed reached 34'nors the western coast of Denmark and southern
Skane in Sweden. Wind gusts up to 46 tnagre recorded in Denmark and 42 this Sweden.
Thus, according to the Saffir-Simpson classification, the cyattesely reached hurricane force on

the basis of the maximum mean wind speed in Denmark.

Figure 1.4. The trajectory of the cyclone centre on 7-10 Ja2088/ (Suursaaet al 2006).

The centre of the cyclone moved over the Scottish Highland, Soutweway, Sweden, the Gulf
of Bothnia, Finland and Russian Karelia. On 9 January, the tagitude of the cyclone trajectory
was 62-63°N. Estonia remained about 300-500 km south (i.e. right-hatid® afjectory of the

cyclone centre, thus falling into the zone of the strongest restimds.

Although the wind speeds had already decreased slightly by the ew#nlaguary 8, SW and W

winds with maximum average speeds of up to 28'nhbaitered west Estonian coastal areas. The

8



actual maximum wind speed could have been even stronger, as gaps iapftee wind speed
records (Table 1). Gust wind speed reached 38 m Kihnu, 33-34 m$ gusts were registered at
Ruhnu, Sorve and Vilsandi (Table 1, Figure 1.5). Minimum regidtanepressure was 972 hPa at
Parnu and 968 hPa at Ristna, still some 30 hPa-s lower than durirgeribes between the

previous (on 2, 5 and 7 January) and the next (10-11 January)&gclon
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Figure 1.5. Meteorological conditions, including hourly averagelwpeeds on 1-12 January 2005

at Ruhnu and Vilsandi stations.

According to the mareograph data from EMHI, the highest sesd feached 275 cm (272 cm
according to the Port of Parnu tide gauge) on 07 LT (05 GMT), 9 3aB8085 (Figure 1.6). The
previous extreme high sea levels for the period of 1923--2005 in Parnuentour 18 October
1967 (253 cm), 2 November 1969 (193 cm), 12 September 1978 (184 cm), 27 Februa84990 (

cm), and 17 December 1923 (183 cm).
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Figure 1.6. The two highest measured sea level eveRerimu in 1967 (a) and 2005 (b).
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New record high sea levels were registered also in Virtdsandi, Ristna, Rohukula, Heltermaa,
Dirhami and Tallinn. However, 2-3 measurements a day anduiffvave conditions did not allow
for proper recording of the surge event at most of the statimsmsohgestion and fouling with trash
aggravated the observations at some stations. The sead&ldl &t important resorts like Haapsalu
and Kuressaare remained unmeasured. It is possible onlyrtmatesthe sea level in such places by

the means of hindcast hydrodynamic simulations.

The impact of the 9 January 2005 storm was not uniform over the Estorian coastal zone. The
storm damage recorded in northern Estonia was not as greavast@rn or south-western parts of
the country. The sea level rise in Tallinn and in Muuga RBagt of Tallinn was not as high as in
western Estonia (Table 2). However, the 149 cm during the Jartoarywas the highest sea level
ever registered in Tallinn. The maximum wind (21 hirsTallinn, 17 m & in Kunda) and the gusts

on the northern coast were not as strong either. If the wind dimegtiring the storm had changed
from SW to NW, the damage on the northern coast of Estonia, ingltkdé capital city Tallinn,

would have been much greater.

Table 2. Maximum sea levels during the storms of October 19&danuary 2005 (EMHI data)

Sea observation station Sea level max. 18.10.67Sea level max 09.01.05
Parnu, W-E 253 cm 275 cm
Narva-Joesuu, NE-E 171 cm 194 cm
Kunda, N-E 160 cm 139 cm
Muuga, N-E 124 cm 157 cm
Heltermaa, NW-H 148 cm 136 cm
Ristna, NW -E 157 cm 176 cm

1.3.Hydrodynamic modelling of the coastal waters during the storm
Direct sea level measurements at Parnu suggest that tegbrdea levels could have occurred also
in other locations along the Estonian coast. According to hindcagkasioms performed with a 2D
hydrodynamic model (Suursaat al, 2006), the peak sea level values for some other vulnerable
locations (according to surge-time emergency calls) were 242+86%ar Haddemeeste, 217-234
cm in Haapsalu Bay and 205-217 cm close to Kihnu Island. The Ruhnu veda rtughly
representing the average sea level of the Gulf of Livenlabasin, was extraordinarily high (205-
217 cm) as well. The sea level in the southern part of thedBllivonia remained between 227

and 243 cm, and between 146 and 192 cm along the leeward coast. It shaatledodat long-term
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average sea level (measured according to so-called BadlighHSystem 1977 in relation to

Kronstadt benchmark) is close to zero in Estonian coastalsvat

Strong winds likely also induced very high current speeds. Unfddiynano instrumental
measurements were carried out during the event. However, hydrodymaaels that were verified
against extensive current measurements in the straits ofaéam in 1993-1998 allowed
performing reliable hindcast simulations for both sea levelcamgnts. As the strongest winds of
the event were westerlies, the maximum values of the-sgaton average current velocities were
also the most prominent in W-E directed straits, such asable &nd Irbe Straits (up to 2 M)sin
the meridionally directed Suur and Hari Straits the maximutocites did not exceed 1 m's
Velocities approached 2 ni $n the NW-SE directed Voosi Strait. In water exchange catiouls
the flows of this narrow and shallow strait were combined thi¢hparallel Hari Strait.

It appears that during the hurricane the Irbe Strait alone prsobabtributed the Gulf of Livonia
with nearly 24 km?3 of highly saline Baltic Proper water. Théoiming volume comprises 5.4% of
the average water volume of the gulf. However, as one daytietesame volume left through the
same strait due to change in wind direction, the hydrologifialeince of the inflow was restricted
mainly to the region of the Irbe Strait and marine area soulaafemaa. In the long-term course,
the flows in the Suur Strait respond to the Irbe Strait agramiOtsmanret al, 2001). The most
important strait for the Vainameri sub-basin was the shallow amdw&oela Strait with a W-E
direction and funnel-like mouth. During the twelve days the ssgiplied the Vainameri with 6
km?3 of new water, while almost 5 times larger Suur St@mtrtbuted only with 1 kms3. The cross-
section area of the Soela Strait (average 2 m deep) iedrenarkedly due to sea level rise,
enabling extraordinary large flows through the strait. Actuadsisection area could have averaged
30% greater during the 12-day period. About 4 km3 flowed out through thehthMoosi Straits
(Figure 1.7), leaving 3 km3 to be stored in the sea levadréifice between 1 and 12 January (Figure
1.6b).

12



150 7 240 7
[ a[ oo | .
100 1
o~ 1 <~ 160 ]
[7) ] %) ]
£ 50 ] £ 120 ]
e ] S 1
2 ] > 801
g 9 8 40
Q J (] 1
> ] > ]
-50 ] 07
] 40 7
100 —rm————————r—r+—+————— 8 +—+r—-"r—"r-r+r-—-———————
0 1 2 3 4 5 6 7 8 9 10 11 12 0 1 2 3 4 5 6 7 8 9 10 11 12
Days (Year 2005) Days (Year 2005)
60 28 7
1 &~ 1 dcCumulated flows [ —
| C —— Suur Strait S ] Irbe St.
S22t - —SuurSt. |-\~
E < ] — Soela St.
n S ] -
e 2 14 3 — Hari St.
8 E |
= ° ]
S > 74
° © 1
> EFIE
§ 01
1 © ]
-0 A 71
0 1 2 3 4 5 6 7 8 9 10 11 12
Days (Year 2005) Days (Year 2005)

Figure 1.7. (a-c) Modelled cross-section mean current w&sdn the major straits (see also Figure
1.1) and calculated cumulative water flows (d).

For the Vainameri, the 6 km3 of inflow from the Soela Steiti 1 km3 from the Suur Strait
comprise about 70% of the sub-basin water volume. Nearly 4 km3elépaa the Hari and Voosi
Straits during the same 12 days and the remaining surplus of Bdarly stored in the higher sea
level departed later northwards as well. The western sectidgheoWainameri (also called the
Kassari Bay), which according to hydro-dynamical properties b considered a separate sub-
basin with the water volume of 5 km3, was entirely flushed thro8ghallow bays like Haapsalu
and Matsalu on the western coast of the mainland, werelgritirshed with possible re-suspension
events. Water renewed entirely also in the northern parteof/#finameri. An extraordinary event
contributed to the Vainameri with more saline, but less nutriehtwater from the Baltic Proper,
thereby decreasing the trophic status of the eutrophied area. Oothitye hand, the strong
hydrodynamic processes could have also affected the deeper Ey&rsome secondary pollution

due to re-suspension of bottom sediments probably occurred (Sweirada2006).
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2. STORM IMPACT ON SHORE PROCESSES AND COASTAL
GEOMORPHOLOGY

The January 2005 storm induced clearly visible changes in theogevaht of shores and dynamics
of beach sediments almost all over Estonia (Orviku, 2005). The préoonidir these changes this
time - as has been observed during some former extreme stents ewvas a combination of the
absence of protecting ice cover in the sea, prolonged relatiigysea level before the storm and a
very intensive storm surge on the background of this high sea Mttebugh the extreme storm
surge was short, the wave energy was released further atathih some places even beyond the

landward boundary of the coastal zone.

According to expert opinion, the energy of extremely strong stonahsteeir impact on coastal zone
are many times greater than of ordinary storms. The chamgesastal areas generated by such kind

of extreme events may persist for decades.

2.1.Storm results in coastal areas on Saaremaa Island
Most of the study sites analysed with respect to the Jar2@éfy storm are located on Saaremaa
(2671 knf), the largest island of west Estonian archipelago. Thes sipresent different
geomorphic shore types with differing exposure to the open sea €FRudrl). The main
geomorphic features of this coastal zone reflect the preglesdief, the last glacial phase and
postglacial isostatic uplift. Coastal zone topography, sedimenteks, unconsolidated deposits
and offshore hydrology resulted in the formation of diverse rangehafe types. Clearly, each

shore type responds to storms differently.

Comparison of maps from different times and field measurenvests carried out to analyse the
geomorphology and character of shore processes in the study sites. [Hotedotlata were
processed usinilapinfo. This programme was also used to calculate reductions anchemie of
the areas of the spits. GPS-measurements were carried oletermine short-time changes in
shoreline position, contours of beach ridges and location of theitsadaring the last six (2000-
2005) years. The GPS-measurement results of July 2004 (low wi2eeember 2004 (high water),
January 2005 (just after the storm; high water) and April 2005 (latgnvwere used to analyse the
impact of the January storm. These measurements made it possiblgerve the storm results in
both high and low sea level conditions. In addition to changes in shobelfoee and after the

storm, changes in position and contours of scarps were alsmaetdy for instance in Kiipsaare.
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Figure 2.1.1. Location of geomorphic study sites on Saareslaadland on mainland around
Tallinn and Parnu.

A topographic survey was carried out to determine the beaditeprio the study sites. The survey
was repeated after the storm on 1 profile in Jarve, 3 in KélbaKiipsaare, 1 in Uudepanga, and 2
in Kidema. At Jarve study site, there was an opportunity to contipanesults also from earlier
periods (Luttet al, 1990). To eliminate water level differences, all thefifgs were related to the

Kronstadt benchmark.

Different aspects of shoreline displacement during the Jar@@y storm and shore processes are
described in more detail within six study sites. Two of th8ar\{e and Jarve) are located on Sorve
Peninsula, two study sites (Kelba and Kiipsaare) on HarilaidnBelai and two study sites

(Kidema and Uudepanga) in the northern part of Saaremaa.

Sorve
The Sdrve study site is located in the southernmost point of thve @&ninsula, SW Saaremaa.

The area consists of beach ridges made up of gravel and pealieumg to the south and

15



southwest in a form of islets of similar composition and origirrgmg above an extensive and
narrow submarine ridge called Pitkasdaremaa. (Figures 2.1.2.4r&) The islets change their

shape due to storm waves activity from different directions.

Earlier investigations (Orviku, 1974) show that the deposits of thenbeédges are derived from the
extensive meridional submarine ridge, a glacial marginah&tion (Orviku, 1934) as a result of
erosion, alongshore sediment transport from south to north and accomuldte contours of the

beach ridges on the islets support the idea of this kinddohsat transport and accumulation.

The Sorve study site is one of the most exposed to the open seanaksisnia, where wind
velocities are greatest (Kull, 1996). The hydrological precondifitfhigencing shore dynamics are
much different from the other study sites due to free exposiethathe Baltic Proper and the Gulf
of Livonia (Riga). The shores in Sorve are shaped by storm vestedty from west, southwest,

south, southeast and east.

Figure 2.1.2. Cape S6rve and shoreline changes in Sérve gauidy s

The changes caused by the January storm at the top of the spitieeabieteven when comparing

the photos taken directly before and after the storm (Figur8)2The measurements made before
and after the storm show that the most essential change smisasshortening of the spit by nearly
20 m (Figure 2.1.2). The eastern side of the spit receded ZBosion of the top and the eastern
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shore has lead to final collapse of the stonewall that wéallyierected by the Soviet border
guards many decades ago. The western side of the spit, rastphtis advanced 2-7 m (the south-
westernmost part even 10 m) due to accumulation. Strong erosion @agh@nd at the top has
resulted in the area of the Sérve study site to decreaakdny 2000 ) while the accretion in the
west has been nearly 1306.mMs the measurements were done just before and after the etem
can conclude that the area of the spit has decreasetioby 300 M as a result of the storm.
Analysing the wind parameters, duration and maximum magnitude oftdnen (based on the
observation data in Ruhnu) in relation to the measurement resulispassible to estimate the

storm impact on the shores.

Figure 2.1.3. Cape Sorve before (2004 July) and after (2005 Jatheustprm (photos by Hannes

Tonisson).

At the beginning of the storm the sea level was already higtihendiind was blowing from the
west, turning gradually to the northwest. During the first pluse storm considerable erosion
and onshore sediment transport was developing on the western shatencEviof intense
accumulation is a relatively thick layer of gravel covetimg pathway along the western side of the
spit (Figure 2.1.4). By the peak of the storm north-western windsed the main sediment
movement to the south, towards the top of the spit. The wavétyaatisreased also on the eastern
shore and the freshly accumulated deposits covered a majaofghe former seashore meadow
(Photo 3). During and just after the peak of the storm theeweshore remained in the shade of the
Sdrve Peninsula and the low-lying islets. The wind turned toahh oy the end of the storm, and
part of the sediment deposited at the top of the spit vmasgorted back along the western shore
and re-deposited. This process is illustrated by the top of thkeespg a bit widened and bent to the
west (Figure 2.1.2).
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Figure 2.1.4. Freshly accumulated gravel from different tioms in the central part of the spit

resulted from January storm 2005 (photo by Kaarel Orviku).

Jarve

The Jarve Study site is located on the southern coast (Figui¢ @f the island a few kilometres
west of Kuressaare, the largest urban centre in Saardimagpart of the coast is a typical sandy
beach with dunes. The dunes were formed during the Limnea Seaoftdgeelopment of the
Baltic Sea. The dune ridge (up to 5.8 m above the sea lsva)aut 8 km long and borders a
shallow (< 5 m) bay called Suur Katel. The waves have erodedrp in earlier coastal and marine
sediments, which is slowly shifting inland. The study sitexigosed to waves from the southwest,
south, southeast and east with a mean azimuth &f I6@ hydrological factors influencing shore
dynamics here differ from the previous site due to its expasugetowards the shallow basin of

the Gulf of Livonia.

Major changes in the Jarve study site consisted of a receddioa seaward scarp, particularly its
brink, in the dune range (Figure 2.1.5). Repeated measuremertie beach profile in Jarve
indicate a steady recession trend over the whole study perioddRAdu6). The scarp has receded
by 6 m during the period 1990-2005. Four metres of this recession ocasrr@desult of the
January 2005 storm. This is clear evidence to confirm an eadgmption that the impact of an
extreme storm event can be many times greater than thetiofg@adinary storms during preceding
years or even decades. In addition to erosion of the scarp, tlshareasea bottom became much
shallower. This probably resulted from the relatively short caaif that extremely strong storm.
Recession of the scarp was considerable but due to the stdramtsdsiration and the rapidly

decreasing sea level after the storm, most of the erodedesgtdiwere deposited right at the foot of
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the scarp. In case of longer storm duration and high seaderditions, the eroded deposits are
usually transported by alongshore drift far away from the erogi@enAsccording to the modelling
results of the water levels in the western part of thd Gfulivonia (192 cm), the mean sea level

during the January storm approached about half of the scarp hedgive (Figure 2.1.6).

Figure 2.1.5. Strongly destructed sandy scarp in Jarve siedgfter the storm (photo by Kaarel
Orviku).

Figure 2.1.6. Profile 1. Scarp recession at Jarve.

Kelba
The Kelba study site is situated in the southern part of thealithReninsula, NW Saaremaa, within

the limits of Vilsandi National Park (Figure 2.1.1). Harilda&elf is a northwest-southeast orientated
trapeze-shaped smaller peninsula that is connected with mggér birfagamadisa Peninsula, by a

narrow connecting tombolo. The primary landform of the peninsuta NWV-SE trending glacial
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ridge. The part of the ridge subjected to wave activity been affected by uplift. Erosion by waves

has changed the shape of the submarine part of the emergieg ridg

The Kelba study site consists of a series of beach ridgesniga spit. The spit consists mainly of
crystalline pebble and the beach ridges within it form distincteiments of different age. The
beach ridges are usually less than 2 m above sea level andylfiest tops reach 2.5 m. There are
lagoons and small lakes behind the spit. The study site is exjmo#es Baltic Proper to the south,
south-west, west and north-west. Deeper waters are wesbatitvest of Kelba. The nearshore
bottom is strongly inclined, for instance, the 2 m submarine tkolsaa few metres from the

shoreline.

A general trend in the development of the Kelba spit overabsedecades has been continuous
accumulation of new beach ridges elongating the spit in its distadtion. The material deposited
on new ridges is probably eroded and transported by westerly arajaalyi north-westerly storm
surges from the submarine shoals, south-west of HarilaidreBudts of the measurements done in
the last couple of years show a clear retreat of the shorelthe proximal part of the spit due to
strong erosion of the older beach ridges and lack of sediment on subsfaoals. (Orviket al,
2003).

The beach dynamics in Kelba between July 2004 and April 2005 show anaemtreinthe spit due

to accumulation (Figure 2.1.7). At the same time the distalopéine spit has shifted to the north by
15-30 m. The total area of the spit has increased by about 430¢emthe same period. Most of
this increase stems from filling of the backing lagoons andl $akals by sediments. Due to erosion
of the seaward proximal slope of the spit and throw of the depm&er the crest of the spit into the
lagoons, the older beach ridges have been levelled and the prgerhaf the spit has widened

towards the lagoons.

Figure 2.1.7. Shoreline changes on Kelba spit before andfadtetorm.
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In addition to substantial changes in the area of the Kelba @pig shanges in elevations have also
been observed. As shown in Figure 2.1.8, profile 2, the seaveqrel af the youngest beach ridge
in the spit has been smoothed and a new relatively high ridgeribas as a result of the storm. The
most dramatic morphological changes in the young beach ridgesuicularly noticeable on this
profile. The youngest ridge has risen by nearly 1 m (from 128&an), while the width of the spit
has remained almost constant. Part of the beach ridgeiah#tet had been thrown over the crest

into the backing lagoons by swash has formed a charactstiestic slope.

Figure 2.1.8. Cape Kelba profiles 2 and 3 in 2003 (dotted éind)n 2005 (continuous line).

Profile 3 crosses the spit in a more distal part of theagmitit 170 m from its top (Figure 2.1.8). In
this part, the older beach ridges in the seaward side hamecbe®letely destroyed by the storm.
The elevations have remained the same. The rate of erositedmmestimated roughly at about 15
m® of deposits per meter of shoreline (totalling over 308presulting in elongation of the spit by

75 m and shifting north.

The shift of the gravel-pebble spit and dramatic changes imdtphology indicate the joint action
of extremely strong wind forces and high sea level in this rediwsmg the January storm. The
prevailing wind direction during the storm was probably across thehbaédges in the older part of
the spit, which accounts for the formation of nearly 4 m high ¢jrastlges and prevalence of

erosion (Figure 2.1.9).
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Figure 2.1.9. Freshly formed beach ridge consisting of pebldtirgpd m above sea level

Kiipsaare

The Kiipsaare study site is located in the north-westernmpsbft the Harilaid Peninsula (Figure
2.1.1) embracing a 1100 m-long and about 350 m wide area on the north-aastsouth-western

sides of the peninsula. Sandy beach formations of different alge mdst characteristic feature of
the shores here. Cape Kiipsaare is one of the most ragéligloping and most thoroughly
investigated coastal areas in Estonia, along which vast chamghoreline displacement and the
shore processes characteristics have been observed throughouf' then@0y. This site is also

famous for the leaning lighthouse, which due to strong beach eteaimmseaward (Figure 2.1.10).

Figure 2.1.10. Kiipsaare lighthouse is in the sea today (phdttabgies Tonisson).

The earlier accumulative shoreline positions on Cape Kiipsa@eavell marked by a series of
parallel beach ridges, which cross the current shoreline @ngle of 30-3%5 Shore processes
during the last century have caused the north-westernmost point ioSydento migrate to the

northeast and to become longer and narrower (Oretkal, 2003). The study site is influenced
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mostly by waves from the southwest, west, northwest and ridréhshore slope is rather flat. The
sea bottom is particularly flat and shallow northwest of Cdpesaare. For instance, the 5 m
isobath is on average 4 km from the shoreline. The underwater sbpeeis a bit deeper to the
west and south-west. The steepest underwater shore slopmtisdlaortheast of the peninsula,

where 5 m contour line is about 350 m offshore.

Changes in both measured shoreline and scarp positions as wedhes profiles reflect the
magnitude of the January storm’s impact. The biggest changebsas/ed in the western part of
the peninsula near Cape Kiipsaare (Figure 2.1.11). A fewrsetide and about 200 m long sandy
formation that extended from the cape towards the open sea in si@fhas turned to the
northeast and become much shorter (about 80 m today) after the Jatarary Its area has
decreased by 3000°mPart of the eroded sand has probably been transported along tére eas
shore onto the Harilaid tombolo. A 250 m long section of the easterma fsbor Cape Kiipsaare has
receded up to 15 m and lost about 19Gmfriand. At the same time, the southern part of that shore
has advanced up to 7 m and the area has grown by about’?8TBemsandy scarp on the eastern

shore has remained stable.

Figure 2.1.11. Shoreline and scarp changes in Kiipsaare sitedy

The biggest changes in Kiipsaare took place on the western.shbeesandy scarp has receded by
10-20 m. As the mean height of the scarp is about 1 m, the approxstia@te of the amount of
eroded sediments is 5000°.nThe ridge of foredunes has been completely destroyed and the area
flattened. The sand from the beach has been transported up tor@nch from the edge of the
dunes by swash. (Figure 2.1.12) A few shoreline changes candrgazbsouth of the beacon.
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Figure 2.1.12. The sand from the beach has been transported up to &@drfrioin the edge of the
dunes by swash (photo by Hannes Ténisson).

The measurements on the Kiipsaare profile before and aftetdim confirm the above-mentioned
conclusions (Figure 2.1.13). About 1 m high scarp at the SW end pfdfie has retreated ca 10
m due to erosion. The eroded material has been probably depositgly dinethe beach flattening
and elevating it by 0.5 m. Comparison of the measurement réguitis2003 and 2005 clearly

reveals a sandy formation whose surface has risen by 8 midened towards the sea by 10 m.

Figure 2.1.13. Kiipsaare profile before (dotted line) and éfentinuous line) the storm.

The signs of the relatively short storm duration, exceptionallly k& level and very strong wave
activity from southwest and west are also visible in Kiipsatudy site. A considerable part of the
deposits eroded from the scarp has accumulated on the beach dir¢lotlyfoot of the scarp hiding
the distinct boundary between the former beach and the scarpe(Ridul4). Part of the sand has
been thrown to the centre of the cape on vegetated former rigigese( 2.1.12). Part of the sand
eroded from the scarp on the western shore has probably been tethdpordlongshore drift

around the cape, and deposited on the eastern shore near theicgroedolo.
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Figure 2.1.14. Sandy scarp in Kiipsaare before (left) and @itgnt) the storm (photos by Hannes

Tonisson).

Uudepanga
The Uudepanga study site is also located on Harilaid Peninsula bbé @outhern coast of the

Uudepanga Bay within the limits of the connecting tombolo (Figurd2.The site is characterised
by sandy beach formations of different age. The study sitepissed to both the Uudepanga Bay
and the Baltic Proper with mean azimuth of,5ind is influenced by waves from the northwest,
north and northeast. The underwater shore slope is relatively mteephe shoreline; the 2 m
isobath is only about 10 m from the shore but the slope graduallyadesréowards the sea. For

example, the 10 m contour line is about 1.5 km from the shereli

The Uudepanga study site is a typical accumulation area wheg 800 m long beach has
advanced towards the sea up to 15 m (Figure 2.1.15). The imdrefiand between 2003 and 2005
has been ca. 1.500°mMeasurements on the profile show that the January stormoyksstthe
former beach ridges within an area up to 80 m from the shordipesiting the eroded material all
over the beach. Erosion of ridges and filling the depressions &etihem led to smoothening of
the beach. At the same time, the youngest beach ridgeor@se m above sea level. Comparison of
the exposure of the study site and the prevailing wind directionsatedihat the Uudepanga study
site was influenced by storm waves for a very short tioy during the peak of the storm. That is
why accumulation was the main shore process even during the JaouaryAsshort-term high sea
level could only equalize the landward surface of the beach angdraseme sediment near the

mean shoreline elevating the beach surface by about 1 m.
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Figure 2.1.15. Shoreline and beach profile changes in 2003 (dottecridah 2005 (continuous
line).

Kudema

The Kidema study site is situated on the eastern coast of Kideynadthern part of Saaremaa
(Figure 2.1.1). A complex accumulative coastal formation witlpia (nearly 3 km long, 0.5 km
wide and up to 3.5 m high) is the main changing relief structehiese formation and development
depend strongly on erosion of the Panga cliff to the north. The 2Iergmcliff (21 m above sea
level) consists of Silurian limestone and is well exposed tewaarhe Kiiddema Bay is rather deep,
reaching 22 m about 1 km west of the study site. About 100 m froreatbtern coast, the basin
becomes abruptly shallower, forming a 2-3 m deep erosion sunf&ikirian limestone. The study

site is well exposed to the waves from the west, northareshorth.

There are no clear shoreline changes in the Kiidema stud{Fgjtee 2.1.16). More dramatic
changes are related to the position and morphology of the beach fitigeseaward slopes of the
beach ridges have become steeper and the youngest ridges mprfigiebble and gravel have
risen by ca. 1 m (from 2 m before up to 3 m after the storm; &@ur.16, profile 7). Pebble, which
can be eroded and removed by very strong waves, is depositedeorvefetated ridges in many

places at Kidema.

Figure 2.1.16. Beach profiles on Kiidema spit in 2003 (dotteyldime in 2005 (continuous line).
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Greater changes have taken place on the distal part of th&érspicrest of the youngest and highest
beach ridge has shifted by 10 m landward. Similar shifts isgh&ral and proximal parts of the spit
have been of lesser extent due to the older ridges inhibiting movéRigute 2.1.16, profile 8). A
clear consequence of the January storm is a freshly formetl bdge, which is much higher the

older ones behind it.

The distal part of the Kidema spit consists of a single bedge formed in the result of
alongshore drift, which easily changes shape in high sea lenditions. As the underwater shore
slope here has been formed on the bedrock made up of limestonen efostuich is a very slow

process that cannot be observed in the scale of a singig #elevation has remained unchanged.

The Kidema study site, like Uudepanga, was protected fromringt @dnpact of storm winds and
waves for much of the storm. The high sea level was the nfagtor influencing the shore
processes. Prevailing wind directions from the west, souttamelssouth did not favour alongshore
drift of sediment. This is also confirmed by the absence wfbesach ridges and stable position of
the southernmost top of the spit. Major events are relatedstmmndrift and shifts of the crests of
the former beach ridges. The gravel-pebble beach ridges thatforened during the last strong
storm much further inland the mean shoreline and on higher abstdwks due to high sea level

during the storm may persist there in unchangeable form fortilmeg

2.2. Coastal damage in Valgeranna and Uulu, Parnu County
Parnu Bay is a shallow semi-closed aquatory in the northreaStdf of Livonia (Gulf of Riga),
with maximum depth of water 10-12 m. In Parnu Bay, sandy shazearmon, beginning west of
Audru polder and continuing, with few interruptions, southward along thereasast of the bay.
The sand is carried in the coastal zone by alongshore flows &vere@ to the shore by onshore

flows. In general, the shoreline is straightening.

Abrupt water level rises in Parnu Bay have been brought aboutdngs8W and W winds and

severe storms throughout the centuries. The first descriptiontof 3ipeet (91 cm) water level rise

in Parnu Bay with lasting storms elevating the sea leveh up to 8 feet (244 cm) was in 1806.
One of the greatest sea level rises was induced by thalled ¢storm of the century” on 19

October 1967 in Estonia, when the sea level reached 253 cm alerage within a few hours.

In similar conditions, erosion takes place on the sandy scarpalgendnna and Uulu, north and

south of Parnu, and loosened grains of sand are shifted alongshoresttvweatap of the bay, until
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finally accumulating on the outer sides of the two moles am®&. Frequent storm damage in

Valgeranna and Uulu has considerably weakened the beachnesiagainst erosion.

Valgeranna
Valgeranna is located a few kilometres north of Parnu, jest wf the River Audru outlet, and is

one of the largest sandy shores of Parnu Bay. Valgeranna isdabfd®an the inland by a stretch of
dunes and a 1.5 km long scarp that is cut into the ancient ceediiadents and dune sands. A thin
layer of sand covering varved clays characterizes therfthivéde nearshore zone. There are even

varved clay outcrops in places, indicating the deficgasfd.

During the last 30-40 years, an abrupt increase in the activitgbodsion and accumulation
processes has caused severe damage at Valgeranna and charigechbnthe entire beach area.
Thus, Valgeranna has been considered one of the most impresaiagles in Estonia proving the

worldwide known phenomena of vitalization of shore processestloedast half- century.

A strong storm in late autumn 1999 resulted in a substantial changalgeranna, when a huge
amount of sand was eroded and removed from the sandy scarp. Théssthreceded about 5 m
landwards. The sandy beach was lowered by about 10 cm and thetegadwyhe 50 m from the

shoreline became deeper by about 0.5 m. (Figure 2.2.1).

Figure 2.2.1. Scarp recession in Valgeranna in 1963-1999.
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The Valgeranna beach is nestled between a camping site aAdidhe polder and has recently
suffered severe storm damage. The beach has been erodeth @ degree that at high sea level
conditions the storm waves reach the camping area thatreaage protected by a low range of
dunes (Figures 2.2.2). The January 2005 storm destroyed the campanggbuiThe sandy scarp
receded by 5 m in the western part up to 12 m in the east. The ke through the protecting

dam, and reached the Audru polder.

Figure 2.2.2. Valgeranna camping area after January storm(@200f by Raimo Klesment).

Uulu

A 1 km-long and up to 2 m-high sandy scarp at Uulu is situated ongtesreaoast of Parnu Bay, a
few kilometres south of Parnu. The beach and the nearshore zoas iaré/algeranna, covered
with a relatively thin layer of sand. As the scarp is lodae a distance from the shoreline, it
remains untouched by waves in normal sea level conditions. Theyatwan made the scarp very
active (Figure 2.2.3). Due to strong erosion, many pines heaedge of the scarp fell onto the

beach.
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Figure 2.2.3. Signs of strong erosion on Uulu scarp (photo by igdmg).

The loss of beachfront in the described sites as well as iae strar sites in the Parnu County have

left the beaches increasingly vulnerable to further damegs in case of moderate storms.

2.3. Coastal damage in Tallinn
The highest sea level during the January storm officiallysomea in Tallinn was +149 cm.

At such high sea level conditions the final breaking of waves metwat the landward edge of
sandy beaches just in front of beach protecting pine stand. Theettr water mass generated from

breaker, the swash, rode up the beach into the forest calasmape to the pathways in the forest.
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Figure 2.3.1. Damaged by swash pathway in Pirita f¢pdsito by Kaarel Orviku).

Figure 2.3.2. Trash carried by swash deep into the f(phsto by Kaarel Orviku).
Breakers and swash eroded and destroyed most of a range fof¢idynes at the landward border

of the beach. This provided the storm waves free access toydds indigenous coast (Figure

2.3.3). The landward slopes of the foredunes survived in only aoeatidns. The surface of the
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sandy beach turned low and flat. Additional accumulation of sandptlaglke on nearshore ridges

that were clearly visible in low sea level conditions theofeihg spring (Figure 2.3.4).

Figure 2.3.3. Destroyed indigenous coast in Pirita (photo byeK&aviku).

Figure 2.3.4. Freshly formed nearshore ridges the next spfiegJanuary storm emerging above
low sea level (photo by Kaarel Orviku).

Strong coastal damage was also recorded at Savirannaesasirpf Tallinn and the western side of

Kakumée Peninsula, western part of Tallinn. The Saviranng,sednich in normal sea level
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conditions, remains untouched by waves turned very active. A 1.5rkgntadlus on the foot of the
scarp was entirely removed, and in places even the brink of the reteeated a couple of metres

(Figure 2.3.5).

Figure 2.3.5. Signs of strong erosion in Saviranna (photo by K@ariku).

The Kakumaée cliff on the western coast of the peninsula made negisfant sandstones was also
subjected to strong erosion. Some sandstone blocks separated framnkhef the cliff and

collapsed. The outcrops of the cliff were refreshed.

2.4. Coastal damage in other places around Tallinn
Very clear traces of storm damage were recorded on theafdashepere Bay, a deep cut into the
mainland part of the Gulf of Finland about 40 km west of Tallirandy beaches at the top of the
bay at Klooga-Rand that experienced a local sea level riferesiithe most. The top of the bay is
characterised by extensive sandy beaches embroidered by afrapg®e 8 m high foredunes. This
range of foredunes was almost entirely destroyed during the Jastoany and the dunes behind

this range were levelled.

A metal rod of the state benchmark washed out from the dunesdistance from the current
shoreline is a good indicator of the magnitude and character aftdh@. The rod initially put
entirely into the sand appeared 85 cm above the surface justhaftetorm (Figure 2.4.1). The

whole system of foredunes in the surrounding area was compdetglpyed and levelled.
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Figure 2.4.1. State benchmark rod dug out of sand by January stdt60® (photo by Kaarel
Orviku).

After destroying the dunes in the rump of the Lahepere Bagwiash from breakers reached a low
territory behind the dunes and flooded it (Figure 2.4.2). AHigdacks remained from the dunes.

Figure 2.4.2. Flooded by swash low area behind dune ridge (phétaasgl Orviku).
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Strong damage can be observed on the eastern coast of therbaBapeat Laulasmaa where
accumulative sandy beaches are replaced by a 3-4 m high sandyAsoarpber of secular pines
collapsed from the scarp. A pathway sign is painted on one (F&4r8). Considering that the
pathway was about 2 m from the edge of the scarp, the rough estfretbrm-induced recession

of the scarp can be about 4-5 m.

Figure 2.4.3. Collapsed pine with a pathway sign in Laulsaptead by Kaarel Orviku).

Finally, it can be concluded that the January 2005 storm cauaadeshto the depositional shores
in west Estonia many times greater than the series of oydatarms over the preceding 10-15

years period.

Some observations of the results of the January storm wetedcaut on small islands in Kolga
Bay, southern Gulf of Finland (Figure 2.4.4). In general, tioens damages there were rather
insignificant. Certain vitalization of erosion can be observed ofogially active shores made up
of sand and gravel. Due to recession of the scarps by a aofupieters, the areas of the plant
communities covering the brinks of the scarps on different iel®@e been reduced a bit. Most of
the permanent plant communities on silty shores including the NRWTUW630 (Boreal Baltic
coastal meadows) habitats have not suffered from the storm. Althoaigain signs of sand
accumulation higher the ordinary beach zone are visible, for irstandhe south-eastern shore of
Pedassaar, the plant communities in the highest central parise ofslands have remained

untouched.
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Figure 2.4.4. Kolga Bay islands, southern part of Gulf of Finland

The greatest changes from the January 2005 storm were roor#@®ipse Island and in the south-
eastern part of Prangli Island. The northern and western shokespse have receded a couple of
meters due to erosion, and the territory with NATURA 2140 @ifted fixed dunes with
Empetrum nigrumhabitats has reduced (Figures 2.4.5 and 2.4.6). The bordgoaohg pine stand

has moved by about 5 m from the edge of the scarp.
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Figure 2.4.5. Shore types of Koipse Island.

Figure 2.4.6. Vegetation transect across Koipse Island.

Sandy shores are characteristic of the south-eastern pagrafliRsland. The January storm made
its southernmost point, Cape Liivasdare, much shorter, lowgrengcarp and forming a 50 m-wide

sandy beach with single boulders east of the cape (Figui@.2.4.
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Figure 2.4.7. Changes in the shoreline contours resulted fronarda2005 storm on SE Prangli
Island.

Quite intensive erosion as a result of the storm has occursediralthe north-western part of
Pedassaar Island. Due to recession of the sandy scarp ilarakett of a mature pine forest of
NATURA 2180 (Wooded dunes of the Atlantic, Continental and Boreal regialitat type has

noticeably decreased (Figure 2.4.8). Reduction of a lower ealitarea without permanent
vegetation south of the Pedassaare harbour is also evident. gdrtieetime, the sandy shores of
NATURA 1640 (Boreal Baltic sandy beaches with perennial vegetatiabitat type have remained

untouched.
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Figure 2.4.8. Loss of a mature pine stand on Pedassaat (plaoto by Vaino Kors).
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3. STORM IMPACT ON HUMAN SETTLEMENTS AND PROPERTIES

Chapters 3, 4, 5 and 6 of this report focus mainly on materigished by the Ministry of Finance
of the Estonian Government in application to mobilise the Europeam@alidarity Fund to cover

the damage caused by the January storm in Estonia

The administrative units of Estonia on the western coast - P8aaue, Ldane and Hiiu counties
(Figure 3.1) were mainly affected by flood and wind. Viljandi cguand the other inland and
northern coast counties were affected mainly by gusts. Tickestrarea comprises approximately
39% of the Estonia’s terrestrial area.

Figure 3.1. Administrative division of Estonia.
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There are some municipalities, where most of the populatioraffeed by the storm (e.g. Audru,
Kihnu, Surju, Tali, Haddemeeste, Varbla, Tahkuranna municgsli all belonging to Péarnu

county, Figure 3.1).

3.1. Flooded urban areas
Parnu County suffered the most from the storm. At 7.30 a.m. on ya#lliahe level of water
covering the streets in Parnu according to official measuremeassip to 2.75 meters above the
Kronstadt O (the benchmark for the eastern Baltic Sea). Téetsinear the sea were flooded up to
the city centre Figure 3.2). At 3 o'clock p.m. the wateellénad already fallen below two metres.
Parnu City Administration declared the coastal region incluBiagktla and Vana-Parnu a disaster
area and 400 people were evacuated. In Parnu, 775 houses with H8famb were affected by

flooding, of which only approximately 1/3 had insurance contracts.

A total of 103 inhabitants in Haapsalu, the biggest town of L&Zmenty, were evacuated. The
water level in Haapsalu and in the port of Virtsu rose nearty meters above the mean value.
Water reached the centre of Haapsalu, Holm Peninsula ancepanagion were completely
flooded. Some 159 houses (including 7 municipality houses) and 42 businediagsuivere

affected by flooding in Haapsalu.

Figure 3.2. The area of potential inundation in Parnu City.
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3.2. Damaged properties
The houses suffered mainly from flooded floors and ripped-off roofsfurhéure and doors were
damaged. Equipment had to be replaced. In some places, tteeseamept away even fundaments
of the buildings. Firewood of many households was flooded and hegsitegs were damaged.

The number of households that were damaged and the average insnd@meeity was taken as

basis for calculating the storm damages in Parnu, Sadregine counties.

According to the data of insurance companies, the average darinpgesonal property in Parnu
county was 4 913 EUR, in Laéne County 4 078 EUR and in Saare County 2 854&UR
household. The total damage of households in these three counti®s1®2957 EUR. The total

figures of affected households and caused damages in thedhréies are given in Table 3.

Table 3. Number of affected households and rate of damages inrEBP&nu, Saare and Laane
counties resulted from January 2005 storm.

County Number of| Total damage caused fto
households households in the county
Parnu County 1619 7 954 147 EUR
Saare County 144 410 976 EUR
Laane County 203 827 834 EUR
Total 1966 9 192 957 EUR

The financial damages of all the households in Estonid rER©8 million EUR.

A total of 294 cars were destroyed or damaged either by floodllen faees. Based on the
compensation decisions made by insurance companies, the averaget afmindemnity for an
insured event of a vehicle was 10 172 EUR. The total monetaryggacaaised to the vehicles in
Estonia was 2.99 million EUR.

In the private sector, the data is mainly based on the infa@mptesented by local administrations.
The Fishermen’s Union presented the data concerning the damaggd da fishing ports and
fishing equipment.

The total damage in the private sector was 28 223 651 EUR.ide tonsists of damage caused
to buildings (roofs, doors, windows, floors, constructions), furnitefécé furniture and other
inventory), apparatus and equipment (computers, kitchen equipment (inclefingerators),

motors, other control engineering and electrical installations comdrol systems) caused by
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flooding. Damages caused to electricity, heating and ventilatystems, as well as destroyed
ready-to-use products and products that were spoilt because of pgwehould be added (Table
4).

Table 4. Total damage caused to private sector enterprises

County| Total damage caused to enterprises
Parnu 5948 421 EUR
Laéne 1283 972 EUR
Saare 162 042 EUR

Viljandi 107 475 EUR

These numbers include only direct damages; lost income haseminotuded in the calculations.

The financial damages of all the enterprises in Estoaichré.655 million EUR.

Damages caused to animal sheds, granaries, drying kilns amdagtiwiltural buildings (mainly

roofs), forage, agricultural equipment and perished animalgiaen in Table 5.

Table 5. Damages caused to agriculture

County| Total damage caused to farmers
Péarnu 121 291 EUR
Laéne 8 117 EUR
Saare 14 425 EUR

Viljandi 63 061 EUR

The financial damage to all farmers reached 0.235 milHOR.

Damages caused to private harbours — berths, buildings, bastefts, apparatus, equipment,

moles, dikes, lighting, water areas full of sea dreggaven in Table 6.

Table 6. Damages caused to private harbours

County| Total damage caused to private harbqurs
Parnu 467 546 EUR
Laane 196 848 EUR
Saare| 415 119 EUR
Harju 35 151 EUR

Laéne-Viru 31 956 EUR
Hiiu 28 121 EUR

The financial damages of all the private harbours reach milién EUR.
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Fishermen losses due to the storm (boats, nets, fish boxes, equipoheding outboard motors,

pressure washers, snowmobiles etc.) are given in Table 7.

Table 7. Damages caused to fishermen

County| Total damage caused to fishermen
Parnu 166 809 EUR
Laane 22 580 EUR|
Saare 14 457 EUR
Harju 63 912 EUR

Hiiu 2 556 EUR

The financial damage to the fishing industry reached 0.271BmEUR.

3.3. Affected people in different regions.
The storm affected approximately 18% of Estonia’s population. Hwere weather forced
evacuation of 600 people all over Estonia. The most affectesl Rdrnu and Ladne counties (Table
8).

Table 8. Number of evacuated people

Town | Number of people evacuated
Parnu 400
Haapsalu 103

Fourteen people were insured and needed hospital treatment, 13 of suifehed from

hypothermia. One senior citizen perished in Parnu.
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4. ECONOMIC CONSEQUENCES OF THE STORM THROUGHOUT ESTONIA

The total direct damage caused by the storm is 47 868 096 EUich 28 223 651 EUR is
attributed to the private sector and 19 644 445 EUR to the public .sébmdamage caused to
Estonia was more than 0.6% of Estonia’s GNI, namely 0.63%§ar@=4.1).

Figure 4.1. Calculated storm damages in different munitigglin million EEK-s = 0.06 million
EUR)
(by Ahas & Silm,"Postimees" 03.01.2006, http://www.postime#&330406/esileht/187649 1.php).

5.1. Power and communication cuts, flooded roads
Energy
The rainstorm paralysed life in coastal areas in Parnue $eml Laane counties as well as in the
inland county of Viljandi, and caused power outages to about a quartiee stibstations of the

national electricity company, Eesti Energia AS.

Altogether 15% of the households in Estonia experienced power outageddition to these in
Parnu and Viljandi counties, 720 substations in Saare County, 560 in 4&8un Tartu, 413 in

Jégeva, 310 in Pdlva, and 161 in Hiiu counties were damaged.
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About 109 500 households throughout Estonia experienced power outages. In the raprning
January 9th, most households in Parnu County (21 000) and Viljandi County (1H8QM@)ing the

Viljandi hospital, were blacked out.

The total damage caused to the state enterprise Eestidarrgunted to 2 924 853 EUR, of which
2 658 981 EUR make up restoration costs to distribution networks and tHerresnovation of
power switches, clearing broken poles and reconstruction of tempmrasr supplies. The other
damage mainly to power lines and frequency converters amown3&éd7i03 EUR.

Telecommunications

Damage caused to Elion Ltd, part of Estonian Telecom, was191 7B5aBd that for Tele 2 and
Radiolinja — 70 303 EUR.

Transport
Several ports suffered from the storm, fishermen lost themts and fishing nets or the boats and

nets were heavily damaged, leaving many fishermen without wirkam port mole and its
surrounding seaside in LA&ne County needed to be cleaned afs¢orthe In La&éne-Viru County,
Vergi port suffered the most, the seawall was damaged arfditivay was full of sand. In Parnu
County, Kihnu port mole was damaged. Munalaiu port area was hedfalted and asphalt was

swept away, halting ferry service with Kihnu Island.

State owned ports and seamark damage (Estonian Maritime Attatinis) were estimated at 195
870 EUR; the government invested enterprise Saarte Liinid Ltd ifpfoaistructure) had average
damages of 199 980 EUR; the total damage caused to local goveromeadtl ports (port

infrastructure) was 776 845 EUR. The total amount of eligible ¢odtsis field was 1 172 695

EUR.

Road traffic suffered mainly from fallen trees. Some roaeie\vilooded. No highways were closed,
however, traffic suffered from fallen trees on Valga-Uulu &édnu-lkla highways. The border

checkpoint to Latvia at Ikla was temporarily closed.

Damage to state owned highways (Road Administration) amouni#t9t814 EUR;
Other damage to roads, streets, street lighting, culvedslaaning of fallen trees from the roads
totalled 870 808 EUR. The total amount of eligible costs infibid was 1 600 622 EUR.
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The storm left a lot of sand on coastal roads that had to be eelm®eme of the roads were washed
out. One road in Laane County and three roads in Parnu County wseel.cDamage to private
roads in Kihnu municipality, Parnu County was 12 782 EUR. The &otalunt of eligible costs in
this field is 2 773 317 EUR.

Water and wastewater

Wells were filled with surface water and needed purificatiThere were also sewerage problems as
the pumping stations were out of order. Some coastal areas dlaldnps with drinking water
because of contamination or power cuts. The total amountgiflelicosts due to damage caused to

local water and sewage objects (wells, pumping stationsp@a928 EUR.

The Audru polder in Parnu county was heavily flooded (Figure 4.2).

Figure 4.2. Audru polder dam is broken by storm waves (photo bydgiesment).

4.2 Storm impact on agriculture
Domestic animals suffered because of power outages, the cowsnetmilked, as milking
equipment did not work with back up generators. And even if the cows coutdlkesl, the milk
spoiled due to lack of refrigeration. The farmers lost fodtler to the flood; some farmers were
forced to send their cattle to abattoirs, as they had nathifeggd them with.
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4.3. Damage to trees and forests
The strong winds caused major damage to forests. The foresed area in Estonia is 2.2 million
ha (51.5% of Estonia's land territory) of which 40 % is state dwdprooted trees represented 70-
80% of tree damage. Fallen trees caused about 90% of the potages. Approximately 17 000

trees fell on wires in the affected counties.

The damage was greatest in Parnu, Viljandi, Valga and Jagewxdies. A total of 515 000 solid
cubic meters of forest was lost in the state forests @inhdamage exceeded 3.22 million EUR)
and 600 000 solid cubic meters in private forests (damage il EUR).

The State Forest Management Centre (SFMC), which admgiated manages state forest in
Estonia, evaluated the damages caused to the state fdress 222 617 EUR, including:
955 732 EUR for the damage to stagflation of harvesting. As the pfibarvesting a solid
cubic meter rises (average 1.6 EUR per solid cubic metex)profit of the SFMC will
decrease. As SFMC invests the profit back into the forleste will be fewer resources for
investments.
Presumably, the selling price of timber will fall (the fomst is 6.39 EUR per solid cubic
meter) and the share of low-quality timber will be higher thiedefore total estimated fall of
revenue is 1 422 411 EUR.
The area that needs to be reforested, i.e. the area tteaaliy damaged, is 1 258 ha. The
average reforestation cost is 492.12 EUR per ha, so the taie¢stdtion cost is 619 087
EUR.
The cost of restoring the infrastructure related to foresiagment is 79 621 EUR.

The cost of aero surveillance, forest survey and inventahr&45 766 EUR.

The proportion of damages caused to state forests between wmoatnfi@rests and protection
forests is approximately 75% - 25%. Approximately 70% of the damiagests are conifers and
30% broadleaves. All the forest areas that have been tatceaccount were healthy prior to the

storm.

The reforestation expenditure includes average need for saifiicataim; average prices by tree

species have been taken as basis, average costs of ptentipn products and labour force.
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The damage to private forests has been calculated on the bakasaofeceived from regional
private forest owners’ organisations and county environmental autisonfi the Ministry of

Environment, who in turn received information from private foossters.

In private forests, the storm damaged timber in total wasi:@ed to be ca. 600 000 solid cubic
meters. As private forest owners do not hold long-term contrd@sharvesting cost is higher,
about 1.9 EUR per solid cubic meter. The selling price of tmldéfall (the forecast is 6.39 EUR
per solid cubic meter). Of the 600 000 solid cubic metergjrtit@er appropriate for sale is 85% (ca
510 000 solid cubic meters), thus the damage caused by failtés g 3.26 million EUR.

The reforestation cost of private forests is 255 647 EUR. 9 58 BUoreseen for consulting
private forest owners whose forests were damaged by the storm

The total damage caused to private forests was 4 675 137 EUR.
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5. COMPENSATION OF LOSSES AND RESTORATION OF DAMAGED PROPERTIES

5.1. Compensation of losses

Compensation by European Union

On Monday, 22 August 2005, the European Commission made a proposaEurdpean Union
Solidarity Fund (EUSF) for financial support to Estonia to recélverdamages resulting from the
January 2005 storm. Estonia received from EUSF 1.29 million @0R million EEK).

International support from other sources
Norway (Buskerud county) allocated 10 849 EUR to Parnu County (90 000 feDpiyrchase

of blankets and generators.
The Red Cross and UNICEF donated 8 308 EUR for purchasing food, futtlescland

blankets.
Hungary Siofok City Government donated 7158 EUR to Parnu Ciagwuer storm damage

Compensation on national level

Estonia Opera organised a benefit performance and raisg&BIBUR for storm victims;

Tallinn City Government allocated 64 102 EUR from its resemwal fto Parnu, Kuresaare and
Haapsalu to cover storm damage;

Narva City Government allocated 2556 EUR from its resewl fto Parnu to cover storm
damage;

Otepaa municipality administration allocated 640 EUR fromeserve fund to Parnu to cover
storm damage;

The Government of the Republic allocated 1 412 447 EUR in direct suppstdrm victims
with low incomes to purchase basic goods (blankets, firewood,agtd.jo support immediate

renovation works.

Local level
Local administrations helped people with dry firewood, pumps for pugnpater out of cellars and

organizing dumpsters for cleaning up the dirt left by the storm.

" The exchange rate: 1 EUR = 15.64660 EEK
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Parnu City Government has taken the bill to cover storm desrfag citizens.
For families whose average monthly income is lower than 173 EdRagpita, Parnu city will
cover heating expenses up to 64 EUR. For families whose monthlyeénisamer 173 EUR per
capita, the city will cover heating expenses up to 32 EUR;
For families whose monthly income is lower than 173 EUR petasathie city will cover roof
restoration expenses up to 100%. For families whose monthly incomerid@eEUR per
capita, the roof restoration expenses will be covered by 8p%g
For families whose monthly income is lower than 173 EUR peraapérnu city will cover
electricity expenses by up to 60%. For families whose monthtymecis over 173 EUR per

capita, the electricity expenses will be covered by up to 30%.

Total aid to support 208 families is planned to amount to @866 million EUR (8.69 million
EEK).

5.2. Insured damage
It is not customary yet in Estonia to insure state and looargment property. During a period
from April to May 2005, the insurance agencies compensated daraaged by the January storm
to the amount of 9.3 million EUR. The total figure reaches fiillion EUR. The damages of 2075
applicants related to the floods in western Estonia will be cosgted. In addition to the already-
made payments, the clients are furnished with letters of conemt confirming that the final

compensation payments will be done after the restoration wgkmpleted.

Compensation settlements by insurance agencies:
AS If Eesti Kindlustus — 1176

ERGO Kindlustus — 506

Seesam Rahvusvaheline Kindlustus — 231

Salva Kindlustus — 144

QBE Kindlustuse Eesti AS (former Nordicum) — 18

Compensation by insurance companies:

AS If Eesti Kindlustus — 5.3 million EUR

ERGO Kindlustus — 3.3 million EUR

Seesam Rahvusvaheline Kindlustus — 2.5 million EUR
Salva Kindlustus — 0.6 million EUR

QBE Kindlustuse Eesti AS — 0.1 million EUR
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The greatest amount of money paid out for compensation to a stricterprese by the insurance
agency ERGO Kindlustus is 0.5 million EUR. The largest slisompensation for a private person
paid out by the same agency is 0.06 million EUR. The greatespensation of a single occasion
paid out by the insurance agency If Eesti Kindlustus is @i0®n EUR, and by Salva Kindlustus —
0.1 million EUR.

Restoration of power lines and communication systems was cea@dew days after the storm.
Restoration of buildings and other facilities started as soomoasible. It is obvious that
postponement would have resulted in much higher costs. Therefmnottilisation of the EUSF

assistance is very important.
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6. LESSONS LEARNED

On the order of the Prime Minister, the Minster of Financeupety his directive of January 10
2005 a Committee for assessing the storm damages. The Qhawofthe Committee is the
Secretary General of the Ministry of Finance, and the mesrdre secretary-generals of involved

ministries and county governors of the three counties that sdffee most.

Government decided to allocate 453 773 EUR on Janudrgri® 958 675 EUR on February fr

overcoming coping difficulties caused by the storm and makirengakrenovation works.

The President, the Prime Minister and the Minister of Finarfidcke Republic visited the regions

that suffered the most from the storm.
The Committee assessment document takes a conclusion:

Firstly, some ministries and counties have to update theis plesns and there are need for
specific legislation to strengthening the crisis regulation.

Secondly, there are need to better communication between attation and better
information service.

Thirdly, there is need for special equipment to keep alive thé¢ impsrtant structures, for

example electricity in hospitals and telecommunication ogtw

In addition, it is worth mentioning that old buildings built up before WaMadr 11 for public use
were not damaged or even flooded during the storm in both Parnu and Hadpseans that
earlier the people knew about the possibilities of water leselin coastal areas and took it into

account.

In some cases the damages of forest were huge, because peseptss(for example tornado) had
been weakened their ability to stand against the wind. In Pdltstomes district, central Estonia,
about 32 000 solid cubic meters of timber were lost in the saawe pthich was damaged by a
tornado in 2002. On the other hand, the damages in the forests on stedewer as expected

due to good natural growing conditions, which gave them betteryabilgurvive.
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Storm forecast and warning of people

The storm forecast was given in time. The first timepwst-soviet history of Estonia the
government used its power given by law to force all TV chisnard radio stations to inform
people in time and without interpreting the government announcemerfirdittene was opened a
websitewww.kriis.ee where were uploaded all the government announcements, waanithgsher

information.

Security service before, during and after the storm

The Governmental Crisis Management Committee and local en@isagement committees were
set up in Parnu and Haapsalu. During the period from Janufro February %, the Committee
gathered four times. The storm data were analysed and proposalmade to the Government of

the Republic on how to compensate the damages and from which sbisaesild be done.

During and after the storm the Rescue Board reacted to 406 Tdadlsnational Defence League,
border guards, policemen and Estonian Defence Forces helped to evpeopte from their
flooded homes. During the storm electricity was switched ofillirthe flooded areas to prevent
fires and human beings from electric shock.

Rescue services, the national Defence League, Eestiig#e&3gthe Road Administration, the Red

Cross and volunteers helped to liquidate the damage causiee &tprm.

Responses of people to the risk

In some cases the behaviour of people was inadequate. They makedrost dangerous places to
take photos with the aim of loading them up in Internet. There wears @rtain competition whose
photos were taken in more risky situations. In some casesuttmis people disturbed the rescue

works and became victims themselves.

Response of the Estonian Government. Need for changes in irptanning, organisational and

institutional activities etc.

The Government of the Estonian Republic planned to changediéation concerning the SPD
measure 4.2 "Development of environmental infrastructilRDF)" to allow recovery of the

costs borne by storms to a limited extent.
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There are no changes in planning field and institutionalites\so far.
According to the analysis done by the Government Crisis Managebwnmittee, there is need
for:
Better communication in all levels and clear responsilslibetween different institutions;
Better forecast; especially prognoses. The forecast of stadnwind were excellent, but
there was lack of prognoses of the water level rise \gloci
Co-operation between neighbouring countries and join EUMETSAT;
Better maps for prognoses and rescue works;
Regulations and guidelines for rescue and evacuation works.

Better equipment to avoid getting out of order due to powgrasut happened

In general, informing the people about anticipating riskscase of natural hazard or other
extreme situation as well as exchange of information bEtwelevant institutions need major
improvement. Development of better operative radio communitafORC) between the

institutions subordinated to the Ministry of Interior Afashould be pointed out in particular.
A very important task for the future would be preparedn&sinsuring the functioning of the

objects of primary importance, especially in the field agctricity and communication

(autonomous generators etc.), in hazardous situations.
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