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INTRODUCTION 

 

The centennial of noteworthy historical event, Bloody Sunday in St. Petersburg on 9 January 1905, 

which gave rise to the rebellion against czarism in Russia, was marked by an extreme natural event 

in Estonia a hundred years later. A cyclone known as Gudrun in the Nordic Countries and Erwin on 

the British Isles and in Central Europe developed over the North Atlantic and travelled across the 

British Isles, Scandinavia and Finland on 7-9 January 2005. The strength of the cyclone reached the 

hurricane force according to the Saffir-Simpson hurricane scale - at least according to maximum 

wind speeds measured by Danish Meteorological Institute in Denmark (34 m s-1, gusts up to 46 m s-

1). The storm was one of the strongest both in Scandinavian countries and in Estonia for about 50 

years, causing massive forest damage, disruption of power and phone lines, flooding of coastal 

settlements and substantial changes to coastal geomorphology and coastal ecosystems. The storm 

killed at least 17 people, including one in Estonia. The main property damage was a result of strong 

winds and flooding in coastal areas.   

 

Meteorological observation over the last half-century (in the Baltic Sea region) show an increase in 

frequency of cyclonic weather conditions and decrease in anti-cyclones in winter (Sepp, Post & 

Jaagus, 2005). Cyclonic weather is favourable for storms. For instance, the number of storm days in 

winter in Vilsandi (Figure 1.1), the westernmost station on the coast of the Baltic proper, has 

increased dramatically (Orviku et al., 2003). This trend is associated with many other changes in 

climatic variables: air temperature increase, shortening periods with sea ice and snow cover, etc. 

These variables seem to be the main regional expressions of global climate change, posing an 

increasing risk on the coastal community in the future in the Baltic Sea region. In addition to human 

infrastructure, vitalization of coastal geomorphic processes is foreseen as a result of anticipated sea 

level rise and increasing storminess (e.g. Kont et al., 2003, Suursaar et al., 2004). Study of the 

processes related to the evolution and consequences of both cyclones and storm surges are therefore 

very important. 
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Figure 1.1. West Estonian archipelago and western coast of mainland Estonia. Location of 

meteorological stations.  
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1. METEOROLOGICAL AND HYDRODYNAMIC ANALYSIS OF THE S TORM 

 

1.1. January storm of 2005 on the background of extreme climatic events over the last 

half-century 

As a result of high (+70 cm) initial values of the Baltic Sea level, the fast travelling cyclone with a 

favourable trajectory and strong SW-W winds, the new highest recorded storm surge occurred in 

Pärnu (+275 cm), as well as in many other locations along the west Estonian coast (Suursaar et al., 

2006).  

 

The previous surge with nearly comparable height (+253 cm) in Estonia took place 38 years ago 

also in Pärnu and was empirically considered as an extremely rare event (e.g. Suursaar et al. 2003). 

However, an increase in storminess in the NE Atlantic, intensification of westerlies and trends 

towards higher storm surge levels is recently reported on the British Isles (Lowe et al., 2001), 

German and Danish coasts (Langenberg et al., 1999), Finland (Jylhä et al., 2004, Johansson et al., 

2003, 2004), Sweden (Meier et al., 2004, Räisänen et al., 2004) and Estonia (Jaagus et al. 2004).  

 

In case of extraordinary natural phenomenon, people are often interested if the disaster has been 

unique in the history. It can be said that the hurricane was among the strongest in recorded history, 

though its position in record-lists differs by countries. According to the Danish Meteorological 

Institute, Gudrun was among the ten largest storms ever experienced in this region, but either by 

wind speed values or estimated losses it was not as serious as, for instance, hurricane Anatol on 3-4 

December 1999. In Sweden, Gudrun was probably the most serious storm in 35 years and probably 

the costliest (much more damageable) in history, exceeding the costs of Anatol by at least two 

times.  

 

Daily observation data as well as the catalogue of storms (Orviku et al., 2003) for Estonian coastal 

stations have been used in comparison the January storm with the earlier storms in Estonia. In that 

respect, a special attention is usually given to the storm in October 1967 when the previous extreme 

flooding in Pärnu occurred. 

 

The January storm of 2005 meteorologically falls into the same rank with 23 January 1995 storm by 

wind speed, which damages were though smaller. It also ranks close to 6-7 August 1967 and 18 

October 1967 storms. The first one, called then as “the storm of the century” featured extensive 

forest damages in NW Estonia, and the second one set a new prominent sea level height record at 

Pärnu - +253 cm. The strongest wind speed, gust wind of 48 m s--1 was recorded during 27 October 
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- 2 November 1969 storm at Ruhnu. However, no reliable average wind speed data are available on 

that event. The highest recorded average wind speed reached 30 m s-1 in both Dirhami and Tallinn 

stations during the 6-7 August 1967 storm. According to the maximum wind speed values (10 

minute average), for example 22.9 m s-1 in Vilsandi and 25.2 m s-1 in Kihnu, the storm was not 

extraordinary at all. The maximum wind speed has been higher for many times during earlier 

storms, particularly in Vilsandi, the westernmost meteorological station in Estonia. On the 9 

January 2005, the highest wind speeds were measured over the Gulf of Livonia, at Sõrve, Ruhnu 

and Kihnu stations (Table 1). But during the storms of 18 October 1967 and 21 November 1980, 

even higher wind speed values were recorded in Kihnu.  

 

Table 1. Maximum observed wind speeds (10 min averages, m s-1) and wind gusts together with 
time (GMT, on 9 January 2005) in selected Estonian meteorological stations. The stations are 
arranged by longitude increase 
Station Maximum wind 

speed (m/s) 
Gusts (m/s) 

Vilsandi 22.9 (04.00) 33.4 (05.00) 
Sõrve 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) 
Pärnu 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 2005 at different stations 

around the Gulf of Livonia and on Saaremaa Island is shown in Figure 1.2. It is clearly visible that 

the wind speed increased earlier in the westernmost stations at Sõrve and Vilsandi. Later, it started 

to rise above the Gulf of Livonia. During the maximum flooding in Pärnu (1-6 o’clock GMT), the 

highest wind speed was measured at Kihnu and Ruhnu. Unfortunately, at the peak of the storm, 

automatic weather stations at three locations were switched off due to the lack of electricity. 
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Figure 1.2. Dynamics of 10-minute mean wind speed on 8 and 9 January 2005. 

 

For comparison, a similar graph is provided for 17-19 October 1967 (Figure 1.3). It should be taken 

into account that wind speed at that time was measured using weathercock, which offers less 

accuracy. Weathercock records were usually overestimated. Therefore, the maximum wind speed 

34 m s-1 measured by weathercock in Kihnu corresponds to approximately 29 m s-1 by 

anemorhumbometer. Nevertheless, wind speed data during the storm and flooding on 18 October 

1967 show even higher wind speed than during the storm and flooding on 9 January 2005.  
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Figure 1.3. Dynamics of 10-minute mean wind speed on 17-19 October 1967. 

 

Meteorological observation data of the previous severe storm events on the western coast of Estonia 

indicate that the storm on 9 January 2005 was not unique. Even higher wind speeds have been 

recorded during many earlier storms. More detailed comparison with the storm of 18 October 1967 

shows that the maximum wind speeds were similar. Therefore, it is reasonable to assume that the 

main reason of the 9 January flooding was the high sea level before the storm.  
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1.2. Evolution of the hurricane. Storm parameters in Estonia 

Cyclone Gudrun formed in the afternoon of 7 January 2005 as a perturbation on the polar front on 

the North Atlantic, west of Ireland (Figure 1.4). At first, the cyclone was barely visible as a low-

pressure area of about 990 hPa. The continued evolution of the cyclone was fed by a large 

temperature contrast between the cold air mass in the north and warm and moist air mass south of 

the front. The deformation of the polar front rapidly grew and the cyclone continued to deepen by 

the evening of 8 January, when the cyclone centre was travelling across the Scandinavian Peninsula. 

The nadir point of 960 hPa was reached northeast of Oslo at 20.00 GMT (Carpenter, 2005). 

 

The highest mean wind speed reached 34 m s-1 on the western coast of Denmark and southern 

Skåne in Sweden. Wind gusts up to 46 m s-1 were recorded in Denmark and 42 m s-1 in Sweden. 

Thus, according to the Saffir-Simpson classification, the cyclone clearly 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 January 2005 (Suursaar et al. 2006). 

 

The centre of the cyclone moved over the Scottish Highland, Southern Norway, Sweden, the Gulf 

of Bothnia, Finland and Russian Karelia. On 9 January, the mean latitude of the cyclone trajectory 

was 62-63°N. Estonia remained about 300-500 km south (i.e. right-hand) of the trajectory of the 

cyclone centre, thus falling into the zone of the strongest westerly winds.  

 

Although the wind speeds had already decreased slightly by the evening of January 8, SW and W 

winds with maximum average speeds of up to 28 m s-1 battered west Estonian coastal areas. The 
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actual maximum wind speed could have been even stronger, as gaps appear in the wind speed 

records (Table 1). Gust wind speed reached 38 m s-1 in Kihnu, 33–34 m s-1 gusts were registered at 

Ruhnu, Sõrve and Vilsandi (Table 1, Figure 1.5). Minimum registered air pressure was 972 hPa at 

Pärnu and 968 hPa at Ristna, still some 30 hPa-s lower than during the periods between the 

previous (on 2, 5 and 7 January) and the next (10-11 January) cyclones.  
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Figure 1.5. Meteorological conditions, including hourly average wind speeds on 1–12 January 2005 

at Ruhnu and Vilsandi stations. 

 

According to the mareograph data from EMHI, the highest sea level reached 275 cm (272 cm 

according to the Port of Pärnu tide gauge) on 07 LT (05 GMT), 9 January 2005 (Figure 1.6). The 

previous extreme high sea levels for the period of 1923--2005 in Pärnu occurred on 18 October 

1967 (253 cm), 2 November 1969 (193 cm), 12 September 1978 (184 cm), 27 February 1990 (184 

cm), and 17 December 1923 (183 cm). 
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Figure 1.6. The two highest measured sea level events in Pärnu in 1967 (a) and 2005 (b). 
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New record high sea levels were registered also in Virtsu, Vilsandi, Ristna, Rohuküla, Heltermaa, 

Dirhami and Tallinn. However, 2-3 measurements a day and difficult wave conditions did not allow 

for proper recording of the surge event at most of the stations. Ice congestion and fouling with trash 

aggravated the observations at some stations. The sea level height at important resorts like Haapsalu 

and Kuressaare remained unmeasured. It is possible only to estimate the 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 entire Estonian coastal zone. The 

storm damage recorded in northern Estonia was not as great as in western or south-western parts of 

the country. The sea level rise in Tallinn and in Muuga Bay, east of Tallinn was not as high as in 

western Estonia (Table 2). However, the 149 cm during the January storm was the highest sea level 

ever registered in Tallinn. The maximum wind (21 m s-1 in Tallinn, 17 m s-1 in Kunda) and the gusts 

on the northern coast were not as strong either. If the wind direction during the storm had changed 

from SW to NW, the damage on the northern coast of Estonia, including the capital city Tallinn, 

would have been much greater. 

 

Table 2. Maximum sea levels during the storms of October 1967 and January 2005 (EMHI data) 
 

Sea observation station Sea level max. 18.10.67 Sea level max 09.01.05 
Pärnu, W-E 253 cm 275 cm 

Narva-Jõesuu, NE-E 171 cm 194 cm 
Kunda, N-E 160 cm 139 cm 
Muuga, N-E 124 cm 157 cm 

Heltermaa, NW-E 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 Pärnu suggest that record-high sea levels could have occurred also 

in other locations along the Estonian coast. According to hindcast simulations performed with a 2D 

hydrodynamic model (Suursaar et al., 2006), the peak sea level values for some other vulnerable 

locations (according to surge-time emergency calls) were 242-262 cm near Häädemeeste, 217-234 

cm in Haapsalu Bay and 205-217 cm close to Kihnu Island. The Ruhnu sea level, roughly 

representing the average sea level of the Gulf of Livonia sub-basin, was extraordinarily high (205-

217 cm) as well. The sea level in the southern part of the Gulf of Livonia remained between 227 

and 243 cm, and between 146 and 192 cm along the leeward coast. It should be noted that long-term 
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average sea level (measured according to so-called Baltic Height System 1977 in relation to 

Kronstadt benchmark) is close to zero in Estonian coastal waters. 

 

Strong winds likely also induced very high current speeds. Unfortunately, no instrumental 

measurements were carried out during the event. However, hydrodynamic models that were verified 

against extensive current measurements in the straits of Väinameri in 1993-1998 allowed 

performing reliable hindcast simulations for both sea level and currents. As the strongest winds of 

the event were westerlies, the maximum values of the cross-section average current velocities were 

also the most prominent in W-E directed straits, such as the Soela and Irbe Straits (up to 2 m s-1). In 

the meridionally directed Suur and Hari Straits the maximum velocities did not exceed 1 m s-1. 

Velocities approached 2 m s-1 in the NW-SE directed Voosi Strait. In water exchange calculations 

the flows of this narrow and shallow strait were combined with the parallel Hari Strait.  

It appears that during the hurricane the Irbe Strait alone probably contributed the Gulf of Livonia 

with nearly 24 km³ of highly saline Baltic Proper water. The inflowing volume comprises 5.4% of 

the average water volume of the gulf. However, as one day later the same volume left through the 

same strait due to change in wind direction, the hydrological influence of the inflow was restricted 

mainly to the region of the Irbe Strait and marine area south of Saaremaa. In the long-term course, 

the flows in the Suur Strait respond to the Irbe Strait as a mirror (Otsmann et al., 2001). The most 

important strait for the Väinameri sub-basin was the shallow and narrow Soela Strait with a W-E 

direction and funnel-like mouth. During the twelve days the strait supplied the Väinameri with 6 

km³ of new water, while almost 5 times larger Suur Strait contributed only with 1 km³. The cross-

section area of the Soela Strait (average 2 m deep) increased markedly due to sea level rise, 

enabling extraordinary large flows through the strait. Actual cross-section area could have averaged 

30% greater during the 12-day period. About 4 km³ flowed out through the Hari and Voosi Straits 

(Figure 1.7), leaving 3 km³ to be stored in the sea level difference between 1 and 12 January (Figure 

1.6b). 
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Figure 1.7. (a-c) Modelled cross-section mean current velocities in the major straits (see also Figure 
1.1) and calculated cumulative water flows (d). 
 
For the Väinameri, the 6 km³ of inflow from the Soela Strait and 1 km³ from the Suur Strait 

comprise about 70% of the sub-basin water volume. Nearly 4 km³ departed via the Hari and Voosi 

Straits during the same 12 days and the remaining surplus of nearly 3 km³ stored in the higher sea 

level departed later northwards as well. The western section of the Väinameri (also called the 

Kassari Bay), which according to hydro-dynamical properties can be considered a separate sub-

basin with the water volume of 5 km³, was entirely flushed through. Shallow bays like Haapsalu 

and Matsalu on the western coast of the mainland, were entirely flushed with possible re-suspension 

events. Water renewed entirely also in the northern part of the Väinameri. An extraordinary event 

contributed to the Väinameri with more saline, but less nutrient-rich water from the Baltic Proper, 

thereby decreasing the trophic status of the eutrophied area. On the other hand, the strong 

hydrodynamic processes could have also affected the deeper layers, and some secondary pollution 

due to re-suspension of bottom sediments probably occurred (Suursaar et al., 2006). 
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2. STORM IMPACT ON SHORE PROCESSES AND COASTAL 

GEOMORPHOLOGY 

 

The January 2005 storm induced clearly visible changes in the development of shores and dynamics 

of beach sediments almost all over Estonia (Orviku, 2005). The precondition for these changes this 

time - as has been observed during some former extreme storm events - was a combination of the 

absence of protecting ice cover in the sea, prolonged relatively high sea level before the storm and a 

very intensive storm surge on the background of this high sea level. Although the extreme storm 

surge was short, the wave energy was released further inland and in some places even beyond the 

landward boundary of the coastal zone. 

 

According to expert opinion, the energy of extremely strong storms and their impact on coastal zone 

are many times greater than of ordinary storms. The changes in coastal 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 January 2005 storm are located on Saaremaa 

(2671 km2), the largest island of west Estonian archipelago. The sites represent different 

geomorphic shore types with differing exposure to the open sea (Figure 2.1.1). The main 

geomorphic features of this coastal zone reflect the preglacial relief, the last glacial phase and 

postglacial isostatic uplift. Coastal zone topography, sedimentary rocks, unconsolidated deposits 

and offshore hydrology resulted in the formation of diverse range of shore types. Clearly, each 

shore type responds to storms differently.  

 

Comparison of maps from different times and field measurements were carried out to analyse the 

geomorphology and character of shore processes in the study sites. The collected data were 

processed using MapInfo. This programme was also used to calculate reductions and increments of 

the areas of the spits. GPS-measurements were carried out to determine short-time changes in 

shoreline position, contours of beach ridges and location of their crests during the last six (2000-

2005) years. The GPS-measurement results of July 2004 (low water), December 2004 (high water), 

January 2005 (just after the storm; high water) and April 2005 (low water) were used to analyse the 

impact of the January storm. These measurements made it possible to observe the storm results in 

both high and low sea level conditions. In addition to changes in shoreline before and after the 

storm, changes in position and contours of scarps were also determined, for instance in Kiipsaare. 
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Figure 2.1.1. Location of geomorphic study sites on Saaremaa Island and on mainland around 
Tallinn and Pärnu.  
 

A topographic survey was carried out to determine the beach profiles in the study sites. The survey 

was repeated after the storm on 1 profile in Järve, 3 in Kelba, 1 in Kiipsaare, 1 in Uudepanga, and 2 

in Küdema. At Järve study site, there was an opportunity to compare the results also from earlier 

periods (Lutt et al., 1990). To eliminate water level differences, all the profiles were related to the 

Kronstadt benchmark. 

 

Different aspects of shoreline displacement during the January 2005 storm and shore processes are 

described in more detail within six study sites. Two of them (Sõrve and Järve) are located on Sõrve 

Peninsula, two study sites (Kelba and Kiipsaare) on Harilaid Peninsula and two study sites 

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

 

Sõrve.  

The Sõrve study site is located in the southernmost point of the Sõrve Peninsula, SW Saaremaa. 

The area consists of beach ridges made up of gravel and pebble continuing to the south and 
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southwest in a form of islets of similar composition and origin emerging above an extensive and 

narrow submarine ridge called Pitkasääremaa. (Figures 2.1.1 and 2.1.2) The islets change their 

shape due to storm waves activity from different directions.  

 

Earlier investigations (Orviku, 1974) show that the deposits of the beach ridges are derived from the 

extensive meridional submarine ridge, a glacial marginal formation (Orviku, 1934) as a result of 

erosion, alongshore sediment transport from south to north and accumulation. The contours of the 

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

 

The Sõrve study site is one of the most exposed to the open sea areas in Estonia, where wind 

velocities are greatest (Kull, 1996). The hydrological preconditions influencing shore dynamics are 

much different from the other study sites due to free exposure to both the Baltic Proper and the Gulf 

of Livonia (Riga). The shores in Sõrve are shaped by storm waves activity from west, southwest, 

south, southeast and east. 

 

Figure 2.1.2. Cape Sõrve and shoreline changes in Sõrve study site. 

 

The changes caused by the January storm at the top of the spit are noticeable even when comparing 

the photos taken directly before and after the storm (Figure 2.1.3). The measurements made before 

and after the storm show that the most essential change consists of a shortening of the spit by nearly 

20 m (Figure 2.1.2). The eastern side of the spit receded 2-8 m. Erosion of the top and the eastern 
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shore has lead to final collapse of the stonewall that was initially erected by the Soviet border 

guards many decades ago. The western side of the spit, in contrast, has advanced 2-7 m (the south-

westernmost part even 10 m) due to accumulation. Strong erosion in the east and at the top has 

resulted in the area of the Sõrve study site to decrease by about 2000 m2, while the accretion in the 

west has been nearly 1300 m2. As the measurements were done just before and after the storm, one 

can conclude that the area of the spit has decreased by about 700 m2 as a result of the storm. 

Analysing the wind parameters, duration and maximum magnitude of the storm (based on the 

observation data in Ruhnu) in relation to the measurement results, it is possible to estimate the 

storm impact on the shores. 

 

Figure 2.1.3. Cape Sõrve before (2004 July) and after (2005 January) the storm (photos by Hannes 

Tõnisson). 

 

At the beginning of the storm the sea level was already high and the wind was blowing from the 

west, turning gradually to the northwest. During the first phase of the storm considerable erosion 

and onshore sediment transport was developing on the western shore. Evidence of intense 

accumulation is a relatively thick layer of gravel covering the pathway along the western side of the 

spit (Figure 2.1.4). By the peak of the storm north-western winds turned the main sediment 

movement to the south, towards the top of the spit. The wave activity increased also on the eastern 

shore and the freshly accumulated deposits covered a major part of the former seashore meadow 

(Photo 3). During and just after the peak of the storm the western shore remained in the shade of the 

Sõrve Peninsula and the low-lying islets. The wind turned to the south by the end of the storm, and 

part of the sediment deposited at the top of the spit was transported back along the western shore 

and re-deposited. This process is illustrated by the top of the spit being 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 directions in the central part of the spit 

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

 

Järve. 

The Järve Study site is located on the southern coast (Figure 2.1.1) of the island a few kilometres 

west of Kuressaare, the largest urban centre in Saaremaa. This part of the coast is a typical sandy 

beach with dunes. The dunes were formed during the Limnea Sea stage of development of the 

Baltic Sea. The dune ridge (up to 5.8 m above the sea level) is about 8 km long and borders a 

shallow (< 5 m) bay called Suur Katel. The waves have eroded a scarp in earlier coastal and marine 

sediments, which is slowly shifting inland. The study site is exposed to waves from the southwest, 

south, southeast and east with a mean azimuth of 150o. The hydrological factors influencing shore 

dynamics here differ from the previous site due to its exposure only towards the shallow basin of 

the Gulf of Livonia. 

 

Major changes in the Järve study site consisted of a recession of the seaward scarp, particularly its 

brink, in the dune range (Figure 2.1.5). Repeated measurements of the beach profile in Järve 

indicate a steady recession trend over the whole study period (Figure 2.1.6). The scarp has receded 

by 6 m during the period 1990-2005. Four metres of this recession occurred as a result of the 

January 2005 storm. This is clear evidence to confirm an earlier assumption that the impact of an 

extreme storm event can be many times greater than the impact of ordinary storms during preceding 

years or even decades. In addition to erosion of the scarp, the nearshore sea bottom became much 

shallower. This probably resulted from the relatively short duration of that extremely strong storm. 

Recession of the scarp was considerable but due to the storm’s short duration and the rapidly 

decreasing sea level after the storm, most of the eroded sediments were deposited right at the foot of 
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the scarp. In case of longer storm duration and high sea level conditions, the eroded deposits are 

usually transported by alongshore drift far away from the erosion site. According to the modelling 

results of the water levels in the western part of the Gulf of Livonia (192 cm), the mean sea level 

during the January storm approached about half of the scarp height in Järve (Figure 2.1.6). 

 

Figure 2.1.5. Strongly destructed sandy scarp in Järve study site after the storm (photo by Kaarel 

Orviku). 

 

 

Figure 2.1.6. Profile 1. Scarp recession at Järve. 

 

Kelba 

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

the limits of Vilsandi National Park (Figure 2.1.1). Harilaid itself is a northwest-southeast orientated 

trapeze-shaped smaller peninsula that is connected with much bigger, Tagamõisa Peninsula, by a 

narrow connecting tombolo. The primary landform of the peninsula is a NW-SE trending glacial 



 20 

ridge. The part of the ridge subjected to wave activity has been affected by uplift. Erosion by waves 

has changed the shape of the submarine part of the emerging ridge. 

 

The Kelba study site consists of a series of beach ridges forming a spit. The spit consists mainly of 

crystalline pebble and the beach ridges within it form distinct increments of different age. The 

beach ridges are usually less than 2 m above sea level and a few highest tops reach 2.5 m. There are 

lagoons and small lakes behind the spit. The study site is exposed to the Baltic Proper to the south, 

south-west, west and north-west. Deeper waters are west and southwest of Kelba. The nearshore 

bottom is strongly inclined, for instance, the 2 m submarine isobath is a few metres from the 

shoreline. 

 

A general trend in the development of the Kelba spit over the last decades has been continuous 

accumulation of new beach ridges elongating the spit in its distal direction. The material deposited 

on new ridges is probably eroded and transported by westerly and particularly north-westerly storm 

surges from the submarine shoals, south-west of Harilaid. The results of the measurements done in 

the last couple of years show a clear retreat of the shoreline in the proximal part of the spit due to 

strong erosion of the older beach ridges and lack of sediment on submarine shoals. (Orviku et al., 

2003). 

 

The beach dynamics in Kelba between July 2004 and April 2005 show an increment of the spit due 

to accumulation (Figure 2.1.7). At the same time the distal part of the spit has shifted to the north by 

15-30 m. The total area of the spit has increased by about 4.300 m2 over the same period. Most of 

this increase stems from filling of the backing lagoons and small lakes by sediments. Due to erosion 

of the seaward proximal slope of the spit and throw of the deposits over the crest of the spit into the 

lagoons, the older beach ridges have been levelled and the proximal part of the spit has widened 

towards the lagoons. 

 

Figure 2.1.7. Shoreline changes on Kelba spit before and after the storm. 



 21 

 

In addition to substantial changes in the area of the Kelba spit, some changes in elevations have also 

been observed. As shown in Figure 2.1.8, profile 2, the seaward slope of the youngest beach ridge 

in the spit has been smoothed and a new relatively high ridge has arisen as a result of the storm. The 

most dramatic morphological changes in the young beach ridges are particularly noticeable on this 

profile. The youngest ridge has risen by nearly 1 m (from 1.9 to 2.8 m), while the width of the spit 

has remained almost constant. Part of the beach ridge material that had been thrown over the crest 

into the backing lagoons by swash has formed a characteristic steep slope. 

 

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

Profile 3 crosses the spit in a more distal part of the spit about 170 m from its top (Figure 2.1.8). In 

this part, the older beach ridges in the seaward side have been completely destroyed by the storm. 

The elevations have remained the same. The rate of erosion has been estimated roughly at about 15 

m3 of deposits per meter of shoreline (totalling over 3000 m3) resulting in elongation of the spit by 

75 m and shifting north. 

 

The shift of the gravel-pebble spit and dramatic changes in its morphology indicate the joint action 

of extremely strong wind forces and high sea level in this region during the January storm. The 

prevailing wind direction during the storm was probably across the beach ridges in the older part of 

the spit, which accounts for the formation of nearly 4 m high gravel ridges and prevalence of 

erosion (Figure 2.1.9). 
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Figure 2.1.9. Freshly formed beach ridge consisting of pebble reaching 4 m above sea level 
 

Kiipsaare 

The Kiipsaare study site is located in the north-westernmost top of the Harilaid Peninsula (Figure 

2.1.1) embracing a 1100 m-long and about 350 m wide area on the north-eastern and south-western 

sides of the peninsula. Sandy beach formations of different age is the most characteristic feature of 

the shores here. Cape Kiipsaare is one of the most rapidly developing and most thoroughly 

investigated coastal areas in Estonia, along which vast changes in shoreline displacement and the 

shore processes characteristics have been observed throughout the 20th century. This site is also 

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

 

Figure 2.1.10. Kiipsaare lighthouse is in the sea today (photo by Hannes Tõnisson). 

 

The earlier accumulative shoreline positions on Cape Kiipsaare are well marked by a series of 

parallel beach ridges, which cross the current shoreline at an angle of 30-350. Shore processes 

during the last century have caused the north-westernmost point of peninsula to migrate to the 

northeast and to become longer and narrower (Orviku et al, 2003). The study site is influenced 



 23 

mostly by waves from the southwest, west, northwest and north. The shore slope is rather flat. The 

sea bottom is particularly flat and shallow northwest of Cape Kiipsaare. For instance, the 5 m 

isobath is on average 4 km from the shoreline. The underwater shore slope is a bit deeper to the 

west and south-west. The steepest underwater shore slope is located northeast of the peninsula, 

where 5 m contour line is about 350 m offshore. 

 

Changes in both measured shoreline and scarp positions as well as beach profiles reflect the 

magnitude of the January storm’s impact. The biggest changes are observed in the western part of 

the peninsula near Cape Kiipsaare (Figure 2.1.11). A few meters wide and about 200 m long sandy 

formation that extended from the cape towards the open sea in summer 2004 has turned to the 

northeast and become much shorter (about 80 m today) after the January storm. Its area has 

decreased by 3000 m2. Part of the eroded sand has probably been transported along the eastern 

shore onto the Harilaid tombolo. A 250 m long section of the eastern shore from Cape Kiipsaare has 

receded up to 15 m and lost about 1900 m2 of land. At the same time, the southern part of that shore 

has advanced up to 7 m and the area has grown by about 800 m2. The sandy scarp on the eastern 

shore has remained stable. 

 

Figure 2.1.11. Shoreline and scarp changes in Kiipsaare study site. 

 

The biggest changes in Kiipsaare took place on the western shores. The sandy scarp has receded by 

10-20 m. As the mean height of the scarp is about 1 m, the approximate estimate of the amount of 

eroded sediments is 5000 m3. The ridge of foredunes has been completely destroyed and the area 

flattened. The sand from the beach has been transported up to 50 m inland from the edge of the 

dunes by swash. (Figure 2.1.12) A few shoreline changes can be observed south of the beacon.  
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Figure 2.1.12. The sand from the beach has been transported up to 50 m inland from the edge of the 
dunes by swash (photo by Hannes Tõnisson). 
 

The measurements on the Kiipsaare profile before and after the storm confirm the above-mentioned 

conclusions (Figure 2.1.13). About 1 m high scarp at the SW end of the profile has retreated ca 10 

m due to erosion. The eroded material has been probably deposited directly on the beach flattening 

and elevating it by 0.5 m. Comparison of the measurement results from 2003 and 2005 clearly 

reveals a sandy formation whose surface has risen by 0.9 m and widened towards the sea by 10 m. 

 

 

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

The signs of the relatively short storm duration, exceptionally high sea level and very strong wave 

activity from southwest and west are also visible in Kiipsaare study site. A considerable part of the 

deposits eroded from the scarp has accumulated on the beach directly at the foot of the scarp hiding 

the distinct boundary between the former beach and the scarp (Figure 2.1.14). Part of the sand has 

been thrown to the centre of the cape on vegetated former ridges (Figure 2.1.12). Part of the sand 

eroded from the scarp on the western shore has probably been transported by alongshore drift 

around the cape, and deposited on the eastern shore near the connecting tombolo. 
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Figure 2.1.14. Sandy scarp in Kiipsaare before (left) and after (right) the storm (photos by Hannes 

Tõnisson). 

 

Uudepanga 

The Uudepanga study site is also located on Harilaid Peninsula but on the southern coast of the 

Uudepanga Bay within the limits of the connecting tombolo (Figure 2.1.1). The site is characterised 

by sandy beach formations of different age. The study site is exposed to both the Uudepanga Bay 

and the Baltic Proper with mean azimuth of 50o, and is influenced by waves from the northwest, 

north and northeast. The underwater shore slope is relatively steep near the shoreline; the 2 m 

isobath is only about 10 m from the shore but the slope gradually decreases towards the sea. For 

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

 

The Uudepanga study site is a typical accumulation area where about 500 m long beach has 

advanced towards the sea up to 15 m (Figure 2.1.15). The increment of land between 2003 and 2005 

has been ca. 1.500 m2. Measurements on the profile show that the January storm destroyed the 

former beach ridges within an area up to 80 m from the shoreline, depositing the eroded material all 

over the beach. Erosion of ridges and filling the depressions between them led to smoothening of 

the beach. At the same time, the youngest beach ridge rose to 2.5 m above sea level. Comparison of 

the exposure of the study site and the prevailing wind directions indicate that the Uudepanga study 

site was influenced by storm waves for a very short time - only during the peak of the storm. That is 

why accumulation was the main shore process even during the January storm. A short-term high sea 

level could only equalize the landward surface of the beach and transport some 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 (dotted line) and in 2005 (continuous 
line). 
 

Küdema 

The Küdema study site is situated on the eastern coast of Küdema Bay, northern part of Saaremaa 

(Figure 2.1.1). A complex accumulative coastal formation with a spit (nearly 3 km long, 0.5 km 

wide and up to 3.5 m high) is the main changing relief structure, whose formation and development 

depend strongly on erosion of the Panga cliff to the north. The 2.5 km long cliff (21 m above sea 

level) consists of Silurian limestone and is well exposed to waves. The Küdema Bay is rather deep, 

reaching 22 m about 1 km west of the study site. About 100 m from the eastern coast, the basin 

becomes abruptly shallower, forming a 2-3 m deep erosion surface in Silurian limestone. The study 

site is well exposed to the waves from the west, northwest and north. 

 

There are no clear shoreline changes in the Küdema study site (Figure 2.1.16). More dramatic 

changes are related to the position and morphology of the beach ridges. The seaward slopes of the 

beach ridges have become steeper and the youngest ridges consisting of pebble and gravel have 

risen by ca. 1 m (from 2 m before up to 3 m after the storm; Figure 2.1.16, profile 7). Pebble, which 

can be eroded and removed by very strong waves, is deposited on older vegetated ridges in many 

places at Küdema. 

 

Figure 2.1.16. Beach profiles on Küdema spit in 2003 (dotted line) and in 2005 (continuous line).  
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Greater changes have taken place on the distal part of the spit. The crest of the youngest and highest 

beach ridge has shifted by 10 m landward. Similar shifts in the central and proximal parts of the spit 

have been of lesser extent due to the older ridges inhibiting movement (Figure 2.1.16, profile 8). A 

clear consequence of the January storm is a freshly formed beach ridge, which is much higher the 

older ones behind it.  

 

The distal part of the Küdema spit consists of a single beach ridge formed in the result of 

alongshore drift, which easily changes shape in high sea level conditions. As the underwater shore 

slope here has been formed on the bedrock made up of limestone, erosion of which is a very slow 

process that cannot be observed in the scale of a single storm, its elevation has remained unchanged. 

 

The Küdema study site, like Uudepanga, was protected from the direct impact of storm winds and 

waves for much of the storm. The high sea level was the major factor influencing the shore 

processes. Prevailing wind directions from the west, southwest and south did not favour alongshore 

drift of sediment. This is also confirmed by the absence of new beach ridges and stable position of 

the southernmost top of the spit. Major events are related to onshore drift and shifts of the crests of 

the former beach ridges. The gravel-pebble beach ridges that were formed during the last strong 

storm much further inland the mean shoreline and on higher absolute marks due to high sea level 

during the storm may persist there in unchangeable form for long time. 

 

2.2. Coastal damage in Valgeranna and Uulu, Pärnu County 

Pärnu Bay is a shallow semi-closed aquatory in the north-eastern Gulf of Livonia (Gulf of Riga), 

with maximum depth of water 10-12 m. In Pärnu Bay, sandy shores are common, beginning west of 

Audru polder and continuing, with few interruptions, southward along the eastern coast of the bay. 

The sand is carried in the coastal zone by alongshore flows and delivered to the shore by onshore 

flows. In general, the shoreline is straightening. 

 

Abrupt water level rises in Pärnu Bay have been brought about by strong SW and W winds and 

severe storms throughout the centuries. The first description of up to 3 feet (91 cm) water level rise 

in Pärnu Bay with lasting storms elevating the sea level even up to 8 feet (244 cm) was in 1806. 

One of the greatest sea level rises was induced by the so called “storm of the century” on 19 

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

In similar conditions, erosion takes place on the sandy scarps in Valgeranna and Uulu, north and 

south of Pärnu, and loosened grains of sand are shifted alongshore towards the top of the bay, until 
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finally accumulating on the outer sides of the two moles in Pärnu. Frequent storm damage in 

Valgeranna and Uulu has considerably weakened the beach resistance against erosion. 

 

Valgeranna 

Valgeranna is located a few kilometres north of Pärnu, just west of the River Audru outlet, and is 

one of the largest sandy shores of Pärnu Bay. Valgeranna is bordered from the inland by a stretch of 

dunes and a 1.5 km long scarp that is cut into the ancient coastal sediments and dune sands. A thin 

layer of sand covering varved clays characterizes the flat and wide nearshore zone. There are even 

varved clay outcrops in places, indicating the deficit of sand. 

 

During the last 30-40 years, an abrupt increase in the activity of abrasion and accumulation 

processes has caused severe damage at Valgeranna and changed considerably the entire beach area. 

Thus, Valgeranna has been considered one of the most impressive examples in Estonia proving the 

worldwide known phenomena of vitalization of shore processes over the last half- century.  

 

A strong storm in late autumn 1999 resulted in a substantial change in Valgeranna, when a huge 

amount of sand was eroded and removed from the sandy scarp. The scarp itself receded about 5 m 

landwards. The sandy beach was lowered by about 10 cm and the sea bottom some 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 and the Audru polder and has recently 

suffered severe storm damage. The beach has been eroded to such a degree that at high sea level 

conditions the storm waves reach the camping area that earlier was protected by a low range of 

dunes (Figures 2.2.2). The January 2005 storm destroyed the camping buildings. The sandy scarp 

receded by 5 m in the western part up to 12 m in the east. The waves broke through the protecting 

dam, and reached the Audru polder. 

 

Figure 2.2.2. Valgeranna camping area after January storm 2005 (photo by Raimo Klesment). 

 

Uulu 

A 1 km-long and up to 2 m-high sandy scarp at Uulu is situated on the eastern coast of Pärnu Bay, a 

few kilometres south of Pärnu. The beach and the nearshore zone are as in Valgeranna, covered 

with a relatively thin layer of sand. As the scarp is located at a distance from the shoreline, it 

remains untouched by waves in normal sea level conditions. The January storm made the scarp very 

active (Figure 2.2.3). Due to strong erosion, many pines near the edge of the scarp fell onto the 

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

 

The loss of beachfront in the described sites as well as in some other sites in the Pärnu County have 

left the beaches increasingly vulnerable to further damage, even in case of moderate storms. 

  

2.3. Coastal damage in Tallinn 

The highest sea level during the January storm officially measured in Tallinn was +149 cm.  

 
At such high sea level conditions the final breaking of waves occurred at the landward edge of 

sandy beaches just in front of beach protecting pine stand. The turbulent water mass generated from 

breaker, the swash, rode up the beach into the forest causing damage to the pathways in the forest. 
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Figure 2.3.1. Damaged by swash pathway in Pirita forest (photo by Kaarel Orviku). 

 

Figure 2.3.2. Trash carried by swash deep into the forest (photo by Kaarel Orviku). 

 

Breakers and swash eroded and destroyed most of a range of tiny foredunes at the landward border 

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

2.3.3). The landward slopes of the foredunes survived in only a few locations. The surface of the 
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sandy beach turned low and flat. Additional accumulation of sand took place on nearshore ridges 

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

 

Figure 2.3.3. Destroyed indigenous coast in Pirita (photo by Kaarel Orviku). 

 

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

Strong coastal damage was also recorded at Saviranna scarp, east of Tallinn and the western side of 

Kakumäe Peninsula, western part of Tallinn. The Saviranna scarp, which in normal sea level 
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conditions, remains untouched by waves turned very active. A 1.5 km long talus on the foot of the 

scarp was entirely removed, and in places even the brink of the scarp retreated a couple of metres 

(Figure 2.3.5). 

 

Figure 2.3.5. Signs of strong erosion in Saviranna (photo by Kaarel Orviku). 

 

The Kakumäe cliff on the western coast of the peninsula made up of resistant sandstones was also 

subjected to strong erosion. Some sandstone blocks separated from the brink of 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 the coast of Lahepere Bay, a deep cut into the 

mainland part of the Gulf of Finland about 40 km west of Tallinn. Sandy beaches at the top of the 

bay at Klooga-Rand that experienced a local sea level rise suffered the most. The top of the bay is 

characterised by extensive sandy beaches embroidered by a range of up to 3 m high foredunes. This 

range of foredunes was almost entirely destroyed during the January storm and the dunes behind 

this range were levelled. 

 

A metal rod of the state benchmark washed out from the dunes at a distance from the current 

shoreline is a good indicator of the magnitude and character of the storm. The rod initially put 

entirely into the sand appeared 85 cm above the surface just after the storm (Figure 2.4.1). The 

whole system of foredunes in the surrounding area was completely destroyed and levelled. 
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Figure 2.4.1. State benchmark rod dug out of sand by January storm of 2005 (photo by Kaarel 

Orviku). 

 

After destroying the dunes in the rump of the Lahepere Bay the swash from breakers reached a low 

territory behind the dunes and flooded it (Figure 2.4.2). A few hillocks remained from the dunes. 

 

Figure 2.4.2. Flooded by swash low area behind dune ridge (photo by Kaarel Orviku). 
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Strong damage can be observed on the eastern coast of the Lahepere Bay at Laulasmaa where 

accumulative sandy beaches are replaced by a 3-4 m high sandy scarp. A number of secular pines 

collapsed from the scarp. A pathway sign is painted on one (Figure 2.4.3). Considering that the 

pathway was about 2 m from the edge of the scarp, the rough estimate of storm-induced recession 

of the scarp can be about 4-5 m. 

 

Figure 2.4.3. Collapsed pine with a pathway sign in Laulsamaa (photo by Kaarel Orviku). 

 

Finally, it can be concluded that the January 2005 storm caused changes to the depositional shores 

in west Estonia many times greater than the series of ordinary storms over the preceding 10-15 

years period.  

 

Some observations of the results of the January storm were carried out on small islands in Kolga 

Bay, southern Gulf of Finland (Figure 2.4.4). In general, the storm damages there were rather 

insignificant. Certain vitalization of erosion can be observed on geologically active shores made up 

of sand and gravel. Due to recession of the scarps by a couple of meters, the areas of the plant 

communities covering the brinks of the scarps on different isles have been reduced a bit. Most of 

the permanent plant communities on silty shores including the NATURA 1630 (Boreal Baltic 

coastal meadows) habitats have not suffered from the storm. Although certain signs of sand 

accumulation higher the ordinary beach zone are visible, for instance, on the south-eastern shore of 

Pedassaar, the plant communities in the highest central parts of the islands 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 recorded on Koipse Island and in the south-

eastern part of Prangli Island. The northern and western shores in Koipse have receded a couple of 

meters due to erosion, and the territory with NATURA 2140 (Decalcified fixed dunes with 

Empetrum nigrum) habitats has reduced (Figures 2.4.5 and 2.4.6). The border of a young 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 part of Prangli Island. The January storm made 

its southernmost point, Cape Liivasääre, much shorter, lowering the scarp and forming a 50 m-wide 

sandy beach with single boulders east of the cape (Figure 2.4.7).  
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Figure 2.4.7. Changes in the shoreline contours resulted from January 2005 storm on SE Prangli 
Island. 
 

Quite intensive erosion as a result of the storm has occurred also in the north-western part of 

Pedassaar Island. Due to recession of the sandy scarp inland, the area of a mature pine forest of 

NATURA 2180 (Wooded dunes of the Atlantic, Continental and Boreal region) habitat type has 

noticeably decreased (Figure 2.4.8). Reduction of a lower geolittoral area without permanent 

vegetation south of the Pedassaare harbour is also evident. At the same time, the sandy shores of 

NATURA 1640 (Boreal Baltic sandy beaches with perennial vegetation) habitat type have remained 

untouched. 
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Figure 2.4.8. Loss of a mature pine stand on Pedassaar Island (photo by Väino 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 material furnished by the Ministry of Finance 

of the Estonian Government in application to mobilise the European Union Solidarity Fund to cover 

the damage caused by the January storm in Estonia 

 

The administrative units of Estonia on the western coast - Pärnu, Saare, Lääne and Hiiu counties 

(Figure 3.1) were mainly affected by flood and wind. Viljandi county and the other inland and 

northern coast counties were affected mainly by gusts. The stricken area 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 population was affected by the storm (e.g. Audru, 

Kihnu, Surju, Tali, Häädemeeste, Varbla, Tahkuranna municipalities - all belonging to Pärnu 

county, Figure 3.1).  

 

 3.1. Flooded urban areas 

Pärnu County suffered the most from the storm. At 7.30 a.m. on January 9th the level of water 

covering the streets in Pärnu according to official measurements was up to 2.75 meters above the 

Kronstadt 0 (the benchmark for the eastern Baltic Sea). The streets near the sea were flooded up to 

the city centre Figure 3.2). At 3 o'clock p.m. the water level had already fallen below two metres. 

Pärnu City Administration declared the coastal region including Raeküla and Vana-Pärnu a disaster 

area and 400 people were evacuated. In Pärnu, 775 houses with 5097 inhabitants were affected by 

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

 

A total of 103 inhabitants in Haapsalu, the biggest town of Lääne County, were evacuated. The 

water level in Haapsalu and in the port of Virtsu rose nearly two meters above the mean value. 

Water reached the centre of Haapsalu, Holm Peninsula and Paralepa region were completely 

flooded. Some 159 houses (including 7 municipality houses) and 42 business buildings were 

affected by flooding in Haapsalu. 

 

Figure 3.2. The area of potential inundation in Pärnu City. 
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3.2. Damaged properties 

The houses suffered mainly from flooded floors and ripped-off roofs. The furniture and doors were 

damaged. Equipment had to be replaced. In some places, the seawater swept away even fundaments 

of the buildings. Firewood of many households was flooded and heating systems were damaged. 

 

The number of households that were damaged and the average insurance indemnity was taken as 

basis for calculating the storm damages in Pärnu, Saare and Lääne counties.  

 

According to the data of insurance companies, the average damage of personal property in Pärnu 

county was 4 913 EUR, in Lääne County 4 078 EUR and in Saare County 2 854 EUR per 

household. The total damage of households in these three counties was 9 192 957 EUR. The total 

figures of affected households and caused damages in the three counties are given in Table 3. 

 
Table 3. Number of affected households and rate of damages in EUR in Pärnu, Saare and Lääne 
counties resulted from January 2005 storm. 

County Number of 
households 

Total damage caused to 
households in the county 

Pärnu County 1619 7 954 147 EUR 
Saare County 144    410 976 EUR 
Lääne County 203     827 834 EUR 

Total 1966 9 192 957 EUR 
 

 The financial damages of all the households in Estonia reach 11.08 million EUR. 

 

A total of 294 cars were destroyed or damaged either by flood or fallen trees. Based on the 

compensation decisions made by insurance companies, the average amount of indemnity for an 

insured event of a vehicle was 10 172 EUR. The total monetary damage caused to the vehicles in 

Estonia was 2.99 million EUR. 

 

In the private sector, the data is mainly based on the information presented by local administrations. 

The Fishermen’s Union presented the data concerning the damage caused to fishing ports and 

fishing equipment.  

 

The total damage in the private sector was 28 223 651 EUR. This figure consists of damage caused 

to buildings (roofs, doors, windows, floors, constructions), furniture (office furniture and other 

inventory), apparatus and equipment (computers, kitchen equipment (including refrigerators), 

motors, other control engineering and electrical installations and control systems) caused by 
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flooding. Damages caused to electricity, heating and ventilation systems, as well as destroyed 

ready-to-use products and products that were spoilt because of power cuts should be added (Table 

4). 

Table 4. Total damage caused to private sector enterprises 

County Total damage caused to enterprises 
Pärnu 5 948 421 EUR  
Lääne 1 283 972 EUR  
Saare    162 042 EUR 

Viljandi    107 475 EUR 
 

These numbers include only direct damages; lost income has not been included in the calculations. 

The financial damages of all the enterprises in Estonia reach 7.655 million EUR. 

 

Damages caused to animal sheds, granaries, drying kilns and other agricultural buildings (mainly 

roofs), forage, agricultural equipment and perished animals are given in Table 5. 

 

Table 5. Damages caused to agriculture 

County Total damage caused to farmers 
Pärnu 121 291 EUR 
Lääne     8 117 EUR 
Saare   14 425 EUR 

Viljandi   63 061 EUR 
 

The financial damage to all farmers reached 0.235 million EUR. 

 

Damages caused to private harbours – berths, buildings, barriers, shafts, apparatus, equipment, 

moles, dikes, lighting, water areas full of sea dreg are given in Table 6. 

 

Table 6. Damages caused to private harbours 

County Total damage caused to private harbours 
Pärnu 467 546 EUR 
Lääne 196 848 EUR 
Saare 415 119 EUR 
Harju   35 151 EUR 

Lääne-Viru   31 956 EUR 
Hiiu   28 121 EUR 

 

The financial damages of all the private harbours reach 1.175 million EUR. 
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Fishermen losses due to the storm (boats, nets, fish boxes, equipment including outboard motors, 

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

 

Table 7. Damages caused to fishermen 

County Total damage caused to fishermen 
Pärnu 166 809 EUR 
Lääne 22 580 EUR 
Saare 14 457 EUR 
Harju 63 912 EUR 
Hiiu 2 556 EUR 

The financial damage to the fishing industry reached 0.278 million EUR. 

 

3.3. Affected people in different regions. 

The storm affected approximately 18% of Estonia’s population. The severe weather forced 

evacuation of 600 people all over Estonia. The most affected were Pärnu and Lääne counties (Table 

8). 

 

Table 8. Number of evacuated people 

Town Number of people evacuated 
Pärnu 400 

Haapsalu 103 
 

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

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

 

The total direct damage caused by the storm is 47 868 096 EUR, of which 28 223 651 EUR is 

attributed to the private sector and 19 644 445 EUR to the public sector. The damage caused to 

Estonia was more than 0.6% of Estonia’s GNI, namely 0.635% (Figure 4.1). 

 

 

Figure 4.1. Calculated storm damages in different municipalities (in million EEK-s = 0.06 million 

EUR) 

(by Ahas & Silm,"Postimees" 03.01.2006, http://www.postimees.ee/030106/esileht/187649_1.php).  

 

5.1. Power and communication cuts, flooded roads 

Energy 

The rainstorm paralysed life in coastal areas in Pärnu, Saare and Lääne counties as well as in the 

inland county of Viljandi, and caused power outages to about a quarter of the substations of the 

national electricity company, Eesti Energia AS.  

 

Altogether 15% of the households in Estonia experienced power outages. In addition to these in 

Pärnu and Viljandi counties, 720 substations in Saare County, 560 in Võru, 473 in Tartu, 413 in 

Jõgeva, 310 in Põlva, and 161 in Hiiu counties were damaged.  
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About 109 500 households throughout Estonia experienced power outages. In the morning on 

January 9th, most households in Pärnu County (21 000) and Viljandi County (17 800), including the 

Viljandi hospital, were blacked out.  

 

The total damage caused to the state enterprise Eesti Energia amounted to 2 924 853 EUR, of which 

2 658 981 EUR make up restoration costs to distribution networks and the rest for renovation of 

power switches, clearing broken poles and reconstruction of temporary power supplies. The other 

damage mainly to power lines and frequency converters amounted to 36 703 EUR.  

 

 Telecommunications 

Damage caused to Elion Ltd, part of Estonian Telecom, was191 735 EUR and that for Tele 2 and 

Radiolinja – 70 303 EUR. 

 

Transport 

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

nets were heavily damaged, leaving many fishermen without work. Dirham port mole and its 

surrounding seaside in Lääne County needed to be cleaned after the storm. In Lääne-Viru County, 

Vergi port suffered the most, the seawall was damaged and the fairway was full of sand. In Pärnu 

County, Kihnu port mole was damaged. Munalaiu port area was heavily affected and asphalt was 

swept away, halting ferry service with Kihnu Island. 

 

State owned ports and seamark damage (Estonian Maritime Administration) were estimated at 195 

870 EUR; the government invested enterprise Saarte Liinid Ltd (port infrastructure) had average 

damages of 199 980 EUR; the total damage caused to local government owned ports (port 

infrastructure) was 776 845 EUR. The total amount of eligible costs in this field was 1 172 695 

EUR. 

 
Road traffic suffered mainly from fallen trees. Some roads were flooded. No highways were closed, 

however, traffic suffered from fallen trees on Valga-Uulu and Pärnu-Ikla highways. The border 

checkpoint to Latvia at Ikla was temporarily closed. 

 

Damage to state owned highways (Road Administration) amounted to 729 814 EUR; 

Other damage to roads, streets, street lighting, culverts and cleaning of fallen trees from the roads 

totalled 870 808 EUR. The total amount of eligible costs in this field was 1 600 622 EUR. 
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The storm left a lot of sand on coastal roads that had to be removed. Some of the roads were washed 

out. One road in Lääne County and three roads in Pärnu County were closed. Damage to private 

roads in Kihnu municipality, Pärnu County was 12 782 EUR. The total amount of eligible costs in 

this field is 2 773 317 EUR. 

 

Water and wastewater 

Wells were filled with surface water and needed purification. There were also sewerage problems as 

the pumping stations were out of order. Some coastal areas had problems with drinking water 

because of contamination or power cuts. The total amount of eligible costs due to damage caused to 

local water and sewage objects (wells, pumping stations) was 237 928 EUR.  

 

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

 

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

 

4.2 Storm impact on agriculture 

Domestic animals suffered because of power outages, the cows were not milked, as milking 

equipment did not work with back up generators. And even if the cows could be milked, the milk 

spoiled due to lack of refrigeration. The farmers lost fodder due to the flood; some farmers were 

forced to send their cattle to abattoirs, as they had nothing to feed them with.  
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 4.3. Damage to trees and forests 

The strong winds caused major damage to forests. The forest covered area in Estonia is 2.2 million 

ha (51.5% of Estonia's land territory) of which 40 % is state owned. Uprooted trees represented 70-

80% of tree damage. Fallen trees caused about 90% of the power outages. Approximately 17 000 

trees fell on wires in the affected counties. 

 

The damage was greatest in Pärnu, Viljandi, Valga and Jõgeva counties. A total of 515 000 solid 

cubic meters of forest was lost in the state forests (financial damage exceeded 3.22 million EUR) 

and 600 000 solid cubic meters in private forests (damage 4.675 million EUR). 

 

The State Forest Management Centre (SFMC), which administers and manages state forest in 

Estonia, evaluated the damages caused to the state forest to be 3 222 617 EUR, including: 

�  955 732 EUR for the damage to stagflation of harvesting. As the price of harvesting a solid 

cubic meter rises (average 1.6 EUR per solid cubic meter), the profit of the SFMC will 

decrease. As SFMC invests the profit back into the forest, there will be fewer resources for 

investments. 

�  Presumably, the selling price of timber will fall (the forecast is 6.39 EUR per solid cubic 

meter) and the share of low-quality timber will be higher and therefore total estimated fall of 

revenue is 1 422 411 EUR. 

�  The area that needs to be reforested, i.e. the area that is totally damaged, is 1 258 ha. The 

average reforestation cost is 492.12 EUR per ha, so the total reforestation cost is 619 087 

EUR. 

�  The cost of restoring the infrastructure related to forest management is 79 621 EUR. 

�  The cost of aero surveillance, forest survey and inventory reach 145 766 EUR. 

 
The proportion of damages caused to state forests between commercial forests and protection 

forests is approximately 75% - 25%. Approximately 70% of the damaged forests are conifers and 

30% broadleaves. All the forest areas that have been taken into account were healthy prior to the 

storm. 

 

The reforestation expenditure includes average need for soil scarification; average prices by tree 

species have been taken as basis, average costs of plant protection products and labour force. 
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The damage to private forests has been calculated on the basis of data received from regional 

private forest owners’ organisations and county environmental authorities of the Ministry of 

Environment, who in turn received information from private forest owners. 

 

In private forests, the storm damaged timber in total was estimated to be ca. 600 000 solid cubic 

meters. As private forest owners do not hold long-term contracts, the harvesting cost is higher, 

about 1.9 EUR per solid cubic meter. The selling price of timber will fall (the forecast is 6.39 EUR 

per solid cubic meter). Of the 600 000 solid cubic meters, the timber appropriate for sale is 85% (ca 

510 000 solid cubic meters), thus the damage caused by fall in prices is 3.26 million EUR.  

 
The reforestation cost of private forests is 255 647 EUR. 9 587 EUR is foreseen 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 proposal to the European Union 

Solidarity Fund (EUSF) for financial support to Estonia to recover the damages resulting from the 

January 2005 storm. Estonia received from EUSF 1.29 million EUR (20.1 million EEK*). 

 

International support from other sources 

�  Norway (Buskerud county) allocated 10 849 EUR to Pärnu County (90 000 NOK) for purchase 

of blankets and generators. 

�  The Red Cross and UNICEF donated 8 308 EUR for purchasing food, fuel, clothes and 

blankets. 

�  Hungary Siofok City Government donated 7158 EUR to Pärnu City to cover storm damage 

 

Compensation on national level 

�  Estonia Opera organised a benefit performance and raised 19 373 EUR for storm victims; 

�  Tallinn City Government allocated 64 102 EUR from its reserve fund to Pärnu, Kuresaare and 

Haapsalu to cover storm damage; 

�  Narva City Government allocated 2556 EUR from its reserve fund to Pärnu to cover storm 

damage; 

�  Otepää municipality administration allocated 640 EUR from its reserve fund to Pärnu to cover 

storm damage; 

�  The Government of the Republic allocated 1 412 447 EUR in direct support to storm victims 

with low incomes to purchase basic goods (blankets, firewood, etc.) and to support immediate 

renovation works. 

 

Local level 

Local administrations helped people with dry firewood, pumps for pumping water 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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Pärnu City Government has taken the bill to cover storm damages for citizens.  

�  For families whose average monthly income is lower than 173 EUR per capita, Pärnu city will 

cover heating expenses up to 64 EUR. For families whose monthly income is over 173 EUR per 

capita, the city will cover heating expenses up to 32 EUR; 

�  For families whose monthly income is lower than 173 EUR per capita, the city will cover roof 

restoration expenses up to 100%. For families whose monthly income is over 173 EUR per 

capita, the roof restoration expenses will be covered by up to 30%; 

�  For families whose monthly income is lower than 173 EUR per capita, Pärnu city will cover 

electricity expenses by up to 60%. For families whose monthly income is 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 about 0.555 million EUR (8.69 million 

EEK). 

 

5.2. Insured damage 

It is not customary yet in Estonia to insure state and local government property. During a period 

from April to May 2005, the insurance agencies compensated damage caused by the January storm 

to the amount of 9.3 million EUR. The total figure reaches 11.7 million EUR. The damages of 2075 

applicants related to the floods in western Estonia will be compensated. In addition to the already-

made payments, the clients are furnished with letters of commitment confirming that the final 

compensation payments will be done after the restoration works are completed.  

 

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 stricken enterprise by the insurance 

agency ERGO Kindlustus is 0.5 million EUR. The largest sum of compensation for a private person 

paid out by the same agency is 0.06 million EUR. The greatest compensation of a single occasion 

paid out by the insurance agency If Eesti Kindlustus is 0.08 million EUR, and by Salva Kindlustus – 

0.1 million EUR.    

 

Restoration of power lines and communication systems was completed a few days after the storm. 

Restoration of buildings and other facilities started as soon as possible. It is obvious that 

postponement would have resulted in much higher costs. Therefore, the mobilisation of the EUSF 

assistance is very important. 
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6. LESSONS LEARNED 

 

On the order of the Prime Minister, the Minster of Finance set up by his directive of January 10th 

2005 a Committee for assessing the storm damages. The Chairman of the Committee is the 

Secretary General of the Ministry of Finance, and the members are secretary-generals of involved 

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

 

Government decided to allocate 453 773 EUR on January 12th and 958 675 EUR on February 3rd for 

overcoming coping difficulties caused by the storm and making essential renovation works. 

 

The President, the Prime Minister and the Minister of Finance of the 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 their crisis plans and there are need for 

specific legislation to strengthening the crisis regulation. 

�  Secondly, there are need to better communication between administration and better 

information service.  

�  Thirdly, there is need for special equipment to keep alive the most important structures, for 

example electricity in hospitals and telecommunication network. 

 

In addition, it is worth mentioning that old buildings built up before World War II for public use 

were not damaged or even flooded during the storm in both Pärnu and Haapsalu. It means that 

earlier the people knew about the possibilities of water level rise in coastal areas and took it into 

account. 

 

In some cases the damages of forest were huge, because previous events (for example tornado) had 

been weakened their ability to stand against the wind. In Põltsamaa forest district, central Estonia, 

about 32 000 solid cubic meters of timber were lost in the same place which was damaged by a 

tornado in 2002. On the other hand, the damages in the forests on islands were lower as expected 

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

The storm forecast was given in time. The first time in post-soviet history of Estonia the 

government used its power given by law to force all TV channels and radio stations to inform 

people in time and without interpreting the government announcement. The first time was opened a 

website www.kriis.ee, where were uploaded all the government announcements, warnings and other 

information. 

 

Security service before, during and after the storm 

The Governmental Crisis Management Committee and local crisis management committees were 

set up in Pärnu and Haapsalu. During the period from January 10th to February 2nd, the Committee 

gathered four times. The storm data were analysed and proposals were made to the Government of 

the Republic on how to compensate the damages and from which sources this could be done.  

 

During and after the storm the Rescue Board reacted to 406 calls. The national Defence League, 

border guards, policemen and Estonian Defence Forces helped to evacuate people from their 

flooded homes. During the storm electricity was switched off in all the flooded areas to prevent 

fires and human beings from electric shock.  

Rescue services, the national Defence League, Eesti Energia AS, the Road Administration, the Red 

Cross and volunteers helped to liquidate the damage caused by the storm. 

 

Responses of people to the risk 

In some cases the behaviour of people was inadequate. They moved to the most dangerous places to 

take photos with the aim of loading them up in Internet. There was even certain competition whose 

photos were taken in more risky situations. In some cases the curious people disturbed the rescue 

works and became victims themselves. 

 

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

institutional activities etc.  

The Government of the Estonian Republic planned to change the regulation concerning the SPD 

measure 4.2 "Development of environmental infrastructure (ERDF)" 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 institutional activities so far. 

According to the analysis done by the Government Crisis Management Committee, there is need 

for:  

�  Better communication in all levels and clear responsibilities between different institutions; 

�  Better forecast; especially prognoses. The forecast of storm and wind were excellent, but 

there was lack of prognoses of the water level rise velocity; 

�  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 power cut, as it happened 

 

In general, informing the people about anticipating risks in case of natural hazard or other 

extreme situation as well as exchange of information between relevant institutions need major 

improvement. Development of better operative radio communication (ORC) between the 

institutions subordinated to the Ministry of Interior Affairs should be pointed out in particular.  

 

A very important task for the future would be preparedness of insuring the functioning of the 

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

(autonomous generators etc.), in hazardous situations.    
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