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Climate change impacts in coastal 

zone (hypotheses) 

• Higher temperature in winter related to higher cyclonic 

activity and stronger westerlies 

• Higher storminess in winter 

• Longer ice-free period and shorter duration of sea ice 

• Higher sea level due to higher wind stress of westerlies 

• Intensification of coastal processes (erosion, 

accumulation) 

• Higher frequency of dangerous natural phenomena 

(floodings, land loss, destruction of harbours, erosion of 

sandy beaches, accumulation of sediments in harbours 

and ship fairways)   



Objectives 

• to analyse long-term fluctuations and trends in the 

frequency of severe storm and flooding events on the 

Estonian coast during the whole updated period of 

observations 

• to assess the relationships between severe storms, 

floodings and parameters of large-scale atmospheric 

circulation 



Data 

• Number of storm days (10 min wind speed ≥15 m/s) 

in Vilsandi (since 1920) and Sõrve (since 1930) 

• Monthly mean and maximum sea-level height at the 

11 Estonian tide gauge stations 

• Atmospheric circulation: AO and NAO indices, 

frequency of circulation macro-forms W, E and C 

according to Vangengeim-Girs classification, 

Northern Hemisphere teleconnection patterns from 

NOAA CPC 

 



Sea-level measurements 

• Sea-level measurements started in the harbour of 

Tallinn in 1809, continuous measurements since 1842 

• Data on maximum sea-level since 1899 

• Downscaling of GCM and RCM outputs 

• Modelling of river discharge 

• Modelling of sea ecosystems 

• Modelling of coastal processes and coastal landscapes 

• Synthesis of modelling results 

 





Vilsandi 

Sõrve 



Storm season from September to March 



Extremely stormy period 

• storm duration of at least 12 days 

• storm days constituted at least 20% of 

all days during the period 

• maximum 10-min mean wind speed 20 

m/s or above 



Extremely stormy periods 
Stormy period Maximum 

wind speed 

Number of 

stormy days 

Maximum 

sea level 

25.11.51 - 17.01.52 24 22 64 

12.08 - 4.12.54 24 27 46 

25.08 – 4.12.56 21 20 42 

18.09 - 22.12.57 22 21 44 

6.08 - 29.12.67 29 26 176 

17.09 - 11.11.69 24 18 75 

11.10 - 29.12.71 21 22 68 

9.10 - 12.12.73 24 18 73 

20.11 - 31.12.75 24 15 74 

26.10.80 - 15.01.81 28 24 95 

23.09.83 - 19.01.84 22 42 111 

7.11 - 9.12.86 22 13 114 

18.09.88 - 26.03.89 22 51 112 

26.01 - 24.03.90 25 22 166 

2.11.91 - 13.03.92 28 34 99 

28.11 - 26.12.99 25 15 132 

21.10-17.11.01 25 12 132 

25.01-10.03.02 23 15 133 

14.12.04-13.01.05 22 12 209 

5.12.06-28.01.07 23 20 152 



Time series of annual mean water level along 

the Estonian coast  







Monthly mean relative sea levels in 

1950-2011 



Changes by trend in monthly mean water 

level in 1924-2011 (A) and 1950-2011 (B) 



Time series of slopes of 

(corrected with land 

uplift rates) trend lines 

for 41 year periods, 

where the value is 

assigned to the middle 

year of the running 

window; for example, 

1970 for 1950–1990 and 

1991 for 1971–2011. 



Time series of annual maximum sea level 



Time series of annual maximum sea level 



Extremely high sea-level events 



Extremely high sea-level events 



Correlation between the number of 

storm days, and mean (above) and 

maximum (below) sea-levels 



Correlation between parameters of atmospheric 

cicrulation and number of storm days in Vilsandi 

(above) and Sõrves (below) 



Correlation between circulation parameters and 

mean (above) and  maximum (below) sea-level 



Conclusions 

• The number of storm days has very likely increased on the 

western coast of Saaremaa since 1920, especially in winter 

• Trends in sea-level height depend very much on the post-

glacial isostatic land uplift. They are negative where the 

uplift has been higher (Ristna), and positive where the uplift 

has been lower (Narva-Jõesuu, Pärnu)  

• Eliminating the influence of the land uplift the sea-level rise 

have been 2.2-3.2 mm per year during 1950-2011 that is 

higher than the global mean sea-level rise 1.7 mm/year. 

Mostly the increase has taken place in November-March 

• Annual maximum sea-level height has increased much 

faster than the mean sea-level 

 



Conclusions 

• There are observed 35 extremely high sea-level events 

while 31 of them have occurred from October to March and 

25 since the 1960s. Three most severe events were 

observed 9.01.2005, 15.10.1967 and 23.09.1924 

• Correlation between storminess and sea level is highly 

positive, especially in winter and autumn, exceeding 0.6. 

Mostly, the correlation is higher for maximum sea levels 

than the mean values, but not in winter 

• Atmospheric circulation has significant correlations with 

storminess and sea level during the cold period from 

November to March. They are positively correlated with the 

characteristics of the intensity of the westerly circulation 

and negatively with southerly and easterly circulation 



Thank you for your attention! 
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