
Sea level scenarios and  
extreme weather events

Milla Johansson, Kimmo Kahma, 
Hilkka Pellikka, Hanna Tietäväinen, 
Seppo Saku and Kirsti Jylhä

Finnish Meteorological Institute

Final Seminar of 
the Finnish National Research Programme on Reactor Safety 2007-2010 

SAFIR2010

10-11 March 2011 
Hanasaari, Espoo, Finland

Extreme weather and nuclear power plants
(EXWE)



Extreme weather and nuclear power plants (EXWE)

Objective:
A comprehensive study about the frequency, intensity, spatial and 
temporal variation of relevant extreme weather and 
sea level events and the influence of climate change on them. 

Background: 
Some exceptional weather events or 
combination of different events may 
1) prevent normal power operation and 
2) simultaneously endanger safe 
shutdown of a nuclear power plant. 



• the return levels of extreme temperature and enthalpy
• dry, hot and cold spells, precipitation and snow
• danger-causing weather phenomena: 

hail, snowstorms, freezing precipitation, tornadoes and downbursts
• the risk of dangerous water levels in the Baltic Sea
• the risk related to abrupt and nonlinear climate change 

Topics of the EXWE project within SAFIR2010

Aggregated into a single report

Hanna Tietäväinen et al.:
Extreme weather and nuclear power plants in present and future climate



Spatial variation of very high temperatures in Finland

50-year return level of 
daily maximum temperature

> 33⁰C

31-33⁰C

29-31⁰C

>29⁰C
• About 30 weather stations

• The length of observational time series: 
75 – 165 years, 
up to summer 2010

• The highest ever recorded temperature in Finland:
Joensuu on 29 July 2010: 37,2°C  

Saku et al. (2011)

In the past climate: annual probability < 0.01
In the future climate: not equally but still very rare



SAFIR2010 Interim seminar (13 March 2009)

(modification from Lenton et al. 2008)

• The risk of abrupt climate
changes grows the higher 
the more the global mean
temperature rises

• Some of the possible abrupt
climate changes could affect
the safety of the nuclear power
plants

• The major concern is the
possible abrupt sea level rise
which could be triggered by
melting of continental ice sheets

Natalia Pimenoff et al.:
Abrupt climate change and nuclear power plant safety 



Natalia Pimenoff et al.:
Abrupt climate change and nuclear power plant safety 

Available in Finnish

• The risk of abrupt climate
changes grows the higher 
the more the global mean
temperature rises

• Some of the possible abrupt
climate changes could affect
the safety of the nuclear power
plants

• The major concern is the
possible abrupt sea level rise
which could be triggered by
melting of continental ice sheets

SAFIR2010 Interim seminar (13 March 2009)



Sea level height in the Baltic Sea 
is one of the key factors 

for the safety of nuclear power plants 
on the Finnish coast

Milla Johansson, Kimmo Kahma and Hilkka Pellikka
Finnish Meteorological Institute

R/V mta Aranda
has visited both Antarctic waters and Arctic Ocean, 
along with its normal operations on the Baltic Sea. 



Competing factors affect the sea level on the Finnish coast 

• Global sea 
level rise 
(<= global warming)

• Postglacial land 
uplift
(<= recovery from the 
last ice age)

• Baltic Sea water 
balance
(=> ~ 20-cm year-to-
year variability)

• The land uplift has dominated in the past
• How about the future?

Decrease in the annual mean sea level during the 20th century

Theoretical mean sea level

15-yr. floating averages

Observed annual mean

Hanko (SW Finland)
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The global sea level is rising in the warming climate

• Thermal expansion of sea water 

• Melting of ice sheets (Greenland, West Antarctica), 
glaciers and ice caps

• 20th century: 1.7 ± 0.5 mm/year
• 1961-2003: 1.8 ± 0.5 mm/year
• 1993-2003: 3.1 ± 0.7 mm/year

What about the future?

Past trends:



A wide range of global sea level rise scenarios

From 
20 cm 
to 200 cm 
by the 
year 2100

Uncertainties in the future behaviour of the continental ice sheets



Large ice masses affect the gravitational field of the Earth: 
• higher water level around the ice mass
• water retreats away from the melting glacier

Global sea level rise is unevenly distributed

Our greatest concern is the West Antarctic ice sheet
The effect of Greenland melting is minor on the Finnish coast

The effect of thermal expansion 
varies in different areas.

Potential changes in ocean dynamics 
affect sea level geographically unevenly.

climateprogress.org



Local effects of the global sea level rise

An upper estimate (worst-case assumptions):

20-200 cm global average rise means 
~30-150 cm on the Finnish coast up to 2100.

The postglacial land uplift on the Finnish coast 

Vestøl et al.

From about 3 mm/year (at Hamina) 
to about 9 mm/year (around Vaasa)*

=> about 30-90 cm/100 year

*Johansson et al. 2004

Possible changes in the Baltic Sea 
water balance

In- and outflow of water through the Danish Straits 



Scenarios for the mean sea level on the Finnish coast 

Land uplift 3.7 mm/yr 

Helsinki: the sea level will rise ~ 45 cm according to the average scenario

The future of the West Antarctic ice sheet is the largest uncertainty 
in the Finnish sea level scenarios.



Scenarios for the mean sea level on the Finnish coast 

The future of the West Antarctic ice sheet is the largest uncertainty 
in the Finnish sea level scenarios.

Rauma: the sea level will rise ~ 15 cm according to the average scenario

Land uplift 7.0 mm/yr



Short-term sea level variability

• Observed variability: 
from -130 cm  to +200 cm 
relative to the mean sea level

• Affecting factors:
Total water amount in the Baltic Sea
Wind
Air pressure
Seiche = internal oscillation

• An extreme sea level event   
is always a combination of 
several factors

January 2005 flood



The sea level maxima have increased during the 20th century

Dots: observed annual maximum sea levels
Columns: the 10-year maxima

Helsinki

A statistically significant trend: 
≥ 20 cm increase during the 106 years of observations

The effects of climate change on short-term sea level variability = an open question



Probability distribution of extreme sea levels

Helsinki in 2010 Helsinki in 2010

Monthly minimum (cm, N60) Monthly maximum (cm, N60)

Changes in the distributions <=
1) A change in the mean sea level => a shift in the x-axis towards higher/lower sea levels
2) A change in the shape of the distribution (not included here)
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Monthly maximum sea levels with 
a probability of 0.01 occurrences/year 

Estimated changes in the probabilities of 
extremely high sea levels

2010: 142 cm
2050: 163 cm
2100:  258 cm

+

Helsinki: 
The short-term variability is 
assumed to remain similar 
in the future as it is today.



Monthly maximum sea levels with a probability 
of 0.01 occurrences/year 

2010 2050 2100

Site Sea level (cm, N60)
Kemi 182 177 229
Vaasa 120 115 177
Rauma 111 120 203
Föglö 102 115 204
Helsinki 142 163 258
Hamina 194 213 299

• In the Bay of Bothnia, the extremes slightly decrease 
up to 2050, due to the fact that the land uplift compensates 
the mean sea level rise.

• Elsewhere, increases from 2010 to 2050. 



Monthly maximum sea levels with a probability 
of 0.01 occurrences/year 

2010 2050 2100

Site Sea level (cm, N60)
Kemi 182 177 229
Vaasa 120 115 177
Rauma 111 120 203
Föglö 102 115 204
Helsinki 142 163 258
Hamina 194 213 299

Everywhere on the Finnish coast, increases from 2010 to 2100.



• The scenarios for the future should be updated regularly, 
as further research is conducted. 

Summary

• On the southern coast, the sea level will rise 30–50 cm by 2100
• On the Bay of Bothnia, the land uplift still balances the sea level rise, 
=> the sea level will decline by the 2050s and 

rise back to present sea level or below it by 2100. 

• Conservative scenario: 
- to avoid underestimating the risk of the sea level rise
- a safe choice for the risk estimates of the nuclear power plants. 

• Climate change is altering the occurrence of extreme weather events
and levels of sea water. 



Specific goals for EXWE in SAFIR2014 in 2011 

1. Effect of West Antarctic Ice Sheet on sea level on 
the Finnish coast
1.1 Melting of the West Antarctic ice sheet 
1.2 Sea level scenarios for the Finnish coast
1.3 Analysis of the success of the earlier scenarios

2. Heat waves
2.1 Changes in the occurrence of heat waves 

based on observations
2.2 Changes in the occurrence of heat waves 

based on model projections



Thank you!

Contact:

Kirsti.Jylha@fmi.fi

Milla.Johansson@fmi.fi

mailto:Kirsti.Jylha@fmi.fi
mailto:Milla.Johansson@fmi.fi


• Large ice masses 
affect the gravitational 
field of the Earth. 
Water retreats away 
from the melting 
glacier.

• Our greatest concern is 
the West Antarctic ice 
sheet

• The effect of 
Greenland is minor on 
the Finnish coast

Sea level rise is not evenly distributed

Mitrovica, J.X., M.E. Tamisiea, J.L. Davis, and G.A. Milne, 2001. Recent mass balance of polar
ice sheets inferred from patterns of global sea level change. Nature 409, 1026–1029.



Postglacial land uplift

Site Land uplift 
(mm/year)

Kemi 8.9
8.5
8.9
9.0
9.1
8.7
7.8
7.0
5.6
5.8
4.3
3.7
3.3

Oulu
Raahe
Pietarsaari
Vaasa
Kaskinen
Mäntyluoto
Rauma
Turku

Hanko
Helsinki
Hamina

Föglö

Vestøl et al.

Johansson et al. 2004



Estimation of probability of devastating storms
that may lead to very high water levels in the Baltic Sea

Storm in southern Finland on 28 August 1890Storm in southern Finland on 28 August 1890

Fig: Museovirasto

Tikkurila, Vantaa in 1890

Baltic Sea: 10-min mean wind at 10 m 
~ 30-35 m/s
Over land: 10-min mean wind at 10 m 
> 16 m/s, probably 18-23 m/s
Gusts > 27-40 m/s, 
locally possibly even 40-60 m/s

Estimated wind speeds on 28.8.1890 
very extreme in Finland
For comparison: ”Gudrun” in Denmark 
and southern Sweden in 2005:

Danish coastlines: mean wind speed 
max. 34 m/s, gusts max. 46 m/s
Inland in Sweden: gusts 30-33 m/s

WP1 in EXWE in 2009



Observed extremes
Site Maximum

(cm, MW)
Minimum
(cm, MW)

Kemi +201 -125
Oulu +183 -131
Raahe +162 -129
Pietarsaari +139 -113
Vaasa +144 -100
Kaskinen +148 -91
Mäntyluoto +132 -80
Rauma +123 -77
Turku +130 -74
Föglö +102 -71
Hanko +132 -79
Helsinki +151 -93
Hamina +197 -115



January 2005 flood: 
an extreme high-water event on the southern coast of Finland

• A storm raised sea level to record heights in the Gulf of Finland

• Exceptionally long-lasting flood: 
the sea level was at record height for several hours 
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A combination of several factors
• High total water amount in 

the Baltic Sea
• Deep low pressure
• Wind pushing water into 

the Gulf of Finland
• Sea level oscillation in the 

Gulf of Finland 

January 2005 flood: 
an extreme high-water event on the southern coast of Finland

Even higher sea levels may 
occur in the Gulf of Finland.
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