Impacts of climate change on sea level rise and spatial
planning in metropolitan areas




SMHI
Why is sea level rising?
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http://www.cmar.csiro.au/sealevel/index.html
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There Is an annual signal in global sea levels

Global Mean Sea Level (mm)
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Tide due to
fce sheet

A West Antarctic Ice Sheet

Source: ScienceDally (Feb. 6, 2009),
Credit: Jerry Mitrovica & Natalya Gomez, University o

f Toronto
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Total melt potential

1000 km

Antarctica 59 m
West Antarctica 5 m
Greenland 7m



Total Melt Area (10° km?)
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Figure 9: Greenland ice-melt since 1979
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West Antarctic warming?

Steig et al. 2008

Decadal temperature trend for 1969-2000
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IPCC (2007) statement on sea level rise until
2100

The sea level will rise 18 - 59 cm until 2100

+ some 20 cm for local effects in the North Sea

"Dynamical processes related to ice flow not included

in current models but suggested by recent observations
could increase the vulnerability of the ice sheets to
warming, increasing future sea level rise. Understanding
of these processes is limited and there is no consensus
on their magnitude.”

May lead to additional 20 cm
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6l Satellite Observations
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gure 16: Sea-level change 1970-2010



Ice extent in the Arctic In
September

Average Monthly Arctic Sea Ice Extent

o5 September 1979 to 2010
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Sea level rise

4,0 m

- 30m

1
I,Om .

T 2,0m

e 2050: +0.4 m
e 2100:+0.65- 1.30m
e 2200:+2-4m

0,0 m

=1
=] wn
™~ ~

[ = KNMI 2006 scenario’s

B = Delta Commiissie 2008

DELTALCOMMISSIE



CLIMATE CHANGE SCENARIOS
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4) Sea L evel Rise Scenarios

By mid of the 2% century sea level is expected to

Increase about 30cm
e Sea level would rise about 75cm by the end 6f 21
century compared to the period of 1980 - 1999.

S R Decadesin the 21 Century

Scenario p2050 | 2060 2070 208

Low (B1) 35| 42 50
Medium (B2) | 8 30[ 46

High (A1FI)




Some recent assessments of sea level rise by 2100

Date Source Reference SLR about 2100 (cm)
period
January 2007 | IPCC 1980-1999 18-59 (excl. ice
dynamics)
Autumn 2008 | Dutch Delta committee 1990 55-120
April 2009 Rummukainen och Kallén 2009 "About 1 min 100
years”
June 2009 Ministry of Natural Resources and 1980-1999 75 (65-100)
Environment, Vietham
June 2009 UK Climate Projections science 1980-1999 11,6 — 75,8 around UK
report and Ireland
November Copenhagen diagnosis 1980-1999 “ at least twice as much
2009 as projected by Working
Groupl of the IPCC
AR4”
“it may well exceed 1
m"
November NOAA "by the end of 3 — 4 feet (90-120 cm)
2009 this century”
November Netherlands Environmental 1990 55 -110 (40 -105 locally
2009 Assessment Agency PBL m.fl. for Holland)




Sea-level rise: implications
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http://upload.wikimedia.org/wikipedia/commons/a/a8/Asia-map.png



2 Meter Inundation




Let’s go to Bangladesh!
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2 Meter Inundation
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Let’s go to Vietham!






SVIHI https://www.cresis.ku.edu/research/data/sea_level r ise/
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Let’s go to the Nile delta!
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Coastal protection in Egypt
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Let’s go to Florida!



Florida slide compiled by: W. Kron, Munich Re. Storm picture from NASA.
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New Orleans in August 2005
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Let’s go to
Russial







SMHI
St-Petersburg's Palace Square submerged

during the flood of Nov. 7, 1724
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St Petersburg Flood Protection Barrier
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Kristianstad- Sweden’'s New Orleans?







Sweden’s lowest
point




Hospital under potential flooding SMHI
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Flood protection in Kristianstad
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Kalmar

Vasteras Kristinehamn







Complex problems in metropolitan areas
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Projekt Slussen




SVHI
The same location in Stockholm in 2003




SMHI Will land uplift save Sweden?

Relative land uplift
after 100 years /em

(Ekman 1996}
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Havsnivaerna i Stockholm 1774-2009 SMHI

Stockholm 1774 - 2009
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Vattenstandsandring / Landhojning (cm)
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SMHI
The Lake Vanern and River Gota alv system




Lake Vanern and

River Gota alv




This i1s Lake Vanern




SMHI
Vanern- Gota alv, summary of the problems

1. Decree for regulation in 1937

2. Pressure on exploitation, shore lines are not secure
under today’s climate

3. Hydropower in the river
4. Important shipping

5. Unstable geology limits discharge in the river. Land
slides may risk water supply for 700 000 citizens

6. Sea levels hinder discharge

7. Climate change increases the problems
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New developments in the city of Karlstad

Foto: Sten Bergstrom, SMHI
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