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Arctic land ice, global sea level 
changes and storm surges
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SWIPA 2017
Chapter 9
2017 Snow, Water, Ice and 
Permafrost in the Arctic 
(SWIPA) 2017 (Oslo, NO: 
Arctic Monitoring and 
Assessment Programme 
(AMAP)) xiv + 269 pp 
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* gravitational effects, local isostasy and ocean 
circulation changes make sea level rise non-uniform
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sea level rise is concentrated in the tropics

Bamber and Riva 2010

@climate_ice, tinyurl.com/NORWEA19
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http://tinyurl.com/NORWEA19


~500 ZJ increase in 
ocean heat content

Consumption of primary energy worldwide reached nearly 584 exajoules in 2019, 

https://www.statista.com/statistics/265598/consumption-of-primary-energy-worldwide

8



https://sealevel.colorado.edu/data/sea-level-trends-satellite-altimeters

sea level trends depend on ocean circulation changes
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isostasy
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isostasy
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BC Open textbooks



isostasy
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BedMachine 3



glacial isostatic adjustment
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post glacial rebound



post glacial rebound
(glacial isostatic adjustment)
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Land Survey FinlandFennoscandian land uplift (mm/yr) relative to the centre of the Earth.



groundwater extraction
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US EPA



groundwater extraction
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https://tidesandcurrents
.noaa.gov/sltrends/sltre
nds_station.shtml?stnid

=8575512
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after R. B. Alley, P. U. Clark, P. Huybrechts, I. Joughin, Ice-Sheet and Sea-Level Changes, Science, 2005

2019
405 ppmv
~50% above pre-industrial
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Clark et al. (2016)

sea level
past and future  
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Clark et al. (2016)

sea level
past and future  
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sept. 2016
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https://www.wunderground.com/blog/JeffMasters/sandy-likely-to-be-a-multibillion-dollar-disaster-for-the-us.html
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https://www.wunderground.com/blog/JeffMasters/sandy-likely-to-be-a-multibillion-dollar-disaster-for-the-us.html


Superstorm Sandy ... Sea level rise + storms surge
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* gravitational effects, local isostasy and ocean 
circulation changes make sea level rise non-uniform
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Ice sheet reduction Groundwater extraction

multiple factors
affect sea level

1. thermal expansion
2. glacier loss
3. ice sheet reduction
4. groundwater extraction
5. gravitational effects
6. isostasy
7. ocean circulation changes
8. storm surge
make sea level rise non-uniform

1971–2018 IPCC AR6 2021
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