13.7 Sea Level Change

Modified from "Physical Geology" by Steven Earle*

Sea level change has been a feature on Earth for billions of years, and it has important implications for coastal
processes, estuaries, and both erosional and depositional features. There are two main mechanisms of sea level
change, eustatic and isostatic, as described below.

Eustatic sea level changes are global sea level changes related to changes in the volume of water in the
ocean. These can be due to changes in the volume of glacial ice on land, thermal expansion of the water, or to
changes in the shape of the seafloor caused by plate tectonic processes. For example, seafloor spreading widens
an ocean basin, thus changing its volume and affecting sea level.

Over the past 20,000 years, there has been approximately 125 m of eustatic sea level rise due to glacial melting.
Most of that took place between 15000 and 7,500 years ago during the major melting phase of the North
American and Eurasian Ice Sheets (Figure 12.7.1). At around 7,500 years ago, the rate of glacial melting and sea
level rise decreased dramatically, and since that time, the average rate has been in the order of 0.7 mm/year.
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Figure 13.7.1 Sea level rise resulting from the melting of glacial ice over the past 24,000 years
(Robert A. Rhode, CC BY-SA 3.0, via Wikimedia Commons).

Anthropogenic climate change led to accelerating sea level rise starting around 1870. Since that time, the
average rate has been 11 mm/year, but it has been gradually increasing. Since 1992, the average rate has been
3.2 mm/year (Figure 13.7.2). Much of this is due to increased glacial melting as the global climate gets warmer
(section 14.3), but a large part is due to thermal expansion of the water. As water warmes, the molecules gain
more kinetic energy and move faster and farther apart; the result is that the same amount of water now takes
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up more space. So even without the input of new water from melting ice, warming ocean temperatures will
cause sea level to rise.
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Data sources:

+ CSIRO (Commonwealth Scientific and Industrial Research Organisation). 2015 update to data originally published in: Church,
JA., and NJ. White. 2011. Sea-level rise from the late 19th to the early 21st century. Surv. Geophys. 32:585-602.
www.cmar.csiro.au/sealevel/sl_data_cmarhtml.

+ NOAA (National Oceanic and Atmospheric Administration). 2015, Laboratory for Satellite Altimetry: Sea level rise. Accessed
June 2015. httpy//ibis.grdl.noaa.gov/SAT/SealevelRise/LSA_SLR_timeseries_global.php.

For more information, visit U.S. EPA’s “Climate Change Indicators in the United States” at www.epa.gov/climatechange/indicators.

Figure 13.7.2 Average absolute sea level change, which refers to the height of the ocean surface, regardless of
whether nearby land is rising or falling. Satellite data are based solely on measured sea level, while the
long-term tide gauge data include a small correction factor because the size and shape of the oceans are
changing slowly over time (US ERPA [Public domainj, via Wikimedia Commons).

Isostatic sea level changes are local changes caused by subsidence or uplift of the crust related either to
changes in the amount of ice on the land, or to growth or erosion of mountains. Almost all of Canada and
parts of the northern United States were covered in thick ice sheets at the peak of the last glaciation. Following
the melting of this ice, there has been an isostatic rebound of continental crust in many areas. This ranges
from several hundred meters of rebound in the central part of the Laurentide Ice Sheet (around Hudson Bay)
to 100 m to 200 m in places such as Vancouver Island and the mainland coast of British Columbia. In other
words, although global sea level was about 130 m lower during the last glaciation, the glaciated regions were
depressed at least that much in most places, and more than that in places where the ice was thickest. Tectonic
processes, such as the uplift of crust, can also cause localized changes in sea level.
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*"Physical Geology” by Steven Earle used under a CC-BY 4.0 international license. Download this book for free
at http:/lopen.bccampus.ca
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