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How does land motion influence sea level rise?

THE ISSUE. Local and regional sea level rise depends not only on how much water is contained in
the ocean, but also on the rise and fall of the land, including underneath the ocean. Understanding
vertical land motion is critical for appropriately predicting and responding to sea level change.

WHY IT MATTERS. As the global climate continues to change, average global sea levels are
expected to rise, however regional and local sea-level changes will have the largest impact on coastal
communities. Changes in the elevation of both the sea surface and the sea floor affect local sea level.
Tectonics (e.g., earthquakes), ground water withdrawal, sediment compaction, and the redistribution
of water and ice around the globe can cause the ocean floor to move up or down: this is known as
"vertical land motion". While the size of these effects vary depending on location, the combination can
contribute to very dramatic sea-level changes.

Vertical land motion plays a large role in historic, present, and future sea-level change. Even in the
absence of present day global warming, many locations would be experiencing sea-level rise due to
vertical land motion. Therefore, understanding historical vertical land motion is one of the first steps
in making sea-level projections into the next century.

STATE OF KNOWLEDGE. Tectonic activity, the most well known process that contributes to
vertical land motion, can produce uplift or subsidence of the earth either suddenly during abrupt
events, such as earthquakes, or gradually over thousands to millions of years due to long term plate
motion.

A second source of vertical land motion results from sediment compaction. Many coastal communities
are constructed on granular sediments or landfill. Over time these regions slowly subside as the
ground beneath compacts. This process can be accelerated by groundwater withdrawal and the
extraction of oil and gas. Vertical land motion due to sediment compaction can produce rates of local
sea level rise that are 2-3 times larger than global mean sea-level rise.

A third source of vertical land motion is the past and present melting of ice sheets and glaciers. Ice
sheets and glaciers depress the Earth beneath them and cause the ground at the edges of the ice to
uplift, forming bulges. When the ice melts, the ground beneath the ice sheet rebounds (uplifts) and the
bulges subside. These effects occur over both short (instantaneous) and long (100 to 1000s of years)
time scales. Vertical land motion is occurring today as the Earth continues to adjust to the past melting
(20,000 years ago) of the large ice sheets that covered parts of North America and Europe during the
last ice age (Figure 1). Present day melting of ice sheets and mountain glaciers (e.g., Greenland Ice
Sheet, West Antarctic Ice Sheet, Alaskan glaciers, etc.) is also producing this type of local vertical land
motion.

WHERE THE SCIENCE IS HEADED. Development and implementation of a precise, civilian-
accessible Global Positioning System (GPS) has greatly increased the ability to measure vertical land
motion due to the combination of all the above effects. Within the United States, a dense network of
GPS stations have been recording vertical land motion since ~2000.
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Figure 1. Numerical prediction of present day vertical land motion due to the ongoing response of the
Earth to the deglaciation of the large ice sheets that were present during the last glacial maximum (Milne
and Mitrovica, 2002). Areas in blue are experiencing uplift, while regions in yellow and red are subsiding.

While the network of GPS stations continues to expand, there are still only ~300 GPS receiver stations
coincident with tide gauge sites. This makes it difficult to distinguish between sea-level changes due to
vertical land motion and those due to changes in the sea surface height. Increasing the number of GPS
stations at tide gauge location will be important for improved monitoring of local sea-level changes.
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