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Observed Warming
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3 Increase in global mean surface temperature: ~0.8°C since 1900
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“Over the past two years, sea levels 2006-
6+ have not increased at all — actually, 2007 .
they show a slight drop. Should we
':E; 5| not be told that this is much better j
- than expected?“
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“Let the data speak for itself”
11 The Guardian, 14 Oct 2008
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A Semi-Empirical Approach to

Projecting Future Sea-Level Rise

tion of the sea-level response from first principles
is 80 complex that semi-empirical relationships
perform better. Likewise, with current and future
sea-level rise, the driver is known [global warming
(7)), but the computation of the link between the
driver and the response from first principles
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sion of water due to the uptake and penetration of
heat into the oceans, input of water into the ocean
from glaciers and ice sheets, and changed water
storage on land. Ice sheets have the largest
potential effect, because their complete melting
would result in a global sea-level rise of about
70 m. Yet their dynamics are poorly understood,
and the key processes that control the response
of ice flow to a warming climate are not included
in current ice sheet models [for example,
meltwater lubrication of the ice sheet bed (2) or
increased ice stream flow after the removal of
buttressing ice shelves (3)]. Large uncertainties
exist even in the projection of thermal expan-
sion, and estimates of the total volume of ice in
mountain glaciers and ice caps that are remote
from the continental ice sheets are uncertain by a
factor of two (4). Finally, there are as yet no

future sea-level changes in response to a given
surface warming scenario with present physics-
based models is very limited, and models are not
able to fully reproduce the sea-level rise of recent
decades. Rates of sea-level rise calculated with
climate and ice sheet models are generally lower
than observed rates. Since 1990, observed sea
level has followed the uppermost uncertainty
limit of the Intergovemmental Panel on Climate
Change (IPCC) Third Assessment Report (TAR),
which was constructed b; ming the highest
emission scenario combined with the highest
climate sensitivity and adding an ad hoc amount
of sea-level rise for “ice sheet uncertainty” (7).
While process-based physical models of sea-
level rise are not yet mature, semi-empirical
models can provide a pragmatic alternative to
estimate the sea-level response. This is also the

2(),()()() years ago, was 120 m lower than the
current level, whereas global mean temperature
was 4° to 7°C lower (5, 6). Three million years
ago, during the Pliocene, the average climate
was about 2° to 3°C warmer and sea level was
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Fig. 1. Schematic of the response of sea level
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— Predicted (a,b)
—— Predicted (a only)

Model parameters fitted

only on 1880-2000!
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Sea Level Change (cm)
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Sea Level Change (cm)
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Sea level is rising: 20 cm since 1880
Since 1993 3.4 mm/yr

A Future rise rather uncertain — at 4 °C
above preindustrial, semi-empirical
approach gives 1 — 1.3 meters by 2100

A Over several centuries, several meters
can be expected
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