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A Semi-Empirical Approach to
Projecting Future Sea-Level Rise

Stefan Rahmstorf

A semi-empirical relation is presented that connects global sea-level rise to global mean surface
temperature. It is proposed that, for time scales relevant to anthropogenic warming, the rate of
ea-level rise is roughly proportional to the magnitude of warming above the temperatures of the
@re—lndustr‘ial Age. This holds to good approximation for temperature and sea-level changes
during the 20th century, with a proportionality constant of 3.4 millimeters/year per °C. When
applied to future warming scenarios of the Intergovernmental Panel on Climate Change, this
relationship results in a projected sea-level rise in 2100 of 0.5 to 1.4 meters above the 1990 level.

nderstanding global sea-level changes is

a difficult physical problem, because

complex mechanisms with different time
scales play a role (/), including thermal expan-
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. lce 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,

published physically based projections of ice
loss from glaciers and ice caps fringing Green-
land and Antarctica.

For this reason, our capability for calculating
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 Intergovernmental Panel on Climate

tion of the sea-level response from first principles
is so complex that semi-empirical relationships
perform better. Likewise, with current and future
sea-level nise, the driver is known [global warming
()], but the computation of the link between the
driver and the response from first principles
remains elusive. Here, we will explore a semi-
empirical method for estimating sea-level rise.

As a driver, we will use the global average
near-surface air temperature, which is the stan-
dard diagnostic used to describe global warmm-
ing. Figure 1 shows a schematic response to a
step-function increase in temperature, after
climate and sea level parameters were at equi-
librium. We expect sea level to rise as the ocean
takes up heat and ice starts to melt, until
(asymptotically) a new equilibrium sea level is
reached. Paleoclimatic data suggest that changes
in the final equilibrium level may be very large:
Sea level at the Last Glacial Maximum, about
20,000 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

Change (IPCC) Third Assessment Report (TAR), [,
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Comment on “A Semi-Empirical
Approach to Projecting Future

Sea-Level Rise”

Simon Holgate,'* Svetlana Jevrejeva,’ Philip Woodworth,' Simon Brewer®

Rahmstorf (Reports, 19 January 2007, p. 368) presented an approach for predicting sea-level
rise based on a proposed linear relationship between global mean surface temperature and the
rate of global mean sea-level change. We find no such linear relationship. Although we agree that
there s considerable uncertainty in the prediction of future sea-level rise, this approach does
not meaningfully contribute to quantifying that uncertainty.

shmstor! (J) proposed a relationship be-
tweoen global mean surface emperatures
(2, 3) and the rate of global mean se-

level change (4). The approach assumes that “the
rate of sea-level nse s roughly proportional to the

magnitude of warmmg above the iempertures of

the pre-Industmial Age®( 7). Onths basis, se kevel
15 predicted to nse 0.5 © 1.4 m above the 1990
level by 2100. These estmates are considerably
higher than those published m the Third Assess-
mmt Report of the Intergovemmental Pand on
Olimate Change (5) and therefore requine closer
mspechion.

The calculation of the linger relatonship be-
tween tiemperature and the e ofsea-level chnge
(1) did mot explore whether the caleulated pro-
portionality constant of 3.4 mm/year per °C
applics o the tme scales of most relevance 1o m-
thropogenic warming (e, deades o centuries).
Figure 1A replicates figure 2 m (1), As m ([),
both the emperature and sea-level tme senes are
smoothed with the Monte Cardo singular spec-
rum malysis method (MC-58A) (6) o remove

o ATl o o an s v

T'=0) This shows that the mean rate obtarned
from this model over the past century agrees wel|
with other stimates of sea-level nse over the past
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100 yeum [e.g. (4, 7). However, the issue is whether
this mode can provide information at shorter pe-
nods than the century scale and be usad to predict
global sen levels some decades into the future

A reasomable test of the strength of a model =
its ability to predict observations that are not dl-
ready included m its formulation. To dlustrmate the
nonlincanty of the tempemture/sca-level change
rdatonship, we calculmed lincar cocflicients for
the first halfl of the observational record and then
proceeded to predict the remaiming observations.
We also usad the sccond half of the data set o
hindeast sea levels durmg the carlier pant of the
record. To make this testmg sensitive to changes
on time scales of decades, which are of most
mterest for prediction, we detrended both the
smoothed surface emperstures and the smoothed
sea levels for the first and second halves of the
data before calculating the annual rates of sca-
kevel change (detrending mmproves the results but
does not change thar chamcter). We then alou-
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Fig. 1. (A} The relationship of the rate of global mean sea-level rise (4) to global mean surface
temperature (2, 3) with the data divided into four epochs, each showing a different relationship between
the variables. This figure is smilar o figure 2 in (1) but without the binning into 5-year averages so as to

better illusirate the data clustering. (B) The global mean surface temperature record

3), annual data

loaded from www sciencemag.org on November 7, 2012




POLICYFORUM

CLIMATE CHANGE

The Limits of Consensus

Mic haol Dpp enhoimet ¥ Brian C. 0 Neill,** Mot Webster® Sha rdul Agrawala®
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Des Migrants et des Mots
Une analyse numérique
des débats médiatiques
sur les migrations et
I’environnement

Tommaso Venturini,
Francois Gemenne, Marta
Severo

Culture & Conflits, 2013
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Le point de départ est I'interrogation du moteur de recherche Google.com (dans la version la

plus ‘standard’ possible™) avec les requétes présentées dans le tableau smivant :

Requéte Nombre de pages moissonnées
"Climate refugee" 84 pages
"Environmental migrant" 76 pages
"Climate migrant" 69 pages
"Environmental Refugee" 72 pages
"Eco-migrant” 80 pages
"Ecological migrant” 64 pages
"Ecological refugee" 65 pages
"Climate-induced migrant" 12 pages
"Climate-induced refugee" 16 pages
"Environmentally-induced migrant" 62 pages
"Environmental displacee” 86 pages
"Environmentally displaced person" 48 pages

"Eco-refugee" 79 pages
"Ecologically displaced person" 90 pages

Tableau 1. Résultats considérés pour chaque requéte
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The community we want
to reach bears the
issues which we will
map, re—-interpretes
them and (hopefully)
uses them.

Paris and

_ Amsterdam,
Young Foundation with the help

reaches cut the
community of
users,
disseminates the

maps and collects
feedback

of Dortmund
for data
collection,
produce

datasets from
issues +
tools chosen

Milano team Barcelona are

designs the involved for data

maps modelling prior to
visualisation
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