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A new view on sea level rise
STEFAN RAHMSTORF

Has the IPCC underestimated the risk of se a  level rise?

Recent studies predict that sea level could rise by more than one metre this century if greenhouse gas emissions 
continue to escalate.

I n its 2007 report1, the Intergovernm ental 
Panel on Climate Change (IPCC) 
projected a global sea level rise o f 18 

to 59 centimetres from 1990 to the 2090s, 
plus an unspecified am ount that could 
come from changes in the large ice sheets 
covering G reenland and Antarctica.

But the physical climate m odels 
used by the IPCC have some lim itations, 
prom pting  the search for alternative 
approaches to estim ating sea level rise. 
New sem i-em pirical approaches are based 
on the idea tha t the rate of sea level rise 
is proportional to the am ount of global 
w arm ing — the w arm er it gets, the faster 
ice melts — and they use past sea level and 
tem perature data to quantify this effect.

O ver the course o f the tw entieth 
century, the rate o f sea level rise has 
roughly trip led  in  response to 0.8 °C 
global w arm ing2. Since the beginning of 
satellite m easurem ents, sea level has risen 
about 80 per cent faster, at 3.4 millim etres 
per year3, than  the average IPCC m odel 
projection of 1.9 m illim etres per year. The 
difference betw een the sem i-em pirical 
estim ates and the m odel-based estim ates 
of the IPCC can be attributed  largely 
to the response o f continental ice to 
greenhouse w arm ing. The IPCC range 
assumes a near-zero net contribution  of 
the G reenland and A ntarctic ice sheets 
to future sea level rise, on the basis that 
A ntarctica is expected to gain mass from 
an increase in snowfall. O bservations 
show, however, tha t both ice sheets have 
been losing mass at an accelerating rate 
over the past two decades4.

A num ber of recent studies taking 
the sem i-em pirical approach have 
predicted  m uch higher sea level rise for 
the tw enty-first cen tu ry  than  the IPCC, 
exceeding one m etre if  greenhouse gas 
em issions continue to  escalate (Fig.
1). These new  results have found wide 
recognition  in  the scientific com m unity, 
as recent b road-based assessm ents show5- 
1 . The question is: how  plausible are the 
new  estimates?

A lthough the popular m edia tend 
to focus on the upper lim its o f these 
projections, reaching the upper lim its is,
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by definition, extrem ely unlikely. A nd 
at the high tem peratures tha t produce 
extrem e rises in sea level, predicting 
the response of the climate system is 
difficult. U pper lim its also depend on 
how  uncertainties are treated. C om paring 
the central estim ates o f sea level rise 
projections is therefore m ore informative. 
For a m oderately pessim istic emissions 
scenario, nam ed A1B, w hich results 
in  about 3 °C global w arm ing above 
the 1990 level by the 2090s, the IPCC 
projects 35 centim etres o f sea level rise. 
This, ra ther implausibly, assumes no 
acceleration beyond the rate of sea level 
rise observed during the past 15 years, 
despite tem peratures increasing by four 
tim es as m uch as in the tw entieth century. 
A recent study by M artin  Vermeer 
and m e8, in  contrast, yields a central 
estim ate of 124 centim etres by 2100 and 
114 centim etres by 2095.

ALL THE ICE___________________________

Sem i-em pirical m odels have the m erit 
tha t they  reproduce past sea level rise 
very well, unlike the physical models 
used thus far. But they too have a serious 
lim itation: there is no way to ensure that 
the h istoric relationship betw een sea level 
rise and tem perature will continue to hold 
in  future.

So how  can we critically assess the 
robustness o f the em pirical relationship? 
Global w arm ing raises sea level through 
two processes: therm al expansion of 
the ocean, and the addition of w ater to 
the ocean from  m elting land  ice. For 
therm al expansion, researchers have 
tested the sem i-em pirical m ethods 
against com plex ocean-atm osphere 
m odels and found tha t the sea level 
response o f these vastly m ore complex 
physical m odels is reproduced well8. If
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Figure 1 Range of rises. Estimates for twenty-first century sea  level rise from semi-empirical models2’8’1(M8 as 
compared to the IPCC Fourth A ssessm ent Report (AR4)1. For exact definitions of the tim e periods and emissions 
scenarios considered, see  the original references.
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the physical m odels do a good job on 
therm al expansion, then  so will suitable 
sem i-em pirical models.

W hether the response of continental 
ice to w arm ing is well represented by 
em pirical m odels is harder to judge, 
though the linear dependence on 
tem perature is sim ilar to tha t also used 
in  glacier m odelling studies and by the 
IPCC. The sem i-em pirical approach, 
however, was recently criticized in  the 
popular m edia9 on the grounds tha t it is, 
to a large extent, calibrated to the past 
glacier contribution, and tha t glaciers 
w ould be “largely gone by 2050”. A part 
from  this being just no t so, the m elting 
of all glaciers w ould add 60 centim etres 
to global sea level10, a lo t m ore than  in 
the worst-case scenario projected by 
sem i-em pirical m odels for 2050. A nd 
tha t contribution  w ould be in  addition 
to seawater expansion and m elting of 
continental ice sheets.

Perhaps a m ore im portan t argum ent is 
that the semi-empirical m ethod does not 
treat m ountain glaciers separately from ice 
sheets, but considers all ice as a continuum . 
The melting rate of an ice surface depends 
on the local climate, no t on w hether this ice 
surface is part o f a small m ountain glacier 
or a big ice sheet. The climatic conditions 
under which glaciers and ice sheets exist 
overlap. So, for example, the total ice 
surface found currently in regions with 
an annual m ean air tem perature o f -12  °C 
consists of alm ost equal shares of ice from 
glaciers and ice sheets. In w arm er regions 
the share from glaciers is larger, and in

colder regions the share from ice sheets is 
larger. At -12  °C annual m ean tem perature, 
the ice is already affected by melting during 
some days of the year. As the global climate 
warms, some of the glacier ice will vanish, 
bu t this will be compensated for as ice at 
colder tem peratures — including that from 
ice sheets — becomes subject to melting. 
The linear relationship in the semi- 
empirical formulae therefore holds because 
we are no t going to ru n  out of ice to m elt 
any tim e soon.

But this view considers only surface 
mass balance, w ithout taking account 
o f the k ind  of rapid, nonlinear ice-flow 
changes tha t some glaciologists expect for 
the future. The sem i-em pirical approach 
has been criticized for no t accounting 
for such changes; if  they indeed lie in 
wait, th is approach will, if  anything, 
underestim ate future sea level rise.

MELT MATH____________________________

O f the IPCC’s central estimate, for the 
A1B scenario, of 35 centim etres of sea 
level rise by the 2090s, m ost — some 
23 centim etres — is expected to result 
from  therm al expansion of the ocean. If 
this is correct, we can subtract those 23 
centim etres from our sea level rise estimate 
of 114 centimetres to give 91 centimetres, 
or 80 per cent of the total rise, that would 
need to come from land ice melting. Such a 
scenario is hardly inconceivable, given that 
land ice has, in fact, contributed 80 per cent 
o f the observed sea level rise over the past 
five years11.

If tw o-thirds of glacier ice were lost, 
this w ould add 4 0  centim etres to the 
global sea level, w hich is close to the 
lower bound  of 3 7  centim etres recently 
estim ated by glacier experts12. In tha t case, 
the percentage contribution  of glacier 
m elting to sea level rise w ould rem ain 
the same as in  past decades13. The big ice 
sheets w ould then  need to contribute only 
about 5 0  centim etres — corresponding to 
less than  one per cent o f their mass — to 
bring sea level rise up to 1 1 4  centimetres. 
None of this appears any less plausible 
than  the IPC C ’s assum ptions.

At the end  of the last ice age, the 
Earth slowly w arm ed by 4 - 7  °C globally14 
and lost alm ost tw o-th irds of its land 
ice in the process. That raised sea level 
by 120 m etres, at rates often exceeding a 
m etre per cen tu ry1. It seems tha t nothing 
in  the present ice-sheet configuration 
w ould rule out sim ilar rates in fu tu re15. 
How m uch of the rem aining 6 5  m etres’ 
w orth  o f land ice will hum ans m elt 
if  we w arm  the planet by a further 
several degrees?
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