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Global sea 
level rise
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21st century Global sea level 
rise will affect hundreds of 

millions of people on our planet. 
World Bank, 2007

- 500 million people for 1 m rise 
(USGS)
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It is critical to get projections 
right for the planning of 

infrastructure:

30 cm of sea level rise can 
mean that extreme events you 
thought would happen once in 
1000 years will instead happen 

once in 10 years!
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Flooding in Myanmar caused by Tropical cyclone Narg is
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The world is warming and 

this causes sea level to 
rise because :

1
Warming melts 

the large ice 
masses on 

Earth.
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2
As the oceans 
are warming 

the water 
expands.
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1 m of sea 
level rise = 72 

million Chinese 
move from 
coast. World 

Bank, 2007
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Sea level rise -from IPCC 2007

How reliable are these?



Glacier mass changes in a 
warmer climate

1. Surface melting – increased runoff

2. Dynamic changes – increased sliding 
and more calving – increased mass 
transport from land to the ocean

Sea level changes  



GLOBAL:
Cumulative glacier
mass balance in 

mm SLE
(Dyurgerov and 

Meier , 2005)

Increased
loss since
mid 1990s



Greenland Greenland –– melt areasmelt areas
(ACIA, 2005)(ACIA, 2005)



• Zwally et al. (2002) has observed increased 
sliding in summertime, which correlates with 
surface melting

Krabill et al. 2000

Why do the glaciers accelerate ?Why do the glaciers accelerate ?
Increased basal sliding:
1. More surface meltwater lubricate the 

bed
2. Less backpressure – calving and 

bottom melting under the floating ice 



Greenland mass balance



The long term – 120 m of sea 
level rise due to melting ice 
age continental ice sheets



Sea level Satellite observations

Data only 
from 1992 –
but global
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coast line, since 1800

Sea level Tide gauge stations



‘Virtual station’ Stacking: 
Minimizing spatial bias

• Stations close to 
each other should 
be weighted less 
than isolated 
stations.

height = 14

wpacific

Binomial tree to illustrate the ‘virtual station’ stacking method. Top-node 
represents the regional average, bottom nodes the tide gauge records, and 
rest of nodes are virtual stations.



Our GSL 
reconstruction

Jevrejeva, et al, “Nonlinear trends and 
multiyear cycles in sea level records” JGR 

oceans 2006

Grey is 95% 
confidence intervals

Global Sea Level

Sea level rise rate



Model including a response time
It is reasonable to assume that there exists an equilibrium sea level (Seq) for a given temperature. The 
relationship between Seq and T must be non-linear for large changes in sea level and temperature, such as those 
that occur on glacial-interglacial timescales, and there may be multiple equilibria depending on the initial 
conditions. However, for the late Holocene-Anthropocene climate, where changes in sea level are much smaller, 
we can linearize as

where a is the coefficient of sea level to a temperature change and b is a constant. 

Changes in sea level are caused primarily by changes in global ice volume and global ocean 
heat content (Bindoff et al., 2007), both of which will have a response time to warming. Both 
ice melt and ocean warming will occur faster the further the system is from equilibrium. We 
therefore assume that sea level will approach Seq with a characteristic response time (� ) as 
follows

S=f(T)

Parameters:
(� , a, b, S0)

S=f(T)

Parameters:
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Grinsted, Moore & jevrejeva, Clim. Dyn, 2009



Inverse 
problem

• We know T
(history&proxies)

• We know S
(Tide gauges)

• We do not know the model 
parameters that allow us 
to calculate S from T: 
a, b, � , S0

• We use inverse Monte 
Carlo to solve (i.e. find the 
best fitting parameters).

Jevrejeva, Moore
& Grinsted, 

Geophys Res Lett, 2008

Most downloaded
Paper in all

AGU journals
In 2008



Drive sea level with reconstructed global temperatures

Only 2 independent 
curves go back 2 ky

Moberg et al., 2005

Moberg Global

Jones & Mann, 2004 

J&M Northern 
hemisphere only



Geological data
Sea level changed little over last 3 kyr

sea level 2 kyr BP = 0 ± 1m

Longest Tide gauge station: 
Amsterdam
AD 1700 sea level= -25 ± 20 cm

Lambeck et al. Quat. Sci. Rev. 23 (2004) 1567–1598

Constrain predictions: 
paleo sea level



model:

S=f(T)
model:

S=f(T)

Tide 
guage 
data

Global 
surface T



‘Moberg’ gives better fits 
than ‘Jones & Mann’

Main Results
(Using A1B temperatures)

• Relatively consistent picture 
of LIA/MWP sea level despite 
very different temperature 
reconstructions 

• Sea level is at present lower 
than during the MWP.

• Sea level 2100 will by far 
exceed anything seen the 
last 2000 years.

• IPCC much too conservative 
(although they do 
acknowledge that)

• Effective response time at 
present is a few centuries 
only.

• Implies glacier dynamics 
already happening

Grinsted, Moore & jevrejeva, Clim. Dyn, 2009



0.20-0.430.18-0.380.23-0.510.20-0.450.26-0.590.21-0.48IPCC

0.0 / 0.30.7 / 0.80.6 / 0.71.0 / 0.80.7 / 0.81.2 / 1.00.8 / 0.8Imm. / Inf. †

0.22-0.440.31-1.220.30-1.100.32-1.370.32-1.320.34-1.590.32-1.34Historical only

0.29-0.491.09-1.620.96-1.441.24-1.831.18-1.761.45-2.151.21-1.79Jones & Mann

0.21-0.380.82-1.200.72-1.070.93-1.360.89-1.301.10-1.600.91-1.32Moberg

T0*B2B1A2A1TA1FIA1B

Projected sea level rise 2090-2099 for the IPCC sce narios 10-90% CI

Our models are factor of 3 or 4 times greater than IPCC



During this pulse the sea level 
rose by about 25 m in some 
over a period of less than 500 
years.



Sea-level change 
associated with melting 
from (A) the southern one-
third of the Laurentide Ice 
Sheet

(B) West Antarctica

Tahiti, Argentine Shelf, 
Barbados, Sunda Shelf, 
Bonaparte Gulf, and Huon
Peninsula. 

MWP1A from WAIS

Pattern of rise 
from corals 
matches B



A-BMWP 1a

Greenland ice core records



During this pulse the sea level 
rose by about 25 m in some 
over a period of less than 500 
years.

mwp-1A originating 
from the Antarctic Ice 
Sheet: 

Strength of North 
Atlantic Deep Water 
formation increases:

Warming the North 
Atlantic region and 
providing an 
explanation for the 
onset of the Bølling-
Allerød warm interval.

The established mode 
of active NADW 
formation is then able to 
respond to subsequent 
freshwater forcing from 
the Laurentide and 
Fennoscandian ice 
sheets, setting the 
stage for the Younger 
Dryas cold period. 



The fact that the IPCC sea level projections may be 
significantly underestimated is also acknowledged in the 

summary for policy makers:
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A large group of sea level specialists (including several of the authors on the 
IPCC sea level chapter) feel that this very important information has been 

hidden. The risk of much greater sea level rise should have been
communicated better in key figures and tables.

See e.g.: Oppenheimer et al. Science 2008; Hansen, Environ. Res. Lett. 2007.
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Projections based on IPCC TAR.

Reference: Johansson et al. (2004), Scenarios for sea level on the Finnish coast.
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Projections based on a semi-empirical 
model.

Grinsted et al. (2008) Manuscript in prep. See also Rahmstorf Science (2007).
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Southern Finland has 
problems

But in North uplift 
dominates



Risk

30 cm error in global rise estimates can 
easily cause an underestimation of the 
risk by a factor of more than a hundred.

But we know that the IPCC estimates are 
much too low… (See e.g. Rahmstorf et al. Science 2007)

30 cm error in global rise estimates can 
easily cause an underestimation of the 
risk by a factor of more than a hundred.

But we know that the IPCC estimates are 
much too low… (See e.g. Rahmstorf et al. Science 2007)

Reference: Johansson et al. (2004), Scenarios for sea level on the Finnish coast.

Note: Probabilities are based on IPCC TAR projections.



Conclusions

• Sea level rise is very 
likely to exceed 1 m 
before 2100

• Extreme high water will 
become much more likely

• Sea level will continue to rise perhaps for 
10s of metres beyond 2100

• Very rapid collapse of ice sheets cannot 
be excluded



Comments

• Drastic reductions in greenhouse gas 
emissions are needed to minimize the 
impacts, and should be started urgently

• Infrastructure needs to take into account 
continuously rising sea levels

• Despair is not a useful response


