
University of Nebraska - Lincoln University of Nebraska - Lincoln 

DigitalCommons@University of Nebraska - Lincoln DigitalCommons@University of Nebraska - Lincoln 

USGS Staff -- Published Research US Geological Survey 

2006 

Ice Sheets and Sea Level Ice Sheets and Sea Level 

Johannes Oerlemans 
Utrecht University 

Dorthe Dahl-Jensen 
University of Copenhagen 

Valérie Masson-Delmotte 
L’Orme des Merisiers 

Jonathan T. Overpeck 
University of Arizona 

Bette L. Otto-Bliesner 
National Center for Atmospheric Research, ottobli@ucar.edu 

See next page for additional authors 

Follow this and additional works at: https://digitalcommons.unl.edu/usgsstaffpub 

 Part of the Earth Sciences Commons 

Oerlemans, Johannes; Dahl-Jensen, Dorthe; Masson-Delmotte, Valérie; Overpeck, Jonathan T.; Otto-
Bliesner, Bette L.; Miller, Gifford H.; Alley, Richard B.; Muhs, Daniel R.; and Marshall, Shawn J., "Ice Sheets 
and Sea Level" (2006). USGS Staff -- Published Research. 188. 
https://digitalcommons.unl.edu/usgsstaffpub/188 

This Article is brought to you for free and open access by the US Geological Survey at DigitalCommons@University 
of Nebraska - Lincoln. It has been accepted for inclusion in USGS Staff -- Published Research by an authorized 
administrator of DigitalCommons@University of Nebraska - Lincoln. 

CORE Metadata, citation and similar papers at core.ac.uk

Provided by DigitalCommons@University of Nebraska

https://core.ac.uk/display/17236387?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://digitalcommons.unl.edu/
https://digitalcommons.unl.edu/usgsstaffpub
https://digitalcommons.unl.edu/usgs
https://digitalcommons.unl.edu/usgsstaffpub?utm_source=digitalcommons.unl.edu%2Fusgsstaffpub%2F188&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/153?utm_source=digitalcommons.unl.edu%2Fusgsstaffpub%2F188&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.unl.edu/usgsstaffpub/188?utm_source=digitalcommons.unl.edu%2Fusgsstaffpub%2F188&utm_medium=PDF&utm_campaign=PDFCoverPages


Authors Authors 
Johannes Oerlemans, Dorthe Dahl-Jensen, Valérie Masson-Delmotte, Jonathan T. Overpeck, Bette L. Otto-
Bliesner, Gifford H. Miller, Richard B. Alley, Daniel R. Muhs, and Shawn J. Marshall 

This article is available at DigitalCommons@University of Nebraska - Lincoln: https://digitalcommons.unl.edu/
usgsstaffpub/188 

https://digitalcommons.unl.edu/usgsstaffpub/188
https://digitalcommons.unl.edu/usgsstaffpub/188


www.sciencemag.org SCIENCE VOL 313 25 AUGUST 2006 1043

C
R

E
D

IT
: 
O

L
IV

IE
R

B
L
A

IS
E

Ice Sheets and Sea Level  

IN THE TANDEM PAPERS ON THE STABILITY OF
the Antarctic and Greenland Ice Sheets by J.

T. Overpeck, B. L. Otto-Bliesner, and co-

workers (“Paleoclimatic evidence for future

ice-sheet instability and rapid sea-level rise,”

J. T. Overpeck et al., Reports, 24 Mar., p.

1747; “Simulating Arctic climate warmth and

icefield retreat in the last interglaciation,” B.

L. Otto-Bliesner et al., Reports, 24 Mar., p.

1751), firm statements are made about the

possible contributions of these ice sheets to

future sea-level change. Several doubtful

assumptions are made, and the quality of

model results seems to be overvalued.

The estimate of the contribution of the

Greenland Ice Sheet (GIS) to the higher sea-

level stand in the Eemian interglacial (between

2.2 and 3.4 m) is based on the assumption that

there was no ice at the location of the Dye-3 ice

core in southern Greenland. However, Eemian

ice has been found at the base of this ice core

(1). The presence of Eemian ice in south and

coastal Greenland implies that the GIS was

essentially intact in a much warmer climate

and could not have contributed more than 1 to

2 m to sea-level rise.

For the Arctic Climate Impact Assessment

(ACIA), we have used the output from five

different state-of-the-art climate models to

calculate possible changes in the volume of

Arctic ice masses for the next 100 years (2).

Among these models is the one used by Otto-

Bliesner, Overpeck, and co-workers (the

NCAR Community Climate System Model).

For the same greenhouse gas scenario (IPPC-

B2), the differences in model output are strik-

ing, especially concerning precipitation in the

Arctic. Some models predict a significant

increase in snowfall over the GIS; others do

not. Given the additional problems in calculat-

ing ablation (because the climate model does

not resolve the melt zone of the GIS), we think

that the uncertainty in the predicted Eemian

mass balance, and consequently the response

of the ice-sheet model, is very large.

There is no justification for extrapolating

observed changes on a short time scale (a

decade or less) to longer term trends. Natural

variability is large on virtually all scales and

generated by nonlinear processes in the system.

During recent years, the weather over Green-

land has been warmer, and the effect on run-

off and the dynamics of outlet glaciers is now

clearly seen. We should follow this closely,

but not conclude at this moment that

“sea-level rise could be faster than widely

thought,” as stated by Overpeck et al.

The statement by Overpeck et al. that “our

inference that the Antarctic Ice Sheet likely

contributed to sea-level rise during the [last

interglaciation period] indicates that it could do

the same if the Earth’s climate warms suffi-

ciently in the future” requires a comment. This

possibility was mentioned decades ago by J. H.

Mercer and T. Hughes [see (3)]. However, this

statement implies that it would not happen

without warming. Actually, it is possible that

the West Antarctic Ice Sheet will continue to

shrink (as it has probably been doing during

the entire Holocene) even without warming.

Several physical processes give ice sheets a

very long memory (e.g., low temperatures of

the older, deeper ice layers affecting ice viscos-

ity, slow response of Earth’s crust to a changing

ice load, ice-age dust layers coming to the sur-

face and affecting melt rates, etc.). In spite of

admirable efforts in ice-sheet modeling, meas-

uring from space, and laborious in situ observa-

tions, we are uncertain about what the ice sheets
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LETTERS
edited by Etta Kavanagh

Preserving the Jarawa’s Future

PALLAVA BAGLA’S ARTICLE ON THE TRIBES OF THE ANDAMAN ISLANDS
asks whether the Indian government should “isolate” or “integrate”

tribal peoples like the Jarawa and the Sentinelese (“Isolate or engage?

Indigenous islanders pose challenge for India,” News Focus, 7 July,

p. 34). In my experience through my work with Survival International

(1), tribal peoples can only survive if their rights to ownership of their

land, and to determine their own future, are respected.

In the case of the Jarawa, the Indian government’s failure to

uphold their rights may lead to the tribe being wiped out completely.

Local poachers are invading the Jarawa’s forest, bringing disease

and violence, and hunting the animals on which the tribe depends.

Earlier this year, the Jarawa suffered an outbreak of measles, a dis-

ease that has annihilated thousands of tribes worldwide.

The legal mechanisms to protect the Jarawa are all in place: Poaching

and entry into the Jarawa reserve are illegal, the Indian supreme court has

ordered the closure of an infamous

road that brings settlers into the

heart of the Jarawa’s land, and the

local administration’s own policy

states that the Jarawa must be

allowed to live “according to their

own genius.” However, these meas-

ures are yet to be implemented.

Unless India acts now to save

the Jarawa, it is likely that they will

meet the same fate as their Great Andamanese cousins: dependent on

government handouts, riddled with alcohol problems, and reduced to a

fraction of their former number.
STEPHEN CORRY

Director, Survival International, 6 Charterhouse Buildings, London EC1M 7ET, UK. 

Reference

1. See www.survival-international.org.
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would do without any change in climate. 
JOHANNES OERLEMANS,1 DORTHE DAHL-JENSEN,2

VALÉRIE MASSON-DELMOTTE3

1Institute for Marine and Atmospheric Research, Utrecht
University, Princetonplein 5, Utrecht 3584 CC, The
Netherlands. 2Niels Bohr Institute, University of Copen-
hagen, DK-2100 Copenhagen OE, Denmark. 3Laboratoire
des Sciences du Climat et de l’Environnement (IPSL/CEA/
CNRS/UVSQ), Bat 701, L’Orme des Merisiers, CEA Saclay, 91
191 Gif-sur-Yvette cédex, France. 
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Response
WE THANK OERLEMANS ET AL. FOR THEIR INTER-
est and insights. However, none of the points

raised affect our result that future “sea-level

rise could be faster than widely thought.”

Recent observations indicate shrinkage of

both the Greenland Ice Sheet (GIS) [e.g., (1)]

and the Antarctic Ice Sheet (AIS) [e.g., (2)].

Although long-term trends may be contribut-

ing, especially for the AIS, much work shows

that recent warming has contributed to the

mass loss [e.g., (1, 3–5)]. Furthermore, some

of the “fast” processes by which warming

contributes to ice-sheet mass loss are not

fully represented in the comprehensive ice-

flow models that informed, e.g., the IPCC

Third Assessment Report (6, 7).

To these results, we added historical per-

spective: Whatever the details, the last time

the Arctic was significantly warmer than

today, global sea level was at least 4 to 6 m

above present level, and most of this sea-

level rise had to be the result of polar ice

sheet melting. With warming projected for

the future, and despite the important remain-

ing uncertainties, we believe that this evi-

dence shows that accelerated sea-level rise

from the polar ice sheets could occur.

Oerlemans et al. do raise issues that warrant

clarification. They suggest that there was a

larger Eemian (last interglaciation) GIS than we

inferred, based on the presence of isotopically

enriched, possibly Eemian ice at the base of the

Dye 3 ice core. However, this enriched ice does

not prove that the GIS southern dome survived

the peak interglacial warmth in the period

130,000 to 125,000 years ago. In contrast, the

lack of ice from the previous glaciation argues

for ice-sheet removal from the site at some point

in the Eemian. The enriched ice at Dye 3 can be

interpreted as (i) late-Eemian “growth ice,”

when the ice sheet reestablished itself in south-

ern Greenland (8), or (ii) ice that flowed into the

region from central Greenland or from a surviv-

ing but isolated southern dome (9). An im-

proved understanding of the response of the

GIS to the last interglacial warmth will come

from an ice core that penetrates the full Eemian

[e.g., (10)]. If Eemian mass loss from the GIS

was smaller than our calculations, a corre-

spondingly larger mass loss from the AIS is

necessary to explain the reconstructed Eemian

sea-level high-stand of +4 to +6 m.

We share Oerlemans et al.’s interest in the

long-term trend in ice-sheet behavior [e.g.,

(11)] and their respect for the pioneering

work of Mercer, Hughes, and others. We

agree that Earth-system models exhibit im-

portant differences in regional reconstruc-

tions, including those in the Arctic. However,

the success of the model we used (CCSM2,

an improved version of the NCAR model

used in ACIA) in simulating peak-Eemian

conditions matching available paleoclimatic

data increases our confidence in our results.

We look forward to working with Oerle-

mans et al. and other members of the com-
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munity to narrow the uncertainties on this

critical topic.
JONATHAN T. OVERPECK,1

BETTE L. OTTO-BLIESNER,2 GIFFORD H. MILLER,3

RICHARD B. ALLEY,4 DANIEL R. MUHS,5

SHAWN J. MARSHALL6

1Institute for the Study of Planet Earth, University of Arizona,
Tucson, AZ 85721, USA. 2National Center for Atmospheric
Research, Post Office Box 3000, Boulder, CO 80307, USA.
3Institute of Arctic and Alpine Research, University of
Colorado, Campus Box 450, Boulder, CO 80309, USA.
4Department of Geosciences, Pennsylvania State University,
0517 Deike Building, University Park, PA 16802, USA. 5U.S.
Geological Survey, Mail Stop 980, Box 25046, Federal
Center, Denver, CO 80225, USA. 6Department of Geography,
University of Calgary, Calgary, AB T2N 1N4, Canada.
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CORRECTIONS AND CLARIFICATIONS

Perspectives: “Dangerously seeking linear carbon” by R.
H. Baughman (19 May, p. 1009). The second sentence of
the teaser should have read “A solid state polymerization
reaction avoids this problem and may allow synthesis of
these elusive products.”

TECHNICAL COMMENT ABSTRACTS

COMMENT ON “Cell Type Regulates
Selective Segregation of Mouse
Chromosome 7 DNA Strands in
Mitosis”
James E. Haber

Armakolas and Klar (Reports, 24 February 2006, p. 1146)
suggested that segregation of mouse chromosome 7, after
induction of a site-specific crossover between homologous
chromosomes, is driven by a preferential inheritance of
the old Watson and the old Crick DNA strands. However,
this interpretation only considered half of the possible
outcomes. The conjecture fails when all possible outcomes
are examined. 
Full text at www.sciencemag.org/cgi/content/full/313/
5790/1045b

RESPONSE TO COMMENT ON “Cell Type
Regulates Selective Segregation of
Mouse Chromosome 7 DNA Strands
in Mitosis”
Amar J. S. Klar and Athanasios Armakolas 

To explain how all chromosome recombinants can become
homozygous for a marker located distal to the crossover
point, we proposed that mitotic recombination must be
restricted to two specific chromatids and that the selective
chromatid segregation process follows recombination. We
refute Haber’s contention that our results can be ex-
plained by the conventional X-segregation process if
recombination of all possible combinations of chromatids
is considered. 

Full text at www.sciencemag.org/cgi/content/full/313/
5790/1045c
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Letters to the Editor
Letters (~300 words) discuss material published 
in Science in the previous 6 months or issues of
general interest. They can be submitted through
the Web (www.submit2science.org) or by regular
mail (1200 New York Ave., NW, Washington, DC
20005, USA). Letters are not acknowledged upon
receipt, nor are authors generally consulted before
publication. Whether published in full or in part,
letters are subject to editing for clarity and space.
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