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(e.g. Peltier, 2004), which has been tuned to fit a variety of GIA-
related observables; in this model, Meltwater Pulse IA is sourced
entirely from northern hemisphere ice sheets (primarily the North
American ice sheets).

The Earth model we employ is a spherically symmetric, self-
gravitating Maxwell visco-elastic body. The elastic and density
structure are taken from seismic constraints (Dziewonski and
Anderson, 1981). The values adopted are depth parameterised by
volume averaging PREM (Preliminary Reference Earth Model) into
shells with thickness of 10.5 km in the crust and 25 km in the
mantle. In most of the viscosity models we consider, the depth
variation of this parameter is more crudely parameterised: an outer
shell of very high viscosity to simulate an elastic lithosphere, and
two deeper regions of uniform viscosity beneath the model litho-
sphere. The first of these regions extends to the 660 km deep
seismic discontinuity (the upper mantle) and the second from this
depth to the core-mantle boundary (the lower mantle).

In the following analysis, a range of results are generated by
varying the viscosity within the model upper and lower mantle
regions and the thickness of the model lithosphere. In principle,
each of the adopted ice models should be partnered with the Earth
viscosity model that resulted in the best fit to the data considered.
The Bassett et al. (2005) ice model produced the best fit to the far-
field sea-level data for an Earth model with a lower mantle
viscosity of 4!1022 Pas (the fit was insensitive to a range of values
considered for lithospheric thickness and upper mantle viscosity).
The ICE-5G ice model gives optimal results in most locations when
coupled to the VM2 Earth viscosity model. This viscosity model,
which contains greater depth resolution than described above,
includes a 90 km thick lithosphere and is characterised by
a moderate increase in viscosity within the lower mantle, from
w2!1021 Pas in the shallowest layers to w3!1021 Pas at the CMB
(see Fig. 1 in Peltier, 2004).

It is important to note that the predictions do not take into
account any tectonic processes and so the results shown below are
only applicable to regions that are tectonically stable or to data sets
that have been corrected for this signal. In addition, the influence of
ocean density (steric) changes is not considered.

2.1. Departures from eustasy

We begin by showing, in Fig. 1, a plot of predicted relative sea-
level (RSL) for 21 cal. kyr BP (A) and 6 cal. kyr BP (B). That is, these
are global predictions of the present elevation of sea-level indica-
tors from this age. To emphasise departures from eustasy, the
results are shown relative to the eustatic sea level for the same ages
("127 m and "1 m, respectively.) The model eustatic value was
computed using Eq. (2). As a companion to this figure, Fig. 2 shows
the full post-LGM time history predicted for two sites: Richmond
Gulf (Hudson Bay) and Tahiti (see Fig. 1). The latter site is commonly
considered to be within the far-field of the Late Pleistocene ice
sheets, while the former is in the near-field of the Laurentide ice
sheet.

The results in Fig. 1A indicate that there are significant devia-
tions from the eustatic value (>10 m) even at low latitudes and that
the departure from eustasy has a spatial variation that is highly
complex. In the following paragraphs we highlight the main
features evident in Fig. 1 and outline the processes responsible for
them.

Not surprisingly, the largest deviations from the eustatic value
occur in broad regions centred on the locations of former and
present ice sheets. In particular, sea levels are predicted to have
been higher than the eustatic value within the majority of the
northern hemisphere. The prediction for Richmond Gulf in Fig. 2 is
a classic example of a near-field sea-level curve: the uplift of the
solid Earth in response to Laurentian ice melting (i.e., post-glacial

rebound) yields a RSL for the LGM of w450 m. The associated
eustatic value for 21 cal. kyr BP is"127 m, and thus the discrepancy
reaches w577 m at this site (which is well above the colour scale in
Fig. 1). There are two effects associated with the ice loading that are
primarily responsible for such large and positive departures from
eustasy in near-field regions: the isostatic depression and subse-
quent uplift of the solid Earth, and the reduction in the broad ocean
surface high due to the loss of gravitational attraction between
ocean water and the ice sheets. The latter, so-called direct effect has
been recognised for some time (e.g. Woodward, 1888), and, in the
case of sea-level change in response to rapid melting, it forms the
basis of the relatively recent method of ‘sea-level fingerprinting’ to
infer melt distribution from sea-level observations. (e.g. Mitrovica
et al., 2001; Clark et al., 2002). In any event, it is interesting to note
that, in all but a few isolated regions (e.g. the Labrador and
Norwegian Seas), these two effects dominate for this particular
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Fig. 1. Predicted total RSL change minus the model eustatic component for a time
window extending from either 21 cal. kyr BP (A) or 6 cal. kyr BP (B) to the present-day.
The prediction is based on the Bassett et al. ice model and the associated Earth model
that provides an optimal fit to a suite of far-field observations (see main text for
details). The zero contour marks where the total RSL is equal to the model eustatic
value, with red and blue colours indicating sea levels that are, respectively, above and
below the eustatic value. Note that the darkest red and blue colours indicate regions
where the departure from eustatic sea level is greater that 15 m (A) and 5 m (B) (these
colours are not shown on the colour bar). Locations of sites referred to in this paper are
shown (from west to east these are: Tahiti (Ta), Freeport (Fe), Richmond Gulf (Ri),
Barbados (Ba), Benghazi (Be), Seychelles (Se), Sunda Shelf (Su), Bonaparte Gulf (Bo) and
Huon Peninsula (Hu)). (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.)

G.A. Milne, J.X. Mitrovica / Quaternary Science Reviews 27 (2008) 2292–23022294

Geophysical	
  Earth	
  Models	
  
Glacial	
  IsostaIc	
  Adjustment	
  

Sea	
  level	
  observaIons	
  
(Near	
  &	
  Far	
  Field)	
  

Individual	
  ice-­‐sheet	
  volumes	
  
(ObservaIons	
  &	
  Models)	
  

Global	
  
Mean	
  

Sea	
  Level	
  



The	
  Geologic	
  Record	
  provides	
  important	
  
data	
  on	
  natural	
  rates	
  of	
  sea-­‐level	
  change	
  



The	
  Geologic	
  Record	
  provides	
  important	
  
constraints	
  on	
  sea-­‐level	
  rise	
  commitments	
  



2000-­‐year	
  regional	
  climate	
  
PAGES	
  2k	
  



First result: 
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PAGES 2k Consortium, 2013 
Nature Geoscience and Global Change Magazine 
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Figure 4. The best (highest cumulative RE) reconstruction for each of the four target regions, with root-mean-square
errors (RMSE) and instrumental HadISST (in black). Portions of the reconstruction where RE <= 0 are plotted in gray.
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Largest percip period in E Antarctica = largest drought in SW Australia 
- to occur once in 5,400 years (or even only once in 38,000 years) 

- Hence most likely a feature of the ongoing global change 

Van Ommen and Morgan., 2010, Nature Geoscience 
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Palaeosens Project Members 
Nature , 2012 
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PAGES Global Monsoon WG 



A global network  

•  6,000 accomplished paleo-scientists 
•  over 30 working groups 
•  open, diverse, community driven, with a focus 

on involving early career and developing 
country scientists 

What	
  is	
  PAGES?	
  



Extreme	
  events	
  



Floods	
  

Wirth	
  et	
  al.	
  2013	
  

10,000	
  years	
  of	
  flood	
  history	
  from	
  lake	
  sediments	
  (example	
  from	
  Swiss	
  Alps)	
  



-­‐5.5	
  

-­‐5.0	
  

-­‐4.5	
  

-­‐4.0	
  

-­‐3.5	
  

-­‐3.0	
  

-­‐2.5	
  

δ1
8 O

VP
D

B
 

W
eZ

er
	
  

Dr
ie
r	
  

700	
   900	
   1100	
   1300	
   1500	
   1700	
   1900	
   2000	
  

DAN-­‐D	
  (Dandak	
  Cave)	
  
Sinha	
  et	
  al	
  2007,	
  Berkelhammer	
  et	
  al	
  2010	
  

JHU-­‐1	
  (Jhumar	
  Cave)	
  

19
87
	
  

* * * * * 

17
92
-­‐9
6	
  

18
77
	
  

17
56
-­‐6
0	
   19
18
-­‐2
0	
  

Year	
  A.D.	
  

Megadroughts!	
  

Drought	
  /	
  Monsoon	
  failure	
  in	
  India	
  


