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The Last Glacial Maximum: Forcing 

Hewitt et al 1987 

Similar insolation as today 
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The Last Glacial Maximum: 
the sites where SST is reconstructed using proxy data 

The Margo Team 2009 
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The Last Glacial Maximum: 
the sites where SST is reconstructed using proxy data 
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The Last Glacial Maximum: 
the “observed” sea surface temperature (SST) 

The Margo Team 2009 
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The Last Glacial Maximum: 
the “observed” SST, LGM minus PI 

The Margo Team 2009 
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The Last Glacial Maximum: 
the “observed” SST, LGM minus PI 

The Margo Team 2009 

E-W across 
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The Last Glacial Maximum: 
the “observations” 

The Margo Team 2009 

Proxy climate info over land comes from pollen and vegetation 
data, boreholes, moraines, trim lines, etc.  



The Reconstructed Atlantic Ocean 

Steiglitz et al 2007 
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LGM Ocean 
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The Reconstructed Atlantic Ocean 

Steiglitz et al 2007 

Modern Ocean 

LGM Ocean 
(from C13) 

LGM Ocean 
(from Cd/Ca) 



Climate Models Simulations of the LGM 
Paleo Modelling Intercomparison Project II (PMIP2) 

Brancannot et al 2007 



Surface Temperature & Precip Change 
LGM minus Pre-Industrial 

Braconnot et al 2007 

Average of Six Climate Models 

Surface Temperature Precipitation 



Sea Surface Temperature Change 
 LGM minus Pre-Industrial 

Average of Models 

Otto-Bleisner et al 2009 



The Last Glacial Maximum: 
Comparison of models w/ reconstructed SST 

Otto-Bleisner et al 2009 

LGM minus PI 



LGM vs PI Temperature Changes 
Summary of PMIP experiments using AGCMs (w/ slab oceans) 

From IPCC 2001; adapted from Pinot et al. 1999 



LGM vs PI Precipitation Changes 
Summary of PMIP experiments using AGCMs (w/ slab oceans) 

from Pinot et al. 1999 



CLIMAP 
reconstruction


CCSM coupled model 
simulation


Meland et al. 2005 
GLAMAP update


SST (C )  with sea ice line


SST and sea ice: 
Summer 

Using Ice5G gives a more realistic sea ice distribution 



CCSM coupled model 
simulation


CLIMAP 
reconstruction


GLAMAP

update


SST (C )  with sea ice line


SST and sea ice: 
Winter 

Using Ice5G gives a more realistic sea ice distribution 



Li et al 2007


LGM vs. PI Storm Track 
LGM uses Ice5G 

poleward atmospheric 
heat flux (Km/s)


The LGM Jet was stronger, more zonal, and with a stronger north-
south temperature gradient. But it was less stormy. 

Zonal Wind (c.i. = 20m/s) 



Compared to today’s climate, the 
ice age climate simulated by the 
coupled model exhibits


•  a stronger, steadier Atlantic jet

•  reduced storminess


In contrast, the ice age climate 
simulated by the uncoupled 
models exhibit


•  a SW-NE tilted Atlantic jet,   

   strength similar to today’s 

   climate

•  low level eddy activity similar to

   today’s climate


January Jet in the Atlantic 

Li et al 2007




LGM vs Modern Ocean Changes 
In a coupled Atmosphere-Ocean General Circulation Model (CCSM) 

from Shin et al. 2003 

Change in ocean 
dynamics is subtle 



The Reconstructed Atlantic Ocean 

Steiglitz et al 2007 

Modern Ocean 

LGM Ocean 
(from C13) 

LGM Ocean 
(from Cd/Ca) 



LGM vs Modern Ocean Changes 
In a coupled Model (CCSM3) using Ice5G 

Otto-Blisner et al. 2006 

Modern 

LGM 

Differences in ocean 
circulation are mainly due to 
dramatic changes in the jet 
across the N. Atlantic, which 
are mainly due to the ice 
sheet orography 



The Simulated Atlantic Ocean Circulation 

Observations indicate a weakening. Models show weakening, no 
change or even a strengthening of the Atlantic overturning circulation 

Otto-Bleisner et al 2007 



Why was the LGM climate different from PI? 

•  Insolation?  
–  Wasn’t much different from today 

•  Land Ice  
–  Albedo effects (see HW #1) 
–  Orographic effects 

•  Greenhouse gas changes? 
–  CO2 was 200ppm  
–  CH4 was 350ppb (vs 760 PI) 



Broccoli and Manabe 1987 

•  Used a atmosphere general circulation model coupled to 
a slab ocean 
–  Coarse resolution (R15), fixed clouds, no diurnal cycle, .. 
–  Crude observational target (CLIMAP sea surface temperatures) 

L = LGM conditions 

P = Pre-Industrial 
Manabe and Stouffer 1987; Broccoli and 
Manabe 1987 

Experiments Change in Forcing 



Surface Temperatures: LGM – PI 
modeled SST 

Manabe and Stouffer 1987; Broccoli and 
Manabe 1987 

SST 

All Surface 



Surface Temperatures: 
LGM – PI 

Hewitt & Mitchell 1997 

Broccoli 2000 

Table 5. Annual mean 1.5 m
temperature change, in Kelvin,
induced by the changed
boundary conditions simulated
and estimated. Note that the
land-sea mask is different at
21 kBP

Global N. Hemi- S. Hemi- Land Ocean
sphere sphere

Total (simulated)!4.4 !6.5 !2.3 !8.1 !1.7
Topography and
surface albedo (simulated)!3.0 !5.0 !1.1 !6.3 !0.6
CO

!
(estimated) !1.4 !1.6 !1.2 !1.8 !1.2

Insolation (simulated)!0.1 0.1 !0.2 0.0 !0.1
Topography (estimated) !0.7 !1.0 !0.3 !1.9 0.0
Total of rows 2, 3, 4 !4.5 !6.5 !2.5 !8.1 !1.9

Globe N.Hemis  S.Hemis      Land  Ocean 

Atmospheric models coupled to a slab ocean model 

Change in Surface Temperature 

Why is LGM colder than PI?  NH = land albedo; SH = CO2 (plus GH feedbacks) 



LGM vs PI SST Changes 
In a coupled Atmosphere-Ocean General Circulation Model (CCSM) 

from Shin et al. 2003 

Light Grey = GH gas 
changes only 

Dark Line = All forcings 

CLIMAP = old estimate 
of observed 

The difference between 
the GHG and “all 
forcing” is due to: 

* Ice sheet orography 
enhances winds and 
cold air advection onto 
ocean 

* Exposed land cools 
more than ocean 

* Antarctic Ice sheet 
expands  



Meridional Heat Transport 
(in one climate model, CCSM) 

Shin et al 2003 

PI (control) 

Atmosphere 

Global 
Ocean 

LGM minus PI 

Impact of 
Land Ice 

only 

Impact of 
CO2 change 
(300 - 200ppm) 

Global Ocean 

Atmosphere 

Observations indicate a weakening. Models show weakening, no 
change or even a strengthening of the Atlantic overturning circulation 



Lessons from Climate Models: 
Last Glacial Maximum (LGM) 

•  Orbitally induced insolation changes do pace the Glacial 
cycles, but … 

•  Local insolation changes are not sufficient to explain the paleo 
records: 

–  Albedo feedbacks associated with sea ice and especially land ice are 
the dominant forcings in the Northern Hemisphere 

–  Carbon Dioxide changes are important for explaining the 
interhemispheric synchrochroneity  of the Glacial cycles, and amplitude 
of cooling in the NH 

•  Models are in gross agreement on larger scales and for 
temperature. For precipation (on any scale) and regional scale 
temperature, answers differ greatly.  

•  Climate System is not in equilibrium with solar forcing on the 
time scales of Glacial Cycles. 



The End 





Meridional Heat Transport in the 
Atmosphere 

Annual and Zonal average 

Total


By the standing 
waves


Today


LGM


The Atmospheric Heat Transport by storms is down in the LGM 
compared with today. Stationary waves come to the rescue.




An update on the Land Ice 

More ice over N. America, Less Ice over 
Greenland and northern Eurasian 



Update to CLIMAP 
Summer Sea Ice Reconstruction 

CLIMAP (1976)
 GLAMAP (2003)




Land Ice  

CLIMAP Ice4G Reconstruction 

Insolation  

“Forcing” at 21K BP 

Hewitt et al 1987 



Temperature Change: LGM minus Today 
prescribed vs. modeled SST 

Dong and Valdes  1998 



LGM vs Modern Ocean Changes 
In a coupled Atmosphere-Ocean General Circulation Model (CCSM) 

Shin et al. 2003 

Change in ocean 
dynamics is subtle 



Surface Temperature Change 
LGM - Today 

Broccoli 2000 



Change in Zonal Mean 
SST 

Hewitt & Mitchell 1997 

UKMO GCM coupled 
to a slab ocean 





Temperature Change: 


