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Integrating paleoclimate and archaeological 
records

Paleodemography

Climate models



1. Paleodemography
contributions to climate models



Population and climate at NCAR



Vulnerability assessments of prehistoric 
populations



Reconstructing prehistoric populations

• Radiocarbon date 
frequencies (i.e. more 
trash=more people)

Rick, Amer. Antiq., 1987



Tallavaara et al 2010.

Shennan et al 2013

Wang et al.
2015.

Peros et al 2010. Williams 
2013.

Martínez et al 2015.

Anyon et al 2017.

Bevan et al 2017.

Kelly et al 2013.



Phase I: 41,643
Phase II: underway (17,281 so far) 

Phase III:
Underway
13,447 so far

3292 5086

35563360

5791

1156

2430

1005

2171

2502

11294

393

710

1154

6600

1360 770

822

783

385

925740

639

356

506

178

272

718

179
453

618

88
616

79
1738 300 1376 195

827
370

724
283957

64

724200
193

1273

NSF radiocarbon project progress 10-2014 to 01-2019

72,321 total dates



Quantitative comparison of dates at a global 
scale

Zahid et al., PNAS, 2016



Strategies to investigate this problem



Comparing energy consumption of Holocene 
populations across the world



Similarities in the growth of human societies 
at a global scale

• Human societies show 
synchroneity at two scales 
throughout the Holocene

• Synchroneity not correlated with 
global scale forcing (Holocene 
records of solar energy output)



2. Climate model contributions to 
paleodemography



Climate Zone Methods
Maximum Likelihood Classification (MLC)

Remote Sensing Technique

Gridded GCM data used to create paleoclimate zones in 500 year intervals

•CCSM3 (Community Climate System Model 3)
•Digitally downscaled and Debiased by Lorenz et al. 2013
•0.5° spatial resolution
•500 year intervals

•Average Annual Precipitation and Growing Degree Days (5°C Base)
Analyze 

variance and 
covariance of 

layers

Assigns similar cells to the 
same class

Classified Raster Map2 Gridded Climate Datasets
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Temp Group 1   Precip Group 1 
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Temp Group 3   Precip Group 2 



20 paleoclimate zone maps
15 zones

500 year intervals
(500BP to 10,000BP)

In 2 cases (CTM & EHX) 2 
zones were combined into 1

Paleoclimate Zones



SPD’s of Cooler Climates
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