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Tree-Ring Dating = the most accurate and precise dating method in geochronology

Dendrochronology



Principle of Site Selection

• Require trees sensitive to variations in environmental conditions
• Size not necessarily equal to age
• Longevity under adversity
• Need non-commercial sites

Stokes and Smiley, 1968

Southern beech
(Nothofagus sp.)

Chile

Ponderosa pine
(Pinus ponderosae)

Colorado



Principle of Site Selection

• Dependent on the species:
– Baldcypress growth is directly correlated with rainfall, in spite of 

flooded habitat
– Dissolved oxygen gradient, stratification of root system, low 

flows during drought, high evapotranspiration demand, negative 
correlation between temperature and dissolved oxygen



Tree-Ring Samples

• Massive replication with 50-100 trees sampled 
per site = dendrochronology

Kaweah River



Tree-Ring Chronology Development

• Dating completed to the precise calendar year

Annual Growth Rings, Blue Oak



Tree-Ring Chronology Development

The ‘Bridge Method’ of chronology extension into prehistory



The Skeleton Plot

From Ferguson 1970, Concepts and Techniques of Dendrochronology 



COFECHA

• Spanish for crossdate

• Segmented 
correlation analysis 
program

– Holmes (1983, Tree-
Ring Bulletin)

– Grissino-Mayer (2001, 
Tree-Ring Research)



COFECHA



COFECHA



COFECHA



ARSTAN

• Autoregressive 
Modeling 
Standardization 
(ARSTAN)

– Cook (1985, Ph.D. 
Dissertation, University 
of Arizona)

• Used to develop tree-
ring chronologies



Raw ring width average

Detrended and standardized ring width indices

Sample size

ARSTAN



Mesoamerican Megadroughts

Stahle et al. 2011, Geophysical Research Letters



Basalt & ancient Montezuma baldypress, Barranca de Amealco, Queretaro
90 km from the Temple of the Sun, 60 km from Tula

New chronology:  AD 771 - 2008



Mesoamerican Megadroughts

Stahle et al. 2011, Geophysical Research Letters



Instrumental Palmer Drought Severity Index

June-August
1933-1940



Original North American Drought Atlas (1999)
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PDSI GRID AND TREE-RING NETWORK FOR NORTH
AMERICAN DROUGHT RECONSTRUCTIONS

286 2.5°x2.5° GRID POINTS
835 TREE-RING SERIES

20 CHRONOLOGIES
FOUND

From Ed Cook



Current North American Drought Atlas

From Cook et al. (2010), Journal of Quaternary Science



Current North American Drought Atlas

From Cook et al. (2010), Journal of Quaternary Science

• Calibration: 1928-
1978

• Verification: 1895-
1927



Current North American Drought Atlas

• “Reality check” of the tree-ring reconstructions vs. real 
instrumental data shows a similar “footprint”

Instrumental Summer PDSI Tree-Ring Reconstructed Summer PDSI

1931-1940 1931-1940



Current North American Drought Atlas

• Zebulon Pike (1806-1807)  “These vast plains of the western hemisphere, may 
become in time equally celebrated as the sandy deserts of Africa.”

• Stephen H. Long (1820) labeled the central Great Plains as “the Great American 
Desert.”  The region “is almost wholly unfit for cultivation…the scarcity of wood 
and water, almost uniformly prevalent, will prove an insuperable obstacle in the 
way of settling the country.”

Pike Expedition, Summer PDSI Long Expedition, Summer PDSI

1805-1806 1818-1820



Tree-Ring Drought Atlas Portal

• Suite of user-friendly 
webtools for all tree-
ring reconstructed 
drought atlases 

• Eastern Australia and 
New Zealand, Europe, 
Russia, Mexico, 
Monsoon Asia, North 
America, South America

• drought.memphis.edu

Spanish Conquest Drought 
June-August PDSI 1521-1524
Mexican Drought Atlas

Burnette (2021, Bulletin of the American 
Meteorological Society)



Spiro Drought Reconstruction

Spiro Grid Point
June-August Reconstruction
Dark Red Lines = Failed Harvest Threshold

From 1344-1400 = 23 years with PDSI ≤ -2 (failed harvest)

Burnette et al. (2020):  Climate change, ritual practice, and weather deities at Spiro.
Recovering Ancient Spiro: Native American Art, Ritual, and Cosmic Renewal.

June-August PDSI Composite
1378-1401



Earlywood and Latewood

• Annual Ring = Earlywood (EW) + Latewood (LW) 
couplet

Douglas-fir



North American Seasonal Drought Atlas?

Douglas-fir

• What to reconstruct?

• How to screen?



North American Seasonal Precipitation Atlas

Douglas-fir

• Reconstruct seasonal precipitation totals



North American Seasonal Precipitation Atlas

Douglas-fir

• Reconstruct seasonal precipitation totals



North American Seasonal Precipitation Atlas

Douglas-fir• How to show spatial drought?



How to Make Drought Atlases “Living”?

1. Simple attachment of the most recent data 
on to the end of the original reconstruction?

2. Regression of most recent gridded data on 
the original reconstruction?

3. Machine learning of the most recent gridded 
data on the original reconstruction?



• E-Mail:  djbrntte@memphis.edu
• Drought Atlases:  drought.memphis.edu
• Personal Website:  www.djburnette.com
• NSF Grants:  AGS-1266015, AGS-2201584

Montezuma Baldcypress, Barranca de Amealco, Queretaro

Thank You


