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Paleoclimate Proxies
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Today’s Agenda

* What are Tree Rings?
 History of Dendrochronology

* Dendrochronology as a Science
e Paleoclimate Reconstructions

DENDROCHRONOLOGISTS CAN DATE WOOD
SAMPLES BY IDENTIFYING GROWTH RING
ANOMALIES THAT CORRESPOND TO SPECIFIC
EVENTS. FOR EXAMPLE, IT'S OFTEN POSSIBLE
TO SPOT THE HORRBLE SUMMER Of 1635
WHEN TREES TURNED CARNIVOROUS.

xkcd.com
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Tree Cores

Site Code Start Year Species Code




History of Dendrochronology

* Theophrastus (Greece 322 BcE)

* Leonardo Da Vinci (ltaly ca. 1500)
* Duhamel & Buffon (France 1737)
* A.C. Twinning (Connecticut 1827)
* Theodor Hartig (Germany 1837) «m
* Charles Babbage (England 1838) '“
 Jacob Kuechler (Texas 1859) ‘
* Robert Hartig (Germany 1867) | ﬂ,.,
 A.E. Douglass (Arizona 1904) £




Andrew Ellicott Douglass

“Father of dendrochronology”
« 1867-1962
* American astronomer

* Formalized the science
BULLETIN

OF THE
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A METHOD OF ESTIMATING RAINFALL BY THE
GROWTH OF TREES*

By A. E. DOUGLASS, Sc.D.

Department of Physics and Astronomy
University of Arizona




Dendrochronology as a Science

e Quantitative

e Statistical methods

* Detrending
* Linear regressions

* P rl n CI p I ecom po ne nt Tree rings | l Observed streamflow |
analysis v
. Statistical calibration: regression
* Observed instrumental |
an d h i StO ri Ca | reco rd S | Reconstruction model

Time series of reconstructed streamflow

Woodhouse et al. (2016)



Tree Rings

(b) . habitation . (c)
soil moisture resource use T|me Archaeology
precipitation gleration
trade routes
arecordao
(a) temperature
”ring width” ocean-atmosphere coupling ice cores
(annual radial increment) ﬁre Climate corals
earlywood latewood floods speleothems
climate models
density earthquakes
|nsect.outbreaks Disturbance
i mortality
cell lumen cell wall thickness satellite ground-truth
forest change Ecology
landforms remote sensing
613(: 14C 6180 regeneration

trace elements

growth VARIABILITY

crossdating
sampling multiples
spatial coverage

Pearl et al. (2019)



Principle of Aggregate Tree Growth

R, =AHC,

* R;: tree-ring growth

+ 6D1, + 0D2, + E,

* A.: age-related growth trend

* C.: climate during a particular year

* dD1,: disturbances within the forest stand

* §D2,: disturbances external to forest stand

* E,: random processes that aren’t accounted for

 t: year



Climate-Sensitive Trees

* Site Characteristics:
* Aspect and Slope
* Elevation
* Soil Type
* Topography

* Minimal competition
from other plants

e Sample size:
e ~15-50 trees

COMPLACENT
RING SERIES

SENSITIVE
RING SERIES




Basics of Dendrochronology
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Advantages Disadvantages

* Absolute dating * Limited temporal
* Annual to sub-annual coverage

resolution * Limited spatial extent
* Versatile e Short calibration data
* Long-lived * Not all species put on

annual rings

St. George (2014) — site sensitivity to winter precipitation

Csank (2009)
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Frontiers in Dendroclimatology

L L L e L L R T
Bossema et al. (2021)
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International Tree Ring Data Bank
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Paleoclimate Reconstructions
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Mann et al. (1999)

Bristlecone Pine and Temperature

LaMarche, V.C., Jr. (1969),
Environment in Relation
to Age of Bristlecone
Pines. Ecology, 50: 53-59.
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Palmer Drought Severity Indices

Stahle, D. W. et al. 16th Century North American Megadrought

(2007). Tree-ring
reconstructed
megadroughts over
North America since
A.D. 1300. Climate

Change, 83, 133-149. a. - e
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Colorado River Streamflow

Meko, D., et al. (2007). Medieval drought in the
Upper Colorado River Basin. Geophysical Research
Letters, 34.

* 762-2005CE

Reconstructed Naturalized Colorado River Flow at Lees Ferry Near Page, Arizona
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