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Welcome

* introductions —who we are, who you are

* purpose of workshop
* provide a brief overview of tree-ring methods
* show you new results for reconstructions of the North
American Monsoon and cool season precipitation for

southeastern AZ
* discuss how this information might be useful to you
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Today’s Agenda

* Monsoon project background
e Tree Rings 101 in brief: using tree rings to
reconstruct past climate

e Reconstructing monsoon precipitation with
latewood widths

e \What do the monsoon and cool season

reconstructions tell us about past rainfall variability in
this region?

e Break for working lunch

e Discussion
e Wrap-up and next steps



Project Goals

* Develop the first monsoon-sensitive chronology network in the SW U.S.
* Investigate long term monsoon season drought variability in SW U.S.

« Compare cool-season and monsoon-season precipitation in the paleo records

» Assess relationship between monsoon and large scale circulation (i.e., El Nino)

* Provide useful information to stakeholders

http://monsoon.ltrr.arizona.edu  _
EPA



Part 1.

Overview of Tree Rings and Climate
Reconstruction

* how trees record climate
* how climate reconstructions are developed

* uncertainty in reconstructions

e kinds of information from reconstructions



How tree rings record climate information



« New wood forms in the
vascular cambium, underneath
the bark

» Earlywood + latewood =
growth ring

* In temperate climates, growth
ring = annual ring

» Ring width vary according the
factor which is most limiting to
growth, typically climate in the
southwestern U.S.




What trees are the best
recorders of precipitation?

Trees that are limited by

moisture, growing on open,
well-drained sites, with thin
soils

Douglas-fir Pinyon pine Ponderosa pine



The moisture signal recorded by trees in the Southwest
Is particularly strong

vs. Pinyon ring width (WIL/731)
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Here, the ring widths from one tree are closely correlated to the
western Colorado precipitation (r= 0.78) from 1930-2002



How climate reconstructions are
developed : field work to statistical model



1. Field Collections

An increment borer is used to
sample cores from about 20
trees at a site




2. Sample Preparation

Cores are mounted and sanded, then dated, and measured

1900 1910 1920 1930




3. Detrending the measured series
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Ring-width series typically
have a declining trend with
time because of tree
geometry

These biological trends are
not related to climate so are
removed

Raw ring series are
detrended with straight line,
exponential curve, or spline

These standardized series
are compiled into the site
chronology



4. Compiling the Tree-Ring Chronology from the
measurements from many trees

Van Bibber, CO
(ponderosa)

g | Chronology =
30 series from 15 1 | basic unit of
trees - | :
tree-ring data,
“building
block”
for the flow
reconstruction
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Tree-ring chronologies in North America > 200 years
Colored triangle are moisture sensitive chronologies

Species
A JUOC
A JUSC
A JUVI
A

PIAZ
PIED
PIMO
PIPO
PSMA

PSME
QUDG

TADI
TAMU

other




5. Generating the climate reconstruction

Observed Climate
(e.g. precipitation)
(predictand)

Tree Ring Chronologies
(predictors)

Statistical Calibration: regression
(most common)

Reconstruction Model Model validation

Climate reconstruction

based on Meko (2005)



Requirements for observed climate record

* Length — minimum 40 years for robust calibration with
tree-ring data

« Quality — screened for station moves, changes in
Instrumentation.

* Increasingly, we are using gridded climate data (4 km)

* Pluses —1) takes advantage of all sources of climate

data for an area; 2) quality control has been
performed; 3) common length of record

« Minuses — 1) although data are available for all grid
points going back to 18995, less accuracy for earlier

vears, 2) spatial representation dependent on reliability

of algorithm for estimating values in regions with no
climate data



Requirements for tree-ring chronologies
* Moisture sensitive species — primarily Douglas-fir,
ponderosa pine, pinyon pine

* Location — from a region that is climatically linked to
the region of interest

» Length tradeoff: fewer chronologies available further
back in time, and in recent years, to some extent

Douglas-fir Pinyon pine Ponderosa pine



Reconstruction modeling strategies

Tree Ring Chronologies Observed Precipitation
(predictors) (predictand)

Statistical Calibration: regression

* Linear or multiple linear regression are most
common

* one common version of linear regression is
principle components regression

» Other approaches are possible (e.g., quantile
regression, neural networks, non-parametric
methods)



6. Model validation and skill assessment

* Are regression assumptions satisfied?

* How does the model validate on data not used to calibrate
the model?

* How does the reconstruction compare to the gage record?

Regression
model
explains
81% of the
variance in
the gage
record
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7. The model is then applied to the full-length chronologies to
produce a record of past climate variability

Reconstruction of Colorado River at Lees Ferry, 1490-1997
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Sources of Uncertainty in Climate
Reconstructions

* Trees are imperfect recorders of climate.

* The reconstruction model never explains 100% of the variance in
the observed record.

 Climate data may contain errors.

* A variety of decisions are made in the reconstruction process, all
of which can have an effect on the final reconstruction.

» A reconstruction is a best estimate of past climate, and each
annual point represents the central tendency of a range of plausible
values, given the uncertainty



An Example: Colorado River at Lees Ferry Streamflow
Reconstructions, 1977-2007
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Differences are due to a * callbration data used

variety of factors: » selection of tree-ring data
* treatment of tree-ring data (detrending)

o statistical methods for model calibration



What tree-ring reconstructions
provide:

 context for assessing instrumental climate
record over a longer time frame

* a way to evaluate recent drought events in
terms of natural variability over past
centuries

 a framework for understanding the range
of drought characteristics (intensity,

duration, magnitude) that has occurred

* insights on low-frequency (scale of
decades to half century) variability

» an understanding of the rich sequences of

wet and dry years that have occurred over
past centuries



TreeFlow web pages: A resource for water
managers

* tree-ring basics

 reconstruction
and gage data TreeFlow Home

Basin Data Access »

About TreeFlow

Background Info TreeFlow is a comprehensive web resource for tree-nng

L k h ‘uctions of streamflow and climate, providing easy
wor 5 OI'J Applications truction data as well as information about
how the data were developed, and can be used. Click here

p re Se ntati 0 n S ST to learn more about TreeFlow.

Colo. R. Perspective

Analysis Toolbox

¢ appl icatiﬂns Other Resources
examples About TreeFlow

Data Access by Basin

P Many tree-ning reconstructions of streamflow, and
- f other hydrochmatic reconstructions, are now
re eren ces i available for the western US. Data for the eastern

LIS wall be added in the future. Click here to access

* NEW: tools for
analysis

Tree-Ring Background
Information

A treg-nng reconstruchon 15 a best-estimate of

past streamflows, based on the relabionship
-ring data and observed streamtflow
over the modern perod. To learn more about

http://treeflow.info/

developed, click here.
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