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Overview

* Why consider climate and
hydrology of the past?

* How tree rings provide
iInformation on past streamflow

* What tree rings say about
hydrologic variability over past
centuries

* |s the past relevant to the
future?




Rio Grande Streamflow, Gage Record in Water Years

Rio Grande near Del Norte, 1890-2006
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Lowest flow year, 2002 « How often do periods of drought
h as 2000-2004 r?
Lowest 5-year average, 2000-2004 such as 2000-2004 occu

Lowest 7-year average, 1950-1956 * Have there been more severe
(2000-2006, 2 lowest) droughts prior to the gage record?




In the Southwestern U.S.,
moisture-stressed trees
closely track variations
In precipitation

vs. Pinyon ring width (WIL731)
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Ring widths from a single tree near Grand Junction are plotted
with annual precipitation in the Colorado River basin. (r = 0.69).



How is tree growth related to streamflow?

Ring widths and

streamflow both integrate PRECIPITATION SURFACE

- . : - & SUB-
the effects of precipitation - * SURFACE
and evapotranspiration, o s, INFLOW

as mediated by the soll,
over the course of the
water year.
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How do we sample trees to get climate information?

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

Cores mounted and sanded, then dated,
measured, and averaged into site tree-
ring chronologies




Locations of tree-ring chronologies in Colorado
and vicinity, collected over the past decade

| — Collections by University of Colorado,
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Reconstructed gage records

The network of
tree-ring
chronologies has
been used to
reconstruction a
i number of gages
05T A o in watersheds that
D ¥ include the
r Colorado River
?;f " COLORADO and its tributaries,
and the Rio
Grande.

Yampa R.
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Rio Grande near Del Norte
Gaged vs Reconstructed Flows, 1890-1997
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75.5% of the variance in the Rio Grande gage record is
explained by the reconstruction. About 25% of the variance is
unexplained, representing the uncertainty in the
reconstruction model.




Rio Grande Annual Streamflow Reconstruction
1536-1999
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« How representative is the 20t century in the context
of the past centuries?

e Have there been more severe droughts prior to the
gage record?




The 2000-2004 Drought in a Long-Term Context

Rio Grande Flow, 5-year moving average
Gage (red) and reconstructed with 80% confidence intervals (black and purple)
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Comparison of 20t century and full reconstruction

Rio Grande Reconstructed Streamflow

1400
Box & Whisker Plot ® Median
[] 25%-75%
1200 T Min-Max -

1000

800

b
S
<
s

600
400
200

1500s 1600s 1700s 1800s 1900s

Centurv
(1500s from 1536)




Reconstructed Rio Grande Streamflow, 1536-1999
Drought Frequency

Here, drought is
defined as one or
more consecutive
years below long-
term average.

20th century only
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Full reconstruction,
1536-1999
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20-year periods of wet and dry
conditions

Rio Grande streamflow reconstruction, 1536-1999
smoothed with a 20-year running average
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What about streamflow going further back in time?
Stumps, logs, and remnants of wood can be used to extend living
chronologies back in time.




Reconstruction of Colorado River at Lees
Ferry, AD 762 - 2002
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25-yr running means of reconstructed and observed annual flow of the Colorado River
at Lees Ferry, expressed as percentage of the 1906-2004 observed mean (Meko et
al. 2007).



297-POINT 2.5°x2.5° "DAI" GRID USED FOR
RECONSTRUCTING SUMMER PDSI
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Periods of persistent low flow
correspond to an expanded area
experiencing in the western US,
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The 1950s Drought compared to the
12th Century Drought (1130-1170)
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Mean Summer PDSI in West, 1950-1957
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Mean Summer PDSI in West, 1130-70
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Herweijer et al., in press, Journal of Climate



Monthly Mean Mean Temperature for Rio Grande Region -- Rio Grande Headwaters

Will the climate of
the future look —
anything like the
past?

Increased
temperatures are
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Precipitation trends
are less clear in
many regions.
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http://www.cefa.dri.edu/Westmap/westmappass.php



There is no reason to believe that long-term natural hydrologic
variability will not continue in the future. The broader range of
variability in streamflow reconstructions is now being used by a number
of water providers as a basis for planning.

Denver Water Reservoir Contents
(1634-2005)
Water Supply: 345,000 af
Includes 30,000 af Strategic Water Reserve and Drought Restrictions

Strategic Water Reserve




HOW are tree_rlng data Reduced Deliveries-_BaseCase, Trace 11
relevant to the future?

* Tree-ring reconstructions of oo
hydrology can provide a long-
term context from which to
evaluate shorter instrumental
records

Acre-Feet

* The past will not be an .

analogue for the future, but the
eXtended records Of paSt Reduced Deliveries - A2 Dry 2070, Trace 257
hydrology provide a baseline
for planning which also must
consider a warmer future.
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An example from the City of
Boulder: Blending the long-term
natural hydrologic variability from
tree-ring reconstructed streamflow
with projections for future climate
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Tree-Ring Research in the
Rio Grande Basin

» Preliminary reconstruction of the
Rio Grande at Otowi is available.

* Reconstruction of Rio Conchos
watershed cool season
precipitation in progress

* Proposal for monsoon
precipitation reconstruction is being
considered by National Science
Foundation for funding
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