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Reconstructions for the Colorado
River Basin

e Upper Colorado (c. woodhouse)

 Lower Colorado, and comparison with
the Upper Colorado (k. Morino)

e Paleofloods (k. Hirschboeck)




Reconstructions of the Upper
Colorado River Basin




Early Tree-Ring Records of Colorado
River Flow

In the 1940s, Edmund Schulman found tree-rings
reflected variations in moisture and could be used
as a proxy for annual streamflow.
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Schulman’s Colorado River basin Douglas-fir tree-ring index (1300-1945) from "Tree-
Ring Hydrology of the Colorado Basin", 1945.




The first Colorado River lake pouwell

U

reconstruction was generated by ; Jp@\ir neoiect
Stockton and Jacoby in 1976. bullehin, — 0 st

N\ march 1976

It supported Schulman’s findings
regarding high flows in the 20" century B (o o in gl
and droughts in past centuries. upper colorqdd river basif

CHARLES W/ /STOCKTON

> ﬂi‘? GORDONC, JACOBY, JR.

long- teﬁm surféce-water 5GPP|H

National Science Foundation
Research Applied to National Needs

135 MILLION ACRE-FT./ YEAR
LONG-TERM AVERAGE FLOW

COMPACT DRAFTED

M

WIDE R J—

TREE RINGS

—— MNARROWER

T p—— - ¥ — — L | g —

1650 1700 1750 BOG IESO EGGO 1950
RECONSTRUCTED VIRGIN FLOW BASED ON TREE-RING ANALYSES

STREAMFLOW AT LEE FERRY

Stockton and Jacoby 1976




Stockton and Jacoby’s reconstruction was updated in

2006 with new tree-ring collections
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Stockton and Jacoby tree-ring sites
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This work extended the Lees Ferry reconstruction to 1997
and back to 1490

Reconstruction of Colorado River at Lees Ferry, 1490-1997
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Reconstructions were also
generated for the major Upper
Colorado tributaries, the Green
and the San Juan Rivers, as well
as for the Colorado mainstem.
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Updated Streamflow Reconstructions for the Upper
Colorado River Basin
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The Lees Ferry reconstruction has now been extended
even further back in time using stumps, logs, and

remnants of wood

Locations of chronologies used in the
extended Lees reconstruction

Start Year
A AD. 762

[JAD.1182

O AD. 1365

4 AD. 1473

Meko et al. 2007

Explained variance in the reconstruction
ranges from 60% (762-1180) to 77% (by 1365)



Reconstruction of Colorado River at Lees Ferry,
AD 762 - 2005
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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).




Low-frequency variability and persistent periods of low flow

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

A»B‘w‘

Periods of persistent low flow during
the medieval period correspond to
an expanded area experiencing in
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*Heart” of the Medieval Drought in the Colorado R. Basin
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The 21st Century Drought in the Southwestern United
States and Mexico: A 1000-year Perspective
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Is the medieval
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possible
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future warm
droughts?




Reconstructions of the Lower
Colorado River Basin




LOWER COLORADO RIVER BASIN

STREAMFLOW RECONSTRUCTIONS




Salt& | Verde | SVT Gila | L’il Col
Tonto
Smith & Stockton 1580- | 1580-
1981 1979 * 1979
Meko & Grayhbill 1663-
1995 1985
Hirschboeck & 1199- [1202- |1199- |1200-
Meko 2005 1988 1988 (1988 |1988
Meko & 1361- |1330- |1330- [1332-
Hirschboeck 2008 | 2005 2005 |[2005 |2005
Meko et al. 1420 -
In progress 2005

* Salt R. only
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2005 tree-ring collections for SVT

Existing = (11)
New = (14)

Explored = circles (4)
Gages = ©)




Model No. Sites R?
1330-1989 4 0.53
1451-1982 10 0.69
1736-2004 10 0.49




Reconstructed annual flows SVT 5-yr dry spells
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Reconstructed SVT 0-yr runnmg mean
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Comparison |: Upper Colorado
River Basin and Salt-Verde-Tonto
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=065/444 = 0.15

=58/444 = 0.13
=0/444 = 0.00
=2/444 = (0.0045
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Period of Analysis

1521 - 1964 # events/# possible | # events/# possible
(probability) (probability)

Individual 1-yr 65/444 58/444

events (0.15) (0.13)

2 consecutive 10/443 14/443

years (0.023) (0.032)

2 yrs 22/442 29/442

(3-yr window) (0.05) (0.07)

2 yrs 45/441 47/441

(4-yr window) (0.10) (0.11)







Little Colorado Streamflow Reconstruction
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Model No. Sites R?
1420-1983 8 0.55
1451-1982 5 0.57
1736-2004 1 0.26




No. DRY YEARS FLOW (MCM)
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Comparison |l: Upper Colorado
River Basin and Little Colorado




COLORADO RIVER AT LEES FERRY

1420 - 2005

LITTLE COLORADO RIVER
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= 64/586 = 0.11

=56/586 = 0.10
=1/586 = 0.0017
=1/586 = 0.0017
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THE POTENTIAL OF
PALEOFLOOD INFORMATION

Katie Hirschboeck
Laboratory of Tree-Ring Research
University of Arizona
katie@ltrr.arizona.edu




ADVANTAGES OF EXPLORING HOW
FLOODS ARE REPRESENTED IN THE
PALEORECORD

To fully understand flood variability, the
longest record possible is the ideal . ..

especlally to understand and evaluate
extreme flooding!

By definition extreme events are rare . ..
hence gaged streamflow records capture
only a recent sample of the full range of
extremes that have been experienced
by a given watershed.




Flood Frequency Analysis:

Straightforward extrapolation. ...
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The Challenge of the “Upper Tails”

I |

. . . can fail ] Y pr _
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Using Paleo-stage
Indicators &
Paleoflood

Deposits . ..

-- direct physical evidence of
extreme hydrologic events

-- selectively preserve

evidence of only the largest
floods. ..

. .. this is precisely the
information that is lacking in
the short gaged discharge
records of the observational
period




= Paleoflood evidence provides
Information about the upper
discharge and stage limits of the

most extreme flooc
Inference, the flooo

s (and by
-generating

precipitation) and t
periods.

neir likely return

= this type of information is not
available in any other source of
paleoenvironmental data.




(SOURCE: Jarrett, 1991 after Patton

Flood Frequency SRR
Analysis

Curves A & B indicate
range (uncertainty) of
results obtained by
using conventional

analysis of outliers for
1954 & 1974 floods.

Curve Cis from
analyses of paleoflood
data.
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| Q (discharge)
uncertainty 0 100
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— R.l. uncertainty




Key question:

Are extreme floods and peak flows
identifilable In
a Tree-Ring Reconstruction?
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Process-based evaluation of relationship between

mean annual flow & instantaneous peaks
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Flood Hydroclimatology Approach

. . Jan 1993
4000 - \erde River Basin
Instantaneous Peak Flows
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Verde River peak winter synoptic
flows vs. mean annual discharge
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Not all Paleofloods are“Paleo” . . .

« PALEOFLOOD

A past or ancient flood event which occurred prior to the
time of human observation or direct measurement by
modern hydrological procedures.

e HISTORICAL FLOOD

Flood events documented by human observation and
recorded prior to the development of systematic streamflow
measurements

« EXTREME FLOODS IN UNGAGED WATERSHEDS

For comparison & benchmarks:
GAGED HYDROLOGICAL RECORDS are also included




Unlike systematic gaged data, paleoflood
Information is collected and reported In
different ways, leading to different “data

types’ . ..

Paleofloods (w/ stage +/or discharge)

Thresholds

Non-exceedence bounds




Paleoflood data types:

Non-exceedence
level (bound)

Paleoflood stage

Fh) -k alcowve with

sequences of

s e Flood stage
Y slack-water deposils

Scar
| on free

Low-water

/ channel

Bedrock
//// Threshold level

Diagrammatic section across a stream channel showing a
flood stage and various features

(Source: Jarrett 1991, modified from Baker 1987)




Paleoflood = discrete flood / paleoflood stage or

discharge estimate

Threshold = a stage or discharge level below
oreserved; only floods which
level leave evidence; smaller

which floods are not
overtop the threshold

events not preservec

(over specific time interval)

Non-exceedence bound = a stage or discharge

level which has either never been exceeded, or

has not been exceed
Interval

ed during a specific time




Compilations of paleoflood records combined with gaged

records suggest there is a natural, upper physical limit to the
magnitude of floods in a given region --- will this change?

Envelope of largest rainfall-runoff
floods In United States (Costa, 1987b)

Envelope curve
for Arizona
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Envelope of largest rainfall-runoff floods
In the Lower Colorado River Basin
(modifled from Enzel et al., 1993)
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* Are paleoflood data useful for
water management planning?

e What format would be the most
useful?

 Intriguing question iIs how much
peak events influence the annual (or
seasonal) flow reconstructed
through tree rings.
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