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An extensive set of metrics developed to characterize
ensembles
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Streamflow (maf/yr)

Some ensemble specific metrics

For Paleo-Conditioned ensemble produced using Prairie et al., 2008 method
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Simulated Annual Natural Flow for the Colorado River at Lees Ferry, Arizona

Ensemble: Paleo—-cond.(1906-2020),

Number of Realizations: 100
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Limitations and Gaps in Existing Ensembles

Ongoing millennium drought and climate literature suggests that warming-driven declining
streamflow is a plausible hydrology future (storyline for planning).

Previous USU work used resampling from past droughts, but it has its limitations. The
resampling approach does not account for occasional high flow years, and it lacks the ability to
capture declining trends and persistence (autocorrelation) well.

Temperature-adjusted ensembles have declining trends, but they have limited high flows and
variability is dampened.

Paleo-conditioned ensemble captures persistence but does not have declining trend.

CMIP-based ensembles have high flows significantly greater than observed and increased
variability, neither of which has been observed in the Millennium period.

Thus, none of the available ensembles sufficiently characterize the plausible condition of
warming-driven declining streamflow with modestly increasing variability and high flow year
frequency similar to the past.






New Ensemble

Steps to create the new Adjusted Paleo-Conditioned Ensemble:

1. Creating a base ensemble using the paleo-conditioning method
developed by Prairie et al., 2008.

* Hydrologic states (i.e. wet or dry) are modeled using paleo flow data from 1416 to 2015
(data from Meko et al., 2017)
* Flow magnitudes are derived from the post-pluvial (1931-2020) observed flow data.

High flows (>20 maf/yr) in the observed and paleo data

Years Count >20 maf Frequency
Observed (Full record) 1906-2020 15 0.1304 Retain high flow
Observed (Post—PIuviaI) 1931-2020 8 0.0889 frequency similar to
Paleo (Meko2017) 1416-2015 49 0.0817 post-pluvial observed
and paleo data.

Prairie, J., K. Nowak, B. Rajagopalan, U. Lall and T. Fulp, (2008), "A stochastic nonparametric approach for streamflow generation combining observational and paleoreconstglécted
data," Water Resour. Res., 44(6): W06423, http://dx.doi.org/10.1029/2007WR006684


http://dx.doi.org/10.1029/2007WR006684

New Ensemble

Steps to create the new Adjusted Paleo-Conditioned Ensemble:

2. Adjusting the probability distribution (the marginal distribution) for each
year of the base ensemble to incorporate estimated decline in future
flow and impose desired declining trend, while retaining other
properties.

e Estimating the warming-driven declining streamflow trend

* Transforming the distribution



New Ensemble

Estimating the Warming-Driven Declining Streamflow Trend:

Temperature Trend starting ~1980:
2.4 °F per 40 years = 0.06 °F per year
= 0.0333 °C per year

B

* Sensitivity of streamflow to

temperature (Milly and Dunne, 2020):
—9.3% per °C

Temp. Anomaly, *F
= [}

.. U“ I || lﬂ“!, Illf wr ' -Il| ..

° St rea mﬂow decl i n i ng trend for a 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010 2020
mean of 13 maf/yr : Figure 2.16
O. O 3 3 3 X O. 09 3 X 1 3 maf/yr Annually averaged temperature for the Colorado River Basin, 1895-2019, shown as departures from

a 1970-1999 average. The gray line is a 10-year running average plotted on the &™ year. A 40-year

_ O 04 af/yr lingar trend (dashed yellow line) shows 2 4°F of warming from 1980-2019. (Data: NOAA NCEI)

Milly, P. C. and K. A. Dunne, (2020), "Colorado River flow dwindles as warming-driven loss of
reflective snow energizes evaporation," Science, 367(6483): 1252-1255,
https://doi.org/10.1126/science.aay9187.

Lukas, J. and E. Payton, (2020), Colorado River Basin Climate and Hydrology: State of the
Science, Western Water Assessment, University of Colorado Boulder, 58
https://doi.org/10.25810/3hcv-w477.



https://doi.org/10.1126/science.aay9187
https://doi.org/10.25810/3hcv-w477

New Ensemble Adjusted:
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N
(&)
|

L Std dev. = 4.7 maf/yr

Parabola Family used to
transform the marginal
distribution

N
o
|

N
(&)
]

Parameters of the parabola used
each year are selected to shift the
mean from its value in the base
ensemble to the value targeted

-
o
|

Adjusted value

Transformed Lees Ferry Annual Flow (maf/yr)

. )
for the adjusted ensemble. 51 e
>
v
Example annual flow value adjustments ol - o
for a particular parabola | | | , , |
0 5 10 15 20 25

e 21 - 21.3 (high flows increase)
* 5-> 4.9 (avoid over-reducing)

10 - 8 (internal values move down)

lllustrative maf/yr values

Lees Ferry Annual Flow (maf/yr)

Base:
Mean = 14 maf/yr

Std dev. = 4.1 maf/yr




New Ensemble

The marginal distribution of the base ensemble was adjusted to
 Shift and stretch the marginal distribution at each future year

* Decrease the mean
* Retain the same frequency of higher flows
* Avoid over reducing the lower flows
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New Adjusted Paleo-Conditioned E bl
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New ensemble added brings in warming-driven declining streamflow as
one additional plausible planning option for DMDU
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Summary

A comprehensive set of metrics were developed to characterize ensembles.

Metrics indicated gaps in the ensembles.

A new ensemble was created by adjusting a post-pluvial paleo-conditioned ensemble

to incorporate estimated decline in future flow and impose declining trend, while
retaining other properties.

The new ensemble brings in warming-driven declining streamflow as one additional
plausible planning option for DMDU



Future Sessions and Request for Input

64

Future ITEW session topics include (order TBD)
- Metrics, tradeoffs, robustness and vulnerability
- Alternative operational strategies (what is available in web tool, how to explore those that are not)
- Web tool intro and training

Content will include general education and information related to the Post-2026 Technical Framework

Future sessions
- September 20th
- Mid October
- Early November

Please send questions, feedback, and requests for topics to bor-sha-crbpost2026@usbr.gov



mailto:bor-sha-crbpost2026@usbr.gov
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RECLAMATION

i

For more information visit:

https://www.usbr.gov/ColoradoRiverBasin/
post2026/itew.html



https://www.usbr.gov/ColoradoRiverBasin

Notes & References

*Candidate policies are comprised of combinations of operational actions, e.g., configurations of releases from Lake Powell and Lake Mead

T Decision Science Can Help Address the Challenges of Long-Term Planning in the Colorado River Basin (JAWRA, 2022) https://onlinelibrary.wiley.com/doi/10.1111/1752-
1688.12985

2 Many objective robust decision making for complex environmental systems undergoing change (Environmental Modeling & Software, 2013)
https://www.sciencedirect.com/science/article/pii/S1364815212003131

3 Milly, PC., and K.A. Dunne. 2020. “Colorado River Flow Dwindles as Warming-Driven Loss of Reflective Snow Energizes Evapora-tion. "Science367 (6483): 1252-55.
https://doi.org/10.1126/science.aay9187

4 Lukas, Jeff, and Elizabeth Payton, eds. 2020. Colorado River Basin Climate and Hydrology: State of the Science. Western Water Assessment, University of Colorado Boulder.

DOI: https://doi.org/10.25810/3hcv-w477



https://onlinelibrary.wiley.com/doi/10.1111/1752-1688.12985
https://onlinelibrary.wiley.com/doi/10.1111/1752-1688.12985
https://www.sciencedirect.com/science/article/pii/S1364815212003131
https://doi.org/10.1126/science.aay9187
https://doi.org/10.25810/3hcv-w477
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