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The water for the Southwest
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The water for the Southwest

A % Lake b »
ot (e v Winnipeg .
o < =3 2%

\ e
 Lake ; ‘.\ y
R-‘ L g Montreds 8 M}{, o

~ > ; - o

L pake 3

kY " Huron Lu‘\{“ \;05\0“
: 4 #L" K¢ 77 1orontog U"")‘i TN
¥ ”.'”;:L\l De\\'O“ ! “10‘“

crysaio $Tis

/
¥/ 14 4§
¢ {7
7 ‘4 b

/{ Erig

~50 million people
depending on the water :
M e hamt
B reet by S
& S\ o s ) e ,XNA
G, 8 Gulf of Mexico O = L

\AMEXICON - | i




Southwest warming and drying
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Lehner et al. (2018): “Attributing the U.S. Southwest’s Recent Shift Into Drier Conditions”



Southwest warming and drying
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Lehner et al. (2018): “Attributing the U.S. Southwest’s Recent Shift Into Drier Conditions”



Statistical seasonal streamflow forecasting

(a) O = streamflow gage ~ /\ = SNOTEL station
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Statistical seasonal streamflow forecasting
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Statistical seasonal streamflow forecasting
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Statistical seasonal streamflow forecasting
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Statistical seasonal streamflow forecasting

(a) O = streamflow gage ~ /\ = SNOTEL station
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Statistical seasonal streamflow forecasting

(a) O = streamflow gage ~ /\ = SNOTEL station
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The concept of runoff efficiency

Runoff efficiency
= water out/water in

= streamflow/precipitation
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The concept of runoff efficiency

Runoff efficiency
= water out/water in

= streamflow/precipitation

RE = f(precipitation, temperature,

NCAR

dust-on-snow, vegetation, groundwater, ...
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The concept of runoff efficiency NCAR

Runoff efficiency
= water out/water in

= streamflow/precipitation

RE = f(precipitation, temperature,
dust-on-snow, vegetation, groundwater, ...)

“Runoff efficiency is found to vary primarily in proportion
to precipitation, but there exists a secondary influence of

temperature.”
Lehner et al. (2017b)
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The concept of runoff efficiency NCAR

Runoff efficiency
= water out/water in

= streamflow/precipitation

RE = f(precipitation, temperature,
dust-on-snow, vegetation, groundwater, ...)
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Including temperature into streamflow forecasting

[

Statistical seasonal streamflow forecasting

“Water Supply Forecasts”

Snow+Rain

Lehner et al. (2017a) 16



Including temperature into streamflow forecasting

Meteorological predictability

@Snowmam

OoO

e

Streamflow Q

Lehner et al. (2017a)
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Including temperature into streamflow forecasting o

(a) O = streamflow gage A = SNOTEL station
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Including temperature into streamflow forecasting

Snow+Rain

Lehner et al. (2017a)
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Including temperature into streamflow forecasting
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Lehner et al. (2017a)
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Including temperature into streamflow forecasting
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Including temperature into streamflow forecasting

Temperature anomaly (°C)

Mar-Jul temperature over Colorado River / Rio Grande headwaters
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Including temperature into streamflow forecasting

Mar-Jul temperature over Colorado River / Rio Grande headwaters

Observations
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Including temperature into streamflow forecasting

Mar-Jul temperature over Colorado River / Rio Grande headwaters
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Including temperature into streamflow forecasting o

Temperature anomaly (°C)
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Including temperature into streamflow forecasting o

Mar-Jul temperature over Colorado River / Rio Grande headwaters

Temperature anomaly (°C)
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Including temperature into streamflow forecasting o
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Including temperature into streamflow forecasting

[

(a) Mar 1 skill improvement (b) Skill improvement (c) Skill improvement (%)
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Summary N

Temperature influence on streamflow, possibly via runoff efficiency

Lehner et al. (2017b): “Assessing recent declines in Upper Rio Grande runoff efficiency from a paleoclimate perspective”,
Geophys. Res. Let.

Incorporating temperature into streamflow forecasting improves skill

Lehner et al. (2017a): “Mitigating the Impacts of Climate Nonstationarity on Seasonal Streamflow Predictability in
the U.S. Southwest”, Geophys. Res. Let.
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Summary N

Temperature influence on streamflow, possibly via runoff efficiency

Lehner et al. (2017b): “Assessing recent declines in Upper Rio Grande runoff efficiency from a paleoclimate perspective”,
Geophys. Res. Let.

Incorporating temperature into streamflow forecasting improves skill

Lehner et al. (2017a): “Mitigating the Impacts of Climate Nonstationarity on Seasonal Streamflow Predictability in
the U.S. Southwest”, Geophys. Res. Let.

Next steps:

- Non-linear models

- Research to operations

- Domain expansion

- S$2S model weighting

- Ensemble Streamflow Prediction

30
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Southwest warming and drying
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Southwest warming and drying n—_—
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Southwest warming and drying

(b) Dynamically adjusted observations
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Lehner et al. (2018)
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Growing evidence for temperature influence on streamflow
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Streamflow hindcasts
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Streamflow hindcasts
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Streamflow hindcasts
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Streamflow hindcasts
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