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2. Incorporating temperature into streamflow forecasting
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The concept of runoff efficiency

Upper Colorado River Woodhouse etal. (2016)
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Statistical seasonal streamflow forecasting

“Water Supply Forecasts”

Snow+Rain

‘ Streamflow Q

Lehner et al. (2017b) 20



Including temperature into streamflow forecasting Ez

Statistical seasonal streamflow forecasting

“Water Supply Forecasts”

Meteorological predictability

@Snow+Ram

OoO

“ Streamflow Q
- 7 Im

Lehner et al. (2017b) 21



Including temperature into streamflow forecasting Ez

Statistical seasonal streamflow forecasting

“Water Supply Forecasts”

@Snow+Rain

Lehner et al. (2017b) 22



Including temperature into streamflow forecasting Ez

Statistical seasonal streamflow forecasting

“Water Supply Forecasts”

@Snow+Rain

Lehner et al. (2017b) 23



Including temperature into streamflow forecasting Ez

Statistical seasonal streamflow forecasting

“Water Supply Forecasts”

@Snow+Rain

Lehner et al. (2017b) 24



Including temperature into streamflow forecasting @2

Mar-Jul temperature forecasted in Mar

I T T 1

3t — Observ'ations

2+ 4 Colorado/Rio Grande
1k | headwaters

Temperature anomaly (°C)
o

| | | 1 1 1

1960 1970 1980 1990 2000 2010
Time (Year)

Snow+Rain .
o o O dﬁ gd

‘ Streamflow Q

Lehner et al. (2017b) 25



Including temperature into streamflow forecasting Qz

Mar-Jul temperature forecasted in Mar

3} ——— Observations
2+ CMIE (1) Colorado/Rio Grande
L headwaters

Temperature anomaly (°C)
o

_3 1 1 1 1 1 |
1960 1970 1980 1990 2000 2010

Time (Year)

Snow+Rain .
0% oF @“
| 3 Y

‘ Streamflow Q

Lehner et al. (2017b) 26



Including temperature into streamflow forecasting @2

Mar-Jul temperature forecasted in Mar

. —— Observations
| — CMIP5 (40)
= NMME (7) + ECMWF (1)

Colorado/Rio Grande
headwaters

=l R raw = 0.67
1 | | ; Rldetrendeq =048

1960 1970 1980 1990 2000 2010
Time (Year)

Snow+Rain .
0% oF @“
| 3 Y

‘ Streamflow Q

Temperature anomaly (°C)

Lehner et al. (2017b) 27



Including temperature into streamflow forecasting Qz

[3)
o)
o o

Temperature anomaly (°C)
o

Mar-Jul temperature forecasted in Mar

3t ——— Observations
ol = CMIP5 (40)
= NMME (7) + ECMWF (1)

Colorado/Rio Grande
headwaters

-2y R raw = 0.67
3 ! ! . , R detrended = 0.48
- 1960 1970 1980 1990 2000 2010
Time (Year)
Snow+Rain

> By
,.-, ‘ Streamflow Q

Q ~ a SWE + b Rain + ¢ Temperature + &

Lehner et al. (2017b)

28



Including temperature into streamflow forecasting N

Mar 1 issue date Mar 1 issue date

100

i I

ecast error (% of long-term mean flow)

o
Forecast error (% of long-term mean flow)
JE
o
o

without temperature with temperature 5

Mar 1 issue date g

T r - - e §

T :

Gl : Lk

- it 5

™ -T l ] —10?;

: Pl Y
Snow+Rain e : e : 3
blue = reduced error g

o]

~1-10% improvement

in forecast skill
‘ Streamflow Q

§§§

Lehner et al. (2017b) 29



Including temperature into streamflow forecasting

(a) Mar 1 skill improvement (b) Skill improvement (c) Skill improvement (%)
s /‘: i3 Full range 30 [Rio Grande
\”\.- m 25-75% range San Juan
g ~ 0.1 [ ——Median 20 [Gunnison
2
K.}
£ ["' 3 0.05 n 10
o c
3| ) 2 = i
0 0
5 = = =Observed temp.
- X 0,05 L= Observed temp. trend | 10
Jan1 Feb1 Mar1 Apr1 May1 Jan1 Feb1 Mar1 Apr1 May 1
0 005 01 015 02 Issue date Issue date
30
g as ‘ 25
&) 2
g \ V’\__‘_@ ~ 15 20
é i ¥ R g| 10
x \ ® o8
0 0
-0.5
-10
Jan1 Feb1 Mar1 Apr1 May1
[ Issue date
0.3 Streamflow forecast based on
Jan 1 observations of
0.2 SWE and precipitation and
» Jan-Jul forecasted temperature
‘ g
0 .
0
-0.1
0.2
0.15
7} 0.1
»
o
[ 0.05
3}
0
-0.05

0

005 0.1 0.15 0.2

Jan1 Feb1 Mar1 Apr1 May 1

Issue date

Correlation 0

rRMSE

&

BSS < 33
percentile

&

CRPSS

<

=

Lehner et al. (2017b)

30



Streamflow hindcasts

O = streamflow gage A = SNOTEL station
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Streamflow hindcasts

O = streamflow gage A = SNOTEL station
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Streamflow hindcasts

streamflow gage /A = SNOTEL station
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Streamflow hindcasts Eg
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1. Temperature influence on streamflow

2. Incorporating temperature into streamflow forecasting

Next steps:

Research to operations
Domain expansion

S2S
Ensemble Streamflow Prediction
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Supplementary slides

Correlation
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3. Runoff sensitivities in Earth System Models

CMIP5 multi-model mean change (2021-2050)-(1929-2008)
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3. Runoff sensitivities in Earth System Models h

CMIP5 multi-model mean change (2021-2050)-(1929-2008)
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3. Runoff sensitivities in Earth System Models

CMIP5 multi-model mean change (2021-2050)-(1929-2008)
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3. Runoff sensitivities in Earth System Models

Runoff or P-E
projections with
GCMs or ESMs
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3. Runoff sensitivities in Earth System Models

Elasticity Upper Colorado River T sensitivity
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3. Runoff sensitivities in Earth System Models
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River T sensitivity
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* |Implications for runoff and P-E projections?

* Reasons for model spread?

* Observational constraint possible?

Lehner, Wood, et al. (in prep.): Hydrologic sensitivities in Earth System

Models and their importance for regional hyd

rologic change projections
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Thanks! Questions?

NCAR




