River Assessment for Forecasting
Temperature (RAFT) Temperature Decision
Support Tool (DST)

Eric Danner (NMFS-SWFSC)
November 5, 2015



Outline

Decision Support Tool (DST)
 Transparency and accessibility

River
e RAFT model

e Temperature landscape

Reservoir
e CE-Qual-W2

DST improvements in 2016



Hydroclimate
Scenarios
Forecast length,
Water year type

Decision Support Tool

Hydroclimate
Conditions

Weather information

Physical
Models

| Weather information

Reservoir
Operations Temperature
Scenarios & flow profile
Flow
Temperature

User Interface

Scenarios

Data

Gauge data |
Biological Field
Models Data

| Biological effects |

’ Redd distributions ‘




Coupled Physical Models
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RAFT

Boundary Conditions:

Discharge temperature and flow from Keswick Dam
Meteorological conditions

Tributary inputs and withdrawals

Heat Fluxes:

Heat exchange at the air-water interface and at the streambed-water
interface

Heat inputs from lateral inflows (tributaries), and heat losses from water
withdrawals

Scale:
1km reaches at 15 minutes time-step
Keswick Dam to City of Sacramento

Applications:
7 day forecasts - National Digital Forecast Database (NDFD)
25 years retrospective - North American Regional Reanalysis (NARR)
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RAFT — Model Components

Advection Diffusion {x10)
0 -
- - - —
| — —— —
20 — — —
40
60
80 -
100
0901 0902 09/03 09/04  09/01 09/02 09/03 0904
Heat Flux Tributary Input (x10)
0 0
09/01 09/02 09/03 09/04 20 : 20
40 40
60 60
Degrees C f Hour 80 80
-0.5 0 0.5
E . = -
09/01 09/02 09/03 09/04  09/01 09/02 09/03 09/04

Figure 5. Model components in space and in time. The net change in temperature with respect to time
(dT/dt) is the sum of advective, diffusive, atmospheric/streambed, and tributary heat fluxes. Diffusion
and tributary heat fluxes have been scaled by a factor of 10 for visualization purposes.

Pike et al. 2013



Modeled vs. Observed Temperatures 2014
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RAFT - Error Variance

a) Error Profile b) Forecast Lead Time vs Prediction Variance (°C?)
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Figure 4. (a) Forecast error variance as a function of position and lead time. (b) Longitudinal profile of

posterior error variance once data have been assimilated (red), and profile of error variance after 24 h/
nonassimilated.

Pike et al. 2013
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Distance Downstream from Keswick Dam (miles)

25 Year Mean (1990-2014)
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25 Year Mean (1990-2014)
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Distance Downstream from Keswick Dam (miles)
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Distance Downstream from Keswick Dam (miles)
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Fall run redds

2013

62
60
-1 58
54
52
50

-1 56

Dec

i
&
'\@ yi
—
G_
|
Nov

Sep

Aug

-

mw

Jul

Jun

May

—_

(=] o
w0 =]

100 -
120 -
Apr

(sejiw) weq ¥oIMsay| Wol) Weansumoq souelsiqg

20



2013

20

(Sojw) weq omsay| Wolj Wealjsumoq auelsiqg

|
S

120 -

Dec

Nov

Sep

Aug

Jul

Jun

May

Apr



2014

20

o (=] o
=+ (=] 3]

(Sojw) weq omsay| Wolj Wealjsumoq auelsiqg

8

120

Dec

Nov

Sep

Aug

Jul

Jun

May

Apr



2014

20

| | |

o (=] o
=+ (=] 3]

(Sojw) weq omsay| Wolj Wealjsumoq auelsiqg

8

120

Dec

Nov

p

Se

ug

Al

Jul

Jun

May

Apr



Distance Downstream from Keswick Dam (miles)

8

Apr May Jun Jul Aug Sep Oct

e Long-Term Average Weather with 2013 Operations (Temperature and Flow)
— Long-Term Average Operations (Temperature and Flow) with 2015 Weather

Long-Term =g "'--_-'_ x
Wad

Average Weather A, v/
20 ~|
40 q
60
80 |-
120

Nov

Dec

62

60

54

52

50



Distance Downstream from Keswick Dam (miles)
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Distance from Dam (mlles)

Amount of Coldwater Habitat

Distance downstream with daily mean temperatures below 56°F
(y-axis reversed)
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Distance from Dam (mlles)

Amount of Coldwater Habitat

Distance downstream with daily mean temperatures below 56°F

(y-axis reversed)
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Distance from Dam (mlles)

Amount of Coldwater Habitat

Distance downstream with daily mean temperatures below 56°F

(y-axis reversed)
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Distance from Dam (mlles)

Amount of Coldwater Habitat

Distance downstream with daily mean temperatures below 56°F

(y-axis reversed)
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Distance from Dam (mlles)

Amount of Coldwater Habitat

Distance downstream with daily mean temperatures below 65°F
(y-axis reversed)
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Linking RAFT to CE-Qual-W2

Tributary Inflow and Water Temperatures
e Sacramento River

e Pit River CE-QUAL-W2 Version 3
B0~
. Temperature
* McCloud River r— Celsius
e Squaw Creek = Reservoir 2o [ 1
13
o =000t i
Gridded Meteorological Data 4 ~ $=0.0002 é”
. o 30}
* Air Temperature (°C) ¢ i;
e Dewpoint Temperature (°C) § 20F
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. I
e Wind Speed (m/s) _ -
o JulianDay 66.71
e Cloud Cover (0-10 = clear to cloudy) 16:59 3/6/96 .
1 | . | 1N
e Solar Radiation (W/m?2) LI
Reservoir Operations Data Figure 1. Sample two-dimensional CE-QUAL-W?2 representation
showing grnid with m the vertical and honzontal directions.
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CE-Qual-W?2
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Model Water Surface Elevation Calculations

Mean Absolute Error = 3.2 feet (0.97 m)

WSE (ft)
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Cold Pool (af)

Model Cold Pool Calculations

Observed values calculated from thermal profiles and
elevation-storage curve = similar results to modeled values
throughout the period 2000-2014

Cold Pool Time Series
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B C:/Hydrodynamics/ShinyGUL_new - Shiny

| Open in Browser ] “%- Publish ~

Shasta CE-QUAL-W2 Modeling Tool
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E’ C:/Hydrodynamics/ShinyGUIL_new - Shiny
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Output of Plotting Routines
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Distributed Temperature System (DTS)
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Lake Shasta DTS Thermal Profiles Aug-Oct 2015 - PRELIMINARY
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Biological Models

1. Central Valley Chinook Live Cycle Model
2. Dynamic Energy Budget models

3. Egg mortality models



Summary

RAFT model is accurate, comprehensive, and flexible

Operations (release temperature and flow) have the greatest impact
on downstream temperatures

Coupled river-reservoir model is critical

Future river temperatures will depend on proper management of
reservoir temperature profiles



Questions for Panel

What additional calibration and validation is recommended for
the RAFT model?

Coupling of the reservoir model with the river model requires
modeling the intermediate 17km of the Keswick “river-
reservoir”. Does the panel recommend extension of the RAFT
model upstream or the CE-Qual-W2 model downstream?

What addition information or capabilities should be added to
the DST to improve its usefulness to management?

Thank you
Work supported by grants from
NASA and USBR
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