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SALMOD

* Deterministic demographic population model developed by USGS that
simulates the dynamics of freshwater salmonid populations

 Used in Klamath Basin, Sacramento River below Shasta Dam, Butte Ck
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SALMOD model
processes

User specified control over model
dynamics using a set of control and
data files

Model processes include spawning
(with redd superimposition and
incubation losses), growth
(including egg maturation),
mortality, and movement (freshet-
induced, habitat-induced, and
seasonal).

Flow diagram from page 7 in:
Bartholow et al. 2002. SALMOD: a
population model for salmonids:
user's manual. Version W3. Fort
Collins, CO: U.S. Geological
Survey. 76 p.
http://www.fort.usgs.gov/products/s
oftware/salmod/
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SALMOD Input Files

FILESDAT Lists other mput files.
CONTROL DAT Specifies simulation and data parameters.
FLOWDAT Stream flow data for each time step and rver segment.

FET ATION DAT Movement, mortality, and growth relationships.

SPAWN.DAT Spawning parameters and tuning.

SPECIES DAT Names species, hifestages. and classes, and gives their
length Limits.

STREAM DAT Defines the stream computational nmis, defines flow
and temperature segmentation and controls tally of
outmagrants.

SUPIMENT DAT Timing and location of fish to be added to the stream

TEMP DAT Stream temperature data by tune step and mver
segment.



SALMOD Il

Under development for Klamath River

Chapter 3 in

— Fall Chinook Salmon Life Cycle Production Model. Hendrix et al. 2011. Prepared
for Expert Panel reviewing Chinook salmon of the Klamath River Basin

Programming language changed from FORTRAN to Visual Basic

User specified time step
— Minimum of 1 day, but weekly step used for the life cycle model
Temporal extent
— 1year
Incorporates a model for disease-related mortality as a function of
temperature and yearly maximum discharge

Calculates annual abundance of juvenile salmon at ocean entry
— Fry and juveniles arise from spawner-emigrant relationships based on
« Juvenile trapping data
« Spawner-emigrant relationships developed through EDT model

Calibration procedure

— Will use a sampling-importance-resampling (SIR) algorithm implemented in a
Bayesian statistical framework
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Project Goals

 How might climate change impact temperature and
flow in Butte Creek?

 How might these changes influence stream habitat
and spring-run Chinook salmon?

e Can we counter-act climate impacts through water
management?



Outline

 Butte Creek watershed

 Modeling approach

— WEAP 21 model

e Hydrology model
o Water temperature model

— SALMOD model
e Climate scenarios
 Management options
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Input Data,
Models and
Outputs

Climate
Interpolated Observations 1986-2005,
daily: P, Tair, RH, Wind, Qobs, Twaterobs
Downscaled Projections 2009-2099
daily: P, Tair, RH, Wind

v

Reservoir Temperature Stratification
WEAP-1D

Watershed Hydrology, Hydropower and Management
WEAP
weekly: Rnet, P, Tair, Wind
Calibrated to Qobs and Twaterobs

v

Flow, Water Temperature
Qmod , Twatermod

v

Population Dynamics SALMOD
mesohabitat unit, flow, and temperature

v

Fish Abundance




WEAP: Hydrologic
and water
management model

*Developed by Stockholm
Environment Institute

*WEAP21: Integrates
watershed hydrologic
processes with the water
resources management
system

— Climatic information direct
input

— Based on a holistic vision
of integrated water
resources management —
supply and demand
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WEAP Streamflow and Temperature Calibrations
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SALMOD Calibration
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Climate Scenarios

California Climate Center
— Maurer and Hidalgo, 2008
— Bias corrected
— Spatial downscaled

2 Emission Scenarios
— SresA2 = business as usual
— SresB1 = low emission

6 Global Circulation Models
— cnrmcem3 (CNRM CM3)
— gfdlcem21 (GFDL CM2.1)

— miroc32med (CCSR MIROC 3.2 med. Res.)
— mpiecham5 (MPI-OM ECHAMDb)

— ncarccsm3 (NCAR CCSM3.0)
— ncarpcml (NCAR PCM1)

IPCC Emissions Scenarios:

Carbon Dioxide

| Emissions (GtC / yr)

| Concentration (ppmv)
Preindustrial: 280
In 2000: 368
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Streamflow and Temperature Change
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Propaortion
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Summer Survival of Adult Salmon
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Management Adaptations

Round Valley Reservoir

Reservoir

No diversion
Cold water savings

Combination of both



Management Adaptations and Temperature

. Business as usual
Cold Water

_MNo Diversion

0
1
2.
3. Combination

]
1
=
[

_
0%

e Jaguwedag-aunp 'uonnguisip alnjeladwa |

Pool C5 Pool C7 Pool EY

Pool A1

Management scenarios for 6 GCMs A2/B1 (2009-2099)
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Proportional Difference in Spawner Survival

Management Adaptations and Spawner Survival

08
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0.0
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mm No diversion
= Cold water savings
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Outcomes

e Climate Scenarios

e A2 - Salmon gone for all models
 B1 - Salmon may last to end of century

« Management Adaptations
— No diversion

— No diversion + cold water savings
e Salmon survival time extended 0 — 15 years
e 30 — 60% more spawners

— Cold water savings
 No improvement or worse



Answers to questions about the model...

e See handout



Next Steps

More water management options
— Additional reservoir operations

— Improve reservoir management — use short-term weather
predictions to improve timing of water transfer

Mechanisms behind different responses to different
scenarios

Hydropower implications of water management changes

Economic implications of water management for
agricultural production

Fish in other Central Valley watersheds



Central Valley Water Management Model
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Upper Watersheds

I V| WEAP: Central Valley PA model
 — -
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W WEAP: Central Valley PA model
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Also includes:
e 22 in-stream flow
requirements
« 21 groundwater basins
- o |nter-Basin transfers to
San Francisco, Central
Coast, and South Coast

21 Central Valley
demand areas divided
by water use:
e Irrigated Agriculture
« Urban Indoor
e Urban Outdoor
 Managed Wetlands
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WEAP Model Considerations

e What'’s included:
* Climate-driven hydrology: supply and demand
o Water supply operations
e Ecosystems: in-stream flow, managed wetlands
o Groundwater
o Water quality: Delta Salinity
* Flood conveyance
 What's NOT included:
e Economics
e Hydropower
o Water quality: Temperature, BOD
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