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Looking for environmental tipping points, thresholds, non-linear responses
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Big picture points

* Long-term survival of salmon in our study
area Is questionable

o \WWater management adaptations may
extend survival

« Analytical framework we developed here
may be useful elsewhere
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Presentation Notes
Spring-run Chinook salmon in Butte Creek California
California Central Valley ESU
Threatened
< 10,000 vs. 1 million
Adults must over-summer in freshwater and spawn in fall
Particularly vulnerable to climate change impacts in freshwater environment



Project Goals

How might climate change impact water temperature
and flow?

How might these changes impact spring-run Chinook
salmon?

Can we counter-act climate impacts through water
management?

Thompson, L.C., Escobar, M.I., Mosser, C.M., Purkey, D.R., Yates, D.,
Moyle, P.B. 2011. Water management adaptations to prevent loss
of spring-run Chinook salmon in California under climate change.
J. Water Resour. Plann. Manage., 10.1061/(ASCE)WR.1943-
5452.0000194 (Aug. 31, 2011).



Outline

 Butte Creek watershed

 Modeling approach

— WEAP model

e Hydrology
 Water temperature

— SALMOD model
« Population dynamics

e Climate scenarios
 Management options
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Presentation Notes
Location within California, west side of Sierra Nevada range
Butte Creek and part of Feather River
Rainfall/runoff area
Diversion in orange
2 reservoirs
Temperature module
Salmon habitat
Diversion
4 temperature locations



Figure xx. Location of Butte Creek watershed, watershed model domain with management points used for subwatershed delineation, and temperature model domain with location of pools A1, C5, C7 and E7 where temperature comparisons are made throughout the paper. (I’ll be changing this graph into B&W this week).






Analytical Framework

Calibration

Climate
Interpolated Observations
1986-2005
Daily: P, Tair, RH, Wind

Stream Observations
2001-2008
Weekly mean: Q,,, Twater

v

Reservoir Temperature
Stratification
WEAP-1D

Watershed Hydrology,
Hydropower and Management
WEAP
Weekly: Rnet, P, Tair, Wind
Calibrated to Q. and Twater,,

\ 4

Population Dynamics SALMOD
mesohabitat unit, fish distribution,
weekly fish mortality
Final calibration to Q,,, Twater,.

Fish abundance

Definitions:

P = precipitation

Tair = air temperature

RH = relative humidity
Rnet = net radiation

Q,ps = Observed flow
Twater,,. = observed water

temperature
Qog = Modeled flow
Twater,,,4 = modeled water flow
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Calibration framework

Calibration figure and future figure
Figure 1. Left: Assemblage of analytical framework, model coupling and data transfer, used to model historical conditions. P=precipitation, Tair=air temperature, RH=relative humidity, Qobs=observed streamflow, Twater obs=observed water temperature, Rnet=net radiation,  Qmod=modeled streamflow, Twater mod= modeled water temperature. Right: Analytical framework used to model future conditions.



Analytical Framework

Calibration

Projections

Climate
Interpolated Observations
1986-2005
Daily: P, Tair, RH, Wind

Stream Observations
2001-2008
Weekly mean: Q,,, Twater

v

Reservoir Temperature
Stratification
WEAP-1D

Watershed Hydrology,
Hydropower and Management
WEAP
Weekly: Rnet, P, Tair, Wind
Calibrated to Q. and Twater,,

\ 4

Climate
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

Population Dynamics SALMOD
mesohabitat unit, fish distribution,
weekly fish mortality
Final calibration to Q,,, Twater,.

Population Dynamics SALMOD
mesohabitat unit, fish distribution

Fish abundance

Fish abundance
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Calibration and model frameworks

Calibration figure and future figure
Figure 1. Left: Assemblage of analytical framework, model coupling and data transfer, used to model historical conditions. P=precipitation, Tair=air temperature, RH=relative humidity, Qobs=observed streamflow, Twater obs=observed water temperature, Rnet=net radiation,  Qmod=modeled streamflow, Twater mod= modeled water temperature. Right: Analytical framework used to model future conditions.



EJWEAP: Hydrologic
and water
management model

*Developed by Stockholm
Environment Institute

*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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The tools used to build the hydrologic model is WEAP – water evaluation and planning system. This tool has been developed for 15 years by SEI’s water group team. WEAP integrates watershed hydrologic processes with water resources management system. That allows the model to be fed with climatic information that makes it useful for climate change studies. And at the same time allows for the analysis of supply, demand and infrastructure which constitute the management aspect of the watershed.



WEAP21 tiene muchas ventajas. A pesar de ser principalmente un modelo de recursos hídricos a nivel de cuenca que mira a la oferta, demanda, e infraestructura, también tiene un modelo hidrológico que puede determinar la escorrentía además de tener capacidades de tipo “cropwat”. Este va a ser el modelo de énfasis en este taller. 
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GIS layers
Also includes elevation, soil depth, and land use


With data processed, we input data into the model. Here you can see the GIS layers of the subwatersheds, and rivers in the Schematic representation of the model within WEAP. 
WEAP modeling period selected based on historic data available 1986-2005 (19 years) that encompass dry and wet periods
We used input climate data from CCRC, a dataset that is named Mauer’s dataset, which is an interpolated product to create continuous time series from real data collected at gages that gives climate data for each catchment. 


Operations

e Infrastructure
— Diversions
— Reservolirs
— Powerhouses

e Operations

— Flow
Requirements

— Operation Rules
— Priorities
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Then put in the operations. That required the creation of infrastructure elements such as diversions, reservoirs and powerhouses, and entering operations data such as flow requirements and rules. Here you can see the Butte Canal, the Hendricks Canal from the WBFR, the toadtown powerhouse, the DeSabla PH, and the centerville diversion and powerhouse.
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Temperature modeled in salmon habitat area
40 subreaches
Representative proportions of pool, riffle, run, in each
120 habitat units total
Photo of pool
Photo of riffle and run

Now I’ll show you how we modeled the temperature. As I mentioned before, we modeled it for the lower reach below quartz bowl. This section of the river is subdivided into 5 reaches (named A to E) and each of those into subreaches (5 for A, 8 for B, 12 for C, 8 for D, and 7 for E) for a total of 40 subreaches . Subreaches had an average length of 450 meters. Each subreach was divided into the typical habitat units pool, riffle and runs (av. Length 200-150-100 respectively). Here you see some of the typical pools in the upper graph, and in the lower graph a riffle and a run. 


WEAP Streamflow and Temperature Calibrations
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Calibrated WEAP to historical flow and temperature

Flow: 1986-2005
Calibration 1996-2005, Validation 1986-1995
Focused on fitting model to data for Summer low flow period
[BIAS -2% calibration, +12% validation]

Temperature: 2000-2005
Data shown along length of creek
Observed data are dots – weekly average, 2000-2005
Lines are model results for minimum, mean, and maximum weekly average
[BIAS -0.02 to -0.10]

You could also say that, that there was not a was not a long enough record available for temperature calibration. Also, that because we had data at several points, instead of validating over time, we validated over space at the different points, which is really the case since we used the 4 main pools for calibration (A1, C5, C7, E7), but there were 7 sites with data (in your slide 17), so 3 extra sites where we had temperature data for validation. 


Population dynamics model
structure (simplified)
Deterministic, weekly time step,
spatially explicit

Developed / modified by USGS
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Model structure (simplified version)
Developed and modified by USGS
Demographic population model incorporating environmental covariates (e.g., water temperature, flow) and microhabitat structure to simulate the dynamics of freshwater life stages of salmonid populations
User specified control over model dynamics (e.g. spawner spatial / temporal distributions, seasonal / habitat induced movement, superimposition and incubation loss, anadromy vs. residency) using a set of control and data files
- Deterministic, weekly time step, spatially explicit


SALMOD Calibration

e Observed
Predicted
R2=0.93
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SALMOD calibration
2001-2008

Adult temperature-mortality relationship, based on observed mean weekly water temperature along stream (120 habitat units), and observed weekly mortality along stream

Calibration pre-spawn mortality

Used observed historical flow and temperature, not WEAP-generated, because
Only 5 years overlap between historical flow/temp and fish data
2.  WEAP temperature was off by 2 C in a few key weeks (week 27 of 2001, week 29 of 2003)


Climate Predictions

California Climate Change Center
— Bias corrected

— Spatially downscaled

— Maurer and Hidalgo, 2008

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

6 General Circulation Models (GCMs)
— cnrmcm3 (CNRM CM3)
— gfdlcem21 (GFDL CM2.1)
— miroc32med (CCSR MIROC 3.2 med. Res.)
— mpiecham5 (MPI-OM ECHAMDb)
— ncarccsm3 (NCAR CCSM3.0)
— ncarpcml (NCAR PCM1)

Ensemble of models and scenarios
Envelope of climate predictions

IPCC Emissions Scenarios:
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Temperature Change Along Creek
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Mean weekly temperature distributions for 90-year model run.
Average 2 C increase averaged across 90 years.  3-4 C increase by end of century.
Some temp
ENVELOPE
Temperatures lethal for both A2 and B1 scenarios, at all locations.


Summer Survival of Adult Salmon

Year

Added 15,000 adults each spring
Calculated proportion that survived to spawn

Extinction criterion = 4 years with no survival



Presenter
Presentation Notes
Spawner survival to spawning period
Spawner supplement = 15,000 fish
Extinction criterion = 4 years

Models are uncertain. Not predicting exact year of extinction. Trends always down.


Management Adaptations

Round Valley Reservoir

Reservoir

No diversion
Cold water savings

Combination of both
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A slide to describe the management adaptations


Management Adaptations and Temperature

Leave water in upper half of salmon habitat

2oc |
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No diversion helps – Top end of distribution 2 C lower, median lower.
Cold water savings doesn’t help – but not timed to short term weather forecasts
Can cool stream in upper subreaches.
Less cooling in lower reaches.





Years Until Extinction Threshold Met

Management Adaptations and Survival Time

Climate change

No diversion

Cold water savings
Combination of both

Climate Scenario
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Survival time by climate scenario + model, with mgmt adaptations
A2 on left, B1 on right
Range of survival times across all scenario and model combinations (49 – 90+ years)
No diversion helps, cold water savings doesn’t help – but not timed to short term weather forecasts
Compare colors with black. 
In some cases green is WORSE than black.





Outcomes

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

 Management Adaptations

— No diversion
e Salmon survival time extended O — 17 years
e Loss of hydropower production

— Cold water savings
 No improvement or worse

— No diversion + cold water savings
* Any benefits due to “no diversion”



Implications

More water management adaptations
— Additional reservoir operations

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

Hydropower impacts due to water management changes

Economic implications of water management for
agricultural production

Climate change impacts on fish in other watersheds



Big picture points

* Long-term survival of spring-run Chinook
salmon in Butte Creek Is questionable

o \WWater management adaptations may
extend survival

« Analytical framework (linked models) we
developed here may be a useful tool
elsewhere
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Streamflow and Temperature Change
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Flow and temp projections, 2009-2099
Top – flow
Bottom – temperature
Data are % change

3 clusters of 30 years
Results for all 6 GCMs
B1 on left, A2 on right

Flow usually decreases
Summer flow ALWAYS decreases
Summer flow down 30-50% by 2070-2099

Temperature ALWAYS increases
Summer water temp up by 2-5 C by 2070-2099
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