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Which Models to Use?

Four Future Scenarios Considered

n
=

Many different
Global Climate
Models

—Al HadCM3
Al PCM
—A2 HadCM3

A2 GFDL2.1
A2 PCM
—B1 HadCM3
—B1GFDL2.1

2070-2099

Mo
on

o

N
N

Temperature Change (°C)

-
-t
T
=
Q
-
(4b)
()]
c
©
-
(&)
-
S
-
4y
o s
=
O
@
-
O

1975 2000 2025 2050 2075 2100

Temperature changes, °C

consistent with California Climate Scenarios Assessment, 2006 and 2008

Mike Dettinger, Dan Cayan




Two Important Stream Species
From The Managemen’r Per'spec‘ruve

- Chinook salmon 3 &



Chinook salmon

* Winter run (endangered)
- Sacramento River only

» Spring run (threatened)

* Fall run and Late fall run (species of
concern) —




Possible Effects of Stream
Temperatures on Salmonids

- Survival of eggs and pre-emergent fry in
gravel

» Survival and growth of juveniles in rivers

» Survival and growth of juveniles during
outmigration

* Migration and eqg quality of adults



Fish Methods

* Analysis restricted to major rivers in
CALSIM IT with USBR temperature
models

* Mgjor Assumptions

- 2020 level of demand (conservative)

- Existing operation rules (conservative)
» Output

- Monthly average temperature

- Monthly average flow



TR . Ay

=9
'?_-,;(._ R.
TRINITY N
o LAKE ‘E}?‘ Q
‘{ ..I
° ° KA \ /
R . WEAVER -
Ivers In Y
. WHISKEYTOVW,
RESERVORR
CALSIMII At
Diversion Do '
Corning Canal \
[ ]
' g //\)H)
FORT BRAGG ‘E ks
Eg!:‘%rra/(?olusa 2 "gagowm
CLEAR § 'ﬂ Thermalito Afterbay
emperarture Luxs 3
A B AMERICAN
RIVER
N FoLsoM
LAKE ? §  LAKE
"Q BERRYESSA
"0 North Boy = SACRAM ol
11 Aque ucr—: : Canal
"ﬁ N\ At
H "
Q Nzr MELONES
Pumping Plent
SAN FRANCISCO (s Hsfr‘f?\ HETCHY
RESERVOIR
NEU DON PEDRO
S \e-South Bo RESERVOIR
Aqueduc
SAN LUIS \C
. RESERVOIR\ , et
anta Clara P N9l MILLE}
Conal & '
-9 N\ /7 LAKE
@) Hollister\—2 " & A
a Canal N P
Son Luis <2, S
‘?‘v @, Canol=\ & FRESNO {6
1 X %

<



Fish Methods

- Compare against selected fish effect

Temps

- 60 F (15.5 C): 20% egg survival, 50% pre-
emergent fry survival = 10% total survival

+ Time period for presentation May-
October

- Largest temperature changes
- Critical period in winter run life cycle



This Time Period Essential For Winter run
egg and pre-emergent fry survival
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Sacramento River
Effects on Temperatures > 60 F

* Results presented in 33 year "blocks”

* Response is number of years when
monthly mean temperature > 60 F

* Maximum of 33 years
* PCM B1 (least warming)
+ GFDL A2 (most warming)



PCM B2 (least warming)
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PCM B2 (least warming)
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PCM B2 (least warming)

2067-2100
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GFDL Al (most warming)
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GFDL Al (most warming)
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GFDL Al (most warming)
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GFDL Al: drought + warming)




Sacramento River Results

* Final third of “least warming” scenario

- poor survival of winter-run salmon in Sep
and Oct of about 50% of years

* Final third of most "most warming”

scenario

- poor survival of winter-run salmon in Sep
and Oct of most years

* Management of winter-run Chinook

salmon will become more challenging as

climate warms



Monthly Outputs Are Blunt
Instruments for Ecological
Questions

| —




What is Needed to Improve
Understanding?

* Daily flow (coming) and temperature
(maybe) on all rivers of interest

- disaggregation of monthly outputs

* Need to test different management
scenarios

- Flood control effects on water
availability/environmental flows, including
cold pool storage

- Possible in future now that modeling
approach established



Next Steps for CASCaDE Fish

- Consideration of resident native stream
fish and invasives

» Consideration of delta species in
relation to delta temperature model and
salinity
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Native and alien resident fishes adult
preferences widely overlap but spawning

Common hame

Spawning
period

preferences differ

Spawning
temperature

Spawning
behavior

Spawning habitat

Spawning substrate

Native anadromous

Rainbow trout (steelhead)

Dec-Jun

Simple nester

Flowing water

gravel

Chinook salmon (fall-run)

Oct-Mar

Simple nester

Flowing water

gravel-cobble

Resident native

Sacramento sucker

Mar-May

Broadcast

Riffles, flowing water

gravel-cobble

Prickly sculpin

Feb-Jun

Complex nester

Flowing water

cobble

Riffle sculpin

Feb-Apr

Complex nester

Riffles, flowing water

cobble

Sacramento pikeminnow

Apr-May

Broadcast

Riffles, flowing water

gravel-cobble

Hardhead

Apr-May

Broadcast

Riffles, flowing water

gravel

Resident invasive

Red shiner

Jun-Jul

15-30C

Simple nester

No or little flow

substrate, vegetation, other structure

Threadfin shad

Apr-Aug

> 20C

Broadcast

No or little flow

vegetation, other structure

Bluegill

spring

>18-21C

Complex nester

No or little flow

mud-gravel

Redear sunfish

summer

> 21-24C

Complex nester

No or little flow

mud-gravel

Inland silverside

Apr-Sep

15-30C

Broadcast

No or little flow

vegetation, other structure

Largemouth bass

Apr-Jun

15-24C

Complex nester

No or little flow

sand-gravel

Smallmouth bass

May-Jul

> 13-16C

Complex nester

No or little flow

sand-cobble

Redeye bass

late spring

>17-21C

Complex nester

Flowing water

gravel
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