Baseline Average surface air temperature has Average temperature west of the Cascade Mountains increased more than giobal average
increased by approximately 0.8 °C over temperatures over the past century, with more moderate increases close to the coast (0.5
the past century {Karl et al. 2009). to 1.0 °C); increases were greatest in the winter with a winter trend of 1.8 °C per century

. ) west of Cascade crest {Mote 2003).
~2020-2050 Tillamook: By 2035 the projected mean temperature
Increase is 0.94 to 1.1 °C, with the largest % change
. occurring in summer {Table 5 in Sharp et al. 2013).
~2050-2080 By the 2080s the mean annual Tilamook: For the period 2040-2069, projected
temperature increase is 2,5-3.4 °C for B1 temperature extremes {average # days per year > 32
scenario and A1B emission scenarios, °C) will increase sharply in the eastern domain of
respectively. The range for these two watershed, but less so for the west domain (Figure 23
scenarios is 1.5 to 5.8 *C {Figure 7 in Mote in Sharp et al. 2013).
and Salathé 2010). Warming is projected
to be largest in summer,
End of By 2100, mean summer temperatures are
Century projected to increase 3.9°C-> +11°C,
(mean of +7.2 °C}, under a RCP85 emission
scenario (David Rupp 2014; stream
temperature workshop).

Precipitation and General Hydrologic Regime Change:

* The biggest signals are changes from snow-dominated systems to rain-dominated systems, with huge uncertainties around precipitation for inland mountain regions. In the
coastal regions precipitation won’t change much, but temperature will. We don't know how precipitation will change as you move further inland (Charles Luce 2014; stream
temperature workshop).

* Most emission scenarios project wetter winters and only small changes in absolute summer preapitation with modest increases in annual precipitation; and precipitation
changes lying well within the 20th century range of year-to-year variability {Mote et al. 2003).

* While there is major uncertainty, the general trend shows winter and summer precipitation to increase and decrease respectively by ~10-15%. The summer gradient is clear: a
greater decrease in precapltatlon is prOJected in PNW areas {WA, western OR), and a slight increase in precipitation towards the CA and NV border. Winter preupltatton
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Basefme
~2020-2050

For the period 2010-2039,
summer precipitation change (%)
is projected to decrease by 5-11%,
with decreases up to 21% for the
2040-2069 period {Table 6 in
Sharp et al. 2013).

~2050-2080

A large majority of models (68-90%
depending on period and scenario)
projected decreases in summertime
precipitation, reaching a decrease of 14%

For the time period 2040-2069 the
projected number of drought
months changes little from a 1976-
2009 baseline period (Figure 30 in




by the 2080s. Some models foresee
reductions of as much as 20-40% in
summer precipitation {Mote and Salathé
2010).

Sharp et al. 2013).

End of
Century

Baseline

~2020-2050

* By mid-century, with a projected 2 °C
winter warming, 9,200 km” of currently
snow-covered area in the Pacific
Northwest would receive winter rainfall
instead (Nolin and Daly 2006).

* By 2030-2069 the transitional hydrologic
regime {both spring snowmelt and fall-
winter high flow}, shifts inland and
northwards, leaving only small areas of
the transitional regime in the north
Cascades and the Rocky Mountains
{Beechie et al. 2012}.

* Cascades: By mid-century,
increased winter temperatures
are projected to result in
increased winter rainfall and
decreased snowfall, leading to
decline in snow pack by
anywhere from 11% to 21%
(Casola et al. 2009) to as much
as 70% {Leung et al. 2004, Payne
et al. 2004}. However, in areas
projected to remain above
freezing (high elevations), an
increase in winter precipitation
may resuit in more snowpack
accumulation.

*Upper Clackamas: by 2010
2039 mean peak snowpack will
decrease by 36-49%, resulting in
earlier runoff and diminished
spring and summer flows.

For the period 2010-2039, there is
a projected slight increase in
precipitation for the fall and
winter periods (Table 6 in Sharp et
al. 2013).

~2050-2080

By 2070-2099, the snowmelt hydrologic
regime no longer exists in the north
Cascades and upper Snake River basins
{Beechie et al. 2012).

Upper Clackamas: by 2070-2099
mean peak snowpack will
decrease by 83-88%), resulting
in earlier runoff and diminished
spring and summer flows.

End of
Century

Summer Flows:

Annual River Flows:

* The largest changes are not due to total annual flow (which for the 2020s, ranged from —6% to +22%) but from changes to intra-seasonal flows. Unregulated smaller, rain-fed
and mixed rain/snow streams west of the Cascades are already susceptible to winter flooding, especially in wetter La Nifia winters {Mote et al., 1999b, Table 4).

¥ By 2040, mean annual stream flow will increase 0.1% {Table 2 in Wu et al. 2012). '




v

* “The underlying infiltration model used in some projections does not adequately estimate the contribution of deep underground storage to base flows, and therefore can
underestimate summer stream flow.” (Beechie at al. 2012).

* Net reduction in winter snow accumulation reduces the amount of water stored as snow fot spring reservoir refill and summer streamflows. Therefore changes in snowpack
are expected to lead to reduced streamflow in summer.

5 )

Baseline There is already a consistent pattern of declining trends in stream
flow, with flows in dry years declining more rapidly than those in
average or wet years {Luce and Holden 2009).
~2020-2050 * For 2000-2029 and 2030-2069,
NW Oregon streams will have a
10-35% decrease in minimum
mean monthly flow (visual
interpretation of Figure 6 in
Beechie et al. 2012).

* By 2040, a projected 22.4%
decrease in mean summer flow
(Table 2 in Wu et al. 2012).

* By 2050 a projected decrease of
roughly 30%-50% (McAdoo 2014).

,~2050-2080
End of The largest decreases will be
Ceniury west of the Cascade Mountains,
where minimum monthly flows
decrease by 10-70% over the
course of the century, with
largest changes occurring in the
streams with transition
hydrolagies {that will lose their
spring snowmelf peak and
associated decline in late
summer flows (Beechie at al.
2012).

i

~2020-2050 o Changes in snowpack are * Higher winter streamflows
expected to increase winter increase the likelihood of winter
flooding {with more rain-on- flooding.

snow events). * For time periods 2000-2029 and




2030-2069, NW Oregon streams
wilt have negligible change in
maximum mean monthly flow and
shift in timing of maximum
monthly flows (visual
interpretation of Figure 7 in
Beechie et al. 2012).
* By 2050 size of peak flows
indicates a small increase at the
extremes {(McAdoo 2014).
8l Oreg

Baseline There has been a significant shift toward earlier peak flows throughout the western U. S., which is attributable to climate forcing (Hidalgo et al. 2009).
~2020-2050 Declines in snowpack and earlier | * Projected changes of monthly

spring snowmelt are expected stream flow changes are relatively

to lead to earlier peak runoff, small with no clear seasonal shift

in flow timing, but moderate
changes in mean monthly flows
(Figure 8d in Wu et al. 2012).

* For time periods 2000-2029 and
2030-2069, NW Oregon streams
will have a negligible shift in
timing of minimum mean monthly
flow mean {visual interpretation of
Figure 6 in Beechie et al. 2012).

* By 2050 high flows are projected
to start earlier in fall and low flows
to start earlier in summer
{(McAdoo 2014).

Water Temperature:

* Higher stream discharge {greater depth & cross-sectional area) = lower sensitivity; greater mountain snowmelt {greater inputs of discharge from cold headwaters) = lower
sensitivity; higher subsurface stormflow = lower sensitivity {Dan Moore 2014; stream temperature workshop).

* “Future changes in stream temperature in response to climate change in Oregon will depend on the degree to which warming results in a reduction of fate summer streamflow
and how warming influences riparian vegetation. The resulting effects are complex.” {Chang and Jones 2010).

* Reduced summer flow was a larger influence on stream temperatures than was increased air temperature in the Wenatchee River in central Washington {Cristea and Burges
2009).




~2020-2650

Willamette: By 2030-2069,
maximum weekly temperatures
are projected to exceed 26 Cin
the lower subbasin {Beechie et
al. 2012).

* By 2040, mean summer water
temperature will increase by 0.5 C,
but projections are variable (Table
3inWu et al. 2012).

* Most coastal river systems are
likely to have <1 degree change in
maximum average weekly
temperature and remain within
published thermal tolerances of
salmonids even in the 2070-2099
period (Beechie et al. 2012).

* By 2050, increase year-round,
with increased variabijity due
increased fire risk (McAdoo 2014),

Not well studied, but some
indication of a small increase in
extreme rainfall years (McAdoo
2014).




Climate Change Assessment for LCR Basins and Listed Fish Populations

1. The objectives for doing a climate change risk assessment are to identify the relative climate
change vulnerabilities across fish conservation units.
a. Conduct the assessment with enough detail to identify key U_o_om_nm_ vulnerabilities in
time and space.
b. The assessment should be tailored to identify any further data needs and lead to
development of prioritized actions that can be implemented.

2. Risk assessment terms: Risk to an asset = Threat * Biophysical Vulnerability
a. CCThreats {or stressors): Climate change threats can be categorized as 3 exposure types
relative to what response capacity a conservation unit (defined below) has to that
threat:
i. Discrete recurrent hazards (example: droughts, episodic rainfall/debris flows,
channel scouring)

ii.  Continuous hazards (examples: increases in mean temperatures/precipitation
[decadal trends])

iii. Discrete singular hazards (example: abrupt change in ocean regimes)

b. For climate change exposure projections (to 2040), 4 attributes reflecting continuous
hazards were used, with HUC-10 catchments as the most down-scaled environmental
conservation units.

I. Absolute change in summer air temperatures.

ii. Percent change in summer flow runoff.

ili. Percent change in SWE.

iv. Projected August water temperatures,

v. {adata need is to characterize whether discrete recurrent hazards are becoming
more frequent, and whether their effects extend across fish brood years.)

vi. (o data need is to add estuarine changes, and to the extent that ESUs are
exposed

¢. Biophysical Vulnerability: The degree to which a conservation unit is sensitive to, or has
capacity to cope with climate change threats, including climatic variability and extremes.
CU’s that are sensitive to climate-induced stressors have less capacity to “adapt” to
changes, and are generally considered to be vulnerable to climate change impacts.
Vuinerability is a function of a CU’s exposure (characterized above), sensitivity, and
adaptive capacity to the nature, magnitude, and rate of climate variation. For this
assessment the biological conservation units are Federal ESU designations and
attendant populations.

d. For Current Biological Sensitivity, 3 attributes were used.

i. Current population risk: VSP aggregate scores

ii. Juvenile life stage exposure to summer stream conditions

iii. Adult exposure to summer stream conditions

iv. (o data need is finer-scaled life history assessment of Srmam:ﬂ species traits such
as thermal tolerances, run timing, dispersal, and behavior).

e. For Current Environmental Sensitivity, 3 attributes were used.

i. Summer water availability (WAB) index.
ii. Presence of 303d listed streams for temperature
iii. Migration barriers (large)




v,

V.

(o data need is finer-scaled assessment of FW habitat LFTs from the LCR Plan
fhave they been categorized and ranked for importance?], and a better GIS
partition of the 3 attributes used here.)

(a data need is a standardized approach to assessing HUC-12 watershed
conditions).

f. For Adaptive Capacity this assessment is incomplete. Adaptive capacity describes the
ability of the CU to maintain population performance under climatic change, so is mostly
about resilience in biology and human systems. Some approaches include:

ii.
iv.

Are there CUs already able to accommodate changes in climate due to inherent
resilience?

What are the institutional barriers to accommodate changes in climate? Policy,
regulations, competition for resources; co-managers? Is the “system” already
stressed? Are there efforts already underway to address climate change?

What are any biological/geographic constraints?

Is rate of climate change likely to be faster than “adaption”?

3. What does the current assessment tell us?

a. Spring Chinook adult run timing stressors will be exacerbated under climate change.

b. Juvenile summer rearing stressors will be exacerbated under climate change, especially
for coho, steelhead and spring Chinook.

¢. Cascade strata will experience the most environmental change.

4. What are the type of enhancement projects that reduce the thermal exposure to Spring Chinook
adults, and juveniles of coho and steelhead?
a. Review of Beechie et al 2012 table

Nothing new: System-wide riparian shade, but look for opportunities to get
effective shade.

Nothing new: Hydrologic reconnection with subsurface flows.

New: Identify and maintain (restoration/protection) of localized cool water
refugia.

Promote thermal heterogeneity through instream structure.



- City of Washougal-Columbia River

Lower Columbia Gorge

ESU

15 23
- Eagle Creek-Columbia River tributaries {OR/WA) fail 3 8
- Clatskanie River
- Plympton Creek-Frontal Columbia R. | Clatskanie River fall 4 9 15 24
- Beaver Creek-Frontal Columbia R. ‘
Big Creek-Frontal Columbia River Big Creek fall 4 S 15 24
Youngs River-Frontai Columbia River | Youngs Bay fall 4 10 i6 26
” gi'lTF?J'ﬂR er late fall
) i - 17 27
- Middle Sandy Sandy River {Zec;i;: 4 10
- Llower Sandy River
LCR Chinook | Scappoose Creek-Frontal Columbia R | Scappoose Creek fali 3 10 18 28
Esu - Salmon River
- Bufl Run
i 20 30
- Middle Sandy Sandy River fall 4 10
- Lower Sandy River
- Hood River
i 22 32
- West Fork Hood River Hood River fal 3 10
- Zig Zag River
- Salmon River
- Bull Run Sandy River spring 4 10 22 32
- Middle Sandy ,
- Lower Sandy River
- Eagle Creek ) Clackamas River fall 4 11 21 32
- Lower Clackamas River
UWR - Coliowash River
. - Upper Clackamas River Clackamas River spring 4 10 23 33
Chinook ESU
- Oak Grove Fork
LR Chinook West Fork Hood River Hood River spring 4 1 2 ¥




LCR Chum
ESU

- City of Washougal-Columbia River

Lower Columbia Gorge

Il 2 1 3 1 0 3 10 18
- Eagle Creek-Columbia River tributaries {OR/WA) fa 1 1 3 3 8
- Clatskanie River
- Plympton Creek-Frontal Columbia R. | Clatskanie River fall il 1 4 3 9 5 1 3 2 1 1 i3 22
- Beaver Creek-Frontal Columbia R.
Big Creek-Frontal Columbia River Big Creek fall i 1 4 3 9 5 1 3 2 1 1 13 22
Youngs River-Frontal Columbia River | Youngs Bay fall 1 1 4 4 10 5 1 3 4 1 1 15 25
Scappoose Creek-Frontal Columbia R | Scappoose Creek fail 1 1 3 5 10 5 1 3 5 0 3 17 27
Lower Sandy River Sandy River fall 1 2 4 4 i1 5 1 3 5 1 3 18 2%
Lower Clackamas River Clackamas River fall 2 1 4 4 11 5 1 3 4 1 5 19 30

1CR coho
ESU

- Eagle Creek-Columbia River

ower Columbia éorge
tributaries {OR/WA)

fall

17

25

- Clatskanie River

- Plympton Creek-Frontal Columbia R. | Clatskanie River fall 1 1 4 3 7 9 4 5 3 2 1 i 16 25

- Beaver Creek-Frontal Columbia R.

Big Creek-Frontal Columbia River Big Creek fall 1 1 4 3 9 5 5 3 2 1 i 17 26

Youngs River-Frontal Columbia River - Youngs Bay fall 1 1 4 4 10 5 5 3 4 1 1 19 29

Scappoose Creek-Frontal Columbia R | Scappoose Creek falt 1 1 3 5 10 3 5 3 5 0] 3 19 29
Upper Columbia

- Hood River Gorge tributaries y

- Eagle Creek-Columbia River (OR/WA) and Hood fal 1 2 3 3 9 > > 3 2 1 & 21 30
River

- Zig Zag River

- Salmon River

- Bull Run Sandy River falt 1 3 4 2 10 3 5 3 5 1 3 20 30

- Middle Sandy

- Lower Sandy River

- Collowash River

- Upper Clackamas River

- Oak Grove Fork Clackamas River fali 2 3 4 2 11 3 5 3 4 i 5 21 32

- Eagle Creek
joh

Willamette)?




- Clatskanie River

SW WA - Plympton Creek-Frontai Columbia R. | Clatskanie River winter 9 11 20
Ste;l:sead - Beaver Creek-Frontal Columbia R.
Big Creek-Frontal Columbia River Big Creek winter g 12 21
LCR
- City of Washougal-Columbia River | Lower Columbia Gorge [ .
Steethead ter 8 14 22
DPS - Eagie Creek-Columbia River tributaries {OR/WA) win
SWWA i Youngs River-Frontal Columbia River | Youngs Bay winter 10 13 23
Steethead
BPS Scappoose Creek-Frontal Columbia R [ Scappoose Creek winter 10 15 25
- Zig Zag River
- Salmon River
- Buli Run Sandy River winter 10 19 29
- Middle Sandy
- Lower Sandy River
LER | East Fork Hood River Hood River: Eastand | iover 10 20 30
Steelhead Middie forks
DPS - Coliowash River
- Upper Clackamas River
- Oak Grove Fork Clackamas River winter 11 19 30
- Eagle Creek
- Johnson Creek (Lower Willametta)?
Woest Fork Hood River Hood River summer 11 26 37




