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2.5 SUMMARY OF CURRENT IMPACTS

In summary, predicted trends in water temperatures (present compared to a baseline of 1960)
vary between sites as shown by the analysis of the Mantua et al. (2010) historical data, and
there is considerable variation at the sites themselves as indicated by the standard deviations
(which is expected given the influence of the El Nifio — Southern Oscillation and the Pacific-
North American pattern). Amidst this variation, there is strong evidence of a warming trend in
Pacific Northwest waters and in the Columbia River mainstem since 1960, as indicated by
literature and the analyses conducted herein by EPA. Based on available information (Table
2-1), the estimated increase in river temperatures since the 1960 baseline ranges from 0.2°C to
0.4°C per decade, for a total temperature increase to date of 1.5°C £ 0.5°C. The trend analysis
of the RBM10 model output shows decadal changes at the upper end of that range, while the
analysis of historic Mantua et al. regression estimates of water temperature shows decadal
changes at the lower end of the range. The RBM10 model results also indicate that Columbia
River dam impoundments exacerbated the climate-related warming in mid-summer and early
fall, compared to predicted trends in a free-flowing river (Table 2-5).

3.0 FUTURE IMPACT PROJECTIONS

Modeling studies use statistical or numerical simulation approaches to estimate water
temperature responses to scenarios of potential future climate change. Scenarios typically
include a range of potential futures based on different climate models, different assumptions
about future greenhouse gas emissions, and different future time periods. Climate model output
can be used as inputs to hydrologic and water quality models, providing a capability to evaluate
a wide range of potential climate futures, including interactions with changes in land use and
other factors affecting water quality. Simulated results are commonly presented as average
(annual or seasonal) changes in water temperature (median or average) relative to a historical
baseline period. The results of all modeling studies are directly conditional on the specific
methods, models and climate change scenarios evaluated.

Studies of climate change in the Columbia River basin have used downscaled output from two
rounds of the Coupled Model Intercomparison Project (CMIP) global climate modeling
experiments conducted for the Intergovernmental Panel on Climate Change Assessment
Reports (ARs): CMIP3, associated with AR4 (2005/2006); and CMIP5, associated with AR5
(released in 2012). CMIP5 included a variety of process improvements to global climate models,
but simulated responses to a given degree of radiative forcing are generally similar between
these two rounds. One significant way in which the two phases differ is that CMIP3 uses future
scenarios from the Special Report on Emission Scenarios that are based on scenarios of future
emissions that rely on various assumptions about economic growth and human responses?.

2 CMIP3 emissions scenarios referenced in this document include:
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CMIP5 scenarios, termed Representative Concentration Pathways (RCPs) take a different
approach in which explicit but highly uncertain socioeconomic projections are not made; rather,
each RCP is based on an assumption of a specific level of radiative forcing at the end of the 215
century. For instance, RCP 8.5 is an upper-bound scenario that assumes radiative forcing
increases to 8.5 W/m? by 2100. The middle-of-the-road Special Report on Emission Scenarios
A1B scenario from CMIP3 is similar to the RCP 6 scenario from CMIP5 (radiative forcing
increases to 6.0 W/m? by 2100), with both reaching an approximate CO; equivalent
concentration of 850 ppm by 2100.

3.1 FUTURE PROJECTIONS OF METEOROLOGICAL CHANGES

Across the Pacific Northwest, an increase in average annual air temperatures of 1.8°C to 5.5°C
is projected by the end of the century (compared to the period 1970 — 1999), depending on the
scenario, with the greatest increases projected for the summer (Mote et al. 2014; Rupp et al.
2017). Rupp et al. (2017) estimates that air temperatures at the end of the century will increase
by 3.0 and 5.5 °C above the 1970-1999 baseline average temperatures under the RCP 4.5 and
RCP 8.5 scenarios respectively. The estimated temperature differences between the RCP 4.5
and RCP 8.5 projections are 0.5 °C by 2050, and 2.5 °C by 2099.

The River Management Joint Operating Committee authored a report characterizing projected
climate change impacts in the Columbia River basin and other basins in western Oregon and
Washington (2018). The focus is on projected temperature, precipitation, snowpack, and
streamflow changes through the rest of the 215t Century. The study found that, on average, air
temperatures have already increased by 0.8°C in the region since the 1970s, and projected
future increases by 2070 range from 1.7°C to 3.3°C (based on CMIP5 RCP 4.5 emissions
pathways). Changes in future precipitation are more uncertain, but are generally predicted to
increase, notably during winter. Summers are expected to become drier. Winter snowpacks are
expected to decline since more winter precipitation will fall as rain rather than snow. As a result,
average summer flows are expected to be lower and/or there will be a longer period of low
summer flows, which will likely cause a tighter coupling of water temperature to air temperature.
Predicted seasonal flow changes between recent historic and 2030s conditions are shown
graphically in Figure 3-1. Flows are expected to increase during winter and spring and
decrease during summer and fall.

A1B. This future climate emissions scenario assumes very rapid economic growth, a global population
peaking mid-century followed by a decline, rapid development of new and more efficient technologies,
and a balance between fossil intensive and non-fossil energy sources.

B1. This future climate emissions scenario assumes the same population pattern as A1B, but with rapid
change in economic structures toward a service and information economy, with reductions in material
intensity and the introduction of clean and resource-efficient technologies.

A2. This future climate emissions scenario assumes a continuously increasing population, with per capita
economic growth and technological change more fragmented and slower than other scenarios
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Figure 3-1  Predicted changes in seasonal streamflow between the period 1976-2005 and
the 2030s
(from River Management Joint Operating Committee, 2018)

DJF = Dec-Feb; MAM = Mar-May; JJA = Jun-Aug; SON=Sep-Nov; Circle size denotes relative streamflow volume

3.2 FUTURE PROJECTIONS OF WATER TEMPERATURE INCREASES

Studies and analyses describing projected future water temperature increases are presented
below in three sub-sections: regional assessments, Columbia River mainstem, and Columbia
River tributaries. Results are summarized in Table 3-1. The studies use different future time
periods but can be generally classified into early century (approximately 2010 — 2030), mid-
century (approximately 2030 — 2070), and late century (approximately 2070 — 2100).
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3.21 Regional Assessments

In the Methow River near Winthrop, Washington, average annual stream temperatures are
projected to increase by 0.4°C to 0.8°C (early century to late century, respectively) in response
to moderate emissions (CMIP3 A1B) (Caldwell et al. 2013). Similar increases ranging from
0.6°C to 1.7°C (early century to late century, respectively) are projected in response to
moderate emissions (A1B) for watersheds in Washington, Oregon, Idaho, western Montana,
and portions of British Columbia (Wu et al. 2012). Simulations by Mantua et al. (2010) for over
100 sites predict increases in stream temperatures in Washington ranging from approximately
1°C to 2°C for early century, 1°C to 4°C for mid-century, and 1°C to 5°C for late century. Results
varied across sites and by CMIP3 emission scenario (low [B1] to moderate emissions [A1B]).

Climate change could alter seasonal and shorter-duration summer maximum stream
temperature, which is a critical period for aquatic ecosystems and could impact cold water biota
(Ficke et al. 2007). Effects on water temperature are more evident in the snow-dominant
watersheds, where reduced winter snowfall and earlier snowmelt is expected to result in lower
summer stream flows and higher summer stream temperature. For example, Wu et al. (2012)
predict streamflow decreases of about 19% to 30% in mid- and late century, respectively.
Several modeling studies in Washington watersheds suggest the greatest increases in stream
temperature will occur during the summer months (Caldwell et al. 2013; Wu et al. 2012; Cristea
and Burges 2010; Mantua et al. 2010). Cristea and Burges (2010) projected increases in future
average summer stream temperatures in Wenatchee, Icicle, and Nason Creeks in Washington.
The magnitudes of projected changes in water temperatures in these waters are strongly
influenced by riparian shading.

In the South Fork Nooksack River, Washington, late century water temperature increases
ranging from 3.5°C to 6°C are projected during critical summer low-flow conditions (simulations
based on moderate emissions, CMIP3 A1B) (Butcher et al. 2016). However, restoration of full
system riparian shading was predicted to mitigate potential future water temperature increases
by 30% to 60% during critical conditions. Maximum 7-day average stream water temperatures
were projected to increase by 1.1°C to 3.6°C by late century even with system potential shade.
Model simulations also suggested that critical condition water temperatures could exceed
thermal tolerances for salmon in 60% to 94% of the Nooksack River by late century.

Using the CMIP3 A1B (medium emissions) scenario and the NorWest spatial statistical network
model, the Pacific Northwest regional August mean river temperatures are projected to increase
by 0.7°C in 2040 and 1.4°C in 2080, compared to a baseline period of 1993 — 2011 (Isaak et al.
2017).

Beechie et al. (2013) used a coupled model, called the dominant river tracing-based stream flow
and temperature model, to estimate flow and stream temperature in the Columbia River basin
for future climate conditions (CMIP3 A1B). They predicted an increase in the maximum weekly
mean temperature across the watershed of 1°C to 4°C for 2030 — 2069 and 2°C to 6°C for 2070
—2099. They also predict that the number of stations where water temperatures are projected to
exceed 21°C for more than nine weeks per year will increase dramatically by the end of the
century.
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3.2.2 Columbia Mainstem

Isaak et al. (2017) estimate that August mean river temperatures across the mid-Columbia
basin, calculated using the CMIP3 A1B (medium emissions) scenario and the NorWest spatial
statistical network model, will increase by approximately 1.0°C by 2040 and 2.0°C by 2080,
compared to a baseline period of 1993-2011.

Using the RBM model, Yearsley (2009) projected an increase in the daily average temperature
in the Columbia and Snake River mainstems. At Bonneville, from 1951 — 1978 until 2040, the
predicted increase was approximately 1°C during the summer months, with some variation over
the year. The projected increase depended upon location, with higher maximum temperature
increases predicted for certain times of year at Ice Harbor Dam, for example, compared to the
Bonneville Dam. The predictions used the A1B scenario with a composite of four downscaled
GCMs driving the VIC model for hydrology.

3.2.3 Columbia Tributaries

Simulations from a global-scale study by van Vliet et al. (2013) under CMIP3 A2 (high) and B1
(low) emissions scenarios suggest that average annual water temperatures in the Columbia
River basin could increase by an average of 1.6°C by late century.

Using the NorWest statistical stream network model (Isaak et al. 2018), EPA analyzed
estimates of current and future tributary temperatures (EPA 2018). Tributary temperatures are
predicted to increase between 0.6°C and 0.7°C relative to Columbia River temperatures (Figure
3-2). In addition, many tributaries in the future, despite being relatively cooler than the Columbia
River, could become warmer than water temperature thresholds for fish habitat and therefore
would be less functional as cold water refuges. Figure 3-3 and Figure 3-4 show current
conditions and 2080 projections, respectively.

EPA also conducted enhanced temperature modeling to assess Columbia River tributary
riparian shade restoration potential under current (1993 — 2011) and projected future (2040s
and 2080s) conditions (Fuller et al. 2018). The goal was to provide insight into potential changes
in cold water refuge for Pacific Salmon. Like the analysis in EPA 2018, this project used
geospatial representations of covariates that affect stream temperature and spatial stream
network models (Isaak et al. 2018). Current and future climate scenarios were paired with three
shade assumptions: no vegetation, current vegetation, and potential restored vegetation.
Overall, for the tributaries analyzed, mean August temperatures across the tributaries in the
basin decreased by 0.5°C when shade was restored (with a range of 0°C - 1.3°C). The
improvement in temperature depended heavily on current extent of vegetation and stream
width. Results indicated that with current vegetation, August monthly mean stream
temperatures would increase on average by 1.1°C for the 2040s scenario and 2.0°C for the
2080s scenario. For the restored vegetation scenario, the relative August mean increases
across all tributaries were about the same (1.0°C for 2040s and 2.0 for 2080s, compared to
current restored conditions).
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Figure 3-2  Difference in Columbia River tributary and mainstem August mean temperatures
at confluences and future projections

(from EPA 2018)
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Table 3-1

Watershed/

Projected stream temperature responses to future climate change scenarios in

Future
Period

Water

the Northwest

Scenario(s) Used to

Drive Water Models #

Projected Water Temp. Changes (°C)

Seasonal

Citation

Region

Model(s)

Annual (Range)

Regional Assessments

(Range)

Early +0.4 July:
Century Coupled Climate (£1.6) +1.4
Methow River, Mid GLM-VIC Number: 10 +0.7 July: Caldwell et
WA Century statistical o (x1.8) +2.4 al. 2013
. Emissions: A1B -
Late modeling +0.8 July:
Century (x1.9) +2.8
Early +0.55 Sﬁggg"
Century (+0.01 to +1.09) (-0.27 to +2.66)
Unspecified : Climate Summer:
watersheds, | M9 DRTT Number: 20 - e . +1.37 W el
OR/WA/ID/MT ry Emissions: A1B ) ) (-0.47 to +4.08)
Late +1.68 SLi’ng I
Century (+0.08 to +3.17) (-0.46 to +5.81)
Early Summer: ¥
Century - . <+1to+2
124 sites, Mid ?ntggztllicr;]al iji:;?;:ﬁ 9 i Summer: ¢ Mantua et
WA Century 9, umboer. <+1to +4 al. 2010
approach Emissions: A1B, B1 —
Late Summer: ©
Century <+1to+5
Earl Summer:
Contir A1B: +0.61 to +1.30
Wenatch Y B1: +0.53 to +1.09
Ic?igfe(;nede' Mid Climate Summer: Cristea and
Nason Creeks Centu QUAL2Kw Number: 39 - A1B: +0.95to +2.08 | Burges
WA ’ ry Emissions: A1B, B1 B1: +0.74 to +1.66 2010
Late Summer:
Centu A1B: +1.35to +2.86
Y B1: +1.05 to +2.30
7-day changes for
CEitrLy 7Q10 streamflow:
South Fork &4 Climate +1.41t0+1.9
- VIC ) Butcher et
Nooksack Mid Qual2Kw Number: 3 - +2.2 10 +3.1 al. 2016
River, WA Century Emissions: A1B ) ) ’
Late
Century +2.9 to +5.1
Mid NorWest August:
Pacific Century spatial Climate +0.73 Isaak et al
Northwest statistical Number: 1 . ’
. Late L August: 2017
region network Emissions: A1B
Century model +1.42
Columbia River Mid Dominant Max weekly mean:
basin and Century . . Climate +1to +4 .
river-tracing ) Beechie et
coastal Number: 1
; Late streamflow T Max weekly mean: al. 2013
drainages of Cent model Emissions: A1B +2 10 46
OR and WA ury
Columbia River Mainstem
Mid NorWest August:
Mid-Columbia Century sp.atl.al C"matf’ *1.0 Isaak et al.
River basin Lat statistical Number: 1 A £ 2017
ate network Emissions: A1B ugust.
Century +2.0
model

23



Columbia and Snake River Temperature Assessment March 2020

Watershed/ Future Water Scenario(s) Used to Ejsciodiiaten Temp.SCel:;r;grjlzls (C) Citation
Region Period Model(s) Drive Water Models # | Annual (Range) Range
Early Climate Summer:
Columbia River Century ) +1.0 Yearsley
. . VIC Number: 4 ;
at Bonneville Mid L Summer: 2009
Emissions: A1B
Century +1.7
Columbia River Tributaries
Columbia River, Late Climate +1.6°C van Viiet et
WA/ OR/ID Centu VIC-RBM Number: 6 (95th percentile: - al 2013
(258,000 km?) ry Emissions: A2, B1 +2.6°C) )
Mid Spatial Climate August mean:
Columbia River Century stream ) +1.1 Fuller et al,
: . Number: 1 .
tributaries Late network i August mean: 2018
Emissions: A1B
Century models +2.0
Mid NorWest August mean:
I Century spatial Climate +0.8
Col‘;rg‘uﬁfriz's"er Lat statistical Number: 1 Avaust _ EPA 2018
ate network Emissions: A1B ugustmean:
Century model +2.0

DRTT= Dominant river-tracing-based temperature model; GLM= Generalized linear model; VIC= Variable Infiltration
Capacity model; QUAL2Kw= water quality model; VIC-RBM= Variable Infiltration Capacity model, combined with a

one-dimensional stream-temperature model referred to as the RBM. Early Century: approximately 2010 — 2030; Mid
Century: approximately 2030 — 2070; Late Century: approximately 2070 — 2100.

3.3 SUMMARY OF HISTORICAL AND FUTURE IMPACT PROJECTIONS

Climate change has already and is projected to continue to influence river temperatures across

the Northwest, including the temperatures of the Columbia and Snake Rivers, and will influence
multiple aspects of river hydrographs, including timing and magnitude of river flow. Based on the
synthesis herein, climate change has increased temperatures in the Columbia and Snake River
mainstems by 1.5°C + 0.5°C since 1960. From the present-day baseline, the warming trend is
expected to continue in the coming decades. The two studies that specifically analyzed the
Columbia River (Isaak et al. 2018 and Yearsley 2009) predict an increase in summer mainstem
river temperatures of 1.7°C to 2.0°C by the end of the century. Similar increases are projected
for Columbia River tributaries. These estimates are provided in a context of regionwide
projections of river temperature increases in summer generally ranging from 1°C to 5°C by the
end of the century.

3.4 UNCERTAINTY IN FUTURE IMPACT PROJECTIONS

The available projections of future air and water temperatures in the Northwest region and the
Columbia and Snake Rivers are uncertain, because these projections are developed using
models that represent atmospheric, hydrologic and heat transfer processes based on our
current scientific understanding of those complex processes. In addition, the datasets used as
the basis for the future climate projections including historical climate information and future
estimates of human activities are imperfect and based on assumptions that may not hold in the
future. Despite the limitations and uncertainties, the scientific projections point towards a
distinctly warmer climate at the end of the 215 century (Rupp et al. 2017). The available
research is unanimous in projecting warmer temperatures, but there is uncertainty in the slope
of the trend at different periods of the 21t century. For example, Rupp et al. (2017) estimated
that air temperatures at the end of the century will increase by 3.0 and 5.5 °C above the 1970-
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1999 baseline average under the RCP4.5 and RCP8.5 scenarios respectively. The estimated
temperature differences between the RCP4.5 and RCP8.5 projections were 0.5 °C by 2050, and
2.5 °C by 2099. Future air and water temperature warming rates will ultimately be dictated by
the actual levels of greenhouse gas emissions and the evolution of the complex global energy
system (Isaak et al. 2018).
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