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PROJECT SUMMARY. We evaluated effects of land management and climate scenarios on
fluvial and thermal conditions and on coldwater fish populations in the Snoqualmie River
watershed. The Snoqualmie watershed is home to ESA-protected salmon and steelhead, resident
coldwater fish populations, and provides traditional natural and cultural resources for the
Snoqualmie, Tulalip, and Muckleshoot Indian Tribes. Portions of the river are temperature
impaired, and there is concern that in the future, there will be a greater fraction of winter
precipitation falling as rain, less snow accumulation, and an earlier snowmelt. These changes will
decrease stores of water available during summer and exacerbate warming in rivers, which will
stress coldwater salmonids. Water resource managers tasked with ensuring adequate water supply
for irrigation and domestic uses will also be challenged by low summer flows. Thus, a process is
needed for predicting possible outcomes for fish so that managers can weigh the tradeoffs of
potential management activities benefitting different water users. Products from this project will
help the Snoqualmie Tribe to identify near-term actions (e.g., preparing tribal members for fish
harvest opportunities or needed protections in-season) and long-term actions (e.g., prioritizing
conservation strategies that maximize coldwater habitat). This project consisted of four primary
tasks, which were sequenced as outlined in Figure 1. Each task is briefly outlined below and
described in more detail in the following sections.
Task 1 – We developed a suite of plausible management scenarios of riparian vegetation with
input from natural resources co-managers. These scenarios broadly represent those under
consideration by a diverse group of stakeholders (e.g., landowners, farmers, fishers) with which our
partners have an established relationship. These scenarios were used in subsequent modeling to
examine how management actions could affect salmon and their habitats in the future. This work
was performed by the Snoqualmie Indian Tribe, PNNL, and NWFSC.
Task 2 – We adapted and applied an existing physically-based hydrologic and water temperature
model (DHSVM-RBM) to explore the effect of the riparian management scenarios and climate
scenarios on fluvial and thermal conditions at a high spatiotemporal resolution (150-m pixel
resolution and 3 h computational time step). Future climate conditions were represented by

downscaled outputs from 10 Coupled Model Intercomparison Project Phase 5 (CMIP5) global
circulation models (GCM) under RCP 8.5 emission scenario. An existing version of DHSVM-RBM
in the Snoqualmie watershed was modified to explicitly account for the thermal effect of snowmelt
on water temperature. This work was performed by PNNL.
Task 3 – We adapted and applied an existing spatially-explicit individual-based model (IBM) to
estimate the response by salmonids to riparian management and climate scenarios. The IBM
predicts population-level responses such as growth, survival, and phenology (accumulated across
behaviors of many individuals) for Chinook salmon to spatiotemporal changes in water temperature.
An existing version of the salmon IBM in the Snoqualmie was modified to explicitly incorporate the
effects of streamflow on fish. This work was performed by NWFSC.
Task 4 – We originally intended to develop a guidance protocol, i.e., a workflow of guiding
principles that can be used by practitioners who want to envision outcomes of management
strategies to conserve diverse fluvial and thermal habitats needed to sustain viable fish populations
alongside the needs of other water users. However, during this project, we recognized that many
such guidance documents already exist. Therefore, we compiled a streamlined document intended
to be shared during outreach activities. This work was performed by the Snoqualmie Indian Tribe.
Two clear outcomes of the project included (1) specific results about the relative tradeoffs of the
suite of riparian management strategies evaluated, and (2) improved preditive tools for application
to future problems. Together, the results from this study and the modeling tools can be used to assist
the Tribes in preparing conservation and/or climate adaptation plans to protect their important
natural and cultural resources for the benefit of their respective memberships.
DELIVERABLES
1) DHSVM-RBM source code used for this research is available at
https://github.com/pnnl/DHSVM-PNNL, and DHSVM-RBM flow and temperature predictions
for climate and riparian scenarios and code to run the salmon IBM are available at
https://github.com/aimeefullerton/SnoIBM.
2) Yan, H., N. Sun, A. Fullerton, and M. Baerwalde. Greater vulnerability of snowmelt-fed river
thermal regimes to a warming climate. Manuscript submitted to Environmental Research
Letters.
3) Fullerton, A.H., N. Sun, M.J. Baerwalde, B.L. Hawkins, and H. Yan. Mechanistic simulations
suggest riparian restoration can partly counteract climate impacts to juvenile salmon.
Manuscript in internal review; plan to submit to Journal of the American Water Resources
Association.
4) Available on request due to large file sizes: (1) flow, water temperature and Chinook salmon
results produced for each scenario we simulated (as .csv files), (2) spatiotemporally explicit
maps and animations.

Figure 1. We used a sequence of models to evaluate how Chinook salmon may respond to
climate change and riparian management scenarios We used outputs from 10 CMIP5 GCMs,
downscaled to produce regional projections of air temperature and precipitation. We used these
outputs to force DHSVM-RBM, which predicted flow and water temperature for each stream
reach every 3 h. Finally, we used flows and water temperatures in the fish model that predicted
phenology, growth, and survival of juvenile Chinook salmon. We simulated fish responses to
flow and temperature for historical (1995-2005) and future (2089-2099) periods. We ran all
models through a set of four scenarios to examine the extent to which riparian restoration could
offset expected impacts to salmon caused by climate change during freshwater residency.

TASK 1: Develop plausible management scenarios of riparian vegetation
After consultation with our natural resource management partners, we decided on four riparian
vegetation scenarios for evaluation in this project (Figure 2):
(1) Baseline: existing landscape conditions.
(2) Least protective: we protected riparian buffers in reaches that are already wide (100-150 m), but
we reduced riparian buffer widths in other reaches to 5-10 m to reflect ongoing and increasing
human influences.
(3) Partial restoration: we protected existing wide buffers as above, but we restored buffers in Forest
Production-zoned areas to a width of 100-150 m, restored buffers within agricultural or residential
areas to a width of 40-100 m, and restored riparian buffers in the lower basin below Snoqualmie
Falls to a width of 20-40 m.
(4) Full restoration: this scenario represents a best-case scenario illustrating what might have been
possible historically. In this scenario, we assumed riparian buffers were 100-150 m wide on both
banks for all river reaches.
The first scenario captures current conditions and serves as a baseline to compare to future climate
scenarios and other riparian management scenarios. The other scenarios reflect issues that natural
resource managers grapple with and were designed to assist them in their decision-making process.
We shared early results with natural resource co-managers and their stakeholders to solicit feedback
for refining scenarios, and to illustrate the potential benefits and tradeoffs for fish. We did not
intend to suggest a “best” course of action; we aimed to provide options for consideration alongside
other socioeconomic and political issues that could lead to a strategy that balances the needs of user
groups. Our goal was to provide information about how the scenarios affected salmon so that the
information could be incorporated into guidance that flexibly accommodates local knowledge and
stakeholder values.

Figure 2. Riparian buffer widths (a) or change in buffer widths from baseline conditions (b-d)
associated with four riparian vegetation scenarios: (a) Baseline: existing riparian conditions; (b)
Least protective: protect existing ≥150-m riparian areas and reduce all others to 5-10 m; (c)
Partial restoration: protect existing ≥150-m riparian areas, increase existing 40 to 100-m buffers
in forested areas to 150 m, and increase buffers along the mainstem to 20-40m; and (d) Full
restoration: all riparian areas become ≥150 m.

TASK 2: Develop and apply DHSVM-RBM, a physically-based hydrologic and water
temperature model
SUMMARY. Given our limited understanding with respect to the spatiotemporal effect of snow
melt on river temperatures at the watershed scale, PNNL enhanced DHSVM-RBM to account for
the thermal effect of cool snowmelt runoff on river temperatures, and applied the enhanced model
to the Snoqualmie watershed for evaluating the responses of snow processes, hydrological
processes, and stream temperatures to future climate and riparian management scenarios.
Simulations suggested that, under historical climate conditions, snowmelt could notably reduce the
basin-wide peak summer temperatures particularly at high-elevation tributaries and the thermal
impact of melt water could persist through the summer along the mainstem. In future climates,
warming would decrease basin mean peak snow and summer streamflow by 92% and 60% by the
end of the century. River reaches in high-elevation snow-dominated areas were projected to be most
vulnerable to future climate change, showing the largest increases in summer peak temperatures, as
a result of warmer temperatures, lower flows combined with diminished cooling from melt. With
the simulated riparian scenarios, model simulations suggested that riparian restoration can offset
about 0.5 to 1 degree of increases in summer water temperature resulting from climate change.
APPROACH
DHSVM-RBM integrates the physics-based hydrological model DHSVM and a vector-based semiLagrangian stream temperature model RBM to produce continuous, and spatially distributed
simulations of streamflow and water temperature at a 3-hourly time interval as applied in the
Snoqualmie watershed (Sun et al 2015). For mountainous watersheds such as the Snoqualmie
watershed, the advective flux of cool water can be a significant source of thermal energy thatcan
impact stream temperatures downstream of the melt sources (Ficklin et al 2012; Leach and Moore
2014, Lisi et al 2015). In this context, DHSVM-RBM was further developed to account for the
thermal effect of cool snowmelt runoff on modeling river temperatures, as detailed in Yan et al
(2020).
Historical meteorological input to DHSVM-RBM was taken from 1/16° land surface meteorological
dataset over 1950–2013, consisting of subdaily precipitation, air temperature, relative humidity, and
wind speed (Livneh et al., 2013). Future climate conditions were represented by the Multivariate
Adaptive Constructed Analogs (MACA) statistically downscaled CMIP5 GCM outputs (Abatzoglou
and Brown 2012). We selected 10 GCMs that best reproduced past climate in the PNW for the RCP
8.5 scenario (Rupp et al 2013). The selected 10 GCMs include bcc-csm1-1-m, CanESM2, CCSM4,
CNRM-CM5, CSIRO-Mk3-6-0, HadGEM2-CC365, HadGEM2-ES365, IPSL-CM5A-MR,
MIROC5, and NorESM1-M. Land surface conditions were characterized by geospatial input
including: (1) Digital Elevation Model (DEM) from the US Geological Survey (USGS) National
Elevation Dataset (NED) rescaled from 1 arcsec (app. 30 m) to 150 m, (2) the soil class map taken
from State Soil Geographic (STATSGO), and (3) the land cover data taken from the USGS National
Land Cover Database (NLCD), rescaled from 30 to 150 m.

DHSVM-RBM was validated against in situ streamflow, snow, and stream temperature
observations distributed across the watershed from tributaries to the mainstem (Figure 3).
Specifically, DHSVM simulated daily snow water equivalent (SWE) was validated at two Snow
Telemetry (SNOTEL) stations (S1–S2), daily streamflows were validated at five USGS flow gauges
(G1–G5), and daily stream temperatures were validated against measurements taken by Washington
State Department of Ecology (WSDOE, T1, T2), King County (K1–K5), and National Oceanic and
Atmospheric Administration (NOAA, N1). The validated DHSVM-RBM was then applied to
perform continuous simulations of hydrology and river temperatures driven by climate and riparian
scenarios (described in TASK 1).
RESULTS
DHSVM-RBM model performance
DHSVM-RBM was calibrated and then validated against snow and streamflow records. The model
performance was measured by Kling-Gupta Efficiency (KGE), which ranges from negative infinity
to 1. A KGE value equal to 1 indicates perfect agreement between simulations and observations,
and a KGE value ≥ 0.6 could be regarded as satisfactory. For calibration, KGE of daily SWE was
0.75 and 0.72 for S1 and S2, respectively; the daily streamflow KGE was 0.73 for G1. For model
valuation, the daily SWE KGE was 0.93 for S1 and 0.67 for S2; the daily streamflow KGE ranged
from 0.60 to 0.65 for G1–G5. Simulated daily water temperatures for the five tributary sites (K1–
K5) had Pearson's correlation coefficients (r) of 0.94–0.96 and mean absolute error (MAE) of 0.92–
1.43°C; the r for the two mainstem sites (T1 and T2) was 0.91 and 0.84, and MAE was 0.97°C and
1.35°C, respectively. In general, results suggested that DHSVM-RBM simulated snow, hydrologic
and stream temperature predictions match in situ observations fairly well across the basin.
Snowmelt effect on stream temperature
Comparisons were made in simulated basin-wide monthly mean stream temperature with and
without considering snowmelt effects from March to August over 2001–2013 (Figure 4). Results
suggested that snowmelt had a major influence on temperatures of headwaters and lower-order
tributaries during the beginning of snowmelt (March‒April); the melt impact extended from
tributaries to the mainstem as melt continues; by June, snowmelt from upstream rivers reduced the
watershed outlet temperature by about 0.5°C; towards the end of the melt season (July to August),
snowmelt impact shows up mostly in the highest elevations. In addition, simulations showed that
snowmelt reduced the highest 7-day average of the daily maximum temperatures (7-DADMax) of
up to 5.8°C for streams at higher elevations such as the Middle Fork drainage, and a cooling effect
of >0.5°C extends downstream until near the confluence of the Tolt River.
Projected hydrologic and stream temperature changes resulting from climate change
Overall, DHSVM-predicted streamflow at the river outlet was projected to change slightly (in
magnitude) in the future as represented by an ensemble of 10 GCMs (Figure 5). Variability was
greatest across the 10 GCMs during winter and least during summer, implying that the GCM
models were in agreement that future summer flow would remain the same or be slightly lower but

presented divergent predictions with respect to future winter flows. Spatially, future flows
(ensemble average) were projected to increase the most during winter across the basin, fall in lower
mainstem, and spring in headwater reaches, and to decrease the most during summer especially in
the mainstem. Low elevation tributaries were projected to experience the least hydrological change
across seasons.
Water temperatures were projected to increase year-round, with slightly greater increases during
summer, although GCMs present some level of uncertainty (Figure 5). Water temperature in the
mainstem was projected to increase the most during summer and the least during winter. Future
water temperature warming was greatest in the historically snow-influenced upper Middle Fork and
mainstem Snoqualmie River during summer and fall, high elevation tributaries during spring, and in
lowland tributaries during winter.
Projected hydrologic and stream temperature changes resulting from riparian scenarios
Simulations driven by the combined riparian and climate scenarios suggested that the riparian
restoration scenarios decreased the climate signal, whereas the least protective riparian scenario
amplified the climate signal. However, riparian restoration scenarios only projected modest water
temperature reduction of 0.5 to 1 °C, relative to the ~5 °C increases projected to be caused by
climate change (Figure 6). The two riparian restoration scenarios (full and partial) produced similar
decreases in future water temperature during spring, summer, and fall but had no effect during
winter due to limited riparian shading during winter when radiation inputs are low (Figure 6b,c).
The least protective riparian scenario produced the opposite effect, warming temperatures during
spring, summer, and fall (Figure 6d). Notable differences in water temperature between the full and
partial restoration scenarios occurred near the convergence zone of the North, Middle, and South
Forks. The least protective scenario increased temperatures in the Raging River and other lowland
tributaries.
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Figure 3. Gauges of streamflow, snow, and water temperature used for DHSVM-RBM evaluation

Figure 4. Monthly mean stream temperature changes between two simulations (with snowmelt
minus without snowmelt) from March to August over 2001–2013.

Figure 5. Changes in DHSVM-RBM-predicted flow (left) and water temperature (right) resulting
from climate change. Data are the difference between mean future (2089-2099) and historical (19952005) predictions across 10 global climate models and 11 years. Time series panels (top) show
annual patterns in median daily change (dark line) and 5th and 95th percentiles (shading) at the river
outlet. Maps show mean seasonal changes in flow during (a) fall (Sep-Nov), (b) winter (Dec-Feb),
(c) spring (Mar-May), and (d) summer (Jun-Aug), and seasonal changes in water temperature (e-h).

Figure 6. Seasonal changes in DHSVM-RBM-predicted water temperature resulting from
riparian scenarios relative to the baseline riparian scenario in a future climate. Maps show mean
changes during (a) fall (Sep-Nov), (b) winter (Dec-Feb), (c) spring (Mar-May), and (d) summer
(Jun-Aug) for the full restoration scenario, seasonal changes for the partial restoration scenario
(e) – (h), and seasonal changes for the least protective riparian scenario (i) – (l). Data for all
scenarios are ensemble means for 10 global climate models over 11 years.

TASK 3: Apply an individual-based salmon model to evaluate climate and riparian scenarios
SUMMARY. We employed a process-based modeling system to examine how a threatened
population of Chinook salmon (Oncorhynchus tschawytcha) may respond to climate change and
whether riparian restoration could reduce climate effects. DHSVM-RBM modeling projected that
streams would become warmer year-round and drier during summer, stressing salmon. We found
that climate change accelerated egg emergence, increased juvenile growth and survival, and
accelerated outmigration of subyearling migrants. Growth was depressed for salmon remaining
instream during summer (potential yearling migrants). Riparian restoration was able to offset about
0.5 to 1 degree of expected summer increases in water temperature, and affected salmon similarly
regardless of whether riparian buffers were partially or fully restored, whereas allowing riparian
buffer widths to decrease further warmed streams. Riparian restoration fully mitigated climate
change effects on potential yearling migrant size, but only minimally affected subyearling migrants.
APPROACH
We used an individual-based model (IBM; Fullerton et al. 2017; Figure 7) to evaluate the
simultaneous effect of climate change and riparian management scenarios on threatened Chinook
salmon in the Snoqualmie River watershed. The IBM was previously applied in this watershed to
evaluate how Chinook salmon responded during an anomalously warm, dry year compared to more
typical years, and to consider potential effects of a non-native warmwater predator (Hawkins et al.
2020). In previous implementations of the model, fish responded to spatiotemporally-explicit water
temperatures and to other fish, but not to flow.
As part of this project, we developed and incorporated the fish-flow relationships necessary to
evaluate how altered hydrology expected as a result of climate change and riparian management
scenarios may impact protected salmonids. We also adapted the model to use stream flow and
temperature data produced by DHSVM-RBM. We evaluated effects of 10 global climate models the
suite of four riparian management scenarios described above.
IBM simulations began with a batch of fish eggs deposited stochastically during the range of dates
when, and at locations where, spawning has been observed over the last decade. Development of
eggs was based on thermal exposure, and survival of eggs was influenced by peak flows capable of
scouring redds. After juveniles emerged (hatched and become free-swimming alevins), twice-daily
movements and growth were driven by water temperature, flow, and biological interactions. For
instance, crowded conditions and suboptimal habitat caused higher movement and lower growth.
Survival was influenced by stochastic processes; larger fish and those that grew well in the previous
time step had a better chance of surviving to the next time step. Smolting (i.e. downstream-biased
movement) was governed by body size, date, and flow; individuals were considered smolts when
they reached the river mouth, and were removed from further simulation. A simulation ended when
all fish had smolted or after one year. For each scenario, we aggregated results of individual

simulations as population-level summaries describing phenology of hatching and outmigration,
smolt and potential yearling migrant body sizes, and life history-specific survival rates.

Figure 7. Schematic and sequencing of events in the individual based fish model.

RESULTS
Chinook salmon response to flow
Scour of eggs incubating in redds accounted for 79% of salmon mortalities in the baseline riparian
scenario and historical climate, and occurred during late fall and early winter when eggs were still
in the gravel and flows were annually highest. This source of mortality had previously been
accounted for stochastically and this version made it mechanistic. The timing of Chinook salmon
outmigration ranged from late December into July, peaking in April and May. Outmigration
distributions for individual years were often bimodal and comprised of an early wave of fry
migrants that were pushed downstream by higher flows, and a later and smaller wave of larger parr
migrants. Incorporating flow into outmigration behavior increased accuracy and realism of
predictions, reproducing the bimodal peaks often observed in the smolt trap.
Chinook salmon response to climate change
We predicted that survival of subyearling and potential yearling Chinook salmon would increase by
86% and 46%, respectively by the end of the century under current baseline riparian conditions
(Figure 8). Alevins emerged from redds nearly 3 months earlier, allowing many to avoid the effects
of high winter flows, and giving them a head start on the growing season. With warmer spring
rearing conditions, fish attained sizes necessary for outmigrating nearly 3 months earlier. Growth of
fish that remained in streams over summer (i.e., potential yearling migrants) decreased during
summer months but remained largely positive during the historical climate. However, in a warmer
future climate, growth of potential yearlings during summer became negative causing fish to lose
weight. The size distribution for both subyearlings and potential yearlings remained similar, but
became skewed toward smaller sizes on average, especially for potential yearlings. The fraction of
potential yearlings to all survivors (i.e., subyearling migrants and potential yearlings remaining
alive at the end of the simulation) decreased from about 12% to about 8% on average.
Chinook salmon response to riparian scenarios
The riparian management scenarios influenced salmon performance, but most changes were small
relative to climate impacts (Figure 8). The largest effects of riparian scenarios in a future climate
were increases in the mass of potential yearling migrants in the full (31%) and partial (29%)
restoration scenarios. The magnitude of change was similar for these two scenarios and both were
large enough to counteract the 21% decrease in mass of potential yearling migrants expected as a
result of climate change. Potential yearling growth was higher during winter relative to the
historical climate but was less negative than the baseline scenario during summer in the future
climate. Effects on subyearlings were small and in the expected directions, with marginally higher
subyearling migrant mass (~1%), lower survival (1-1.5%) and later outmigration (1 day). The
fraction of potential yearlings to all survivors increased by about 1.5%. The least protective riparian
scenario had the opposite effect on survival (1% increase) and outmigration (1 day earlier), but no
effect on mass.

Growth potential maps
We mapped the change in growth potential that would result from climate change, assuming to
riparian management actions (i.e., baseline conditions) (Figure 9). These maps show what is
physiologically possible, given the water temperatures in each reach, but do not account for
biological interactions, survival, etc. Moreover, the salmonids depicted in maps do not occur in all
of these reaches; maps are for visualization and planning purposes.
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Figure 8. Proportional change in simulated Chinook salmon outcomes (x-axis) across scenarios
(shaded bars). The climate effect (dark red bars) shows how much salmon outcomes would
change in a future climate assuming no changes to riparian conditions. The riparian scenario
effects (colored bars) depict riparian scenario effects in a future climate alone (i.e., without also
including the climate change effect).

Figure 9. Maps of the change in growth potential under a future climate (i.e., future minus
historical potential) for (a) Chinook salmon, (b) steelhead, (c) coho salmon, and (d) pink salmon,
summarized as mean change during fall (upper left), winter (upper right), spring (lower left), and
summer (lower right) seasons. We restricted calculations to reaches below Snoqualmie Falls, an
anadromous fish barrier. Note, however, that fish do not use all habitats shown.

TASK 4: Watershed Modeling Guidance

So you want to model your watershed?
Guidance and primer based on the Snoqualmie Indian Tribe’s experience modeling coldwater
fish habitat in the Snoqualmie basin

What is watershed modeling?
Modeling is one of many potentially useful assessment tools that can be used in watershed planning
and management. In general, models are representations of systems or processes. Some of the oldest
forms of models were actual miniature physical representations of natural systems. Mathematical
models are also representations of systems, but they use a series of mathematical equations. The
number, form, and interconnections of these equations in a model can range from very simple to
highly sophisticated. Watershed models are a reflection of our understanding of watershed systems.
As with any tool, the answers they give are dependent on how we apply them, and the quality of
these answers is no better than the quality of our understanding of the system.
What can a watershed model be used for?
Different watershed models can be used to answer different questions about topics such as
streamflow discharge, water quality, fish habitat, effects of climate change and conservation or
management activities, etc. It is important to select the appropriate model for the questions that are
being asked.
How do I access and apply a watershed model?
Academic and research institutions including universities, government scientific agencies, and
technical consulting firms can be good sources for expertise in developing and applying appropriate
watershed models for your specific situation. The Snoqualmie Tribe was fortunate in that several
researchers independently chose to investigate the Snoqualmie watershed and publish their research.
The Tribe helped to assemble many of these practitioners, forming a new group called the
Snoqualmie Science Coordination and Advisory Team or SnoSCAT
(https://sites.google.com/view/snoscat/). The Tribe tapped SnoSCAT’s capacity as a group, to
embark with partners NOAA/NMFS and Pacific Northwest National Laboratory on a research
project investigating the effects of land use and climate changes on hydrology, stream temperature,
and salmonid life cycle and population effects in the Snoqualmie basin. This work was supported by
US Bureau of Indian Affairs Tribal Resilience Grant Agreement No. A18AP00192.
In our project, we sequenced the following steps that should also be useful for other watershed
groups:
(1) Define the question(s) of interest, typically focused on a research or management issue.

(2) Examine available data and modeling tools, data gaps and constraints (time, budget).
(3) Assemble a capable but small team having strengths in science and technical skills,
knowledge about local management issues, and the ability to communicate with
stakeholders.
(4) Decide on an approach, seek support (funding, expertise, data) and embark on analyses.
(5) Engage with watershed experts at the beginning of the project and periodically to ensure
rapid integration of lessons learned and to identify other areas for future exploration.
More information?
USGS, NOAA and other partners have published the Stream Temperature Handbook for natural
resource managers. The handbook is a far more comprehensive resource than can be represented
here, and it was specifically designed to guide the selection and use of stream temperature datasets
and/or modeling approaches that are appropriate for answering management or conservation
questions. It may be found here: https://cig.uw.edu/our-work/decision-support/stream-temperaturehandbook/
For more information on the Snoqualmie Tribe’s process and experience with this watershed
modeling project contact Matt Baerwalde at mattb@snoqualmietribe.us.

