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Problem Statement 

The Stillaguamish watershed encompasses an area of roughly 1700-square-kilometers in 

northwest Washington State (Figure 1). It has high relief, containing mountains with peaks that reach over 

2,000 meters above sea level, and drains to the Puget Sound. Historically, seasonal snowpack within the 

watershed has existed above 1,000 m, but climate projections indicate that snow lines will recede to 

higher elevations as temperatures rise (Freeman, 2019; Clarke et al., 2019). As additional area in the 

watershed becomes exposed to winter rainfall rather than snow, runoff rates and streamflow magnitudes 

will increase, particularly in the lowlands of the watershed which are developed and populated. High 

magnitude streamflows (or peak flows) have negative implications for salmonid populations and three 

distinct threatened species exist within the watershed (Beamer and Pess, 1999; Winters, 2015). My 

objective is to predict peak flow magnitudes in the Stillaguamish River through the 21st century using the 

physically based Distributed Hydrology Soil Vegetation Model (DHSVM; Wigmosta et al., 2002) and 

new projected meteorological data (Mauger et al., 2018; Mauger and Won, 2020). These peak flow 

estimates will inform the development of updated flood maps and salmonid recovery efforts in the 

Stillaguamish watershed.  
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1. Introduction 

Recent studies in the Pacific Northwest have shown that peak streamflow magnitude and frequency will 

increase as the climate warms, particularly in mixed rain-snow basins like the Stillaguamish (e.g., Hamlet, et al., 

2013; Freeman, 2019; Clarke et al., 2019; Lee et al., 2018). Snowpacks in mountainous regions act as a storage 

mechanism for precipitation, slowing the rate at which precipitation moves through hydrologic systems to 

stream channels and groundwater aquifers. As the climate warms, snowlines will move to higher elevations, 

exposing a greater proportion of landscape to winter rainfall rather than snow.  

I will refine and advance prior hydrologic modeling efforts in the Stillaguamish basin (Freeman, 2019; 

Clarke et al., 2019) to incorporate newly available historical and projected meteorological data produced by the 

Climate Impacts Group (GIG) based at the University of Washington (Mauger et al., 2018; Mauger and Won, 

2020). My primary research goal is to project peak flow magnitudes and trends in the Stillaguamish watershed 

through the 21st century. I am also interested in comparing modeled projected peak flows derived from 

statistically versus dynamically downscaled meteorological data (forcings). To achieve my research goals, I will 

be calibrating two different numerical models: one that is forced with statistically downscaled meteorological 

data, and another forced with dynamically downscaled data. 

2. Background 

2.1 Physical Characteristics 

The Stillaguamish Watershed is located in Snohomish and Skagit counties in northwest Washington 

State (Figure 1). It is within Water Resource Inventory Area (WRIA) 5 and consists of three main tributaries: 

Pilchuck Creek which joins the main stem near the town of Silvana; the North Fork of the Stillaguamish River 

which drains the highest peaks of the watershed and includes the town of Oso; and the South Fork of the 

Stillaguamish River which includes the town of Granite Falls and joins the North Fork near Arlington (Figure 

1). The North and South Forks of the Stillaguamish River have high relief, elevations that range from about 15 

to 2,000 meters above sea level (USGS, 2001), and are dominated by coniferous forests (Figure 2). Pilchuck 

Creek drains a comparatively lower relief section of the basin with elevations ranging from about 5 to 1,100 

meters above sea level (USGS, 2001). While mostly forested, the Pilchuck Creek subbasin contains a greater 

proportion of developed lands (e.g., agriculture, urban, residential) than the North and South Fork subbasins. 

The Stillaguamish watershed experiences a maritime climate with cooler, wetter winters and warmer, 

drier summers. Precipitation is highly variable across the watershed due to orographic effects which are induced 

by mountains in the eastern portion of the watershed. Annual precipitation magnitude ranges from less than one 

meter in the lowlands to over three meters in the highlands (PRISM Climate Group, 2014). Approximately 75% 
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of precipitation in the watershed falls between October and March. From 1922 to 2012, average monthly air 

temperature in Arlington, Washington (located within the lowlands of the Stillaguamish watershed) varied from 

2.7 °C in January to 16.8 °C in August; the average annual air temperature was 10 °C. Temperature extremes 

over the same period ranged from -13.9 °C to 36.7 °C (WRCC, 2012).  

Historically, western Cascades watersheds experience annual and decadal climatic variability due to El 

Niño-Southern Oscillation (ENSO) and a longer-term event sometimes referred to as Pacific Decadal Oscillation 

(PDO). ENSO events usually last between one and two years and typically occur on a two- to seven-year cycle. 

ENSO is caused by a change in jet streams which brings warmer than average temperatures to the region as a 

product of warmer Pacific Ocean temperatures (Mote et al., 2013). Occasionally, El Niño events are followed by 

roughly opposite (i.e., cooler) events termed La Niña. PDO events last on the order of 20-30 years and exhibit 

similar trends of warmer ocean and atmospheric temperatures during positive oscillations and cooler 

temperatures during negative oscillations. There is significant evidence that PDO is a product of ENSO (i.e., it 

may not be a separate phenomenon/event; Newman et al., 2003).  

Near-surface geology in the valleys of the Stillaguamish watershed is characterized by unconsolidated 

alluvial and glacial deposits (Booth et al., 2003). These deposits are Pleistocene in age or younger and were 

deposited during the advance and recession of the Cordilleran ice sheet, which retreated about 13,000 years ago, 

or subsequently as a result of fluvial processes. Most of the surficial glacial units within the Stillaguamish 

watershed are part of the Vashon Drift unit which includes advance, lacustrine, proglacial, outwash, till and 

recessional deposits (Booth et al., 2003). This unit is a common source of post-glacial landslides in the region 

like the devastating Oso landslide which occurred in March, 2014 (Haugerud, 2014; USGS, 2017). The bedrock 

units that underlie unconsolidated deposits and are exposed in higher relief sections of the watershed are 

subduction-borne Mesozoic-age metamorphic rocks (Booth et al., 2003). According to the State Soil Geographic 

database (STATSGO) for Washington State, the dominant soil types in the Stillaguamish watershed are loam, 

gravel loam, and loamy sand (USDA, 1998; Figure 3). 

Landcover in the Stillaguamish watershed is dominated by evergreen and coniferous forests which 

occupy about 60% of the total projected land area of the watershed. Deciduous, mixed forests, and shrubland 

occupy about 25% of the watershed. The remaining watershed area comprises cultivated lands, grasslands, or 

pasture (about 7%); developed areas (about 3%); bare land (about 2%), and wetlands (about 2%; NOAA, 2019; 

Figure 2).  

Logging has been important to the economy of the western Cascades since the mid to late 1800s. In the 

Stillaguamish Watershed, timber harvesting still occurs but its rates have been declining since the 1990s (SIRC, 

2005). Approximately 76% of the Stillaguamish Watershed is zoned for commercial forestry or is federal land 

managed for forest production (SIRC, 2005). Prior studies of the Stillaguamish Watershed have shown that 74% 
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of landslides within the watershed were associated with forest harvesting events or forest roads (SIRC, 2005). 

Timber harvesting also has implications for streamflows (Hall et al., 2014). Logging roads route precipitation to 

streams faster than undeveloped forests (Dymond et al., 2014) and timber harvesting can affect snowmelt rates 

and stream baseflows (Sun et al., 2018). 

2.2 Climate Change in the Pacific Northwest 

From 1895 to 2014 average air temperatures in the western Cascades increased by about 0.7 °C (Mauger 

et al., 2015). This upward trend in air temperatures is expected to continue through the coming decades due to 

the accumulation and lagging effects of anthropogenically generated greenhouse gases such as carbon dioxide, 

methane, and others which absorb infrared radiation that is reflected from and emitted by Earth’s surface 

(Forester et al., 2007). Modeling efforts aimed at quantifying future air temperatures of the western Cascades 

project further warming ranging from 2.3 to 6.7 °C by the 2080s, relative to the 1980s (Mauger et al., 2015). 

Atmospheric scientists use global climate models (GCMs; synonymous with global circulation models) 

to quantitatively project Earth’s future climate. GCMs are physically based and use numerical methods to model 

the dynamic physical processes that affect Earth’s climate. Greenhouse gas scenarios, which are quantified and 

standardized by the Intergovernmental Panel on Climate Change (IPCC) as Representative Concentration 

Pathways (RCPs), are one of the many variables that affect GCM projections. Emissions scenarios and RCPs are 

based on plausible socioeconomic estimates of the future and incorporate trends in population growth, 

industrialization, agricultural production and more (IPCC, 2015). Generally, higher emissions scenarios (e.g., 

RCP 8.5) produce warmer climate projections than lower ones (e.g., RCP 4.5; IPCC, 2015; Mauger et al., 2015). 

Most GCMs have spherical spatial resolutions which, after being projected into two-dimensional space, vary 

from tens to hundreds of kilometers (Mauger et al., 2015). 

In modern history, mixed-rain-snow watersheds like the Stillaguamish have received a large proportion 

of their annual precipitation in the form of snow. As the climate warms, the relative amount of precipitation 

falling as snow will decline and mixed-rain-snow basins will become more like rain-dominated basins (Mauger 

et al., 2015). In many basins in the western Cascades, a warmer climate will bring greater winter streamflows 

and lesser summer streamflows (Hamlet et al., 2013; Dickerson and Mitchell, 2014; Clarke et al., 2019; 

Freeman et al., 2019; Lee et al., 2018).The topography of the western Cascades poses an issue for GCMs, all of 

which have a coarser spatial resolution than what watershed modeling requires. To translate GCM projections to 

higher spatial resolutions, climate scientists at CIG (Mauger et al., 2016; Mauger et al., 2018; Lee et al., 2018) 

and other institutions (e.g., Abatzoglou and Brown, 2012) implement downscaling.  
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2.3 Peak Flows 

Peak flows are high magnitude, short duration streamflows that typically last on the order of hours to 

days (Ryberg et al., 2017). In the Stillaguamish Watershed, peak flows are common in late fall and winter 

months following rain events and in spring and early summer, particularly during rain-on-snow events (Hall et 

al., 2014; Clark et al., 2019; Freeman, 2019). Hall et al. (2014) completed a statistical analysis of historical peak 

flows in the North Fork of the Stillaguamish and their relation to climate (e.g., PDO index, meteorological 

conditions, etc.) and landcover factors. They found that 1-day maximum annual streamflows observed at the 

Arlington, WA USGS stream gauging station (Figure 1) exhibited an increasing trend over the historical record 

with a linear best fit line ranging from about 13,000 cubic feet per second (cfs) in 1929 to about 22,000 cfs in 

2009. Over the same period, a slight decline in base flows was observed. Hall et al. (2014) also analyzed the 

meteorological record at Darrington, WA (located near the North Fork subbasin, Figure 1) and determined that 

annual rainfall magnitude has trended upward while snowfall magnitude (as snow water equivalence) has 

trended downward. Hall et al. (2014) found a statistically significant correlation between peak flows and annual 

rainfall magnitude, but no such correlation existed between landcover changes and streamflows. Hall et al. 

(2014) developed and tested a variety of statistical models to predict 1-day maximum annual flows. The most 

skillful model they developed relied on day-of precipitation and 5-day antecedent precipitation magnitudes to 

predict streamflows, indicating that precipitation is far and away the most predictive parameter controlling peak 

flows in the watershed. 

Hall et al., (2014) quantified statistical relationships between historical meteorological observations, 

landcover changes, and peak streamflows. They showed that precipitation is the most important factor for 

predicting peak streamflows and that a warming climate has produced higher streamflows in the historical 

record. My research will build off these ideas using physically based numerical methods to project future peak 

flows and provide quantitative flow estimates to aid watershed planning efforts. 

2.4 Fish Habitat 

Salmonid recovery efforts are underway in many watersheds of the Pacific Northwest including the 

Stillaguamish. Chinook Salmon, Steelhead Trout, and Bull Trout within the Stillaguamish have Federal status as 

Threatened species (Winters, 2015). Climate change poses multiple threats to these species including increased 

stream temperatures, sedimentation, and flood-induced water quality degradation (Embey, 1987). High 

magnitude peak flows have the potential to flush juvenile salmon from freshwater habitats before they are 

sufficiently mature for saline environments. A statistical analysis of Chinook in the North Fork of the 

Stillaguamish River attributed a decline in egg to fry survival rate (from 12% to 7%) with 5-year recurrence 

interval peak flows (Beamer and Pess, 1999). Research also suggests that large mass wasting events (e.g., debris 
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flows and landslides) in western Washington will increase in frequency and magnitude through the 21st century 

due to increased shallow soil saturation in winter months as a result of a warmer climate with a smaller 

snowpack (Knapp, 2018). These types of mass wasting events can contribute large impulses of sediment to 

stream channels which can lead to a range of downstream effects such as channel aggradation and channel 

rerouting/damming which can negatively impact aquatic ecosystems and developed infrastructure (Schuster and 

Highland, 2007).  

2.5 Numerical Modeling 

Well calibrated physically based numerical models like the DHSVM are a robust means of predicting 

the effects of hydrologic changes on a local scale (Wigmosta et al., 2002). The DHSVM incorporates gridded 

characteristics for topography (elevation, stream channels), near surface geology (soil), and landcover 

(vegetation, urbanization, glaciers) with meteorological inputs (temperature, precipitation, humidity, wind, short 

and longwave radiation) to simulate watershed response over time. The DHSVM uses physical and empirical 

relationships to estimate energy and mass balances at the grid scale. It has been used throughout the world, 

especially in forested and mountainous regions like the Pacific Northwest, to quantify the effects of logging, 

development, and climate change (Du et al., 2014; Murphy, 2016; Lee et al., 2018; Daling, 2018; Freeman, 

2019; Clarke et al., 2019). Previous DHSVM-based studies in the western Cascades have shown that a warmer 

climate will produce higher streamflows in winter months and lower streamflows in summer months 

(Dickerson-Lange and Mitchell, 2014; Murphy, 2016; Lee et al., 2018; Freeman, 2019; Clarke et al., 2019). 

Many of these studies used daily meteorological forcing data which were disaggregated into 3-hour time steps.  

3. Methodology 

I will use the DHSVM and projected meteorological inputs from downscaled GCMs to project future 

streamflows in the Stillaguamish watershed. The DHSVM requires distributed inputs for topography, near-

surface geology, and land cover characteristics. These inputs are forced with meteorological data to simulate 

hydrological response (i.e., rainfall, snow accumulation and melt, infiltration, evapotranspiration, soil storage, 

and streamflow). A summary of my proposed modeling and research methodology follows. 

3.1 DHSVM Setup  

The DHSVM requires digital grids for elevation, soil type, soil thickness, landcover, and stream 

networks. I have generated these grids at a 150-meter resolution using publicly available data, ESRI ArcGIS, 

and QGIS. A description of the datasets I used to generate my model is provided below: 

Topography – I used a 10-meter digital elevation model (DEM) produced by USGS (2001) and available for 

download at the following URL: http://gis.ess.washington.edu/data/raster/tenmeter/byquad/index.html. To 

http://gis.ess.washington.edu/data/raster/tenmeter/byquad/index.html
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generate my topography grid I resampled a mosaic of 10-meter DEMs that encompassed the Stillaguamish 

Watershed to 150-meter resolution using a bilinear resampling technique.  

Soils Types– I used the STATSGO dataset produced by a partnership of federal, regional, state and local 

agencies known as the National Cooperative Soil Survey (NCSS). In its native form, STATSGO data are coarse 

(i.e., state-wide) vector data. I reclassified STATSGO soil units into seven distinct DHSVM soil types (Figure 

3). I downloaded STATSGO data for Washington state using Penn State’s data portal: 

http://www.soilinfo.psu.edu/index.cgi?soil_data&statsgo.  

Landcover – I used the 2016 Coastal Change Analysis Program (C-CAP) dataset which is a NOAA product 

produced from Landsat Imagery. C-CAP landcover data are classified based on observed spectral reflectance 

characteristics and standardized for the contiguous United States. I reclassified C-CAP units into ten distinct 

DHSVM landcover types (Figure 2). C-CAP data are available via: https://coast.noaa.gov/ccapftp/#/ 

Watershed bounds and stream network – I generated the stream network for the Stillaguamish watershed using 

hydrology geoprocessing tools in ESRI ArcGIS and a Python script that executes ArcMap processes to build a 

stream network with a user-specified source area. The Python script also generates a soil thickness map as a 

function of relief (higher relief areas have thinner soil layers to simulate alpine environments; Figure 4) and 

assigns user-specified hydraulic geometries to individual stream segments as a product of slope and drainage 

area. The python script is available for download here: https://github.com/pnnl/DHSVM-

PNNL/tree/master/CreateStreamNetwork_PythonV 

3.2 Historical Meteorological Forcings 

DHSVM requires temperature (in degrees Celsius), precipitation (in meters per time step), wind speed 

(in meters per hour), relative humidity (in percent), incident shortwave energy and incident longwave energy 

(both in watts per square meter) at a constant time step at one or more meteorological stations. I will be 

calibrating the Stillaguamish basin to two sets of historical meteorological data: a processed and disaggregated 

version of the Livneh et al. (2013) dataset which has a three-hour timestep, and a Weather Research and 

Forecasting (WRF; Skamarock et al., 2005)-generated dataset developed by my research partners at CIG which 

has a one-hour timestep. 

Livneh data – These historical meteorological data were derived using statistical methods to aggregate historical 

observations recorded throughout the coterminous United States (Livneh et al., 2013). The data have a spatial 

resolution of 1/16 degree and a daily temporal resolution. The data include minimum and maximum air 

temperature, precipitation magnitude and wind speed. Additional meteorological inputs required by DHSVM 

(humidity, short and longwave radiation) were derived from empirical relationships using MTCLIM by 

scientists at the University of Washington (Bohn et al., 2013). The daily data were bias corrected and 

http://www.soilinfo.psu.edu/index.cgi?soil_data&statsgo
https://coast.noaa.gov/ccapftp/#/
https://github.com/pnnl/DHSVM-PNNL/tree/master/CreateStreamNetwork_PythonV
https://github.com/pnnl/DHSVM-PNNL/tree/master/CreateStreamNetwork_PythonV
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disaggregated into three-hour timesteps for use in DHSVM. Prior studies that used these data with DHSVM had 

difficulty capturing peak flows (Freeman, 2019; Clarke, 2019). One potential reason for this is the daily to 3-

hour disaggregation process (daily precipitation magnitude is spread evenly across all eight 3-hr timesteps) 

which does not accurately account for short duration, high intensity rainfall events (Bohn et al., 2019).  

WRF data – These historical meteorological data were generated by researchers at the Pacific Northwest 

National Laboratory (Chen et al., 2018) using the WRF model and were bias corrected by my research 

collaborators at CIG (Mauger et al., 2018). WRF simulates dynamic atmospheric processes using physical and 

empirical relationships and user defined boundary conditions. Because WRF simulations are archived at a user 

defined time step, WRF results do not need to be disaggregated for use in DHSVM. The historical WRF 

DHSVM inputs I will be using have a spatial resolution of about 6 kilometers and a time step of one hour. Prior 

studies that used WRF-generated data with DHSVM had success capturing historical peak flows (Lee et al., 

2018).  

3.3 DHSVM Calibration 

I will calibrate and validate my Livneh- and WRF-based models by comparing DHSVM outputs for 

streamflow and snow coverage to historical observations. Model calibration involves adjusting model 

parameters (e.g., precipitation and temperature lapse rates, snow/rain temperature thresholds, and soil properties 

which are defined in a configuration file) with the goal of producing simulated streamflows that are statistically 

similar to historical observations at gauging stations managed by USGS and the WA Department of Ecology 

(Figure 5). Simulated snow coverage and snow water equivalent can be assessed qualitatively by comparing 

peak (e.g., April 1st) and low (e.g., August 30) snowpack coverage maps and by comparing them to satellite 

imagery (i.e., MODIS’s normalized difference snow index data product) and other publicly available snow 

coverage products such as regional SNOTEL (SNOwpack TELemetry) stations.  

I will use the open source software package R to perform statistical tests as described in Moriasi et al. 

(2007) and Gupta et al. (2009) to evaluate model skill and calibration progress. My quantitative calibration goals 

are to produce daily simulated streamflows that have a Nash-Sutcliffe efficiency (NSE) greater than 0.5, King-

Gupta efficiency (KGE) greater than 0.5, root mean square error (RMSE)-standard deviation ratio (RSR) less 

than 0.7, and coefficient of determination (R2) greater than 0.7 compared to observed streamflows. The focus of 

my project is peak flows; therefore, I will specifically target capturing high flows with yearly and less frequent 

recurrence intervals. I will likely develop some additional peak-flow-specific calibration metrics and goals 

throughout the calibration process. 
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3.4 Forecast Meteorological Forcings  

I will quantify future streamflow estimates by forcing my calibrated DHSVM models with projected 

meteorological data. These data will be derived from low and high emissions GCM scenarios similar or 

equivalent to RCP 4.5 (low emissions) and 8.5 (high emissions).  

Statistically downscaled meteorological forcings – These projections stem from the Multivariate Adaptive 

Constructed Analogs (MACA) dataset, which was generated using statistical methods to downscale GCMs from 

their coarse spatial scale (i.e., 50 to 200 km grid size depending on latitude) to the local scale (i.e., a spatial 

resolution of 1/16th degree; Abatzoglou and Brown, 2012). The MACA dataset was generated using the Livneh 

et al. (2013) data as training data, meaning the projected climate variability of the MACA dataset is limited to 

that of the historical Livneh record. Similar to the Livneh historical dataset that I will use to calibrate my model, 

MACA projections were bias corrected and disaggregated to generate all necessary DHSVM inputs at a three-

hour timestep. I will analyze downscaled MACA data that correspond to 10 different GCMs (Table 1). For one 

of the GCMs I will model and analyze both RCP 4.5 and RCP 8.5 emissions scenarios similar to Lee et al., 

2018. The GCM I selected for RCP 4.5 analysis produced median streamflow magnitudes in a study of 10 

GCMs in a prior study of the North Fork of the Stillaguamish (Freeman, 2019). I will only model and analyze 

high greenhouse gas scenarios for the other 9 MACA datasets. This will reduce my data processing time while 

still allowing me to make assessments about low greenhouse gas scenarios. Previous studies have shown that 

high greenhouse gas scenarios for a near term can serve as an analog for low emissions scenarios at a longer 

term (e.g., RCP 8.5 projections for the 2040s correspond approximately to RCP 4.5 projections for the 2080s; 

Mauger and Won, 2020). 

Dynamically downscaled meteorological forcings – These projections are from WRF simulations that use 

GCMs as boundary conditions (i.e., they are dynamically downscaled; Mauger et al., 2018). The forcings will 

have a timestep of one hour, a spatial resolution of 12 about kilometers, and will be generated by my research 

collaborators at CIG. In total, I will model and analyze thirteen sets of WRF-downscaled meteorological 

projections from 12 different GCMs. For one of the 12 GCMs I will model both low (RCP 4.5) and high (RCP 

8.5) greenhouse gas scenarios; for the other 11 GCMs I will only model the high greenhouse gas scenario. As 

described above, previous studies have shown that high greenhouse gas scenarios for a near term can serve as an 

analog for low emissions scenarios at a longer term (e.g., RCP 8.5 projections for the 2040s correspond 

approximately to RCP 4.5 projections for the 2080s; Mauger and Won, 2020). 

3.5 Data Analysis 

I will analyze DHSVM-simulated peak streamflows over 30-year normals for each model and emissions 

scenario similar to the methods of Lee et al. (2018) and Dickerson (2010). Grouping streamflows over normals 



10 

 

 

accounts for annual and decadal climatic variability (e.g., ENSO and PDO) and allows for an objective 

assessment of future streamflow trends. Simulated historical streamflows (or hindcasts) will be the basis for my 

interpretation of projected streamflow change (i.e., I will compare simulated projected streamflows to simulated 

historical streamflows). I will develop statistical figures to graphically portray annual daily and subdaily peak 

streamflows and I will develop frequency curves for each tributary within the basin to portray 2-, 10-, 50-, and 

100-year streamflow magnitudes (or similar). I will also determine the future recurrence intervals for simulated 

historic 2, 10, 50, and 100-year flows. The specific years that I will center my normals around will be 

determined in concert with my collaborators at CIG. 

4. Anticipated Results 

Hydrologic studies throughout the western Cascades have shown that a warmer climate will generally 

produce higher winter streamflows and lower summer streamflows, particularly in mixed rain-snow watersheds 

like the Stillaguamish which are highly sensitive to small temperature perturbations (Dickerson-Lange and 

Mitchell, 2014; Hall et al., 2014; Cao et al. 2016; Murphy, 2016; Freeman, 2019; Clarke et al., 2019;). I 

anticipate my DHSVM-based approach will confirm this trend in the Stillaguamish watershed. As the climate 

warms, snowlines rise, atmospheric river events become more common (Warner et al., 2015) and a larger 

proportion of precipitation falls as rain rather than snow, peak flows in winter months will increase in magnitude 

and frequency. I anticipate that both my Livneh- and WRF-based models will show similar trends; however, I 

hypothesize that I will have more success capturing and calibrating to peak streamflows using WRF-generated 

meteorological inputs due to their higher native temporal resolution which should more accurately induce high 

intensity, short duration precipitation events.  

My results will include estimates of future peak flow magnitudes and their recurrence intervals, 

projected snow maps, and other hydrological indicators (e.g., projected timeseries for streamflow, 

evapotranspiration, precipitation, etc.). These will inform the Stillaguamish Tribe’s quantitative salmon 

restoration tools which they use to evaluate property acquisition, engineered log jams, and riparian restoration 

plans. My results will also aid Snohomish County as they prepare flood mitigation strategies and develop future 

municipal improvement plans.  

I intend to prepare a manuscript of my results for publication in a peer reviewed journal concurrent with 

my thesis. I will also present either a poster or oral presentation at the 2021 Northwest Climate Conference. A 

timeline of my research through graduation is provided as Table 3. 
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Tables 

Table 1 List of Global Climate Models (GCM) that have been statistically downscaled via the Multivariate Adaptive 

Constructed Analogs (MACA) process. I will analyze streamflows in the Stillaguamish watershed using the Distributed 

Hydrology Soil Vegetation Model (DHSVM) and meteorological time series for each of these downscaled GCMs. My 

analysis will be focused on Intergovernmental Panel on Climate Change (IPCC) Representative Concentration Pathways 

(RCPs) with the greatest greenhouse gas concentrations. The low greenhouse gas scenario I will be modeling produced 

median projected streamflows in another study of the North Fork of the Stillaguamish (Freeman, 2019). 

Global Climate 
Model 

Parent Research Center 
Greenhouse 

Gas Scenarios 
To be Evaluated 

BCC-CSM1-1-M 
Beijing Climate Center, China 
Meteorological Administration 

High 

CanESM2 
Canadian Centre for Climate Modeling 
and Analysis 

High 

CCSM4 
National Center of Atmospheric 
Research, USA 

High 

CNRM-CM5 
National Centre of Meteorological 
Research, France 

High 

CSIRO-Mk3- 6-0 

Commonwealth Scientific and Industrial 
Research Organization/ Queensland 
Climate Change Centre of Excellence, 
Australia 

Low and High 

HadGEM2-ES Met Office Hadley Center, UK High 

HadGEM2-CC Met Office Hadley Center, UK High 

IPSL-CM5A- MR Institute Pierre Simon Laplace, France High 

MICROC5 

Atmosphere and Ocean Research 
Institute (The University of Tokyo), 
National Institute for Environmental 
Studies, and Japan Agency for Marine-
Earth Science and Technology 

High 

NorESM1-M Norwegian Climate Center High 



 

 

 

Table 2 List of GCMs that have been dynamically downscaled using the Weather Research and Forecasting (WRF) 

numerical model. Similar to table 1, I will analyze streamflows in the Stillaguamish watershed using the DHSVM for each 

of these meteorological forcing datasets. 

Global Climate 
Model 

Parent Research Center 
Greenhouse 

Gas Scenarios 
To be Evaluated 

ACCESS1-0 

Commonwealth Scientific and Industrial 
Research Organization (CSIRO), 
Australia/ Bureau of Meteorology, 
Australia 

Low and High 

ACCESS1-3 

Commonwealth Scientific and Industrial 
Research Organization (CSIRO), 
Australia/ Bureau of Meteorology, 
Australia 

High 

BCC-csm1-1 
Beijing Climate Center (BCC), China 
Meteorological Administration 

High 

CanESM2 
Canadian Centre for Climate Modeling 
and Analysis 

High 

CCSM4 
National Center of Atmospheric 
Research (NCAR), USA 

High 

CSIRO-Mk3-6-0 

Commonwealth Scientific and Industrial 
Research Organization (CSIRO) / 
Queensland Climate Change Centre of 
Excellence, Australia 

High 

FGOALS-g2 
LASG, Institute of Atmospheric Physics, 
Chinese Academy of Sciences 

High 

GFDL-CM3 
NOAA Geophysical Fluid Dynamics 
Laboratory, USA 

High 

GISS-E2-H 
NASA Goddard Institute for Space 
Studies, USA 

High 

MIROC5 

Atmosphere and Ocean Research 
Institute (The University of Tokyo), 
National Institute for Environmental 
Studies, and Japan Agency for Marine-
Earth Science and Technology 

High 

MRI-CGCM3 Meteorological Research Institute, Japan High 

NorESM1-M Norwegian Climate Center, Norway High 



 

 

 

Table 3. Estimated timeline to graduation. I have completed DHSVM setup and am in the process of calibrating my 

Livneh- and WRF-based models. 

TASK 06/20 07/20 08/20 09/20 10/20 11/20 12/20 01/21 02/21 03/21 04/21 05/21 

Lit. review X X X X X X X X X X X   

Basin 
setup 

X                       

Model 
calibration 

X X X X                 

Statistical 
analysis 

X X X X X X X X X X     

Writing, 
drafting, 
reporting 

    X X X X X X X X X X 

Thesis 
tabling 
and 
defense 

                    X X 



 

 

 

Figures 

 

 

Figure 1 - The Stillaguamish Watershed is located in northwest Washington State and comprises three primary tributaries: 

Pilchuck Creek (outlined in green), the North Fork (outlined in blue), and the South Fork (outlined in red). Simulated 

stream channels are shown in blue and town centers are shown in black. 



 

 

 

 

Figure 2 – Landcover or vegetation types within the virtual water Stillaguamish Watershed. The numeric values correspond 

to vegetation parameters within the DHSVM configuration file; the data are from the NOAA C-CAP 2016 dataset (NOAA, 

2019). These data were resampled to 150-meter grid resolution from a native 30-meter resolution.  

 

 



 

 

 

 

 

Figure 3 - Soil types within the virtual Stillaguamish Watershed. The numeric values correspond to soil parameters within 

the DHSVM configuration file; the data are from the STATSGO dataset (USDA, 1998). These data were originally in 

vector format (i.e., polygons) and were transformed to 150-m grid resolution (i.e., raster format) for use in DHSVM. 



 

 

 

 

 

 

Figure 4 - Simulated soil thickness within the virtual Stillaguamish Watershed. Soil thickness is generated by a series of 

Python scripts that execute ESRI ArcMap processes to weigh soil thickness within a user defined range based on relief. 

Higher relief areas within the watershed have thinner soil layers. The data have a grid resolution of 150 meters. 

 

 

 



 

 

 

 

 

Figure 2 - Historical streamflow observations will serve as the basis of my model calibration; gauging stations where 

historical flow rate observations exist are shown in red. The Stanwood, NF Arlington, and NF Oso gauging stations are 

managed by USGS; the Pilchuck Creek, Silvana, and SF Jordan Road stations are managed by the Washington Department 

of Ecology. 

 

 

 

 


