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Background and Motivation
• In snow-dominated watersheds of the western U.S., rainfall and 

snowmelt are key flood generation mechanisms (Berghuijs et al. 
(2016).

• The U.S. Army Corps of Engineers uses HEC-HMS to forecast runoff 
and make operational decisions within snow-dominated 
watersheds. HEC-HMS contains three methods of varying 
complexity that can simulate snow accumulation and ablation: 
Temperature Index (TI), Hybrid (RTI), and Energy Balance (EB).

Research Questions
• How do the three snow methods within HEC-HMS compare to 

each other and observed data?
• How does the chosen period of calibration alter model 

performance when using the TI, RTI, and/ or EB methods?
• How do the total modeling times (i.e., time needed for boundary 

condition preprocessing, model calibration, and model 
simulations) vary between the three snow methods?

Key Findings
• There was no clear advantage to either the TI, RTI, or EB snow 

methods for modeling domains ranging from 140–2760 sq km in the 
Sierra Nevada Mountains. The best validation model performance 
varied by subbasin for both SWE and streamflow. 

• Accuracy gains in streamflow prediction are not highly sensitive to 
the chosen snow method when modeling larger watershed domains.

• The chosen time window used for model calibration was shown to 
be an important consideration in the simulation skill of each snow 
method.

• Furthermore, the required amount of time to create, calibrate, and 
simulate hypothetical scenarios for the RTI and EB methods was 
found to be 5-7x and 8-10x longer than the TI method, respectively. 

• The time and effort required to apply complex methods (e.g., EB) 
must be considered when scoping modeling efforts.
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Study Domain Figure 1. The study 
domain used for the 
Truckee River watershed 
upstream of Derby Dam, 
NV (left). Observed 
WY2017 flow and SWE 
accumulation at Truckee, 
CA (bottom).

SWE Calibration and Validation
Figure 3. Time series of 
SWE in three selected 
subbasins. Each of the 
three WY (line color) are 
shown for each 
simulation water year 
(top axis) by
subbasin (right axis) and 
snow method (right 
axis). The calibrated 
model in each panel is 
shown in bold. The 
observed average 
University of Arizona 
SWE Reanalysis
Data for each subbasin 
is included in black 
(Broxton et al., 2019).
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Flow Calibration and Validation
Figure 4. Modeled and 
observed daily 
streamflow at the three 
USGS stream gages (right 
axis) based on the snow 
method (right axis) are 
shown for each 
simulation
WY (top axis). The 
calibrated models are 
shown in black for each 
simulation run. 
Consistent observed flow 
values (vertical lines of 
points) are due to 
reservoir regulation 
within the modeling 
domain.

Snow Method Experiment Setup
• Calibrate model parameters using each of the snow methods (TI, 

RTI, and EB) for water years (WY) 1997, 2006, and 2017.
• Run each of the calibrated models for the other two WY, creating 

a pseudo- bootstrapping of the snow methods for each WY.

Figure 2. Simulated snow water equivalent (SWE) spatial distribution throughout 
the Truckee River watershed on 31Mar1997 (left); Examples of model calibration: 
SWE (upper right), flow (middle right), and cumulative flow volume (lower right).
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