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Preliminary Conclusions
• Melt characteristics differences and model error will result in different SAC parameter requirements  although some appear 

insensitive to the type of snow model used. 

• SNOW17 provides continual melt (DAYGM) throughout season and earlier melt than SAST.  SNOW17 output gives a better 
hydrograph match; unable to remove late SAST peaks without adversely affecting overall water balance.

• Preliminary applications of SNOW17 areal depletion  curve subroutines to SAST appear successful.

• These results suggest that the type of snow model used may not have a large influence on long-term forecasting, but on the 
short-term (days to weeks) the difference in melt patterns may affect forecast accuracy.

• 1984 hindcast using SNOW17 output is more accurate than hindcast using SAST output.  However, further development and 
investigation of SAST for watershed scale forecasting is needed.

Introduction
The National Weather Service (NWS) issues the official hydrologic forecasts for the US.  Accurate simulations of snow 

accumulation and melt are a key component of these forecasts and vital to a variety of decision makers to maintain the 
economic viability, human health, and safety of their communities. 

The NWS SNOW17 model (Anderson, 1973, 1996) was created in the 1970’s when technology and data were limited. It uses 
only temperature as an index to snowpack accumulation and ablation, even though numerous other factors can have a large 
influence on snowpack dynamics.

Technological advances in computer processing and data collection have allowed a wider application of physically-based 
snow models (i.e. land surface modeling) and to collect the hydro-meteorological observations needed as input.  This study 
investigates the impact, value, and feasibility of incorporating these recent advances into the NWS river forecasting system and
for ensemble streamflow prediction
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Step 2: Generation of ESP hindcasts: Example 1984 spring water supply outlook for RCE 
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Step 1b: Watershed-scale calibrations

RELATIVE
PARAMETER MIN MAX SAST SNOW17 DIFFERENCE (%)
UZTWM 1 150 1.10 1.00 0.07
UZFWM 1 150 135.23 135.06 0.11
UZK 0.1 0.8 0.26 0.61 50.82
PCTIM 0 0.1 0.03 0.07 44.96
ADIMP 0 0.4 0.24 0.40 40.10
ZPERC 1 250 2.47 77.61 30.18
REXP 0 5 0.16 2.22 41.21
LZTWM 1 500 136.59 137.40 0.16
LZFSM 1 1000 546.15 998.36 45.27
LZFPM 1 1000 192.90 222.57 2.97
LZSK 0.001 0.5 0.07 0.10 4.11
LZPK 0 0.2 0.00 0.00 0.34
PFREE 0.01 0.8 0.43 0.28 18.48
ROUTING 0.0001 0.5 0.49 0.50 0.71

CALIBRATED VAL

Note: parameter ranges determined from published or RFC values

•Areal depletion curve from adjacent RFC basin & 
SNOW17 AESC routine were used in both models, SI 
parameter was calibrated, & basin average melt was 
computed. 
•SACSMA was calibrated for each snow model output 
(rain+melt) using 3-step MACS procedure (with SCE) at 
24hr timestep.
•Calibration may be improved by further testing of snow 
model parameters or use of snow correction factor.

LNSE DRMS (mm)
Calibration 0.37 1.99
Verification 0.37 1.50
Calibration 0.57 2.01
Verification 0.66 2.34

SNOW17

SAST

Step 1: Snow model comparisons 
NEEDED:  1) Model for comparison to SNOW17, & 2) Watershed with sufficient data

Point-scale comparisons for subwatershed RME
SAST: 3-layer energy balance, developed for use in LSM and GCM, parameters from Jin et al., 1999

SNOW17: single-layer temperature index model, seasonally varying melt factor, developed for operational 
forecasting, RFC parameters from nearby forecast point (areal depletion curve not applied)

ISHI: single layer energy balance, developed for distributed hydrologic forecasting, calibrated by developer

UEB (Utah Energy Balance) single layer energy balance, developed for the prediction of snowmelt, 
parameters estimated from developer documentation and similar SAST values

(NOTE: SNOW/RAIN cutoff set to 1oC for all models, no snowfall correction)

• SAST SWE simulations 
compared to other energy 
balance models
• SNOW17 is more consistent 
than SAST for calibration & 
verification periods
•SAST tends to more 
accurately simulate for days  
when snow is observed

Verification periodCalibration period 

(legend indicated above)

Reynolds Mountain 
East

.4 km2

Reynolds Creek Experimental 
Watershed Idaho  (USDA)

http://ars.usda.gov/Main/site_main.htm?modecode=53-62-00-00

Next steps: 1) Statistical analysis of models during snow periods   2) Test on a larger basin
3) Test newer data sources 4) Test on NWS forecast basin
5) Test simplifications of SAST (i.e. soil heat flux)

OBSERVED

HISTORICAL 
SIMULATION

X = OBSERVATION

• Observed SWE lies within the 
range of SWE ensemble member 
for both models; further statistical 
testing will allow quantification of 
the differences in SWE simulation 
between both models

• Although this was a poorly 
simulated year (red dashed line), the 
ensemble method provides some 
streamflow scenarios that were 
similar to the observation.  Bayesian 
combination methods could improve 
combination of ensemble members 
based on climate

• Ensemble forecasts from both 
models provide a more accurate 
forecast than climatology for 1984.  
SNOW17 gave the most probability 
to forecast categories closest to 
where the observation occurred.Stats for daily SWE Pbias (%) ME (mm)

Calibration 18 92
Verification 32 59
Calibration 27 121
Verification 67 68
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