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ABSTRACT

The U.S. Army Corps of Engineers has begun implementation of a new operational system for monitoring snow
conditions, modeling changes to the snow, and routing snowmelt runoff through the stream and reservoir system
of a watershed. This system has as its basis four functional elements, including a graphical user interface for dis-
playing, manipulating, and analyzing data; a system for mapping snow extent and water equivalent; a spatially
distributed snow model, and a grid-based runoff routing model. The user interface links snow maps and model
results, as well as Corps of Engineers and other agency databases. We use measurements from the Advanced Very
High Resolution Radiometer (AVHRR) to make maps of snow extent represented as fractional extent per pixel.
When merged with interpolations of ground-based measurements, these maps estimate the spatial distribution of
water equivalent. A grid-based distributed snow model makes independent estimates of water equivalent and
melting, which feeds the runoff routing model. The satellite-derived product will provide the basis for updating
model results, Qur demonstration area, the Kings River watershed, lies in the Sierra Nevada, California. This
paper describes the functional elements and integration of these elements, the current status of the project, and
future directions.

INTRODUCTION

In the western United States, snowmelt contributes approximately 80% of total runoff. Temporal variability in
snowfall at interannual scales can have dramatic impacts on land cover, agriculture, and human and nonhuman
populations. The California drought of 1987-1992 resulted in severely depressed water tables, increased fire fre-
quency, and broad societal changes such as statewide trends to more use of water efficient appliances and con-
struction of expensive plants for seawater desalinization. The spring and summer of 1998, an El Nifio year, saw
large snowfall in the Sierra Nevada, with a snowpack growing into early June, past the mean date of peak accumu-
lation near April 1. By July 14, most California Cooperative Snow Survey sensors had melted free of snow, while
more than 25% of the total runoff for water year (WY) 1998 had yet to come in many basins. This proportion of
such a large water year total holds enormous value to reservoir managers and the growers in the nationally impor-
tant San Joaquin Valley. As population increases in the United States, particularly in the water-sensitive West, our
predictive capacity for timing and magnitude of melting becomes more critical.

Current forecasts of snow runoff volume and peak flows from montane watersheds in California and other areas
throughout the western United States use spatially lumped statistical models that link indices of snow volume and
melting rate to stream flow (e.g., Peck, 1976). Experience shows that river flow forecasts have reasonable accura-
cy for any WY close to the mean of the historical record. While this family of statistical models for runoff fore-
casting makes use of data sets with several decades of observations, problems can arise when climatic conditions
vary greatly from the historical mean. It appears that systematic trends in runoff timing over the last few decades
may represent changes in the climate of California (Dettinger and Cayan, 1995; Pupako, 1993; Roos, 1991, 1990).
Trends appear in the records of snow water equivalent (SWE) as well, represented by less snow accumulation at
low elevation, compared to rainfall, and more snow at high elevations (Johnson et al., 1997). These trends may
have two consequences: (1) greater probability of rainfall in the winter during periods of large snow extent in
areas below timberline, and (2) less snow cover in forests at the onset of spring melting. Both could lead to
increases in the frequency and magnitude of peak flows (Kattelmann, 1991).
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