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RAIN, SNOW AND WATERSHED DRAINAGE

During some years, like this one, the Tahoe Basin doesn’t get much rain or snow.  Other years, like 1997, monsoon-like rains wreak havoc on the watershed.  During those mythical normal years that seldom occur, we get some rain in late summer and in the fall, followed by gentle snows.  A nice snow pack builds up and releases water during spring and summer.

How, when, and how much of that water gets to Lake Tahoe varies with type of precipitation, temperature and sunshine.  It’s also influenced by vegetation, soil, rocks, asphalt, concrete and roof shingles.  We can tell, after the fact, how much runoff occurs in a particular year by measuring the change in lake level and making appropriate corrections.  But, can we predict runoff, and how it varies with different kinds of climate and ground cover?  It doesn’t take much imagination to realize that it would be a very difficult and complicated exercise.

To make such predictions, U.S. Geological Survey hydrologist Anne Jeton recently adapted the Survey’s Alpine Precipitation-Runoff model to the Lake Tahoe Basin.  Her results are in Water Resources Investigations Report 99-4110, published in 1999.  Her aim was to help analyze the effects of management and operational scenarios for the Truckee River.  It was part of the work being done to develop the new Truckee River Operating Agreement.

It appears that the model could also be used to simulate the effects of different land uses and climate conditions in the Tahoe Basin.  For example, the USGS press release explains that “the effects of fire or increased urbanization on runoff could be examined by changing variables in these hydrologic models.”

To develop the Tahoe Basin model, Jeton compiled an extensive data base of climate and hydrologic information.  Watershed and land-use characteristics were obtained from a database of natural resource information.  This database, called a Geographic Information System (GIS), was compiled over many years by the USGS, TRPA, Natural Resources Conservation Service and the U.S. Forest Service.  

From the GIS, Jeton could obtain information on altitude, slope, aspect, soil, land cover, geology, and hydrography.  Digital data on impervious areas, delineating development, was furnished by the USFS.  Precipitation histories were obtained from 21 stations in the Tahoe and Truckee River basins.  Temperature data came from eight stations.

Though precipitation often varies with altitude, this wasn’t what Jeton found for the Tahoe Basin.  It seems that the strong rain-shadow effect, which we can all observe after a snowfall, obscured any altitude effects.  In the model, it was assumed that precipitation that fell during freezing temperatures was snow.  When temperatures were above freezing it was considered to be rain.  

Lapse rates were used to interpolate temperature values between stations.  Since the basin often has temperature inversions, using lapse rates introduced some error.  On sunny days, it was assumed that snow melted, but on overcast days, it was assumed that it sublimated (evaporated directly from snow crystals, without melting first).  

Sierra storms often carry both rain and snow, especially at middle altitudes.  And temperatures in the basin often hover near freezing, so small changes in temperature can change precipitation from rain to snow.  These effects lead to uncertainties in modeling the form of precipitation.

Some Tahoe streams have streamflow gages, but streams in at least half the basin do not.  So, to cover the entire basin, flow from ungaged streams had to be estimated.   Jeton did this by using pairs of watersheds.  The idea was to see how well you could estimate runoff from one watershed by applying data from another similar watershed.  Several pairs of gaged watersheds were studied.  The results were used to simulate flows from the ungaged watersheds.

The model was used to calculate lake storage volumes during the years 1980 to 1996.  These results were then compared to measured runoff volumes.   In spite of errors inherent in the modeling, Jeton noted that the calculated average flow of 409,000 acre feet was very close to the measured value.  

However, one more error was suspected when Jeton compared lake evaporation studies.  For many years, it was believed that evaporation from the lake averaged something like three feet per year.  This was based on studies in the Tahoe City area.  I recall former Watermaster, Claude Dukes, likening this heavy loss of Tahoe water to “a river in the sky.”  However, evaporation at Boca during the period 1980 to 1996 averaged almost four feet per year.  Jeton found that using the Boca evaporation data produced a better model simulation.

Though there were limitations to the data available for a precipitation/runoff model, Jeton concludes that the model could be used to study changes in climate and land-use in the Tahoe Basin.

