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LAKE TAHOE RESPONDS TO GLOBAL WARMING


A group of Tahoe researchers has found that the lake is slowly warming.  How do they know?  What does it mean?  Robert Coats, of Hydroikos, Ltd., and UC-Davis scientists, Joaquim Perez-Losada, Geoffrey Schladow, Robert Richards and Charles Goldman, explain it in a recent report.


For more than 30 years, Tahoe Research Group scientists have been making careful measurements of water clarity, algal productivity, temperature, and nutrients.  Temperatures were measured weekly from the surface to 100 meters of depth and monthly down to 400 meters, which is almost to the bottom of the lake.  Profiles of nitrate concentrations were also collected.  Much of what we’re currently learning about Lake Tahoe would not be possible without this data goldmine.


For example, a major process in the lake is occasional deep mixing or turnover.  When deep mixing occurs, water, nutrients and fine particles from the surface layers of the lake are 

diluted.  Nitrate concentrations and temperature are uniform from top to bottom.  Oxygen-rich surface water is also moved to the bottom.  In the presence of oxygen, iron combines with phosphorus, which is thus kept immobile on the bottom.


Mixing of the lake was first demonstrated in 1973 by analyzing temperature and nitrate profiles.  Now, with a three-decade set of measurements, Coats and his colleagues took another look at that data.  Using very sophisticated analyses, they found that the lake has been warming up – for at least as long as measurements have been made.


Ordinarily, the lake is very stable.  With warmer water on top, heated by the sun and contact with warm air, and with cooler water below, the lake is stratified.  Warmer water is less dense and tends to rise, while denser cool water wants to sink to the bottom.  So, it takes a lot of wind energy to mix the lake.


But, if the surface cools sufficiently, the temperature of the lake becomes pretty uniform from top to bottom.  It’s unstable then, and it doesn’t take much wind to push it into mixing.


Many lakes worldwide are warming.  According to Coats, et al., as these lakes have warmed, they’ve also become more stable and mix less often.  Is that happening here?  Coats and his colleagues find that Lake Tahoe already mixes less frequently than it would have if temperatures had not increased.


One of the sophisticated tools the scientists were able to use is a Dynamic Lake Model.  It has something like 150 horizontal layers, and can track vertical transport of heat and water.  They also used historic reconstructions of weather information for the Tahoe basin, and air temperature records for Tahoe City from 1914 to 2002.


Temperature increases averaged 0.015 degrees Celsius (0.027 degrees Fahrenheit) per year during the three decades for which data were available.  If it continues to rise, the lake would heat up at the rate of three degrees Fahrenheit per century, not enough to allow swimming during winter, but enough to cause noticeable changes in the lake’s thermodynamics.


When the Dynamic Lake Model took account of the heat input to the lake from air temperatures, which have also been rising, it was able to closely duplicate mixing events that were recorded from 1972 to 1998.  Model results also show that if the air temperature had not increased, the lake would have had additional deep mixing events during that same period.


So, what might be the consequences of Lake Tahoe’s warming and becoming more stable?  Coats, et al., explain that there could be ecological effects.  Fine particles that float around in the upper warmer layer are dispersed and diluted when the lake mixes, causing clarity to increase.  If mixing doesn’t occur, particles could accumulate in the warm upper layer, prolonging periods of reduced clarity.  Also, nutrients wouldn’t be transported up from the bottom.  So, algal blooms would depend on external loading instead, and the character of the blooms might change.


The boundary between the warmer upper layer and cooler lower layers is called the thermocline.  It provides a barrier to upper migration of introduced opossum shrimp, and thus offers a refuge for the tiny zooplankton that the shrimp had almost extinguished from the lake.


With warmer air temperatures, the layer above the thermocline might get even warmer and be even more of an obstacle to shrimp.  This might allow zooplankton, like the water flea, to recover.  This may already be happening.


The most important consequence of warming, the scientists believe, is the added stability of the lake.  If the lake mixes less often, the rate of warming is likely to increase, and that could impact the metabolic rates of organisms in the lake.   Also, less oxygen might reach the bottom of 

the lake.  That could trigger the release of phosphorus from the sediments.  And when the lake does mix, those nutrients would be transported to the upper layers of the lake, “stimulating an unprecedented algal bloom.”  Such an event, the researchers explain, may not occur for many years but it could be hastened if nutrient fluxes to the lake are not reduced and the lake continues to warm.


Questions or comments?  Send them to basinwatch@sbcglobal.net
