
INTRODUCTION

Lake Tahoe, an iconic ultra-oligotrophic lake in the central Sierra Nevada, has been studied intensively since 1968 with the goal of understanding and ultimately controlling 

its eutrophication and loss of clarity. Previous work on climate change impacts in the Tahoe basin found (from synoptic data) warming trends in the lake and atmosphere, 

earlier snowmelt and a shift from snow to rainfall.  The output from four General Circulation Models (GCMs) downscaled to a 6 km grid scale was used to drive the 

Variable Infiltration Capacity (VIC) model and derive a suite of 24 hydrologic and climate variables covering the Tahoe Basin, under historic conditions and two future 

emission scenarios (Representative Concentration Pathways 4.5 and 8.5).  Here we focus on trends in the return levels of maximum daily discharge of six basin streams, 

kinetic energy (KE) of raindrops falling on snow-free ground, the decline of snow, the basin-wide average climatic water deficit, and wind speed.  To analyze time trends in 

historic and modeled future extreme values, we applied the program extRemes, based on the Generalized Extreme Value (GEV) distribution. 
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CONCLUSIONS
● The annual snowpack will continue to decline, with earlier snowmelt and a shift from snowfall to rain.  

● The  Kinetic  Energy of rain falling on bare soil will increase, largely due to  the loss of snowpack.  

● Significant flooding on basin streams will become more frequent.

● The climatic water deficit will increase, especially at high elevations that will be most affected by the loss of snow, with effects on existing vegetation and fire frequency. 

● Lake Tahoe’s temperature and thermal stability will continue to increase, and winds in all seasons will decrease, with deep mixing shutting down in the latter half of this  century.  Internal              

loading of  P and N may increase, and deep-water habitat for the lake’s biota may be lost.

A. Modeling Impacts of Future Climate Change 

B.  Average Basin Air Temperature, RCP 8.5 

C.  The Future of Snow  

G.  The Warming of Lake Tahoe

We used a simple index to measure the Lake’s thermal stability (SI), calculating the energy required to 

mix the lake when it is stratified.  The warming trend in the lake is increasing its thermal stability and 

resistance to mixing, decreasing the depth of the fall thermocline, shifting the onset of stratification 

toward earlier dates, and its end toward later dates.  At present, the oxygenation of the hypolimnion is 

maintained by deep mixing about two years in seven.  The lake modeling results (with the GFDL A2 

scenario) indicate that by about 2065 deep mixing will likely shut down for long periods and the bottom 

waters may become anoxic. Biostimulatory phosphorus (SRP) and nitrogen (NH4-N) would be released 

to the water column, with the internal P loading far exceeding external loading.  Deep water habitat for 

lake biota would be lost.  The calculated atmospheric warming rate over this century with GFDL/A2 was 

0.045 oC/yr., but our new calculated rate is 0.057 oC/yr., so the threat to deep mixing is worse than 

previously thought.

E. Climatic Water Deficit
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The Angora fire, 2007.  Photo by 

Steve DeVriesMountain Pine Beetle Beetle-killed western white pine

General Cr, Dec. 31,2005.
Photo by S. Hackley

Lake Tahoe Stability Index, 1968-2014

GCM

Nickname

Organization

CanESM2 Canadian Centre for Climate Modelling and 

Analysis, Victoria, BC, Canada

CNRM-CM5 Centre National de Recherches 

Meteorologiques, Meteo-France, and 

CERFACS (Centre Europeen de 

Recherches et de Formation Avancee en 

Calcul Scientifique, Toulouse, France

HadGEM2-

ES

Met Office Hadley Centre, Exeter, Devon, 

UK

MIROC5 Japan Agency for Marine-Earth Science 

and Technology,

Kanagawa, Japan
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Climatic Water Deficit is the difference between potential 

and actual calculated evapotranspiration. This figure shows 

Percent change in Climatic Water Deficit from the average 

historic condition (1950-2005) to the average late century 

(2070-2099) conditions, for the two emission scenarios.  

The results of CanESM2 are not included, since the late-

century summertime moisture in that model differs so 

markedly from the results for the other three models.

Increased moisture stress will facilitate more bark beetle 

attacks, and lower fuel moisture will lead more catastrophic 

fires.
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D.  Flood Frequency

Trends in annual maximum daily discharge, for Ward 

Creek, RCP 8.5, estimated by regression at equal 

recurrence intervals of the gage data vs. modeled 

historic VIC runoff for the same time period.  All six 

basin streams tested with the Extreme Value 

Distribution showed significant upward trends at the 

higher return intervals, with the magnitude of the 20-yr 

flood increasing by 65-117 percent.

F. Raindrop Kinetic Energy ( KE) on Bare Soil

The figures at right show the modeled 

annual maximum hourly (a,b) and 

total annual (c,d) raindrop energy on 

snow-free ground, for the modeled 

historic period with RCP 4.5 (a,c) and 

RCP 8.5 (b,d), averaged for the four 

models over all Tahoe basin cells.  

The shift from snow to rain portends 

increased rainfall on snow-free ground 

and acceleration of soil erosion.  To 

evaluate the risk of increased erosion, 

we filtered the VIC rainfall data to 

include only rain that would fall on 

snow-free ground.  We then used  

hourly rainfall records from SNOTEL 

gages in the basin to disaggregate 

projected daily rainfall to hourly 

values, and used literature values to 

calculate maximum and total annual 

kinetic energy (KE) from intensity.

H.  Wind Speed

Shear stress on the lake surface is related to the square of the wind speed. 

The annual ensemble average of the square of daily wind speed showed 

significant downward trends from 2006 to 2100, for all seasons under 

RCP 8.5, but no trends under RCP 4.5.  The downward trends are slight, 

but do not bode well for future mixing of the lake in face of increasing 

thermal stability.

Is this the future of Lake Tahoe?

Direct from GCMs:  *Tmax. *Tmin, *Wind Speed

Output from VIC:

*Used in this project

Head of Blackwood Cyn.,

vulnerable to rainfall erosion
Photo by A. Stubblefield
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