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Abstract 

 
The 21st Century global climate is expected to experience long-term changes in response to 

anthropogenic greenhouse gas emissions.  Discussions on the potential impacts of climate change 

on water resources in the Lake Tahoe basin have only recently begun and our scientific 

understanding to date has focused on identifying existing impacts and trends in the historic data.  

Water resource managers need to know the potential effects of changing meteorologic conditions 

on a variety of topics such as expected future air temperature, amount and type of precipitation, 

stream discharge, sediment and nutrient loading characteristics, BMP performance, lake mixing 

and water quality response.  In this study we examined all these topics using existing water 

resource models already developed for the Lake Tahoe TMDL. A sophisticated statistical 

downscaling methodology was applied to the model outputs of the of the Geophysical Fluid 

Dynamics Laboratory Model (GFDL) and the Parallel Climate Model (PCM) given the A2 and 

B1 emissions scenarios, to produce simulated data records at a 12 km grid scale in the Tahoe 

basin for the 21st Century (2000-2099).  

 

The results show:  

1)   Upward trends in Tmax and Tmin, with trends for the GFDL > PCM, and trends for the A2 > 

B1,  

2)   No strong trends in annual precipitation amount, except for declining precipitation for the 

GFDL A2 case toward the end of the century,  

3)   A continuing shift from snowfall to rain, toward earlier snowmelt and runoff during the 

water year, for both scenarios,  

4)   A downward shift in the hydrologic flow-duration curve for the A2 scenario in the last third 

of the century,  

5)  Some increases in drought severity, especially toward the end of the century,  

6)   Dramatic increases in flood magnitude in the middle third of the century, especially with 

the B1 scenario,  

7)   Sediment and nutrient loading to Lake Tahoe should not increase, to any meaningful level, 

as a result of climate change and may actually decrease due to the estimated decline in 

water yield,  

8)   That while climate change will result in a modest decline in BMP performance for fine 

sediment particle load reductions (i.e. increase in average pollutant load), any diminished 

performance will be relatively small and load reduction should still be significant, 

9)   That by the middle of the 21st Century (after about 2050) Lake Tahoe could cease to mix to 

the bottom.  This will in turn result in complete oxygen depletion in the deep waters and an 

increase in sediment release of nitrogen and phosphorus,  

10)  That annual loading of soluble reactive phosphorus under sustained conditions of lake 

stratification (no deep mixing) and anoxic sediments could be twice the current load from 

all other sources.  Loading of ammonium under these conditions could increase the amount 

of biological available nitrogen that enters the lake by 25 percent. This effect on the Lake 

Tahoeôs nutrient budgets could have a dramatic and long-lasting impact on the food web 

and trophic status of Lake Tahoe,  

11)   That the resulting annual Secchi depth in the later portion of the 21st Century could be in 

the range of 15-20 m as compared measured values of 21-22 m since 2000 and, 

12)   Climate change will drive the lake surface level down below the natural rim after 2086 for 

the GFDL A2 but not the GFDL B1 scenario. 



1.0 INTRODUCTION   

 

1.1 Emissions and Global Climate Models 

The 21
st
 Century global climate is expected to experience long-term human-induced changes in 

response to greenhouse gases that have been added to the atmosphere by human activities. 

Several decades of warming and a variety of hydrologic and landscape responses have already 

occurred and are expected to accelerate in the 21
st
 Century until greenhouse-gas emissions are 

brought under control and even reversed (IPCC 2007). 

How these global-scale climate and landscape changes will play out in the Tahoe basin is highly 

uncertain, but current numerical models of the global climate system provide a number of 

plausible scenarios that can be investigated and evaluated to determine likely points of particular 

vulnerability in the basinôs hydrologic characteristics, nutrient and sediment loading, and lake 

response. Given widespread concerns about the approaching climate changes, such assessments 

are being performed in local to regional resource systems worldwide--assessment strategies and 

scenarios have emerged and are widely accepted as suitable for initial planning given current 

states of knowledge. Indeed, the State of California has recently completed the second in a 

biannual round of State-scale climate-change assessments using scenarios of the sort analyzed 

here, a new US national assessment of potential climate-change impacts is in planning stages and 

will be largely scenario based, and the next IPCC Assessment is expected to focus even more 

than in the past on regional scenarios of change and response.  

These various assessment activities typically begin by identifying some workable number of 

climate-change projections generated as simulations by a variety of global climate models forced 

by selected scenarios of future economic development and resulting greenhouse-gas emissions. 

Simulations from current global models typically are made on very coarse spatial grids, with 

model grid points separated geographically by anywhere from 1º latitude and longitude to as 

much as 3º latitude and longitude. At this scale, the climate of the entire State of California is 

represented by less than 10 grid cells, and the Tahoe basin covers much less than any one grid 

cell. As a consequence, the second step in most local to regional assessments is to ñdownscaleò 

global-model results to some finer grid or individual stations so as to preserve local climatic 

differences within a study area while representing the projected climate changes. The 

downscaled versions of the climate-change scenarios are then presented to various models or 

experts regarding the local systems to identify their vulnerabilities to the kinds of climate change 

encompassed by the scenario or ensemble of scenarios considered. Having identified key 

vulnerabilities to the climate changes investigated, options for adaptation of existing 

management systems or structures canðin principleðbe identified and weighed, as can options 

for new management approaches. 

  

1.2 Climate Change and Water Resources  

A complete understanding the historic and likely future conditions of Lake Tahoe requires 

consideration of the input of water, nutrients, sediment and energy from the lakeôs watershed and 

from the atmosphere.  Previous work on the historic trends in the Basinôs hydroclimatology in 

the 20
th
 Century indicated strong upward trends in air temperature (especially minimum daily 

temperature), a shift from snow to rain, a shift in snowmelt timing to earlier dates, increased 
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rainfall intensity, increased interannual variability, and increase in the temperature of Lake 

Tahoe (Coats et al. 2006; Coats 2010).  The latter investigation included a comparison with other 

areas in the vicinity of Lake Tahoe in order to relate these observations to large-scale regional 

climatic trends in the western USA and identify impacts and drivers.  Sahoo and Schladow 

(2008) reported on an initial attempt to model changes in lake mixing based on coarse-scaled 

future meteorologic conditions.   

 

Recent work on climate change impacts in the western U.S. has focused attention on the shift in 

snowmelt timing toward earlier dates (Aguado et al., 1992; Dettinger et al., 2004; Cayan et al., 

2001; Dettinger and Cayan, 1995; Johnson et al., 1999; Stewart et al., 2005), the shift from snow 

to rain (Knowles et al., 2006; Regonda et al., 2005), the earlier onset of spring (Cayan et al., 

2001); and the effect that these changes will have on water supply in California and throughout 

the western US (Hamlet et al., 2005; Barnett et al., 2008; Mote et al., 2005 ).  Pierce et al. (2008) 

showed that about half of the observed decline in western U.S. springtime snowpack (1950-

1999) results from climate changes forced by anthropogenic greenhouse gases (GHGs), ozone 

and aerosols. In 2007, the catastrophic Angora Fire in the Tahoe basin showed how legacy 

vegetation changes can interact with climate change to increase fire hazard, and provided a 

stunning illustration of the increasing risk of wildfire in the western U.S. (Westerling et al., 

2006); Running, 2006; Brown et al., 2004). 

  

Since continued change toward a warmer climate in the basin is inevitable (Hansen et al., 2009), 

we would like to know: 1) how fast will the air temperature in the basin increase; 2) how will the 

form, timing and annual amount of precipitation change? 3) how will the changes in temperature 

and precipitation affect drought? 4) how will changes in precipitation affect streamflow regimes, 

especially high- and low-flow frequency-magnitude relationships?  The purpose of this paper is 

to begin answering these questions.  Our approach is to downscale the output for the 21
st
 century 

from two General Circulation Models (GCMs) and two emissions scenarios, and use the 

downscaled output to drive a distributed basin hydrology model.  The output from the hydrology 

model is then used to derive streamflow and soil moisture at various time scales, for use in 

calculating flood frequency, flow duration, drought severity and shifts in snowmelt timing, for 

selected sub-basins and sites in the Tahoe basin. 

 

1.3 Lake Tahoe: Concern with Climate Change  

Lake Tahoe is world renowned for its natural beauty and cobalt-blue color. However, long-term 

monitoring shows that (1) Secchi depth transparency has declined by 10 m since 1968, (2) the 

rate of 
14

C primary productivity continues to increase at about 5 percent per year, and (3) thick 

growths of attached algae cover portions of the once-pristine shoreline.  Additionally, like many 

lakes world-wide, Lake Tahoe has been affected by non-native species that were either 

intentionally introduced or were part of a large pattern of regional invasion. 

 

Lake clarity is driven by the influx of phosphorus, nitrogen but especially fine sediment particles 

<16 m in diameter (Lahontan and NDEP 2010a; Sahoo et al. 2010).  These pollutants come 

from land disturbance and urbanization (including roadways and road maintenance) and their 

transport to the lake is further exacerbated by an accompanying loss of natural landscape capable 

of treating runoff.   
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Fine sediment particles come primarily from the urban setting (72% of total), while 55% of the 

nitrogen enters Lake Tahoe via direct atmospheric deposition.  Surface runoff from the urban and 

non-urban portions of the landscape account for 39% and 26% of the phosphorus load, 

respectively (Lahontan and NDEP 2010a).  The Lake Clarity Model shows that the 30 m target 

can be achieved if nutrients and particles from all sources are reduced by 55 percent or with a 75 

percent reduction from just urban sources.  Based on a pollutant reduction opportunities analysis 

for the Tahoe basin, the Clarity Challenge (24 m Secchi depth within 15 years) can be met by a 

reduction of 32%, 14% and 4% for particles, P and N, respectively (Lahontan and NDEP 2010b). 

The results from paleolimnological research and an empirical Secchi depth versus particle 

relationship suggest that Lake Tahoe can improve once loading is reduced (Heyvaert 1997). A 

model simulation where all fine particles from urban source are set to zero results in a 31 m 

Secchi depth which resembles the hypothesized historic baseline. 

 

Efforts to reduce nutrient and sediment input to Lake Tahoe have been the cornerstone of 

watershed management for decades.  Perhaps the largest and best organized of these efforts has 

been the Environmental Improvement Program (EIP) that was developed by the Tahoe Regional 

Planning Agency (http://www.trpa.org/default.aspx?tabid=227).  The EIP was highlighted during 

the 1997 Presidential Summit at Lake Tahoe in order to focus actions related to lake and 

watershed management. According to the TRPA, the EIP ñencompasses hundreds of capital 

improvement, research, program support, and operation and maintenance projects in the Tahoe 

Basin, all designed to help restore Lake Tahoe's clarity and environment.ò 

 

The Lake Tahoe Total Maximum Daily Load Program (TMDL) can be considered a science-

based operational blueprint for implementation of the EIP. The Lake Tahoe TMDL (1) quantifies 

fine particle and nutrient loading from urban runoff, vegetated upland flow, atmospheric 

deposition, stream channel/shoreline erosion and groundwater, (2) uses a customized Lake 

Clarity Model to link pollutant loading to lake response, and (3) develops the framework for a 

plan to achieve an annual average Secchi depth of 30 m as required by existing regulations.  

 

1.4 Goals and Objectives  

 

While the Lake Tahoe TMDL considers climate change in a conceptual manner (Lahontan and 

NDEP 2010b), a more quantitative analysis was unavailable.  Fully aware of this knowledge gap, 

we submitted, and were awarded, a grant from the Southern Nevada Public Lands Management 

Act (SNPLMA) Round 8 science projects to begin to evaluate the implications of climate change 

on hydrology, pollutant loading and the response of Lake Tahoe.  While additional data 

evaluation and technical analysis is needed to tie climate change impacts directly into policy, the 

goal of this present study was to provide water resource agencies and decision-makers with a 

scientifically-justified assessment as to what extent climate change needs to be considered in 

ongoing efforts to protect Lake Tahoe.  

 

The purpose of this research was to investigate the likely effects of climate change on Lake 

Tahoe, while assessing the implications of hydrologic changes associated with climate charge for 

(1) changes in loads of sediment and nutrients to Lake Tahoe, (2) design and effectiveness of 

Best Management Practices (BMPs) and (3) lake response to warming. 

 

http://www.trpa.org/default.aspx?tabid=227
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The results of our investigations have been used to address the following specific questions: 

 

 What has been the historical change key meteorology/hydrology parameters such as air 

temperature, precipitation amount, form of precipitation (rain versus snow), snowpack 

characteristics, timing and duration of snowmelt, etc? 

 What are expected changes to these parameters over the next 100 years based on output 

from general circulation models (GCM) that have been developed to evaluate climate 

change? 

 How will the magnitude and frequency of runoff, both from the entire Lake Tahoe 

drainage basin and to water quality treatment projects (BMPs) respond to climate change 

in the 21
st
 Century? 

 How will the discharge of sediments and nutrients to Lake Tahoe respond to climate 

change? 

 What is the expected impact of a change in hydraulic and pollutant loading on BMP 

treatment and project implementation? 

 How would reduced mixing of the lake affect deep-water dissolved oxygen and nutrient 

release from bottom sediments? 

 

1.5 Overview of Approach  

To analyze the likely future impacts of climate change on hydrology and water quality at Lake 

Tahoe, four models (or suites of models) were used together.  First, a General Circulation Model 

(GCM) of global climate was employed to generate future scenarios of climate variables, at 

appropriate time and spatial scales.  To be applied at the scale of the Tahoe basin, the model 

output was downscaled using local records of temperature and precipitation. 

 

Second, a watershed model was used to model or predict stream discharge and loads of nutrients 

and sediment in response to long-term climate trends. For development of the Total Maximum 

Daily Load (TMDL) allocations for the Tahoe Basin, Tetra Tech (2007) customized the Load 

Simulation Program in C++ (LSPC) model for Tahoe basin hydrology.  This watershed model 

uses local weather data as the forcing factor, together with watershed characteristics (including 

existing land use coverage, elevation, slope, and soils) and measured stream discharge and water 

quality to generate existing condition loads for ammonia, nitrate, organic nitrogen, dissolved 

phosphorus, and organic phosphorus (Lahontan and NEP 2010a).   

 

Third, the climate data and watershed outputs must be used to drive a lake hydrodynamic and 

clarity model. The UC Davis Dynamic Lake Model (DLM) coupled with the Water Quality 

Model (DLM-WQ) constitutes the Lake Clarity Model that was developed and used as part of 

the Total Maximum Daily Load (TMDL) program to meet regulatory water quality requirements 

(Sahoo et al. 2010).  DLM-WQ is a complex system of sub-models including the hydrodynamic 

sub-model, ecological sub-model, water quality sub-model, particle sub-model and optical sub-

model.  

 

Fourth, the implications of climate change for the design of water quality BMPs must be 

analyzed.  For the Lake Tahoe TMDL, the Pollutant Load Reduction Model was developed to 

analyze the reduction in pollutant loads associated with specific BMPs and sets of BMPs (nhc et 



 
 

5 

al. 2009).  It can be used to compare the effectiveness of a given BMP design with and without 

the increased magnitude and frequency of runoff that may result from climate change.  Figure 1-

1 is a flow chart showing the flow of information used in this project. 
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Figure 1-1.  Summary of information flow used for modeling and analysis. 
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2.0 PROJECTIONS & DOWNSCALING OF CLIMATE CHANGE DATA  FOR THE 

LAKE TAHOE BASIN  

 

Author: Michael D. Dettinger Ph.D.  

2.1 Selection of Global Climate Model and Emission Scenarios 

In this study, the most attention was placed on simulations by NOAAôs Geophysical Fluid 

Dynamics Laboratory (GFDL) - at Princeton University - global climate model (CM2.1) and its 

response to two greenhouse-gas emissions scenarios generated by the IPCC for its Special 

Report on Emissions Scenarios (Nakicenovic et al. 2000).  The A2 emissions scenario is one that 

is based on assumptions of a very heterogeneous world economy with high population growth, 

moderate overall economic growth, and resulting emissions that accelerate throughout the 21
st
 

Century. Notably, even just a year ago, the A2 scenario was widely viewed as a reasonable 

ñworst caseò scenario, but recent evaluations have shown that in the past decade, emissions have 

actually exceeded the A2 trajectory; consequently, currently A2 is being viewed as more of a 

middle-of-the-road or business-as-usual scenario and other even more severe emissions scenarios 

are being evaluated in many studies just starting now (Figure 2-1). Climatic responses to a 

second emissions scenario labeled B1 were also evaluated as part of our study. The B1 scenario 

is based on assumptions of a greener future with lower population growth and technological 

moves towards service and information economies, with emissions that level off by end of 

century (Figure 2-1). The B1 scenario is considered to be an optimistic scenario that results in 

much less change and challenge than does the A2 scenario.  It is noteworthy that 2004 through at 

least 2007, global CO2 emissions from fossil fuels actually exceeded the IPCC/SRES trajectory 

for the A2 scenario (US Global Change Research Program 2009). 

The GFDL climate model warms more in response to each unit of greenhouse gas added to the 

atmosphere than do most of the two-dozen climate models that were evaluated in the most recent 

Intergovernmental Panel on Climate Change Assessment (IPCC 2007). Simulations of 

temperature and precipitation from another climate model, the National Center for Atmospheric 

Researchôs Parallel Climate Model (PCM1), were also obtained and downscaled for the present 

study. The PCM1 model warms less than most of the other IPCC climate models. By considering 

climatic responses simulated under high-emissions A2 and low-emissions B1 scenarios by highly 

responsive GFDL and a minimally responsive PCM model, this study, when required, had the 

opportunity to evaluate potential impacts from the broad range of possibilities spanning the range 

of scenarios presented in the most recent IPCC global assessment. These same scenarios were 

also key components of the recent State of California climate-change assessments (Cayan et al., 

2008, 2009). 

2.2 Approaches to Downscaling 

Downscaling is the process of transforming simulated climate variables from coarse-grid climate 

models to produce estimates of what climate variables would look like at higher resolution of 

spatial scale. Many different approaches to downscaling have been developed and used in 

assessment studies. Two broad categories of downscaling methods are statistical methods (which 

use a variety of statistical models or relations between coarse-grained historical observations and 

their higher resolution counterparts as a basis for inferences about the high-resolution 
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implications of climate-model outputs) and dynamical methods (which apply climate models that 

have much finer grid spacings but over limited areas of the Earth to fill in detail over a desired 

area) (e.g., Wood et al. 2004). Dynamical methods will ultimately provide more physically 

consistent and flexible visions of the future but at present suffer from very high computation 

costs so that it is still rare to see dynamically downscaled products that span more than 20-30 

years. Furthermore dynamically downscaled products still maintain, or even worsen, biases 

suffered by the global models, so that it is generally necessary to statistical correct even the 

dynamically downscaled products before they are suitable for use. Statistical downscaling is 

much less computationally burdensome and typically has bias corrections as an integral part. The 

statistical methods, however, make explicit or implicit assumptions that historical (statistical) 

relations between coarse-grained climatic variables and their high-resolution counterparts will 

not change in the future as the global climate changes.  

2.3 Downscaling of Tahoe Basin Climate Data 

In this study, a statistical method, called constructed analogs method (Hidalgo et al., 2008), was 

used to downscale daily global climate-model outputs from their original roughly 2º latitude-

longitude grid spacings onto a 1/8º (roughly 12 km) grid. Figure 2-2 is a schematic of the method 

wherein, given a coarse-gridded depiction of some dayôs climate (weather), the first step is to 

identify a set of days with coarse-gridded climate patterns in the historical record that are similar 

to the model pattern. The linear combination of the weather maps from these coarse-grained 

historical analogs that best fits the model pattern is determined by simple linear regressions. The 

constructed analog method then applies the same regression coefficients to the high-resolution 

maps of those historical analog days to obtain a high-resolution version of the original model 

weather. In order to test the method, daily historical climate datasets were coarsened to global-

model grid spacings and then downscaled by constructed analogs, with results compared to the 

original, unmodified high-resolution fields. Figure 2-3 shows the correlations between daily 

ñanomalizedò temperatures and precipitation totals from the unmodified datasets and from the 

coarsened-and-then-downscaled results, where ñanomalizedò means ñwith long-term-mean 

seasonal cycles removed at each grid cellò so that no credit is given for knowing that winters are 

colder than summers or that high places are cooler than low, etc. High-resolution temperature 

variations are very well recovered in this experiment with anomaly correlations dipping no lower 

than 0.8 over most of the US, and remaining well about 0.9 over the Tahoe basin.  

Precipitation is more difficult and at daily scale anomaly correlations are at best about 0.7 over 

the Tahoe basin. However, when the daily precipitation values are summed to form monthly 

totals and those monthly totals are compared, the anomaly correlations are quite high (>0.95). 

Thus the constructed analogs method can recapture high-resolution historical temperature and 

precipitation variations from a version of the historical record that has been re-gridded onto the 

coarse global-climate model grids with impressive skill.  

Temperature trends in downscaled versions of the GFDL projections under A2 and B1 emission 

scenarios are shown in Figure 2-4. Temperatures rise by somewhat over 4ºC in the vicinity of the 

Tahoe basin by 2100 under the A2 emissions scenario and by about 2.5ºC under B1 emissions. 

Under both scenarios, the GFDL responds to greenhouse-gas emissions with drying trends of 10 

to 20 cm/yr/century over the Sierra Nevada and Tahoe basin (Figure 2-4). Figure 2-5 shows 

projected temperatures and precipitation from the less-sensitive PCM1 model under the A2 
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emissions scenario. Under the A2 emissions, the GFDL model projects warming by over 4ºC in 

the vicinity of the Tahoe basin (Figure 2-4) whereas the PCM1 model projects only about 2ºC 

warming (Figure 2-5). Both models (PCM1 not shown) warm considerably less under the B1 

emissions, so that although there is considerable uncertainty about the actual magnitudes of 

warming to be expectedðas indicated by the model-to-model differences in Figure 2-5ðless 

emissions (e.g., B1) is projected to result in less change in whichever model turns out to be 

closer to the real future. The PCM1 projections of future precipitation (Figure 2-5) yield less 

precipitation change than does the GFDL model (Figure 2-4), indeed very little change at all over 

the Tahoe basin. 

Most climate-change assessments have focused entirely on projections of temperature and 

precipitation change. In this study, given the central role of surface heat balances in Lake Tahoe 

to its deep-mixing and turn over, its future water quality and clarity, and to the microclimate of 

the basin, several additional climate variables were also downscaled and assessed. These 

additional variables were surface-wind speeds, downward shortwave (solar) radiation fluxes and 

downward longwave (infrared) radiation fluxes at the surface, and were used primarily in the 

DLM - Lake Clarity Model. Because historical observations of these variables are much less 

common than those of temperature and precipitation, no entirely observationally based historical 

grids of these variables are available. Therefore the strategy used here was to draw instead upon 

the high-resolution regional-climate model output (called CARD10; Kanamitsu and Kanamaru 

2007a,b) from a historical simulation of climate on a 10-km grid over California and Nevada that 

was closely constrained each day by observations and a global climate product called the 

NCAR/NCEP Reanalysis fields. This regional-model product is the best approximation available 

as to how climate variables like surface winds and radiative fluxes varied over the landscape at 

high geographic resolutions and on a daily basis from 1950-1999. The CARD10 variables were 

treated the same as the observationally based historical temperature and precipitation fields 

discussed earlier to test the applicability of the constructed analogs method to downscaled these 

variables from global-model outputs and to downscaled future variations of these variables. 

Notably, the GFDL outputs included these additional variables, but the PCM1 team did not save 

and share these variables, so that only the GFDL trends in these variables can be considered here. 

Also, problems with output for humidity saved from the GFDL projections prevented us from 

being able to downscale humidities for this study. 

Figure 2-6 shows anomaly correlations between monthly means of historical CARD10 values of 

surface-wind speeds, downward shortwave insolation, and downward longwave radiation and 

coarsened-and-then-downscaled versions of the same. Downward longwave fluxes are very well 

downscaled (correlation > 0.95 over Tahoe basin), surface-wind speeds also are reasonably well 

recovered (> 0.9), and downward solar radiation somewhat less so (>0.75 or 0.8) at this monthly 

scale, giving some confidence in the downscaled projections shown in following figures. 

Notably, surface-wind speeds were not directly downscaled in this test, but rather southerly and 

westerly wind components were downscaled in parallel from global-model values and only then 

combined to calculate wind speeds, which were tested here. 

Downward longwave radiation is projected to increase under both the A2 and B1 scenarios 

(Figure 2-7). This is the essence of the greenhouse effect; more greenhouse gas in the 

atmosphere results in more trapping of heat in the atmosphere, especially more trapping of 

longwave heat fluxes, and thus more warming and re-radiation downward of longwave heat 



 
 

10 

towards the surface. Under the A2 scenario, more greenhouse gases are emitted and downward 

longwave fluxes increase more than under the B1 emissions. In the downscaled fields, downward 

longwave radiation increases about three times as rapidly under A2 as under B1 emissions.  

Downward solar insolation changes much less (in watts/m2) than do longwave radiative fluxes in 

the GFDL projections. In the downscaling experiment here, solar insolation appears to decline 

slightly under A2 emissions (due to increased cloudiness) and may increase even less under B1 

emissions (Figure 2-8). Similarly mean surface-wind speeds are projected to change by only a 

few percent on average over the Lake Tahoe basin, under the two emissions scenarios (Figure 2-

9).  

This downscaled model output provides us with a reasonable view of how meteorologic 

conditions will change in the Tahoe basin over the next 100 years under various, internationally 

accepted emission scenarios. Given that GCM model output is much too coarse for looking at 

localized or regional affects, it was imperative that this downscaling exercise be done prior to 

any further analysis. The product of the Tahoe basin downscaling is unique, with no other 

climate modeling results of this type available for this region. The modeled meteorologic 

conditions in the 21
st
 Century allows us to (1) evaluate changes in basin hydrology under climate 

change ï and compare this to past trends (Chapter 3), (2) use this meteorologic output to drive a 

series of management models customized for application in the Tahoe basin (i.e. LSPC
++

 Tahoe 

Watershed Model, Pollutant Load Reduction Model and the DLM Lake Clarity Model (Chapters 

4, 5 and 6). Finally, this downscaled output is now available for use by others who wish to study 

the ecological (e.g. fire frequency, vegetation type) or economic (e.g. snow-dependent 

recreation) impacts of climate change in the Tahoe basin. This contribution is viewed as a 

significant product of this study. 
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Figure 2-1. Changes in global anthropogenic greenhouse-gas radiative forcing of climate 

in the 20
th
 Century and under several scenarios of future emissions. 
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Figure 2-2. Schematic depiction of the two primary steps in downscaling climate model 

outputs by constructed-analogs method. More detailed description available at 

http://www.energy.ca.gov/2007publications/CEC-500-2007-123/CEC-500-2007-

123.PDF 

http://www.energy.ca.gov/2007publications/CEC-500-2007-123/CEC-500-2007-123.PDF
http://www.energy.ca.gov/2007publications/CEC-500-2007-123/CEC-500-2007-123.PDF
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Figure 2-3. Anomaly correlations between gridded, observed daily temperatures and 

precipitation and versions of same obtained by aggregating high-resolution observations 

to global-climate model gridding and then downscaling back to original, 1/8º gridding by 

constructed-analogs method of Hidalgo et al. (2008); inset shows anomaly correlations 

for monthly precipitation totals. Anomaly correlations are correlations between variables 

that have had long-term mean seasonal cycles removed at each grid cell. Base period for 

all calculations is 1950-1999. 
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Figure 2-4. Downscaled temperature (left panels) and precipitation (precipitation) trends 

under A2 (top panels) and B1 (bottom panels) emission scenarios from the GFDL global 

climate model. 

 

 

 

 

 
 

Figure 2-5. Same as Figure 2-4, except for projections by PCM1 climate model under A2 

emissions scenario; same color bars as Figure 2-4. 

 


