
Science to Action: 
Working Together to Build Resiliency at Lake Tahoe

Lake Clarity and Water Quality



Agenda
8:45 Introduce Panel and Topic
8:50 Panel Presentations: Past-Present-Future of Science + Management 

Partnerships
9:30 Questions for Clarification
9:40 Small Group Discussion: Priority topics in Science and Management
10:05 Reports: Key themes from small groups
10:30 Final observations and adjourn



Panelists

• Jason Kucknicki, Nevada Division of Environmental Protection (NDEP)
• Dan Segan, Tahoe Regional Planning Agency (TRPA)
• John Melack, UC Santa Barbara (UCSB)
• Geoff Schladow, UC Davis Tahoe Environmental Research Center (TERC)
• Facilitator: Heather Segale, UC Davis TERC



Tahoe’s Science Tradition
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Brief History
o Logging - 1800s
o Olympics and building boom - 

1950-60s
o Road construction/vehicle 

emissions
o Environmental impacts

1850s 1960sPre-1850s



“last spring (i.e. 1967) one could 
collect handsful almost anywhere in 
the shallows, and waves piled up 
mats of the detached material along 
the shore. Marina owners looked into 
green weed beds from their docks 
during the entire summer, and the 
hulls of boats left in the water for 
long periods developed a slimy 
coating of attached algae.” 
                                                      
  – C. Goldman 1967

Environmental Impact

6
Source: UC-Davis/Tahoe Tribune



Wastewater Export
Porter-Cologne Act of 1969 Federal Clean Water Act of 1972 
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Continued Impact

10



Regional Plan 
• Limits total development in the region

• Homes 
• Hotel / Motel
• Commercial Floor Area   

• Ensures new development is consistent 
with environmental goals

• Incentivize redevelopment
• Walkable, Bikeable, Transit Friendly 

communities  



1996 Threshold Evaluation  
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1997: Lake Tahoe Summit & Birth of the EIP 



Lake Tahoe TMDL 

• Initiated ~2000 by LWB & NDEP
• Goal: used best available 

science to better understand 
the pollutants and sources 
impacting clarity, and develop a 
cost-effective implementation 
strategy to restore historic 
clarity to Lake Tahoe

Standard = 29.7 m (97.4 ft) 



TMDL Phases & Key Questions
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Pollutant - Source Analysis 
• What pollutants are causing clarity loss? 
• How much of each pollutant is reaching the lake? 
Load Capacity and Reduction Analysis
• What is Tahoe’s pollutant loading capacity? 
• What feasible options exist to reduce pollutants? 
• What is the best strategy to meet clarity goals? 
Progress Tracking, Assessment & Adaptive Management
• Are pollutant loads being reduced? 
• Is clarity improving? 
• How do we respond to new information and technologies? 



TMDL Key Findings
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Source Distribution



TMDL Key Findings
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Load Reductions by Pollutant



TMDL Key Findings
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Source-specific Pollutant Reductions 
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TMDL Progress 

• Assessment findings: urban 
load reduction targets and 
milestones continue to be 
exceeded and non-urban 
implementation remains on 
track 

• However, recent annual 
clarity levels are the lowest 
on record (except 2023)
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Agency-Science Coordination

• Since 2017, TRPA, NDEP, 
LWB and EPA have been 
coordinating with the 
Science Council to better 
understand why clarity is 
not tracking with 
implementation 
accomplishments



Key Findings from Recent Coordination Efforts

• Gaps in biology/ecology monitoring data limits ability to understand 
influence on system

• Further confirmation on the role and importance of climate change
• Validation of current implementation approach focused on particle 

reduction (inorganic, organic)
• Caldor Fire impact
• Data collection needs and recommendations to assess clarity 

conditions



Lake Clarity and Water Quality: Status of Science

 John Melack
 University of California, Santa Barbara

 Major gaps in understanding ecology of lake

 Modeling approaches



Key Factors Known to Impact Clarity

• Loading from watershed (particles and nutrients)

• Fine particles and small phytoplankton in water column

• Deep mixing

• Food web: interactions about aquatic organisms



Major gaps in understanding ecology of Lake

Abundance and distribution of all trophic levels from microbes to fish

 Heterotrophic microbes

 Autotrophic picoplankton and larger phytoplankton

 Micro- and macrozooplankton

 Fish

 Benthic organisms



Major gaps in understanding ecology of Lake

Ecological processes

 Phytoplankton and microbial productivity

 Grazing and predation rates

 Nutrient recycling



Modeling approaches

• Parametric simulation models
• Hydrodynamic models well developed
• Ecological models difficult, especially as predictive tools

• Empirical dynamic models
• Require long-term data on relevant variables

Use and evaluation of models 
  depends on scientific and management issues of interest



Lake Tahoe clarity model – Schematic of parametric model



Empirical dynamic models (EDM)

EDM is an approach for analyzing ecosystem dynamics derived 
from theoretical work on the dynamical behavior of non-linear, 
coupled systems. 

Applied to Lake Tahoe to test its ability to forecast clarity and 
related conditions based on time-series data spanning several 
decades available for Lake Tahoe.  



Data used

Secchi depths: LTP – 1967 to 2020

Chlorophyll a: LTP – 1983 to 2020

Nitrate: LTP – 1968 to 2020 

Stream discharge: Upper Truckee, Blackwood, Ward 

Precipitation and air temperature

Climate Indices: El Nino index



Forecast skill using EDM 
 (black dots)

Shuffle - random shuffling of observations

AR - same autocorrelation with random changes 
through time 

Seasonal - randomized deviations of long-term 
seasonal average

rho -  Pearson correlation between observed 
time-series values and predictions



Conclusions and further analyses

High forecast skill using EDM for water quality variables 
 (Secchi depth, chlorophyll-a, nitrate) using
 climatic drivers (stream discharge, precipitation, El Nino index) = 
 solid evidence of complex, non-linear coupling among factors. 

Further analyses
 Link hydrodynamic modeling with EDM
 Deyle et al. 2022. A hybrid empirical and parametric approach for managing ecosystem 

complexity: water quality in Lake Geneva under nonstationary futures. Proc. Natl. Acad. 
Sci. USA. 119, e2102466119. doi.org/10.1073/pnas.2102466119

Include time series of particles and plankton



Lake Clarity and Water Quality: Some 
Future Directions

 S. Geoffrey Schladow
 UC Davis Tahoe Environmental Research Center



1. Measure more often

2. Measure more places

3. Measure smarter – using models to guide 
monitoring and experiments

4. Do it all

Past Recommendations Have Included: 



When will we achieve all that?

Surprise!! We already have the 
infrastructure in place.

Beyond the 50-year long-term data record.
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An Example of How These Data 
Types and Model Are Advancing 

Our Understanding



Deep Mixing is a Three-Dimensional Process

Used:
• Meteorological Network
• Nearshore Network
• Lake Moorings
• 3-D Model

Micah Swann



1998

1999

2019

2023

Micah Swann

Deep Mixing is a Three-Dimensional Process



• Key shift in recent years has been the recognition of the importance of 
“internal” lake processes

• Major knowledge gaps have been identified

• Expanded/new monitoring AND science can address physical, 
biogeochemical and ecological processes that govern Lake Tahoe’s clarity 
and water quality is continuing 

• Models are an essential part of that understanding, especially for 
managers needing to know the impacts of actions

• For models, not necessary to know everything

• Model results, when compared to the data, can indicate the critical 
unknowns for a specific question, e.g. clarity, invasive species control, 
nearshore health, climate change impacts….

Summary



Resources / Recent Reports at 
https://www.tahoesciencecouncil.org/water-resources

• Lake Tahoe Clarity Analysis and Modeling Phase I: Biogeochemical and 
Ecological Modeling

• Seasonal and Long-Term Clarity Trend Assessment of Lake Tahoe, 
California–Nevada

• Lake Tahoe Clarity Analysis and Modeling: Empirical Dynamic Modeling

• UC Davis Tahoe: State of the Lake 
https://tahoe.ucdavis.edu/stateofthelake 

https://www.tahoesciencecouncil.org/water-resources
https://tahoe.ucdavis.edu/stateofthelake


Small 
Group 
Questions

• Did anything stand out as new, 
surprising, or as an “a-ha 
moment?”

• What are the most pressing 
current issues for this topic?

• What are opportunities to 
advance science delivery? 



Reports 
from Small 
Group 
Discussion

• Did anything stand out as new, 
surprising, or as an “a-ha 
moment?”

• What are the most pressing 
current issues for this topic?

• What are opportunities to 
advance science delivery? 



THANK YOU!

Please join us Friday to synthesize key themes and discuss 
how the Science Council can advance science delivery for 
healthy Tahoe systems!
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