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Existing situation: 2020 Early adopter: 2035 Early adopter: 2050

Late adopter: 2035 Late adopter: 2050

Early adopter scenario

Late Adopter Scenario

About the Region
Scenario Assumptions:

Scenario A - Results

• Shifting development strongly towards mixed-use, 
simultaneously meeting affordability goals

• More than doubling green stormwater infrastructure, 
substantially aiding recovery of Lake Tahoe

• Removing development threat from most-important 
stream ecological zones, while providing TDR credits 
toward mixed-use receiving zones

• Making the Lake Tahoe Basin fully “fire safe” according 
to current guidelines 

The early-adopter was able to simultaneously meet a 
number of major policy goals:

Scenario B – Results

• About 3,000 units less of mixed-use and workforce housing 
were built.  This implies about 6-10k more long-range 
commutes and shopping trips per day.

• Redevelopment including “low impact development” 
practices was cut by 50%.  This would either delay Lake 
recovery or require public-sector funds and land to be 
devoted to green stormwater infrastructure.

• Approximately half of the most-important stream ecological 
zones would be developed.  Although LID practices would 
be required, mitigating hydrological damage, biodiversity in 
these high priority regions would be affects.

• The region would face 15 years more of high exposure to a 
disastrous wildfire. 

This scenario delayed, but did not entirely thwart 
achievement of major policy goals.

Project area: 80 x 80 km

Residential – Low Density

Research aim and questions

Mixed Residential - Mixed, High Density

Tourism, Culture

Special Landscape (Riparian Zone)

Land use systems:

Primarily second homes or 
high income households.

Determined by local tax 
assessment data.

Green Infrastructure

Practices which minimize water 
quality and biodiversity impacts.

Special Landscape (Fire Safe Zone)
Based on information from 
stream impact zones. Historical fire treatment areas.

Current Supply

1,835 Units
5,535 Units
7,370 Units
2,080 Acres
804 Units

1000 Units

Shoreline segments that are valued 
based on impact with lake

• How should  “affordability” be represented in the context of a resort community 
where it is a second home for of 75% of the owners?

• Are functional measures of “green infrastructure” available which consider 
needs relative to landscape context?  (i.e. stormwater retention where needed)

• Can historical single-use commercial and industrial zones be repurposed to 
mixed uses while maintaining or improving environmental measures?

• Can new high-resolution satellite data and machine learning be used to 
characterize “fire safe” zones around all structures?

Each system selected and their relationship to each other is integral to the long 
term planning process in the area.  These are the main research questions that 
this project aimed to address:

Immediate policy Implementation
Applied to redeveloped parcels only
Assumes 3% development rate for 15 years

SA:
SA:
SA:

Locks in trend entitlements for 15 years.SB::

Prioritize development of lowest economically viable areas.
Extreme change, no policy to guide development.
Change based primarily on economics.
Low income population cannot afford to live here
Vacant lots will be built with low FAR

SC:
SC
SC:
SC:
SC::

HEH 
AFH
WQL
VQL
BIO
FIR

High End Residential 
Affordable Housing
Water Quality
Visual Quality
Biodiversity
Fire Safety

Residential – Low Density
Mixed Residential – Mixed, High Density
Green Infrastructure
Tourism, Cultural
Special Landscape (Riparian Zones)
Special Landscape (Fire Safe)

Requirement: IGC System:

HEH 
AFH
WQL
VQL
BIO
FIR

Demand - 2035

4,587 Units
10,743 Units
15,330 Units
1,802 Acres
904 Units

15,000 Units

HEH 
AFH
WQL
VQL
BIO
FIR

Demand - 2050

7,340 Units
0 Units

7,340 Units
1,802 Acres
6,173 0Units
21,000 Units

HEH 
AFH
WQL
VQL
BIO
FIR

Demand - 2035

4,587 Units
0 Units

4,587 Units
TBD Acres

0 Units
21,000 Units

HEH 
AFH
WQL
VQL
BIO
FIR

Demand - 2050

4,587 Units
10,734 Units
15,330 Units
TBD Acres
904 Units

21,000 Units

HEH 
AFH
WQL
VQL
BIO
FIR

• Lake Tahoe is a mountain lake of exceptional depth and clarity, surrounded by 
high peaks forming a basin approximately 30 miles long and 20 miles wide.  

• The area hosts several major ski resorts, and is a favorite of recreational 
boaters.

• It is accessible via major highway to San Francisco, Sacramento and Reno, 
leading to substantial development pressure.

• For many decades, the area has been managed by a unique bi-state compact, 
with the Lake Tahoe Regional Planning Authority (TRPA) exercising relatively 
wide-ranging authority.

The Lake Tahoe Basin is an amazing natural landscape.  However it is also very 
much a cultural and recreational landscape, containing tens of thousands of 
homes.  The Geodesign planning challenge is that the resources which bring 
people to this region are very fragile.  

• Lake Tahoe’s water quality has been declining for years.  Extensive attempts 
to improve it have stabilized things, but are constantly at risk.  

• Climate change threatens the local ski industry, along with California’s water 
supply.  A 2-degree temperature rise would mean no natural snow would 
remain in a region largely dependent on ski tourism.  

• Fire in the Sierra is a persistent issue - and even under current conditions 
could decimate these mountain communities.

• Transfer of development rights credits for mixed use redevelopment
• Employer and developer mandates for affordable housing 
• Low (hydrological) impact development practices required for all redev
• Limits on building height for new development in sensitive areas
• New development in stream ecological zones prohibited
• Firesafe fuels reduction required on private property

Innovations

A series of policy and design practices are adopted, specifically:

EARLY ADOPTER SCENARIO
In this early adopter scenario, it is assumed that policies are 
immediately implemented.  However many policies are only 
triggered by redevelopment.  For these predictions a 3% 
turn-over rate is assumed.

Credits for Impervious/runoff - CRE
Applied based on demand for new high-end housing

Mandates – Mixed Use set asides - MAN
10% of all new units were required to be affordable

Low Impact Development - LID
All lakefront lots were rated for ability to retain water using green stormwater 
infrastructure.  Top-n lots were allocated.

Viewshed Based requirements - VUE
Development in visually-sensitive areas concentrated along lakefront was 
required to meet height and aesthetic requirements

Steam Ecological zone protection - SEZ
All currently-undeveloped parcels in SEZs were conserved, and issued TDR 
credits

Fire Safe Zone monitoring - FSZ
All lots with predicted flame-lengths above 4 feet in their firesafe zones 
(within 30m of structures) were fully mitigated.
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Non-adopter: 2050

Lake Tahoe lies on the border of California and Nevada and is the largest 
alpine lake in North America.

Non-adopter Scenario
Scenario C – Results

• There is little to no change in mixed-use development.  Market trends 
toward such patterns are balanced by the economics of disbursed 
short-term rentals

• The current affordable housing crisis would exacerbate.  At least 
10,000 workers would be forced to live outside the area with long-
range and dangerous commutes.  Local service wages would 
potentially rise significantly, and many small businesses would have to 
close.

• Natural turnover would still lead to an increase in low-impact 
development, but Lake Tahoe would be increasingly at risk, 
particularly were current climate trends to continue unabated.

• All of the remaining stream ecological zones would be developed, 
subject only to zoning limitations.  Although LID practices would be 
required, mitigating hydrological damage, biodiversity losses would be 
substantial.

• The region would face 30 years more of high exposure to a disastrous 
wildfire.  It is probable in such a time frame that at least one major 
event would occur.

This scenario extends current rules and trends, which 
have mixed results

Team credits:
The information and data used in this project was compiled 
using the work from two studio courses that were offered by 
the Penn State University Online Geodesign Courses. .  

The course was instructed by Dr. Michael Flaxman with 
assistance of Mr. Dan Meehan.  The students that 
participated in the class were:

Jesse Suders
Judith Movilla
Ana Hampshire
Alex Tong
Harold Krivell
David Marchante
Julio C. Verdejo

Special Thanks to:
Kelleann Foster – Director
Stuckeman School of Architecture and Landscape Architecture.
Eliza Pennypacker – Head
Department of Landscape Architecture

Conclusions:

• The Lake Tahoe Basin is nearly fully built-out.  This 
means that the main driver of change, absent policy, 
will be market forces.

• Currently 75% of the housing stock are second homes, 
and roughly 2/3 of workers cannot afford to live in the 
area.

• Despite substantial efforts at environmental protection, 
Lake Tahoe water quality is still declining.  With climate 
change, and no further policy change, it is likely to 
decline significantly.

• Current fire planning and fuels mitigation within the 
basin are inadequate, with approximately 500 
units/year mitigated.  

Data Sources: US Census, Esri, AGOL

Hour

Hours

Hours

Penn State and Lake Tahoe
• The Lake Tahoe Basin has been the subject of two 

regional Geodesign studies at Penn State.
• We have collaborated with the USFS, TRPA and the 

Lake Tahoe Foundation in crafting alternative futures of 
interest to local stakeholders.

• After researching, reviewing and discussing stakeholder 
concerns, our students selected topics of interest to 
themselves and generated scenarios and spatial 
evaluation models.

Demand - 2050

7,340 Units
0 Units

7,340 Units
TBD Acres

0 Units
15,000 Units

HEH 
AFH
WQL
VQL
BIO
FIR

IGC Participation
• Penn State’s participation began after formal classes had 

been conducted.
• The faculty, in collaboration with interested students, has 

adapted prior student work to fit within the IGC comparative 
framework.

• Specifically, we developed a new set of scenarios matching 
IGC time periods and framing. We then used original 
student models, where possible, to evaluate scenario 
impacts.

Evaluation of Current 
Conditions by Systems

• For Affordable Housing, we used a local NGO’s estimates of affordability (Tahoe 
Prosperity Center).  We spatially assessed supply using 5 county parcel assessors’ 
databases “just value”

• For Second Home Attractiveness, we used an equally-weighted index of drive-times 
to the Lake and to Ski Resorts.

• For Visual Sensitivity Analysis, we used Lakeshore Scenic Units defined by TRPA and 
assessed building activity in these areas.

• For Fire Hazard Modeling, we simulated flame length under the 97% worst 
historical fire conditions using the Wildland Fire Decision Support System.  We 
rated every structure within the region based on its firesafe zone’s average flame 
height and considered lengths below 4 feet to be our policy goal.

• For Low Impact Development, analysis-ready Sentinel-2 satellite data from Tesselo, 
Inc. was used to determine relative local water storage in plant root zones using 
the NDII index.  Areas near the Lake with the greatest current water storage were 
considered highest priority for low impact development practices. 

We conducted system-level evaluations of current 
conditions, looking for design and policy opportunities.

Lake Front Visual Assessment

Drive Time
2016 

Population
2021 

Population Increase
Percent 
Increase

0 -1 Hours 591,093 622,372 31,279 5.3%

1 - 2 Hours 2,387,983 2,501,119 113,136 4.7%

2 - 3 Hours 3,146,942 3,286,085 139,143 4.4%

Total 6,126,018 6,409,576 283,558 4.6%

Current Conditions Scenario A: 2050 Scenario B: 2050 Scenario C: 2050

We created an index in which both 
sensitivity and unmitigated building 
intensity were considered using the 
formula “(10 * Sensitivity) + Intensity.”

We used TRPA’s Lake Shore Visual 
Sensitivity zones as the basis for our 
assessment. TRPA assigned a visual 
sensitivity. Each zone was assigned a 
score ranging from 1 to 5. .

New construction or redeveloping 
lakefront buildings was always a 
negative visual impact, but was 20% 
less impactful when mitigated. 

In some cases, redevelopment could 
improve views, but this must be 
balanced against larger units overall, 
and more units total.

Given the public values at stake in this 
area, as well as the redevelopment 
pressure and real estate values, this 
could be a fruitful topic for additional 
Geodesign research, including visual 
simulation and survey.

The number of new or redeveloped 
buildings in each area under each 
scenario time step was calculated and 
scored on an intensity scale of 1-5.

For those scenarios in which visual 
quality mitigation techniques were 
applied, we subtracted 10 points.

Our scoring system was based on first 
principals.  Time and resources were 
not available to validate this scoring 
system with local stakeholders. Prior 
research in many locations has shown 
that lakefront views are highly valued.

https://wfdss.usgs.gov/wfdss/542.htm

