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II. Proposal Narrative 
 

Justification 
Western forests increasingly experience larger and more severe fires than occurred 

historically.  In many areas this has lead to an increase in fuels reduction treatments that rely on 
prescribed fire.  In the Lake Tahoe Basin, however, where there is a high density of 
development, managers are limited in their options for reducing forest fuels using prescribed fire.  
Compounding this management challenge is the expectation that changes in climate resulting 
from increasing greenhouse gas levels will exacerbate the threat of catastrophic fire.  We believe 
that successful forest management for the 21st century requires increasing forest resistance to 
high severity fire, drought and greater precipitation variation that are likely to occur with global 
climate change.  In the face of climate change, how can Basin forests be best managed to 
increase their resistance to drought and high-intensity fire?  We believe that answering this 
complex question requires calibrating a set of forest growth and process-based models for Basin 
conditions and dynamically linking these models in a decision support system.  We propose to 
update the Forest Vegetation Simulator (FVS) using a process-based model (3-PG) to predict 
species-specific tree growth rates under future climate scenarios.  With this foundation we will 
then examine management treatment impacts on changing Basin forest conditions using the 
spatially-explicit landscape model, SIMPPLLE (Simulating Patterns and Processes at Landscape 
Scales).  These tools will enable us to work with managers to identify which forest treatments 
can be practically implemented and how these treatments will influence the risk and spread of 
stand-replacing fire.   

 
Background and Problem Statement 

High density competition is a significant influence on how Sierran mixed-conifer trees 
respond to changing climate conditions (Hurteau et al. 2007).  In Yosemite National Park, 
Guarin and Taylor (2005) generally found a negative correlation between April snowpack and 
tree mortality, but they also identified high tree density, a result of fire suppression, as a factor 
limiting stand resilience to drought.  Working in Jeffrey pine forests of the Tahoe basin, Taylor 
and Beaty (2005) found that historically, fire years were associated with drought and that 
drought intensity influenced the extent of fires.  The fires identified in these studies occurred 
during a relatively cool and wet climatic period (Millar and Woolfenden 1999).  Recent increases 
in wildfire severity and extent have been linked to warmer spring and summer temperatures and 
earlier spring snowmelt (Westerling et al. 2006).  With predicted overall drying (Brown et al. 
2004), earlier snowmelt, and warmer temperatures , western U.S. forests may experience 
increases in seasonal severity rating (Flannigan et al. 2000), fire size and frequency (Fagre et al. 
2003), and land area experiencing high to extreme fire danger (Stocks et al. 1998).  Given this set 
of future conditions, a key management question becomes: What treatments will help reduce 
drought stress and fuel conditions that facilitate crown fire, and produce stand conditions 
making trees more resilient to warming temperatures and changing precipitation patterns?  

We have previously used FVS to model a century of carbon storage and release in Sierran 
mixed conifer with and without wildfire following different fuels treatments (Hurteau and North 
In review). The simulations suggest that reducing the number of trees per hectare and retaining 
larger fire-tolerant pines increases carbon sequestration and reduces the risk of catastrophic tree 
loss under extreme wildfire conditions.  This modeling worked on a fairly simple assumption 
that under current climate conditions, thinning to reduce stand competition would shift resources 
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and significantly increase growth rates of large, leave-tree pines.  The model did not account for 
how different tree species may respond to changing climate conditions, nor did it examine how 
best to treat stands typical of the Tahoe Basin, stands having few large individuals of fires-
sensitive, shade tolerant species such as white fir and incense cedar.   

The FVS is a growth and yield model that uses location-specific, measured growth rates 
to predict tree growth under varying stand conditions (Crookston and Dixon 2005).  It relies on 
an assumption of uniformitarianism, namely that tree growth response to climate will be the 
same in the future as it was during the measurement period.  While this has been a valid 
assumption for estimating growth response to climate during periods of climate stability, some 
recent studies have identified changes in growth response to warming temperatures at higher 
latitudes (Briffa et al. 1998, Wilmking et al. 2004).  As climate shifts continue to occur, tree 
growth will likely respond differently than it has in the past, making growth and yield models 
less reliable (Constable and Friend 2000).   

To predict how forest stands will respond to management actions under future climatic 
conditions, we must first identify how individual species’ growth rates will change as the climate 
changes.  Process-based models (e.g. 3-PG, Landsberg and Waring 1997) use data inputs ranging 
from climate variables and soil variables to stand age to calculate the amount of carbon 
converted to biomass.  By using climate data to determine growth rates, process-based models do 
not rely on the uniformitarian assumption.  This type of adaptive structure makes process-based 
models useful for determining the influence of changing climatic patterns on tree growth 
(Lindner 2000).  There is precedent for this approach.  Matala et al. (2005) successfully used the 
growth-climate relationships provided by a process-based model to parameterize a statistically 
based growth and yield model, and this in turn was used to identify forest stand response to 
management actions under predicted climate changes.   

The process model is most accurate when it is calibrated with field sampled growth data 
for a specific location.  We will develop growth-climate equations for each of the major tree 
species in the Tahoe Basin using the process model.  These locally-derived equations will be 
used to revise FVS, re-calibrating its model of stand dynamics for Basin conditions under 
changing climatic conditions.  We will use this revised version of FVS to determine stand-level 
response to different fuels treatments under changing climatic conditions.  This improved 
forecasting of stand dynamics will more accurately predict the risk of stand replacing fire when 
integrated in a model of landscape dynamics such as SIMPPLLE.  Managers will be able to 
compare different treatment scenarios to assess best management practices for Tahoe Basin 
forest communities.     
 
 

Goals, Objectives, Hypotheses to be tested 
The goals of this study are to 1) determine how forests of the Tahoe basin will respond to 

changing climatic conditions and 2) identify which suite of management actions will maintain 
forest processes while minimizing stand replacing fire risk.  To achieve these goals, we will 
complete the following tasks: 

1. Parameterize and validate a process-based model to the specific growing conditions of 
the Tahoe Basin.   

2. Use the process-based model and predicted changes in climate under business-as-usual, 
Kyoto targets, and carbon neutral CO2 scenarios to parameterize species specific tree 
growth relationships in FVS and model structural treatment effects on stand growth. 
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3. Model fire risk and fire spread for current stand conditions and the structural treatments 
under the three CO2 scenarios to determine which fuels treatment alternatives reduce the 
risk of catastrophic fire and best meets location specific goals for each management unit 
and forest type in the Tahoe Basin.       

 
 

Approach, Methodology, and Location 
 

A recent classification of Basin conditions, the Terrestrial Ecosystem Unit Inventory 
(TEUI), identified 18 conifer-dominated communities that comprise approximately 65,880 ha 
within the Lake Tahoe Basin (Slaton et al. 2006).  This study will focus on the conifer-dominated 
communities that occur at or below the red fir (Abies magnifica) community type in elevation.  
These communities are dominated, white fir (Abies concolor), incense cedar (Calocedrus 
decurrens), sugar pine (Pinus lambertiana) and Jeffrey pine (Pinus jeffreyi) and have received 
the primary focus of past management actions.   
 

Plot Data 
This study will use a combination of data sources.  We will work with managers to obtain 

stand inventory data for forest communities that occur within the scope of this study.    To 
augment this data source, we will randomly install ten 28.2 m fixed radius plots (0.25 ha), 
stratified across the 8 forest community types that occupy the majority of this elevation range in 
the Basin, for a total of 80 plots.  Diameter at breast height, tree height, and height to live crown 
will be measured for each tree.  To capture the current spatial variability, we will map (using a 
criterion laser total station) all trees located within the plot boundary.  We will also measure 
fuels using Browns’ (1974) methods and core trees to gather growth data.  The tree cores will be 
used to determine stand age and used in conjunction with stand demography data determined 
from the plots and allometric biomass equations from the literature for parameterizing and 
validating the tree growth component of the process-based model.   
 

Climate Data 
We will use PRISM climate data in conjunction with local weather stations to provide 

climate data for parameterizing the process-based model for Basin specific conditions.  Future 
climate data will be gathered from Cayan et al. (2006), which used a medium-high emissions 
scenario and a low emissions scenario from the IPCC fourth climate assessment to simulate 
climate changes for California.  Additionally we will use current climatic conditions as a 
baseline for comparison of stand dynamics under the two forecasted scenarios.   
 

Process-Based Model 
Growth and yield models, such as FVS, make the assumption that future environmental 

conditions will be the same as the measurement period; whereas process-based models are driven 
by climatic variables and edaphic factors (Garcia-Gonzalo et al. 2007).  This makes process-
based models more robust for dealing with shifts in climate. We will parameterize and validate a 
process-based model (3-PG) for Basin specific conditions (Figure 1).  3-PG calculates gross 
primary production by correcting canopy absorbed photosynthetically active radiation for the 
effects of stand age, soil drought, and vapor pressure deficits (Lansberg and Waring 1997).  To 
parameterize the model, we will use a subset of the plot data gathered from this project in 
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conjunction with TEUI stand, soils and climate data.  The tree attribute data gathered from the 
plots will be used to supplement TEUI data and develop growth-climate equations for each 
dominant tree species.  Model validation will be carried out using the remaining plot and TEUI 
stand data.   
 

Revising FVS 
Once validated, we will use the process-based model to predict species specific growth 

relationships under medium-high emissions, low emissions, and current climate conditions.  
These revised growth relationship will be used to inform the Western Sierra variant of FVS by 
correcting the species specific growth relationships within FVS for the three future climate 
scenarios.  FVS uses log-linear regression equations to calculate diameter growth (Wykoff 
1986).  Where: 
 
10-year Δ dbh2 = f(habitat type, location, aspect, slope, elevation, competition, crown ratio, basal area/ac)  
 
Using 3-PG and predicted climatic changes, we will develop a candidate set of linear models that 
include the current model parameters, as well as climatically influenced parameters, such as 
photosynthetically active radiation use efficiency.  We will rank these models using the Akaike 
Information Criterion to select the best models for both large and small tree growth in an 
information theoretic framework (Burnham and Anderson 2002).  The selected models will then 
be used to replace the current tree growth models in FVS.   

After FVS has been re-calibrated, we will work with forest managers to identify the suite 
of possible management alternatives for each forest type and planning unit.  These manager 
defined forest structural treatments will be applied in FVS with the species specific growth-
climate parameters determined from the process-based model to determine how each overstory 
species within the TEUI forest community types will respond under the three CO2 scenarios.   
 

Testing Landscape Treatment Scenarios with SIMPPLLE 
The re-parameterized FVS will be used to make growth predictions that will be input into 

the spatially explicit landscape model, SIMPPLLE (Figure 2).  SIMPPLLE was developed as a 
planning tool for identifying disturbance prone areas and management actions that can influence 
these disturbance processes (Chew et al. 2004).  It is an effective tool for evaluating fire risk and 
spread under different management alternatives and climate scenarios (Figure 2).  We will 
initiate fire events based on probabilities developed from 1990-2007 and probabilities developed 
for the medium-high and low emissions scenarios used to model climate change in California 
(Westerling and Bryant 2006).   

SIMPPLLE has been used in Yosemite National Park to recreate system processes 
beginning from 1930’s (Chew et al. Draft Report).  The findings of this particular study indicate 
that ‘fine-tuning’ the model is necessary to accurately assess site specific processes.  To 
accomplish this, Chew et al. (Draft Report) recommend that significant local knowledge is 
necessary.  To minimize error inherent in any modeling exercise, we will work with local land 
managers to gather site and forest type specific variation to incorporate in ‘fine-tuning’ the 
SIMPPLLE model.   
 

Strategy for Engaging with Managers 
We have selected FVS as the growth and yield model for this project because it is used 

extensively by managers to inform project planning and SIMPPLEE because it was developed 
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specifically as a management decision support system and is currently being integrated into 
management planning.  To ensure that the re-parameterized version of FVS is available for Basin 
forest managers we will develop a website that will provide access to the model, as well as links 
to all data necessary to drive the model and all documentation.  Additionally we will develop and 
hold a series of workshops for managers in the Basin.  These workshops will allow managers the 
opportunity to bring a forest inventory data set and a set of potential management actions to 
simulate stand level response under predicted climate scenarios.   
 
 

Deliverables/products 
We will provide local managers with the re-parameterized climate scenario specific 

version of FVS.  All modeled future tree-growth relationships and data necessary to conduct 
further simulations will be made freely available.  All simulation outputs of forest response to the 
selected suite of management actions under the three atmospheric CO2 concentration scenarios 
will be supplied to managers in the Basin. 
 
A series of workshops will be developed that will inform Basin managers as to model results of 
each treatment-climate simulation and identify other possible management alternatives.  We will 
also provide advanced model training for individuals whom would like to hold continued 
planning workshops. 
 
Publications: the findings of this study will be presented in peer-reviewed publications and at 
scientific meetings.  We anticipate 2 peer-reviewed publications and several presentations at 
regional and national meetings. 
 

Schedule of Deliverables 
 
Deliverable Description Delivery Dates(s) 
Quarterly Reports Update on project accomplishments and 

invoices 
September, December, 
March, and June 2008-
2010 

Identification of TEUI sites Site selection using GIS and site visits Fall 2008 
Data Aggregation Work with Basin Managers to gather 

TEUI data. 
Fall 2008 

Data Collection Field data collection in Lake Tahoe 
Basin 

Summer 2009 

Process-based model 
parameterization and validation 

Parameterize model using 2009 field 
data and validate using 2010 field data 

Winter 2008 and Fall 2009 

Manager Meetings Meet with Basin managers to identify 
forest treatment options 

Summer 2008 

Modeling FVS simulations incorporated into 
SIMPPLLE 

Winter 2010 

Workshop series Manager workshops to present results 
and identify any additional treatment 
options 

Spring 2010 

Results Presentation of results at regional and 
national conferences 

Summer/Fall 2010 

Articles Peer-reviewed scientific articles (2) Fall 2010 
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Figure 1: Process-based model parameterization and validation methodology. 
 
 
 

 
 
Figure 2: Modeling process incorporating the validated process-based model, predicted climate 
scenarios, FVS, and SIMPPLLE used to produce an assessment of fire risk and spread under 
manager selected treatment alternatives. 
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