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• We surveyed 1505 Vermonters to determine their “acceptability” of alternative landscapes of a fictional town. The 

landscapes varied in amounts of forest cover, agriculture, and development. 
•  On average, Vermonters were willing to accept landscapes with ~9% development, but this varied by town.  Given 

a scenario where development levels in towns throughout Vermont depicted “acceptable” levels, Vermont would 
lose 16,500 km2 in forestland and 1000 km2 in agriculture.  These changes would reduce populations of black bears, 
fisher, and bobcats.  Spatially explicit maps showing landscapes and potential population changes are the primary 
output. 

Funding support for this project was provided by the Northeastern States Research 
Cooperative (NSRC), a partnership of Northern Forest states (New Hampshire, Vermont, 

Maine, and New York), in coordination with the USDA Forest Service. 
http://www.nsrcforest.org  
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Project Summary 

• The conversion of natural lands to developed uses poses a great threat to global terrestrial 
biodiversity.  Natural resource managers, tasked with managing wildlife as a public trust, require 
techniques for predicting how much and where wildlife habitat is likely to be converted in the 
future.  Here, we develop a methodology to estimate the “social carrying capacity for development” -- 
SKd -- for 251 towns across the state of Vermont, USA.  SKd represents town residents’ minimum 
acceptable human population size and level of development within town boundaries.  To estimate SKd 
across towns within the state of Vermont (USA), as well as the average state-wide SKd, we administered 
a visual preference survey (n = 1505 responses) to Vermont residents, and asked respondents to rate 
alternative land use scenarios in a fictional Vermont town on a scale of +4 (highly acceptable) to -4 
(highly unacceptable).  We additionally collected demographic data such as age and income, as well as 
ancillary information such as participation in town-planning meetings and location of residence.   On 
average, Vermonters had a SKd of 9.1% development on the landscape; this estimate is 68% higher than 
year 2000 levels for development (5.4%).  Respondents indicated that management action to curb 
development was appropriate at 9.4% development (roughly the statewide SKd average).  Management 
by local, regional, and state levels was considered acceptable for curbing development while federal 
level management of development was considered unacceptable.  Given a scenario where development 
levels were at SKd, we predicted a 16,753 km2 reduction in forested land (-11.16%) and a 1,038 
km2 reduction in farmland (-60.45%).  Such changes could dramatically alter biodiversity patterns state-
wide.  To investigate this, we simulated landscape conditions at SKd for each town in Vermont, and then 
used existing occupancy models for the three target species (black bear, bobcat, fisher) to spatially map 
and compare occupancy rates in the baseline year 2000 with occupancy rates at SKd.  With nearly 90% 
of Vermont towns willing to increase developed landcover classes within town boundaries compared to 
baseline levels, significant state-wide changes in occupancy rates were predicted for all three focal 
species.  Average occupancy rates declined by -15.9% and -3.1% for black bear and bobcats, 
respectively.  Average occupancy rates for fisher increased by 9.0%.  This study provides a method for 
linking development standards within a town with wildlife occurrence.  



Background and Justification 
• The most serious threat to native wildlife species in 

the Northern Forest is the conversion of natural 
lands to development.  

• Many wildlife species that live in the Northern 
Forest require large areas to carry out their life 
cycle, suggesting a landscape scale approach to 
management is needed to ensure long term 
biological conservation.  

• However, top-down landscape level planning is 
challenging in the Northern Forest, where the 
majority of lands are under private ownership, 
resulting in landscape patterns that are driven from 
the bottom-up. That is, individual decisions made by 
local land owners and local towns, acting in their 
own interest, collectively determine landscape 
quality for wildlife species, for better or worse.  

• The goal of this project is to develop a prototype of 
a Structured Decision Making (SDM) process that 
will bring wildlife to the table in local town 
planning efforts.  Specifically, the first phase of the 
Structured Decision Process is to develop 
measurable objectives (indicators + standards), such 
as “Ensure that at least 40% of the town is 
forested.”  
 

Meeting day  
in a small  
Vermont 
town 



Background and Justification 
• Objectives such as “Ensure that at 

least 40% of the town is forested” 
are determined by surveying both 
humans and wildlife, and 
measuring their “acceptability” of 
varying levels of development.  

• Through surveys of town residents, 
a “social norm curve” can be 
estimated, which reveals a 
significant amount of information 
with respect to citizen’s opinions 
on development (see figure). 

• From the human perspective, 
towns may develop to that point 
where the acceptability level 
crosses 0.  The figure on the right 
suggests that citizens would accept 
50% development levels; i.e., 
within town boundaries, 50% of 
the land is developed, while the 
remaining land is undeveloped 
(primarily forest or agriculture). 

• But this level may not benefit 
wildlife.   

.  



Occupancy modeling 

• Wildlife occupancy rates indicate the probability of occurrence of target species at any given location within the 
state.  

• These rates are estimates by conducting extensive surveys of wildlife across the landscape, and relating occurrence 
to factors such as percent development within 5 km of a site, percentage of forest cover within 5 km of a site, road 
density, or other landscape features (Long et al, 2011). 

• Rates range between 0 and 1.  Although occupancy rates do not reveal the actual number of animals on the 
landscape, they do permit an understanding of how animal populations are distributed across space and time.  

• An occupancy model permits a spatially explicit mapping of the probability of occupancy for target species.  



• Left:  Hypothetical norm curve showing levels of public acceptability of differing levels of development. 
• Right:  Probability of occupancy of black bear in Vermont as a function of development levels.  The 

highlighted area depicts a hypothetical town that currently is 8% developed (with an average occupancy level 
of 0.52). 

• The town planning process may be enhanced if decision makers understood the wildlife consequences  of 
different landscape designs:  Though a hypothetical town may wish to develop 50% of their landscape, this 
would result in 0% occupancy for black bears.   

• Graphics such as the one on right can help decision makers understand the tradeoffs between wildlife 
occupancy and town level development. 
 



Methods: Estimating the Norm Curve  
• Indicators of Quality: Specific, 

quantifiable variables, which target the 
essence of management objectives.  
Our project used amount of developed, 
agricultural, and forested habitat as 
indicators. These are the three major 
types of terrestrial habitats within 
Vermont.   

• Standards for Management: The 
minimum acceptable level of a given 
indicator variable.  To establish 
standards for land development at local 
community level, we used visual 
preference survey designed to elicit 
residents’ response to varying levels of 
development, agriculture, and forest 
lands within their local community and 
the landscape scale.  



Methods 
• We surveyed > 4000 residents of Vermont 
• We asked respondents to rate the acceptability of a 

range of 6 development scenarios in a hypothetical 
Vermont town, where acceptability was scored on a 
Likert scale, with -4 being very unacceptable and +4 
being very acceptable. 

• The fictional town began as 83% forested, 12% 
agriculture, 3% water and 2% development (the 
lowest level found currently in Vermont; upper left;. 
Each image incremented housing levels exponentially, 
culminating in an image with ~ 49% development 
(lower left).  

• Additionally, respondents provided their opinions on 
whether new development should replace forested 
lands or agricultural lands, the two dominant 
landcover types throughout the state. 

• We analyzed responses and developed a mathematical 
model (the norm curve) that identified on a town-by-
town basis the level of development where 
“acceptability” moved from the acceptable realm to 
the unacceptable on a town-by-town basis.   

• We define this point as the social carrying capacity for 
development, or SKd.  SKd identifies the percentage of 
developed lands within town boundaries that are 
acceptable to citizens.  

 



Results/Project outcomes 

• Vermonters had an 
average SKd of 9.1% 
development, which 
contrasts with the 
current town average 
of 5.4% development. 

• Importantly, SKd 
varied across towns, 
with some towns 
more accepting of 
development than 
others.  



If more development is acceptable, what lands (forest or 
agriculture) should be converted? 

• Given a scenario where development levels within each town were at SKd, we 
predicted a 16,753.91 km2 reduction in forested land statewide (-11.16%) and a 
1,038.42 km2 reduction in farmland (-60.45%), based on respondent preferences 
from the survey.  
 



 
 

• We transformed the results from town level norm curve analysis into a spatially explicit land use 
scenario that represents landscape conditions at SKd. 

• For all towns with a capacity for more development (n=215), we increased the percent developed land 
based on the difference between MAC and current conditions. 

• We developed rules for allocating increases in development to residential vs. commercial uses 
• With increases in development, it was necessary to reduce forest and agricultural lands proportionally 

within these towns. 
• We then adapted existing occupancy models for black bear, fisher, and bobcat to predict species 

occurrence under present landscape conditions (year 2000) and landscape conditions associated at SKd.  
 

What implications would this have for target wildlife species? 
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Implications and applications 
in the Northern Forest region 

 
• We have developed a powerful tool for measuring social carrying capacity 

through visual preference surveys.  Transferable and scalable.   
 

• The methodology sets a baseline for measuring changes in norms over time. 
 

• This tool allows us to see how social norms affect a suite of focal wildlife 
species.  Mix of positive and negative impacts under social carrying capacity. 

 
• Government programs aimed at providing guidance and assistance to town 

planning and conservation commissions can benefit from this information by 
using it to illustrate the biological and physical consequences of land use 
decisions.  



Future directions 
• A major question is how citizen’s acceptability of 

development may be altered if they understood, a 
priori, what development would mean in terms of 
wildlife occupancy rate and the maximum number of 
animals that their town can support. 

• A new NSRC project is aimed at this question, which 
will involve repeating the efforts of this study, but 
providing survey respondents with additional wildlife 
data.  James Murdoch is the PI. 

• This study will serve two purposes:  
– It will allow us to quantify the value of wildlife information in 

terms of acceptability, and potentially decision making 
– It will allow us to examine overall shifts in the acceptability 

norm curve through time. 



List of products 
• Publications: 

 
– Bettigole, C., T. Donovan, R. Manning, J. Austin, and R. Long. 2013.  In press.   

Normative standards for land use in Vermont: Implications for biodiversity.  
Biological Conservation. 

• http://www.sciencedirect.com/science/article/pii/S0006320713002413 
   
– Bettigole, C., T. M. Donovan, R. Manning, and J. Austin. 2013. In press.  

Acceptability of residential development in a regional landscape: Potential effects 
on wildlife occupancy patterns. Biological Conservation. 

• http://www.sciencedirect.com/science/article/pii/S0006320713002619 
 

• Webinars: 
– "How Structured Decision Making in Land Use Planning Can Impact Landscape 

Quality for Wildlife Species.“ 
• http://vimeo.com/album/1881384 

 
• Thesis:  Bettigole, Charles A.  2012.  Normative standards for land use in Vermont: The 

effects of social norms on wildlife occupancy .  MS Thesis, University of Vermont, 
Burlington Vermont. 

 
• Maps (available as .img files) 

– Wildlife occupancy maps for state of Vermont, year 2000 
– Wildlife occupancy maps for state of Vermont, SKd 
– Vermont town landcover maps, SKd 

 
 
 

 
 

http://www.sciencedirect.com/science/article/pii/S0006320713002413
http://www.sciencedirect.com/science/article/pii/S0006320713002619
http://vimeo.com/album/1881384

	Structured Decision Making for Land Use Planning in Vermont: Integrating Social and Ecological Objectives
	Project Summary
	Background and Justification
	Background and Justification
	Occupancy modeling
	Slide Number 6
	Methods: Estimating the Norm Curve 
	Methods
	Results/Project outcomes
	If more development is acceptable, what lands (forest or agriculture) should be converted?
	Slide Number 11
	Slide Number 12
	Implications and applications�in the Northern Forest region
	Future directions
	List of products

