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Evaluating the cumulative effects of development by 
analyzing alternative build-out scenarios:  A case study of 
Ouray County, Colorado 

ABSTRACT:  In order to plan wisely, citizens and decision makers of  local communities need scientific information 
about the relative effects of different patterns of residential growth on environmental and community values. This 
information can be generated using a framework where a variety of indicators are computed for a range of scenarios that 
reflect different assumptions about possible land use planning policies. Here I describe five main steps to evaluate 
alternative build-out scenarios: acquiring spatial data, constructing maps development patterns that reflect each 
scenario, modeling indicators that reflect important values, computing the effect of scenarios on indicators using spatial 
overlay analysis, and estimating when build-out might occur. 

I discuss this methodology through a case study of Ouray County, Colorado. Local residents have become concerned 
over future growth patterns, as the number of housing units will likely double to about 5,900 in the next 25 years or so if 
current growth rates continue and existing zoning and planning regulations remain. Eight alternative scenarios were 
compared against seven indicators. A counter-intuitive result is that although clustered development may be a useful 
approach to minimize effects at a site-scale, at a broader, landscape-scale it may increase effects of fragmentation of 
wildlife habitat as well as costs of provision of services, as indicated by a rapid increase in vehicle miles traveled. 
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INTRODUCTION 

In order to minimize loss of biodiversity, a key need for 
conservation biologists is to help decision makers to 
better understand the cumulative effects of land use and 
land cover change on critical resources. Increasingly, 
conservation planners are generating information about 
possible scenarios that may occur from decades to 
centuries, and over spatial extents ranging from counties 
to ecoregions to nations (e.g., Steinitz et al. 1996; 
Berling-Wolff and Wu 2004). Currently, wildlife and 
biodiversity values are considered at two levels in the 
land use planning process for rural areas: short-term 
development review and long-term master planning 
(Theobald et al. 2005). It is quite challenging to influence 
land use decision making during development review 
because the mismatch in the relatively small areas that 
are being considered (i.e. parcel by parcel) as compared 
to the relatively broad extents at which ecological 
processes occur (Berke 2007; Theobald 2007). In 
contrast, a master plan typically considers a much 
broader extent, is more forward-looking, and usually 
provides an articulation of a community’s overall values 
and goals. However, an important information gap 
remains between the desired goals and possible 
pathways to achieve those goals through land use 
policies. That is, information is needed that would help a 
community explore various development and growth 
pathways so that an informed choice can be made among 
a myriad of different planning policies. 

One aspect of this information gap is a need to explore 
alternative scenarios. Scenario planning is a systematic 
method for thinking about complex and uncertain futures, 
in which a variety of possible futures that include 
important uncertainties of the system are considered, 
rather than focusing on the accuracy of  prediction of a 
single outcome (Peterson et al. 2003; Hopkins and 
Zapata 2007). A scenario is defined as “a hypothetical 
sequence of events constructed for the purpose of 
focusing attention on causal processes and decision 
points” (Kahn and Wiener 1967). Scenarios are plausible, 
but unverifiable accounts that represent a process of 
change over some time frame; they show what could be, 

not what will happen or what should be. Scenarios help 
inform decisions that can be more resilient to the 
uncertainties of tomorrow. Generally, scenarios organize 
information within explicitly defined frameworks. Working 
through the process of explicitly defining a scenario often 
leads decision-makers to consider implications that might 
have been missed otherwise. This not only allows 
decisions to be based on what has happened in the past, 
but also exposes possible unanticipated “surprises” that 
may occur. In addition, scenarios facilitate and coordinate 
discussion among stakeholders who may not have 
otherwise constructively engaged in land use process. 

A second aspect of the information gap is a need to 
develop useful, credible forecasts of future development 
patterns. A common approach to develop forecasts of 
growth scenarios is to use spatially-explicit simulation 
models of land use change to generate land use patterns 
at perhaps 5-10 year increments (e.g., Landis 1995; 
White et al. 1997; Merenlender et al. 2005; Gude et al. 
2006). These forecasts have been developed using a 
range of modeling approaches, such as cellular automata 
(e.g., Batty 1997; Clark et al. 1997); spatial transition 
probabilities (Theobald 2003a); regression-based 
relationships (Landis 1995; Bradshaw and Mueller 1998); 
or descriptive, “studio-based” planning scenarios (Steinitz 
et al. 1996). 

An alternative to simulation modeling is called build-out 
analysis, which is used to analyze the end state or the 
logical consequence of a set of planning assumptions, 
typically based on zoning regulations (Lacy 1992). That 
is, rather than attempting to forecast sequential future 
development patterns at a series of time-steps, build-out 
analysis focuses on examining a single future 
development pattern that reflects development in the 
fullness of time”, that is, the landscape pattern if 
development occurred at a the density and location 
allowed by a set of specific planning assumptions. EPA 
Green Communities also provides an overview of build-
out analysis (EPA 2006). 

When working with local communities (e.g., city and/or 
county scale), employing a build-out analysis approach 
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has important strengths: it provides a simple, transparent 
method to examine patterns of growth, with clear linkages 
between the policy “levers” or options and their likely 
outcomes. Because build-out analysis is reliant on a 
number of key datasets, such as land parcel data, it is 
typically conducted at relatively local scales. 

Increasingly, build-out analyses have employed 
geographic information systems (GIS) technology. For 
example, Lathrop and Conway (2001) examined effects 
of impervious surface changes on an estuary in New 
Jersey; Theobald and Hobbs (2002a) used build-out 
analysis to examine the likely effects of different policies 
on important wildlife values in Summit County, Colorado; 
Boring (2003) compared the environmental and public 
costs of compact versus scattered development in a 
watershed in Georgia; Zirkle (2003) conducted an 
analysis in Roanoke County, Virginia; and Sawyer et al. 
(2005) describe a build-out analysis tool developed by the 
Center for Rural Studies at the University of Vermont. A 
number of non-governmental organizations have also 
conducted assessments of alternative growth scenarios, 
such as Sonoran Institute’s recent study of the Greater 
Yellowstone Ecosystem (Sonoran Institute 2006). 

Alternative Build-out Scenarios Framework 

Citizens and decision makers of local communities often 
need information about the relative effects of different 
patterns of residential growth on environmental and 
community values. This information can be generated 
using a framework where a variety of indicators of effects 
are computed for a range of scenarios that reflect 
different assumptions about possible land use planning 
policies. Typically build-out analyses focus on residential 
development changes and planning processes, and do 
not address commercial or other land use types. Notably, 
the intent of conducting a build-out analysis is not to 
produce a policy document but rather construct a 
planning tool that will inform the planning process and 
assist decision makers of a community.  

Although build-out analysis has increasingly been used to 
examine alternative growth scenarios, there are few 
technical and methodological guidelines available. This 
gap is especially apparent in understanding how to link 
conservation planning goals of protecting biodiversity to 
evaluation of alternative scenarios – a prime example of 
what some scientists have called an “implementation 
crisis” in conservation biology (Knight et al. 2005). 
Therefore, my goal in this paper is to provide a detailed 
description of the spatial modeling and analysis required 
of this approach, but provide only general comments 
about the collaborative process involved in the build-out 
analysis.  Here I build on a framework composed of four 
components for evaluating land use planning alternatives 
(Theobald and Hobbs 2002a), and refine it from an 
implementation perspective to present this approach in a 
sequential fashion that follows a logical implementation 
process (Table 1). 

TABLE 1  Framework to Evaluate the Cumulative 
Effects of Alternative Build-out Scenarios 

Components Steps 

Scoping & 
stakeholders 

Understand community issues 
Describe analysis and get buy-in 
Form working group 
Generate initial list of scenarios & 
indicators  
Capture a list of assumptions of scenarios 

Spatial 
modeling 

Acquire basic spatial data 
Generate derived maps needed for 
scenarios and indicators 
Refine list of scenarios & indicators with 
stakeholders 
Construct spatial datasets of scenarios 
Construct spatial datasets of indicators 
Conduct overlay analysis between 
scenarios & indicators 

Reporting 

Characterize current conditions 
Compile results via maps & comparative 
tables 
Gather feedback from officials and 
stakeholders on draft 
Refine models, assumptions, clarifications 
Present findings 
Prepare final report and datasets 

Monitor, 
evaluate, adapt 

Identify opportunities for modified 
planning regulations, incentives 
Form other community process to ensure 
continued use of build-out analysis 
information 
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Study Area:  Ouray County, Colorado 

Ouray County is a rural county located in southwestern 
Colorado of roughly 344,000 acres in size. The county 
has a strong agricultural economic base, with many local 
and international tourists enjoying the rural and scenic 
landscapes of the San Juan mountain range (Figure 1). In 
2006, roughly half of Ouray County was privately owned, 
about 30% of this private land acreage was owned by 
residents of Ouray County, 19% by residents of nearby 
counties, 18% residents of Colorado, and about 32% 
residents outside of Colorado. Ouray County had a 
population of 4,320 and with 2,662 private parcels (about 
1,269 units built) in 2005, and the annual growth rate in 
housing units was 4.7% between 2000-2005. 

The vision of the citizens of Ouray County forms a useful 
foundation on which to frame the overall build-out 
analysis project, as expressed in the “mission statement” 
contained in the Ouray County Master Plan: “The overall 
development goal of Ouray County is to allow gradual, 
long-term population and economic growth in Ouray 
County in a manner that does not harm the County’s 
irreplaceable scenic beauty, wildlife, air and water 
resources, and other environmental qualities and that 
does not unduly burden the County’s residents or its 
government.” 

METHODS 

A diverse set of representative stakeholders was selected 
from the community by the Board of County 
Commissioners. A meeting of the stakeholder workgroup 
was convened and members identified working 
assumptions, a variety of indicators, and a range of 
scenarios to examine. Although there are important 
aspects of collaboration and working with stakeholder 
groups (e.g., see Theobald and Hobbs 2002b), here I 
focus more on the technical, analytical aspects by 
describing five main steps: acquiring spatial data, 
constructing maps development patterns that reflect each 
scenario, modeling indicators that reflect important 
values, computing the effect of scenarios on indicators 
using spatial overlay analysis, and estimating when build-
out might occur. 

Data Acquisition 

A primary dataset that is required to conduct a GIS-based 
build-out analysis is data on land parcel boundaries. 
Attributes for each parcel are needed to distinguish the 
number of housing units, whether a parcel is developable 
or not (typically public vs. private), and unique parcel 
identification number. Additional attributes that would be 
useful include the year a housing unit was built, assessed 
land use class, subdivision name, land owner mailing 
address, major land owner type (e.g., Forest Service from 
National Park Service from private), and legal document 
reception number. The analysis presented here is based 
on parcel data from Ouray County Planning Department. 
Roughly 50 (~2%) parcels did not have attributes 
assigned to them. A challenging aspect of using parcel 
data is that occasionally a legal parcel can be 
represented by two or more disjoint (multi-part) polygons, 
such as when a parcel is split into two pieces by a road 
right-of-way. Yet, parcels are the fundamental unit to be 
planned with, so it is necessary to merge (or dissolve) 
polygons using the unique parcel identifier. 

 

FIGURE 1  Agricultural and scenic values draw 
many tourists and residents to Ouray County, 
Colorado.  
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In addition to parcel data, a wide variety of additional 
spatial data layers are needed, depending on the 
scenarios and indicators selected. Table 2 presents 
datasets that are commonly used in a build-out analysis. 

Scenarios 

In the first meeting with the stakeholder team, we 
developed a list of roughly 8 scenarios (5-10 is ideal) 
where each reflected a particular aspect or assumption 
about a land use planning regulation, was grounded in 
reasonable assumptions, and was quantifiable using 
existing or easily generated spatial datasets. The 
community in Ouray County was fairly well aware of many 
controversial planning issues in the county, most of which 
had been sparked by a couple of recent proposals to 
modify the land development code. These proposals were 
directly addressed by the stakeholder group and formed 
the basis for several scenarios. We rounded-out the 
scenarios by engaging in a “what if…?” discussion to 
broaden the range of issues considered, to reflect 
assumptions of more or less growth, or that would allow 
more clustered or scattered patterns. Our final list of 
scenarios reflected the following assumptions: no 
changes to existing zoning (baseline); increase density by 
100%; increase density by 50%; encourage compact 
growth; conserve scenic corridor; conserve scenic 
corridor through compact growth; cluster development; 
and reduce density. 

During the course of developing our scenarios, we 
generated a list of simplifying assumptions that consitute 
a set of “side-boards” to bound the process: 

• We confined changes in the scenarios to three of 
seven planning zones: Alpine, High Mesa, and Valley 
(although these comprised nearly 95% of the private 
land in the county). Development within the other 
zones were presumed to occur according to existing 
zoning. 

• Parcels that were created as part of a previously 
approved subdivision were not considered to be 
eligible for further subdivision. 

• Parcels that were at least 35 acres and contiguous 
with other parcels of at least 35 acres were 
considered to be grouped together, regardless of the 
current ownership – reflecting the assumption that 

*Not available for Ouray County study. 
**Riparian zones modeled from DEMs to identify valley bottoms. 

TABLE 2  Spatial Datasets Commonly Used in 
Build-out Analyses 

Description Scale Source Priority 

Aerial 
photography 1:12000 USGS NAIP Medium 

Building 
location     Medium 

Hydrography 1:24000 
USGS National 
Hydrography 
Dataset 

Medium 

Irrigated 
agricultural 
lands 

1:24000 
Colorado State 
Water Engineers 
Office 

High 

Land 
ownership 
parcels 

  

Ouray County 
planning 
department; 
current to April 5, 
2006. 

High 

Riparian 
zones       

Roads – 
state, county, 
subdivision, 
public, and 
private 

1:100000 US Census 
Bureau (TIGER) Medium 

Subdivisions   City/county 
government Medium 

Topography 
(slope, 
elevation, 
aspect, 
ridgelines) 

0.22 ha 
(30 m) 

USGS National 
Elevation Dataset Medium 

Urban growth 
boundaries 

Parcel-
level 

Ouray County 
planning 
department 

High 

Wetlands, 
riparian 
zones 

1:24000 US National 
Wetland Inventory Low* 

Zoning 1:24000 
Ouray County 
planning 
department 

High 
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adjacent parcels in the future could be purchased and 
consolidated. 

• We assumed that no additional housing units would 
be allowed for parcels that had some form of 
protection on them, such as a conservation easement 
(though some of these may allow limited additional 
units). 

• Future land uses and intensities were specified by 
current zoning – no other changes such as placing 
“open space” portions of the parcels or specifying 
building envelopes were inferred. 

No Change to Existing Zoning 

This scenario reflects the likely development pattern that 
would occur if no changes were made to the currently 
approved zoning. This is also called “baseline” or 
“business as usual.” To compute the number of possible 
units for each parcel that could be built under this 
scenario, the following steps were conducted: 

1. Compute the net developable area of each parcel. 

a. Remove publicly-owned or otherwise protected 
parcels or portions of parcels. 

b. Remove portions of parcels that have physical 
constraints such as lakes, ponds, wetlands, or 
have regulatory constraints such as lot line set-
backs, right-of-ways, ridgelines, wetland or 
riparian buffers (set-backs), floodplains, 
excessive slopes or geological hazards. 

c. Remove parcels that are exempt or that have 
already been subdivided through a planned 
unit development process (i.e. those with a 
designated subdivision name). 

1. Compute the number of acres required in each 
zoning class per housing unit. 

a. Spatially join the zoning dataset to the parcel 
dataset. 

b. Calculate the minimum area needed for each 
housing unit per zoning class. 

1. Compute the number of housing units. 

a. Calculate the number of existing housing units. 

b. Divide the number of net developable acres 
(from #1) by the number of acres required 
(from #2) and truncate to a whole number of 
housing units. 

c. Typically each residential parcel is allowed a 
housing unit “by right”, so assign a value of 1 
for all parcels that have 0 units after steps 3a & 
3b (but remove “sliver” polygons that are too 
small to build a house on). 

Increase Density by 100% (35 acres at 17.5 per 
unit) 

In this scenario we assume a doubling of housing units 
for those parcels that are at least 35 acres in size. To 
compute the number of housing units at build-out, follow 
the steps above, but for step 2b use a value of 17.5 acres 
per unit (rather than the zoned 35 acres per unit). 

Increase Density by 50% (105 acres at 26 per unit) 

This scenario reflects the desire to plan at a slightly larger 
scale (at a minimum of 105 acres rather than 70 acres), 
and encourages this by providing 1 additional or “bonus” 
unit. Eligible parcels are a minimum of 35 acres and when 
combined total at least 105 acres. Housing units are 
allowed to be placed anywhere within the combined 
parcels, with a minimum lot size of 1 acre. For example, 
two 35-acre parcels could have no units on them and the 
third would have all 4 units, or two 35-acre parcels would 
have a unit each and the third parcel would be subdivided 
to have two units. 
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Encourage Compact Growth 

This scenario reflects higher density development in the 
urban growth boundaries (UGB) around the Town of 
Ridgway and City of Ouray. These UGBs are nearby but 
outside existing town limits. This scenario would model 
what would happen if the higher densities that are 
allowed by the towns/cities were allowed to occur in the 
UGB because of the urban infrastructure. We assumed 7 
units per acre build-out in the UGB areas. To compute the 
number of units, follow the steps above, but before 
calculating step 2b, adjust the parcels that are located 
within the UGB to allow 7 units per acre (rather than what 
was allowed under their zone class). 

Conserve Scenic Corridors 

This scenario reflects the assumption of maintaining 
visual scenic corridors by minimizing development in the 
valley floor (and their agricultural lands) in key corridors of 
the county. Irrigated agricultural land is a key component 
of a scenic corridor, but protecting ridgeline development 
in viewsheds of prominent mountain ranges is also 
important. Rather than limit or reduce the number of 
housing units in parcels that fall within a scenic corridor, 
the assumption is that additional housing units will be 
placed at the toe of the slope – avoiding the irrigated 
agricultural lands in the valley bottom as well as avoiding 
ridgelines. Scenic corridors were delineated by first 
identifying stretches of public roads important for scenic 
values (for Ouray County along Highways 550 and 62 
and that portion of County Road 1 lying between County 
Road 24 and the south intersection of County Road 1A 
and County Road 1, and County Roads 5, 7, 8, 10, 24 
and 24A, and County Road 12), then finding the 
“viewshed”, or what is visible from that road based on 
topography, up to 1.5 miles on either side of a road. The 
calculation of housing units is identical to the “business as 
usual” scenario. 

 

Conserve Scenic Corridors through              
Compact Growth 

This scenario reflects conserving scenic corridors by 
transferring the units from corridors to the UGBs rather 
than by placing units locally (within a parcel) to minimize 
visual impact. This would result in 504 units transferred to 
a UGB. To compute this build-out pattern, follow the GIS 
steps above as before, but before calculating step 2b, 
adjust the parcels that are located within the scenic 
corridors to remove any additional housing units, find the 
number of additional housing units allowed under current 
zoning (504), and allocate (weighted by area) these to the 
UGBs. 

Cluster Development 

This scenario reflects constraining new housing units 
within a parcel, where units are placed to avoid three 
exclusion factors: riparian and drainage areas, irrigated 
agriculture, and ridgelines. Clustering attempts to 
minimize the impact – here defined as spatial coincidence 
-- on values that have been identified in the county 
master plan. As an incentive to engage in clustered 
development, it is common to provide bonus units, and 
here we assume a doubling of density. Therefore, we use 
the same number of possible housing units as the 
Increase Density by 100% scenario, but the spatial 
pattern is adjusted when we compute the effects on 
various indicators (see below). 

Reduce Density by 50% (1 per 70 acres) 

This scenario reflects the situation if development 
occurred at a density of 1 per 70 acres (roughly 1 per 80, 
but acknowledging that State subdivision law allows 
parcels as small as 35 acres rather than 40 acres). 
Parcels must be at least 70 acres. 
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Indicators 

To examine the cumulative effects of alternative 
development patterns generated by each build-out 
scenario, a series of indicators were identified by the 
stakeholder working group. Indicators measure various 
aspects or characteristics to provide insight into the 
overall effect or impact that would likely be generated by 
a particular land use (or development intensity) that 
resulted from a scenario. A useful starting point for the 
stakeholder discussion was a list of commonly-used 
indicators in scenario planning for rural land use planning. 

There are two general types of indicators, those that 
measure infrastructure such as the number of housing 
units, population, number of school children, miles of 
roads needed, and vehicle miles traveled; and those that 
measure the loss of natural resources, such as irrigated 
agricultural lands, wetlands, important wildlife or rare 
species habitat, impervious surface area. We then 
generated a matrix (table) to compare these indicators 
with social, community, or environmental values 
expressed in the Ouray County Master Plan (Table 3). 
The final list of indicators also reflects an attempt to 
balance them across the range of community values, as 

Indicator 

A
g 

la
nd

s 

C
ity

/C
ou

nt
y 

ch
ar

ac
te

r 

E
co

no
m

ic
 

de
ve

lo
pm

en
t 

H
ou

si
ng

 

N
at

ur
al

 
re

so
ur

ce
s 

R
ur

al
 c

ha
ra

ct
er

 

To
ur

is
m

 

Tr
an

sp
or

ta
tio

n 

U
til

iti
es

 

V
is

ua
lly

 
si

gn
ifi

ca
nt

 
ar

ea
s 

W
ild

lif
e 

&
 P

la
nt

 
ha

bi
ta

ts
 

Irrigated agricultural lands are identified from high-resolution (~1:20,000) aerial photography. 

Agricultural land use per assessed designation in parcels database. 

*Not computed here due to data limitations and not clear on what additional information this would provide. 
**Not computed here because county-wide data on wildland-urban interface and wildfire hazard were not available. 

 

  Master Plan Goals   
  
  
 

           

No.housing units   + + ++               

No. accessory dwelling units  ++ + ++        

Acres of irrigated fields ++         + +     + + 

Acres of agricultural land ++   ++     +       + + 
Acres of important wildlife 
habitat affected     +     + +       ++ 

Acres of riparian & drainage     +   +       + ++ ++ 
Miles of additional subdivision 
roads *     +         ++   + x 

Vehicle miles traveled 
- state & county 
- county only 

    
  
  
+ 

    
  
+ 
+ 

  
  

++ 
++ 

    
+ 

  
+ 
+ 

Acres developed within high 
wildfire hazard **          +       +     

Road effects on water quality*               ++     + 

Trailheads**             +         

 

TABLE 3  Indicators and Master Plan Goals Primarily (++) or Secondarily (+) Addressed  
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well as more programmatic concerns such as data 
availability and the simplicity of spatial modeling 
techniques needed to generate spatial layers of indicator 
values. 

Number of Housing Units 

A basic indicator is simply the number of housing units or 
residential. Here we assume that every parcel can have 
at least one residential dwelling unit, up to the number as 
determined by the density specified for each zone and 
scenario. 

Irrigated Agricultural Land 

Irrigated agricultural fields are an 
important resource for the ranching 
community as well as for scenic values 
that draw visitors to the region. 
Irrigated fields were mapped from 
aerial photography (taken in 2000), 
and there were 20,255 acres of 
irrigated fields in Ouray County (Figure 
2). 

General Agricultural Land Use 

Similar to irrigated agricultural land, 
this indicator reflects the value of a 
variety of land use types needed by 
the broader agricultural enterprise that 
includes irrigated, but also meadow 
hay, and grazing lands. The type of 
agricultural land use for each parcel 
was determined from  the assessed 
land use designation for each parcel, 
as assigned in the county assessor’s 
database. Note that often assessors 
divide a single parcel into different land 
use types depending on agricultural 
land use and quality, but often the 
largest type is attributed to the whole 

parcel as a simplification step (which was done here). 
Also, note that some parcels that may be designated as 
residential may have some agricultural land use, such as 
a small barn or stable. 

Important Wildlife Habitat 

To identify possible effects of development on important 
wildlife habitat, I followed a standard conservation biology 
approach that includes incorporating both fine- and 
coarse-filter data (e.g., Noss et al. 1997; Theobald et al. 

Data Source: Created from aerial 
photography (1:20K)  

Map created by David Theobald, Natural                       
Resources Ecology Lab, Colorado State 
University on 18 October 2006. 

FIGURE 2  Irrigated agricultural fields are an important agricultural 
and tourist resource. 

Irrigated Agricultural Lands 
Ouray County Build-out Analysis 
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2000). Fine-filter data include known occurrences of a 
species of interest, or known distributions of a limiting 
type of habitat. The coarse-filter approach uses data on 
rare vegetation types found in the landscape that are 
often critically important for a variety of species and 
communities. Although a full biological inventory of Ouray 
County has not been done (which is more common than 
not), landscape-level data are available to generate some 
reasonable, basic understanding of the degree of likely 
effects. 

This indicator is composed of two sub-indicators to 
recognize important habitat for both economically-
important species (EIS) and for rare & imperiled species 
(RIS). First, I identified key species important for local 
economies (e.g., American elk, bighorn sheep, and mule 
deer). Rather than using all possible habitat types for 
these target species within an area or county (which can 
result in “painting the county red”), I used on habitat that 
was particularly limiting for a species life stage. To map 
EIS, I used data on winter concentration areas from the 
Colorado Division of Wildlife’s WRIS distribution maps 
(www.ndis.nrel.colostate.edu). For the RIS, I identified 
areas known to contain rare and threatened species (e.g., 
bald eagle winter concentration areas, lynx suitable 
habitat), as well as potential conservation areas 
designated by the Colorado Natural Heritage Program. 

Both the EIS and RIS maps are composed of data on 
multiple individual species habitat. The value at each cell 
for an individual species habitat map is normalized by the 
total extent, so that each species is ranked evenly when 
combined later – otherwise, species with large habitat 
areas (e.g., elk) dominate over smaller habitat areas 
(e.g., boreal toad). Moreover, for each species, the 
proportion of habitat in any given location was also 
weighted by the spatial configuration to identify “edge” 
and “interior” portions of a patch, because impacts or 
development in interior areas that dissect a patch should 
be counted more than if it is just on the fringe. This 
approach also assumed that areas adjacent to habitat 
would be important to identify “encroachment” or proximal 
effects (e.g., human activities radiating out from housing 
development nearby a patch of habitat). This was 

implemented in GIS using a moving window of radius 800 
m for elk and mule deer and 1,000 m for bighorn sheep 
and computing the propotion of habitat in the window. 
Examination of the potential effects of land use change 
on identified migration corridors is an important 
consideration, but beyond the scope of this study. There 
were 174,652 acres of EIS (Figure 3, page 67) and 
48,610 acres of RIS habitat (Figure 4, page 68) in Ouray 
County. 

Acres of Riparian and Drainage Zones 

This indicator characterizes the extent to which a parcel 
contains riparian and drainage areas. Riparian areas 
were defined by finding the floodplain/valley bottom 
adjacent to streams of 2nd order or larger (from USGS 
1:24000 scale 7.5’ topographic map), using a “variable-
width buffer” that conforms to the geomorphology of the 
valley bottom (Theobald 2003b). Over 15,100 acres of 
riparian areas were mapped in Ouray County, with 11,050 
acres found on private land (Figure 5, page 69). Note that 
although 1st order streams (and smaller, un-mapped 
creeks) may provide some important wildlife resources, 
these are less important because they have less 
developed riparian vegetation and cottonwood gallery 
forests. 

Vehicle Miles Traveled Per Day 

The number of vehicle miles traveled (VMT) is an 
important indicator of environmental effects such as 
overall air quality and potential impacts on wildlife, 
including fragmentation of habitat. It is also an important 
economic measure. VMT per housing unit were estimated 
based on a county estimate of 7 trips per day per 
household using the distance calculated from the 
assumed center of service (in this case the Town of 
Ridgway), along the fastest route along roads to each 
housing unit. Note that a more common, country-wide 
Average Daily Vehicle Trip is 9.57 per detached housing 
unit (ITE 2003). Average daily trips are based on direct 
measures and surveys of a variety of communities. Note  
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FIGURE 3  The map of economically important habitat was generated from winter concentration 
areas for deer, elk, and bighorn sheep. 

Economically-important Wildlife Species 
Ouray County Build-out Analysis 
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FIGURE 4  The map of rare and imperiled species habitat was generated from known species 
ranges for bald eagle, as well as potential conservation areas delineated by the Colorado 
Natural Heritage Program. 

Rare and Imperiled Species Habitat 
Ouray County Build-out Analysis 
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Riparian and Drainage Areas 
Ouray County Build-out Analysis 

FIGURE 5  Riparian and drainage areas for Ouray County, Colorado were generated by 
using a “variable-buffer” technique using 2nd and higher-order (Strahler) streams and 
topographic information. 
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that this is one-way trips and reflects not only trips taken 
by the residents of a house, but also trips to provide 
services to each house (e.g., county and emergency 
services, construction materials, delivery vehicles, etc.). 
With 1,269  current housing units, 286,706 vehicle miles 
traveled per day were estimated (Figure 6, page 71). 

I did not attempt to model the explicit location of new 
subdivision roads, and therefore the VMT on subdivision 
and private roads are not computed – only on existing 
county and state highway roads. Therefore, results are 
conservative estimates of the effects on wildlife 
resources. Also, the distance is the average distance to 
all locations within the parcel – not necessarily the 
shortest or closest distance (e.g., if new houses were 
placed at the closest place/access point in a parcel).  
Note that the computation of VMT is tied to the 
assumption that trips will be to the Town of Ridgway. For 
some parts of the county, such as the City of Ouray or far 
northwest portion of Ouray County (e.g., Cornerstone 
development), some portion of the assumed trips might 
be to a closer “service center” such as the City of Ouray 
or City of Montrose. As a result, VMT may be slightly 
overestimated. Conversely, the computation of VMT does 
not include trips that are generated by growth and land 
use outside of Ouray County, and as a result, potential 
increases in trips generated by growth in San Miguel (and 
commuters to Telluride) and Montrose counties are not 
accounted for in our approach and so may be 
underestimated. 

Overlay Analysis 

To compute the cumulative effect of each scenario on a 
given indicator, I conducted a spatial overlay analysis. 
That is, the spatial dataset that represents the number of 
housing units in each parcel for each scenario was 
overlaid onto a dataset that represented each indicator. 
The spatial intersection of the footprint of each housing 
unit and the area of each indicator was computed. 

 

 

Estimating the Disturbance Zone 

In order to compute the effect of a housing unit, we used 
the concept of a disturbance zone for each housing unit 
(Theobald et al. 1997). Here, we assumed that the effect 
zone was 5 acres per housing unit, which can be 
represented as a circle with a radius of 83 meters, 
including the building footprint, modification of adjacent 
vegetation and outbuildings, and driveways. Because we 
did not have a detailed dataset on the current location of 
housing units within parcels, and because it is challenging 
to estimate these locations at a site scale, I made two 
assumptions with regard to the distribution of houses. 

First, for the scenarios where the development pattern is 
dispersed(all but the clustered development pattern), I 
assumed that new housing units would be equally 
distributed throughout the parcel, and therefore the effect 
of development will also be spread out equally throughout 
the parcel. That is, the weights for the distributed 
assumption Wd is even (e.g., 1.0) for all cells within a 
parcel. This proportion was computed as the ratio of the 
acres affected to the total acres in a parcel: (# units x 5 
acres / parcel acres). Note that this assumes no overlap 
in nearby effect zones because all houses are spread out 
evenly (not to exceed 100%). For example, to compute 
the number of acres of irrigated lands effected for parcel, 
the computation would be: (area of irrigated lands in a 
parcel, times the ratio of the number of units * 5.0 acres 
divided by the parcel area. Note that the effected acres 
could be larger than 5 acres if the parcel is less than 5 
acres, which is tested for and limited to the parcel size. 

The clustered development scenario relies on a different 
assumption – namely that new housing units will be 
placed to minimize the impact on ecological, agricultural, 
and social values expressed in the county master plan. 
We recognized that it is challenging to specify the site-
scale development pattern with much precision, but we 
believe that on the whole, some reasonable assumptions 
can guide patterns of development. We used three 
factors that each have a weight of 10.0: irrigated 
agricultural lands Ei, riparian areas Ew, and ridgelines Er. 
A default weight of 1.0 is given to locations on a parcel 
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Vehicle Miles Traveled 
Ouray County Build-out Analysis 

FIGURE 6  Vehicle miles travel is computed for each parcel by computing the one-way 
distance from the parcel to the assumed service center (Town of Ridgway), times an 
average of 7 trips per day. 
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with no existing exclusion factors. The three factors can 
overlap one another so they are summed to form the 
clustered weight, Wc: 

Wc = 1.0 / (Ei + Ew + Er + 1.0 ) 

The disturbance effect associated with a housing unit was 
then allocated spatially within a parcel based on the 
distribution of the weighting factor Wc. This weighting 
approach was used rather than a simple binary include/
exclude because parcels can be completely covered by 
one or more exclusion factors, yet they still have a right to 
develop. 

Estimating Growth Rates 

An important question often raised by decision makers 
and citizens is: how urgent is the situation? Will build-out 
occur in ten years, a generation, a lifetime, or ten 
lifetimes? Data on the housing unit growth rates can be 
used to forecast growth rates and to roughly estimate 
when a given build-out scenario might occur. I 
summarized the number of housing units built per 5 (or 
10) year increments to examine historical and recent 
growth rates. Here I generated growth projection curves 
via three assumptions: (a) the annual growth rate (4.7%) 
that has occurred, between 2000 and 2005 will continue; 
(b) a 3% annual growth rate that assumes a slight slow-
down in growth; and (c) a linear increase through time 
using the number of new housing units from 2000-2005. 

RESULTS 

Build-out Scenarios 

The results of the overlay analysis are summarized in 
Table 4, page 73). There are a broad range of responses 
of the indicators to the variety of scenarios. The number 
of units varies between a low of 5,088 units and a high of 
11,525 units. Of the 7 alternative growth scenarios, four 
would result in an increase of about 20% to 100% in the 
number of housing units as compared to the baseline 
scenario, two would result in no net change, and one 

would result in a 15% reduction. Developing under the 
existing zoning regulations (Figure 7, page 74) would 
result in a total of 5,900 housing units, a moderate 
reduction (~10%) of current irrigated agricultural land and 
wildlife habitat, and 2.8 times the VMT.  Increasing 
density by 100% would result in major effects: 9,500 
units, a 15-20% reduction of irrigated agricultural land, 
wildlife habitat and riparian areas, and a nearly 5-fold 
increase in the current VMT. 

Concentrating additional development growth around 
existing urban areas would accommodate an estimated 
11,500 housing units, cause moderate effects on wildlife 
habitat, and increase the existing VMT by 2.8 times. 
Clustering development within a parcel would minimize 
local (within parcel) effects, but still results in a doubling 
of housing units. Reducing density by 50% would result in 
about 5,000 housing units, minimize the irrigated land and 
wildlife habitat effected, and limit the VMT to about 1.8 
times the current level. 

There would be a low to moderate effect on irrigated 
agricultural land. The acres of irrigated agricultural land 
effected by development would range from about 1,400 
acres (7% of existing) in the cluster and low-density 
scenarios to 2,300 acres (12%) for existing zoning and 
scenic corridor scenarios. 

The degree to which economically important habitat 
would be lost depends more on the presumed pattern of 
development rather than the number of units per se. A 
dispersed development pattern means a 2 to 3 times the 
effected EIS habitat acres as the baseline scenario. The 
loss of RIS habitat is relatively minor (<6% of existing 
habitat) and changes very little between scenarios. 
However, there would be major effects on habitat due to 
possible limitations on wildlife movement and 
fragmentation of habitat because of likely increased 
automobile traffic. VMTs would increase from 80% 
(decreased density) to 280% (existing zoning, urban 
growth boundary) to 480% (increase density by 100% 
and clustered development scenarios). 
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TABLE 4  Results of Indicators for all Scenarios in Ouray County, Excluding the City of Ouray and Town 
of Ridgway 
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  Scenarios 

  
  
  

Indicators 

        

No. of units 
(county only) 

5,937 
2.2x 

9,557 
3.6x 

7,011 
2.6x 

11,525 
4.3x 

5,937 
2.2x 

5,937 
2.2x 

9,557 
3.6x 

5,088 
1.9x 

No. of 
accessory 
dwelling units 

1,667 2,875 2,025 3,430 1,667 1,667 2,875 1,043 

Irrigated Ag 2,315 
11.4% 

3,913 
19.3% 

2,755 
13.6% 

2,842 
14.0% 

2,315 
11.4% 

3,209 
15.8% 

1,403 
6.9% 

1,433 
7.0% 

Ag Land Use 18,601 
14.1% 

34,736 
26.4% 

23,871 
18.1% 

19,171 
14.6% 

17,962 
13.6% 

16,218 
12.3% 

16,660 
12.6% 

9,352 
7.1% 

Economically 
Important 
Species Habitat 

17,970 
9.9% 

30,879 
17.1% 

21,959 
12.1% 

18,700 
10.3% 

18,040 
10.0% 

17,002 
9.4% 

15,607 
8.6% 

11,195 
6.2% 

Rare & 
Imperiled 
Species Habitat 

1,691 
3.4% 

2,727 
5.6% 

1,978 
4.0% 

2,092 
4.3% 

1,689 
3.4% 

1,931 
3.9% 

1,322 
2.7% 

1,132 
2.3% 

Riparian Areas 1,208 
7.9% 

2,159 
14.2% 

1,467 
9.7% 

1,618 
10.7% 

1,207 
7.9% 

1,444 
9.5% 

482 
3.1% 

693 
4.5% 

VMT / day (all 
roads) 

803,856 
2.8x 

135/unit 
19 mi/trip 

1,396,183 
4.9x 

146/unit 
21 mi/trip 

975,000 
3.4x 

139/unit 
20 mi/trip 

893,460 
3.1x 

77/unit 
11 mi/trip 

803,856 
2.8x 

135/unit 
19 mi/trip 

747,044 
2.6x 

125/unit 
18 mi/trip 

1,396,182 
4.9x 

146/unit 
20 mi/trip 

514,879 
1.8x 

101/unit 
14 mi/trip 

VMT / day (not 
state highways) 169,703 287,546 204,044 175,009 169,703 161,479 287,546 111,735 
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Scenario A: Existing zoning 
Ouray County Build-out Analysis 

FIGURE 7  The area of disturbance zone was computed by assuming 5 acres effected 
per housing unit – note that the area of the circle represents the absolute area, though it 
is placed in the center of each parcel. 
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Residential Housing Units in Ouray County 

FIGURE 8  Historical and possible future housing units in Ouray County. Labels on the right side 
show the number of housing units forecast by the different build-out scenarios. By extending the 
arrows horizontally across the graph, one may see the intersection with different growth rate 
assumptions (following a vertical line down to the x-axis shows the approximate year the 
scenario will be reached – grey lines show the timeframe). A – no changes to existing zoning;     
B – increase density by 100%; C – Increase density by 50%; D – encourage compact growth;       
E – conserve scenic corridors; F – conserve scenic corridors with compact growth; G – cluster 
development; and H – reduce density by 50%. 

Growth Rates 

The build-out scenarios forecast a 2- to 4-fold increase in 
the number of housing units in unincorporated areas of 
Ouray County. Depending on the assumption of the pace 
of future growth – continued growth at recent rates 
(4.7%), moderate growth rate (3.0%), or linear growth 
rate – build-out would be reached as soon as 20 years to 
as long as 100 years (Figure 8). If growth occurs at recent 
rates, build-out would be reached within 35 years for all 
scenarios. More moderate growth (3% per year) would 

result in build-out being reached in the next 35 to 60 
years, while the linear growth rate assumption would 
mean that build-out would not be reached until 35 to 100 
years. 

DISCUSSION AND CONCLUSION 

The results of this study have provided important 
information to help inform the discussions around land 
use planning in Ouray County, Colorado. A strength of 
this build-out approach was the relatively straightforward 
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GIS modeling – although a variety of scenarios and 
indicators were modeled to provide comprehensive 
analysis, there was strong support for the validity and 
usefulness of the report by the decision makers and 
public. 

This project took slightly over a year to complete, starting 
with an initial public presentation (Month 1), the first 
stakeholder meeting where we defined scenarios and 
indicators (Month 3); preliminary analysis of scenarios 
and indicators (Month 7); a check-in meeting with 
decision makers (Month 8); drafting and review of report 
by stakeholders (Month 9); revisions and final report 
(Month 11); and final public presentation (Month 13). 

The results of this study suggest that the need to plan is 
urgent – within one to three generations build-out would 
be reached in Ouray County. If no changes are made to 
the existing land use regulations, a doubling of housing 
units will likely occur. Only the reduction in density by 
50% scenario will result in slightly fewer housing units 
(5,088 vs. 5,937) – because a relatively small proportion 
of the parcels left in the county are at 70 acres or larger. 
All other scenarios would increase the number of housing 
units by up to 4.3 times. The study was in general well 
received by citizens of Ouray County, many of whom 
recognized that this information should be kept updated 
(as new development and land use decisions are made). 
Some initial steps have been undertaken to commission a 
“blue-ribbon” panel to make recommendations based on 
the findings of the build-out analysis (and cost-of-
services) study. 

Another potential way the results from this study can be 
used is to help identify opportunities to prioritize and 
coordinate conservation activities. Because parcel-level 
information about the relative values and effects of 
development is generated in build-out analysis, it may 
provide a means to bridge the gap between goals 
expressed by broader-scale conservation planning such 
as The Nature Conservancy’s ecoregional planning 
process or other regional prioritization efforts (e.g., by 
land trusts), and the implementation strategies that need 
to be expressed at the site- or parcel-level (Groves et al. 

2002). Moreover, information and tools that better 
connect conservation goals with land use planning are 
needed as conservation organizations increasingly 
broaden the range of mechanisms to achieve 
conservation from outright purchase and establishing 
conservation easements to partnering with federal, state, 
and local agencies to align land use policies with 
biodiversity goals. 

Caveats 

Although some local-scale effects on natural resources 
can be minimized through clustering development, many 
effects would be felt more broadly such as decreased air 
quality, fragmentation of habitat, and increased costs of 
providing services (mostly for schools, road and bridge 
maintenance). A key assumption made during the build-
out analysis was the doubling of housing density as an 
incentive for clustered development, which is provided by 
most counties that have clustered development 
alternatives. The actual multiplier may vary in practice. 
One program from which we can gain insight into the 
need for incentive bonus units is the Rural Land Use 
Center in Larimer County, Colorado that has administered 
a cluster development alternative process for over 6 
years. Of the 67 projects approved to date, they have 
averaged 80% additional bonus units (i.e. an increase of 
1.80 times the default zoning). 

At least four important gaps in spatial data were noted 
during this study. First, information about the land 
ownership and conservation status for each parcel is 
crucial to know whether an easement is placed on a 
parcel and if there are specific restrictions. We were able 
to identify the  parcels that had a conservation easement 
as identified by the Colorado Ownership, Management, 
and Protection project, but information about the specific 
location of the easement on the parcel and the terms of 
the restriction (land use, number of housing units allowed, 
etc.) were unavailable. A second gap was that the point 
location (or building envelope) for each housing unit in the 
county was unavailable. If this information were available, 
stronger assumptions could have been made about the 
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area of building disturbance zone, the spatial pattern of 
development and the effects of development on valued 
natural resources. Third, a more detailed and complete 
road map that included all subdivision roads and 
driveways would have been useful. This information 
would have enabled two additional indicators that were 
identified by stakeholders but could not be computed: 
road mileage (or density) associated with housing 
development and calculations of changes in impervious 
surface that are crucial for understanding effects of 
development on water quality. Fourth, a more detailed 
and complete inventory of important wildlife habitat based 
on field surveys would allow more precise estimates of 
the effects of different development patterns on a key 
indicator. 
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