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Introduction

Over the past five years, the City of Denver has experienced rapid 
and massive population growth, which has expanded the radius of 
the housing market to include exurban municipalities such as the City 
of Arvada. There is growing pressure for the Metro-Denver area to 
provide more housing options for residents, particularly higher density 
and affordable multi-family housing. The Urban Land Institute’s 
“Ten Principles of Developing Affordable Housing” (2007) promotes 
selecting sites for opportunity and choice, “to maximize economic and 
social opportunities for its residents as well as to allow for quality-of-life 
amenities (p. 18).” Accordingly, the City of Arvada must be proactive 
in determining locations for new multi-family housing developments 
through a thorough process that effectively utilizes existing data and 
resources. As a component of the Hometown Colorado Initiative, 
this report documents analysis using GIS (Geographic Information 
Systems) techniques to identify and classify vacant lots in the City of 
Arvada based on their fitness for multi-family housing.

The major research question posed by this project is: Which vacant 
parcels in the City of Arvada are most suitable for multi-family housing 
development? Beyond simply identifying vacant parcels within the 
City that have the potential to be developed, this report seeks to 
demonstrate a GIS-based site selection and modeling process that 
describes optimal site criteria and illuminates the vacant parcels most 
fit for multifamily housing. The data associated with these parcels 
includes assessor’s data, zoning and land use designations, and 
physical characteristics for each parcel, which is described in the 
metadata associated with this report. Furthermore, the project explores 
visualization and modeling techniques using Esri’s CityEngine, an 
urban modeling program, to illuminate the different kinds of multi-
family housing projects possible on several of the parcels identified as 
suitable for development during the analysis. Ultimately, the project 
used a variety of GIS tools and analysis techniques to produce a final 
suitability map, information survey of the characteristics of suitable 
parcels, and 3-D models of suitable development sites.
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In order to determine the physical site factors and locational 
characteristics of vacant parcels that should be incorporated into the 
final suitability ranking and analysis, it is advantageous to explore the 
existing research and case studies on the topic, specifically focusing 
on the literature that uses GIS practices for site selection purposes. 
Before discussing GIS tools and techniques, a brief literature review 
including various cities’ planning documents describes the types of 
criteria that has been included in projects similar to this one. 

Although different cities vary in their requirements for affordable 
multi-family housing sites, certain criteria are common among the 
requirements. These common criteria for potential sites include: 
free of environmental hazard (floodplains, proximity to interstate 
highways, near heavy industrial uses, etc.), appropriate zoning, and 
proximal to “social, recreational, commercial, educational and health 
facilities and services (City of Colorado Springs, 2014, p.28).” In both 
Harris County, Texas’ “Affordable Housing Standards” and the City 
of Colorado Springs’ “Affordable Housing Program & Underwriting 
Guidelines,” all sites should be located within ¼ of a mile of public 
transportation because lower income populations are less likely 
to own a personal vehicle and rely on public transportation for the 
majority of their mobility needs. The CSH “Site Selection Criteria and 
Search Strategies (2013)” incorporates all of the abovementioned 
criteria as well as crime rate, community acceptance, and acquisition 
or lease costs. Such examples illuminate the wide assortment of 
criteria available to determine suitable sites for affordable housing 
development. Table 1 lists criteria that may be considered as part of 
an affordable multi family housing development site suitability analysis 
in scorecard format. This table could be used while evaluating sites.
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The wide range of analysis tools available through GIS software 
results in an array of site suitability methodologies that utilize 
multicriteria evaluation (MCE) and multicriteria decision analysis 
(MCDA) models. Multicriteria analysis models are simply models 
that consist of evaluating chosen criteria or factors among several 
alternatives according to weights determined by the researcher (Van 
Atta, 2013). There are different levels of complexity of the site suitability 
MCE models performed within a GIS setting, ranging from weighted 
overlays (requires raster data) to more straightforward reclassification 
and scoring methods. 

Two of the most relevant MCE site suitability case studies for the 
current project are Natalie Anderson’s “Site Selection for Affordable 
Housing Development: An Analysis of Housing Element Suitable Sites 
Inventories from Orange County, California (2011),” and Wang et al.’s 
“Evaluating Suitable Locations for the Development and Preservations 
of Affordable Housing in Florida: The AHS Model (2012) .

In her research, Anderson (2012) uses GIS to identify sites within 
Orange County, California suitable for affordable housing development 
and rank those sites based on their proximity to community amenities. 
Figure 1 displays the scoring method deployed for sites previously 
identified as physically suitable for affordable housing developments. 
Proximity to transit, public parks and community centers, public 
libraries, supermarkets, schools, medical clinics and hospitals, 
pharmacies as well as access to high-speed internet are the criteria 
considered optimal for affordable housing development and are 
therefore assigned ranks according to minimum distance from the 
site to the particular amenity.
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Figure 1. Community Amenities Criteria and Available Points (Anderson, 2011)
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After determining the criteria scoring, Anderson used a combination 
of the “Buffer” and “Intersect” tools to reveal those sites which produced 
the maximum community amenity score of 15. Additionally, Anderson 
created “Site Profiles” for each suitable site which included elements 
beneficial to Orange County’s development process such as: zoned 
density, maximum potential housing units, ownership and land value, 
and presence of environmental hazards. Drawing from Anderson’s 
research, this GIS analysis considered proximity to transit, parks, 
schools, grocery stores and the density of health services. Moreover, 
the suitability sites included “profiles” with the following information: 
parcel identification, size, zoning, City Comprehensive and Land 
Use Plan designation, current development status (if applicable), 
ownership, floodplain designation (if applicable), assessor’s data, and 
the attributed z-scores for each community amenity to be described 
in the next section of the report.

The Florida Affordable Housing Suitability Model (AHS) further 

develops the approach by integrating a weighting component into 
the suitability analysis. Figure 2 shows the general overview of the 
components, each of which is assigned a score between 0 and 
25 with 25 being highly suitable. The relevant thresholds for each 
component are determined by the group or organization using the 
model.

Figure 2. General Overview of the AHS Model (Wang et al., 2012)
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It is is important to note that the physical infrastructure and 
environmental component includes appropriate slope, a criterion that 
is included within this Project. Next, each component is assigned 
a weight using pair-wise comparison, a method which “employs an 
underlying scale with values from 1 to 9 to rate the relative preferences 
for two criteria (Malczewski, p. 182).” Although a valid and common-
practice form of weighting for GIS-based site suitability analysis, for 
the purposes of this project, pair-wise comparison was not used to 
determine the suitability rankings. 

With a better understanding of the different criteria and GIS 
techniques necessary to perform an effective site suitability analysis, 
the subsequent methods were carried out in furtherance of the 
project’s objectives.

Background R
esearch
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In order to produce a final map showing overall suitability ranks by 
parcel, there were certain attributes required of parcels before adding 
the additional individual factors that inform the rankings. These 
foundational required attributes were: 

● Sized one-half of an acre or larger 
● Designated as vacant land and not a park space
● Located within zoning districts that allow multi-family development
● Aligned with the City’s Comprehensive Plan Future Land Use 

designation

First, all parcels defined as “Vacant Land” in the City of Arvada’s 
parcel layer of 45,552 parcels were selected and created into a new 
layer of 1,858 parcels. Next, the zoning layer table was spatially joined 
to the parcel layer and all fields from the zoning table were deleted 
with the exception of the general zoning description and number 
of allowable units. Next, to narrow the selection of parcels, only 
those vacant parcels within the zoning districts that allow medium 
density and mixed use development were selected and created into 
a new layer. Without this limitation, the City would need to pursue 
rezoning measures, which may not be a feasible option depending 
on the surrounding physical context as well as existing plans for 
those areas. A field was subsequently added, and the “Calculate 
Geometry” function was used to populate this field with the numerical 
measure of acreage. Using this newly created field, the remaining 362 
parcels were then selected to exclude any parcel less than one-half 
of an acre using the “Select by Attribute” tool as this is a practical 
minimum amount of space necessary to constructing multi-family 
units, whether in townhouse, row house, or apartment form. 

157 parcels were left after accounting for this requirement, but 
when observing the parcel locations, it became apparent that some 
park spaces are considered vacant land which are off limits for any 

kind of development. Using “Select by Location,” the parks were 
removed from the layer, leaving 123 parcels. Similar to the zoning 
requirement, the parcels must align with the City’s Comprehensive 
Future Land Use Plan.  Therefore, the future land use layer table was 
joined with the most recent parcel layer.  A new layer was then created 
with parcels falling under the following categories: High Density 
Residential, Low Density Residential, Medium Density Residential, 
Mixed-Use, Mixed-Use Residential Emphasis, and Neighborhood/
Community Commercial.

The new parcel layer contained 112 parcels, but due to the 
complex nature of the parcel layer’s classification system and 
attribute table, there were still certain parcels that were not feasible 
for development. For example, the parcel underneath or surrounding 
existing Homeowners Association (HOA) developments is considered 
vacant because there is not a single owner or is held in common 
ownership with an association.  As such, this land may fit the zoning 
and size requirements but is unsuitable for development because 
it is not a stand-alone piece of property and is tied into a broader 
neighborhood context under management of an HOA.  With this 
in consideration, each of the 112 remaining parcels was visually 
evaluated and those parcels unsuitable for development due to these 
kinds of constraints were manually deleted from the parcel layer. After 
performing the manual deletions, the 112 parcels were narrowed 
down to 34 parcels.  The resulting layer of 34 parcels served as the 
foundational areas suitable for multi-family development to be further 
weighted and ranked using the prescribed criteria.

M
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Before the ranking process could begin, each of the chosen 
criterion needed to be defined, measured, or calculated within the 
attribute table. The size was already contained in the resulting layer, 
and was maintained for future use in determining whether a particular 
parcel maintained the optimal or minimum size requirements for 
housing developers. The first criterion to consider was whether or 
not the parcel contained or was within a floodplain. A new field was 
added to the attribute table and a “Select by Location” revealed all 
parcels which intersected the floodplain, each of which were defined 
as “Yes” in the new field using the field calculator. Using the “Switch 
Selection” function, the parcels that did not intersect the floodplain 
were attributed as “No”. Next, the shapefile containing the City of 
Arvada’s current development project was spatially joined to the 
parcels as well as visually compared to the City’s online development 
map in order to locate and subsequently delete two of the 34 original 
parcels.

The slope of each parcel was determined by downloading the USGS 
3M elevation data. Because the data that covered the entire City of 
Arvada was broken into two seperate rasters from the download, 
the “Mosaic” tool was used to create one .tiff file with coverage of 
the entire city (The 3 meter cell size and 8-bit signed options were 
chosen for the mosaic. A slope raster was then generated using the 
resulting elevation .tiff file. The “Percent” parameter was chosen. 
Then, use zonal statistics was used to put average slope values in for 
each of the 34 parcels.

After completing all calculations for the physical criteria, the social, 
recreational, commercial, educational, and health facilities and 
services criteria needed to be defined. Regarding the proximity to 
public transportation criteria, RTD bus and light rail shapefiles were 
downloaded from the RTD website and using the “Near” tool, the 
distance to the nearest bus stop from the centroid of the parcel was 
calculated for each parcel. The same process was performed for the 

D
efining Suitability C

riteria 
for R

anking
park and school shapefiles.

Beyond adding the data associated with each criterion to the 
attribute table, a “Spatial Join” was performed to add relevant fields 
from the Jefferson County Assessor’s data. The fields included “Last 
Sale Date,” “Total Actual Land Value,” And Total Land Value” in Dollars. 
Although these values are not integrated within the suitability ranking, 
they will provide housing developers and the City with essential 
information for each vacant parcel and benefiting the site-selection 
and overall development process. 

Finally, in order to create a standard for parcel evaluation between 
each other, the Z values were calculated in separate fields for each 
parcel’s size, distance to nearest school, distance to nearest RTD 
stop, density of health services, and distance to nearest grocery store. 
These z values were combined to create a single added z-score field 
where the best parcels had the highest number. This required using 
the inverse of some z-scores where lower scores were better, for 
example, distance.
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As a part of this analysis, 32 parcels were identified with the 
potential to site housing developments. These results are included in 
a single shapefile that includes information to identify best parcels. Of 
these 32 parcels, 2 partially intersect FEMA-mapped floodplains, and 
17 are part of a current development Project as identified by the City 
of Arvada. In the future, these steps could potentially be automated 
to repeat the process for updated data, with the exception of the 
aerial interpretation for parcels that were undevelopable. 

The resulting shapefile can be used to sort the parcels based on 
specific criteria if desired. Some of the criteria that is non-numerical 
(such as ownership or closest school name) should be sorted 
separate of the resulting z-values.The analysis found that size 
(area) of the parcel ended up having a significant effect on the total 
resulting z-value. It is possible that this should be weighted differently 
in subsequent analysis. Nevertheless, a manageable amount of 
vacant parcels were identified as being best-suited for low-income 
housing projects based on a wide range of factors, so the analysis is 
considered a success.
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GOAL
The CityEngine component of this project was to take the 

2-dimensional sites that were selected utilizing the site-selection 
process and to then render conceptual building layouts to provide a 
visualization of the buildings.  The intent was to allow the renderings 
to provide insight into the localized land use impacts and potentially 
serve as an indicator that multi-family housing developments could 
be constructed in apparent typical suburban neighborhoods with 
relatively low-negative impact.  As such, the overall goal of this 
component was to demonstrate the coherent incorporation of multi-
family housing development within the urban environment and to 
not chastise multi-family housing developments as contradictory 
to the low density residential built environment.  In order to provide 
a 3-dimensional layout of the City, an Area of Interest around one 
specific parcel, that scored high in the z-score analysis, was 
chosen.  As indicated below, attempts to create a more complex 
product was attempted but the real product deliverable was at least 
able to demonstrate conceptual building renderings, setbacks, 
and envelopes.  The analysis and presentation of the CityEngine 
component to the project is therefore both intended to demonstrate 
the technical aspects as well as a provide guidance for eventual 
utilization of CityEngine software to supplement ArcGIS land use 
analysis for the City of Arvada.

C
ityEngine D

eliverable
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DEM AND TERRAIN IMAGERY
In order to create a workable CityEngine project, several data 

layers are required to be acquired.  The first of these layers are 
digital elevation model (DEM) data and terrain imagery for the subject 
location.  Both DEM and terrain imagery were acquired from the 
United States Geologic Survey (USGS) national viewer map.  This 
data was then inputted into ArcMap.  An Area of Interest (AOI) was 
created for the City of Arvada focusing on the northwestern portion 
of the City.  This was done because of one particular parcel having a 
very high z-score in the prior analysis of selectable parcels.  The AOI 
polygon was created using the draw tool and then converted into a 
feature using the “convert graphics to features” toolbox.

   The downloaded terrain imagery from USGS consists of multiple 
tiles of imagery.  As such, the terrain imagery was converted into a 
mosaic with the AOI as a clipping feature, using the “mosaic to new 
raster”.  This data was at a 1 meter resolution and contained 4 bands 
of RGB.  The resulting clip of the terrain imagery to the AOI created a 
terrain imagery focused within the AOI.  

The DEM data was then converted into a .img file utilizing the AOI 
as an input source from which to clip the greater DEM data.  The 
toolbox “raster calculator” was utilized to create the resulting DEM 
that was solely contained within the AOI.  

In order to then prepare the data for transfer to CityEngine, the 
terrain imagery within the AOI was exported as a .tif file.  Both the 
DEM and terrain imagery that were clipped to the AOI were then ready 
for transfer into CityEngine.  In CityEngine, the DEM can be imported 
into a new scene and the terrain imagery could be effectively draped 
over the DEM.  However, when this was attempted the resulting DEM 
was unable to be draped with the terrain imagery.  As such, However, 
upon transfer of the files into CityEngine, there was a projection issue 
that prevented the terrain/DEM imagery from being coordinated with 
the parcel data.
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PARCEL AND FOOTPRINT DATA
Using ArcMap, parcel and footprint data for the City of Arvada was 

clipped to the AOI.  The parcel data did not have zoning attributes.  
In order to create a parcel layer with zoning attributes, a field was 
created in the parcel data to include zoning information.  Parcels were 
then selected and their respective zoning information was included 
using the “Field Calculator” tool.  This created a final parcel layer that 
contained a zoning attribute that could be utilized in CityEngine.  Both 
the parcel and footprint data were then exported to a geodatabase 
where they could be dropped in the CityEngine viewport and form the 
basis of a new CityEngine Scene.

BUILDING RENDERINGS, SETBACKS 
AND ENVELOPES
Now that the data was imported into CityEngine, rules using 

Computer Generated Architecture, .cga, could be created to 
generate polygons of building renderings, setbacks, and envelopes in 
CityEngine.  Existing rule sets for the footprint and building envelopes 
were acquired from the CityEngine “CityEngine Essential Skills 
Training” data set and the rule methodologies were mirrored from the 
“CityEngine Essentials 3: All About Rules” online tutorial, video “Basic 
CGA Shape Grammar” was utilized to create the .cga rule for building 
renderings and video “Thematic Visualization with CGA” was utilized 
to create the .cga rule for building setbacks and envelopes.  The .cga 
rules were then created following the instructions of the online tutorial 
and building renderings, setbacks, and envelopes were generated for 
the polygons.

EXPORTING TO ESRI ONLINE
   After the renderings were complete, the models were the all 

selected and exported to ESRI Online.  The models were exported 
in the .3ws file format and uploaded to an ESRI account for access 
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and view.  Prior to exporting the file though bookmarks were created 
of points of interest on scene.  Seven (7) bookmarks in total were 
created to show different perspectives of the scene.  Once exported 
online, the scene could be played as a video with each bookmark 
being viewed in sequence.  This allows the viewer, client or customer, 
to see different perspectives of the scent and is also able to interact 
with the scene - effectively allowing a 2d data set to be a 3d immersive 
experience.  To view this CityEngine project online, visit here: 

http://arcg.is/2oZTHgi.

C
ityEngine M
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Datasets Included in Deliv1
ADAMSAssessor_EDIT-  Assessor data with only the fields used 

for analysis
Arvada_Grocery_Health- Esri business data with only the Arvada 

grocery stores and health-related businesses used for analysis. 
ArvParks-Parks in Arvada
ArvZoning- Zoning by parcel in Arvada
Bus_LightrailStops- RTD Bus and LightRail Stops
COAParcels-Full Parcel Data
Compreshensive_FutureLandUse- Land Use Plan by Parcel for 

the City of Arvada
DenBusGroceryOnly- Esri Business Data, Grocery stores in 

Arvada Only
DenBusHealth- Esri Business Data, health related stores in 

Arvada Only
DevelopmentProjects- City of Arvada Development Projects
FEMA_Flood- FEMA floodplains in the City of Arvada
ParcelResults_ALL- Results from Project Analysis

Field Descriptions for ParcelResultsALL (Shapefile)
PIN- Parcel ID number from COA Parcel Data
SCH- From COA Parcel Data
GISDATE, PINDATE, ADDRESS, WEBSITE, STREETUNIT, 

CITY, ZIP5, ZIP4, CMNADRNBR- From COA Parcel Data based 
on PIN number.

ACRES- Calculated area of parcel in acres
FLOODPLAIN- “Yes” Value means parcel intersects a floodplain. 

“No” value means the parcel does not intersect a floodplain. Attributed 
using select by location

DEVELOPMEN- “Yes’ means it is currently in an area under a 
development case.

ZONING, GEN_ZONING, DESCRIPTIO, UNITS- Attributed from 
COA Zoning Layer using spatial join.

DEV_Name, LOCATION, RES_UNITS, TYPE_OF_USE, 
STATUS, CATEGORY- Attributed from development Projects 
layer (updated 4-18-2017) using spatial join. If blank, no current 
development Projects apply to the parcel. 

PIN_1- Jefferson County Assessor’s office parcel identification 
office. Note that there are no parcels being evaluated in Adams 
County.

OWNNAME- Jefferson County Assessor’s office ownership name. 
Note that there are no parcels being evaluated in Adams County.

SLSDT, SLSAMT- Jefferson County Assessor’s office record of 
last sale. Note that there are no parcels being evaluated in Adams 
County.

TOTALACTVAL, TOTACTLNDV- Jefferson County Assessor’s 
office total actual value and total actual land value in dollars. Note 
that there are no parcels being evaluated in Adams County. 

COUNT,AREA- Number of pixels used to calculate Slope from 
elevation data

SLPMIN, SLPMAX, SLPMEAN, and SLPSTD- Slope minimum, 
maximum, mean, and standard deviation in percent based on USGS 
3meter elevation dataset.

RTDDIST, BSID, ROUTES, STOPNAME- Nearest bus station 
distance from parcel centroid, routes serving bus station, stop name 
of closest stop. Distance reported in meters.

SCHLDIST, Name, Type- Distance, name, and Type of nearest 
school. Distance reported in Meteres.

CoName, SqFtDS,GROCDIST- Closest grocery store distance, 
Name, and Squarefoot

HEALTHMEAN- Mean Desnsity square mile per parcel of health 
businesses for parcel

Acres_Z, BusDist_Z, Slope_Z, Groc_Z, Health_Z, School_Z- 
Z scores for each resource

Z-TOT-Total z-score computation. Higher is better, so distances 
are calculated with inverse z scores.
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