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1. Introduction
The purpose of the geographic information system (GIS) work was to analyze existing spatial data,
namely residential land parcels, building footprints and road network, to estimate the gross area
that could be used to develop an additional dwelling unit (ADU) on each land parcel. The spatial
data were obtained from the City of Windsor Open Data web-portal (Windsor (2021a) as ESRI
shapefiles. The GIS analysis was performed in ArcGIS 10.8.1 software. A model was developed
using the ModelBuilder of ArcGIS to automate the process of deriving the areas (polygons) that
will accommodate the ADUs using the obtained shapefile layers. The model was then implemented
as a user-friendly tool that could be run from within ArcGIS. The following report highlights the
work that was undertakes by the Cross-Border Institute to develop the GIS model and associated
tool, and to prepare the shapefiles representing the ADUs for the study area.

2. Input Data
The developed model used to estimate the gross area of an ADU in each target residential lot in
the City of Windsor mainly requires the following three shapefiles:
•

Centre line shapefile – contains 6,218 polylines that represent road links within the city.

•

Land parcels shapefile – contains 76,763 polygons that represent all land use parcels within
the city. The shapefile contains information regarding each parcel that are crucial in
determining the ADU eligibility of a specific parcel. Some of these are its gross area (m2),
complete address, MPAC code (2021), and by-laws zoning information as defined by the
city.

•

Building footprint shapefile – contains 123,113 polygons that represent both livable and
non-livable infrastructures in the city.

All the shapefiles have NAD 1983 UTM Zone 17N projection.

3. Methods of Analysis
This section discusses the steps taken in preparing the data used in the model, as well as the
development of the tool used to estimate the gross area of an ADU through the ArcGIS software.
The latter is mainly based on the assumption that all potential ADUs will be detached from the
main house and will be built in the backyard (i.e., area of a parcel farthest away from the road
centre line).
Preparation of Datasets
Required Procedures
First, the land parcels shapefile was filtered, such that only the residential land use (300 series
MPAC code) parcels remained. That is, a total of 9,344 non-residential polygons were dropped,
while 67,419 residential polygons remained. Next, it is necessary to establish a connection among
the three shapefiles based on the street they belong to for the tool to work properly. Given that the
building footprint shapefile did not contain this information, the street name field from the land
parcels shapefile was transferred to the building footprint shapefile using a spatial join procedure
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between the two shapefiles. In this exercise, the street name field is referred to as STNAME. It is
important to note that the STNAME field in all shapefiles must have the same format (e.g., spelling
and spaces) and must not contain special characters (e.g., apostrophe and quotation marks). For
the tool to work properly, the center lines must be dissolved based on the STNAME. The dissolved
center lines shapefile resulted in a total of 1,630 polylines.
Each shapefile has also a unique identifier (UID) field so that each object in the shapefile can be
easily determined. Moreover, UID was used to link the building footprint shapefile with the land
parcels shapefile to identify which building is on which land parcel. In addition, the area (in m2)
of each building and each land parcel were estimated in ArcGIS based on their given projection.
Based on this, it was assumed that the building with the largest area on a specific land parcel is the
primary building (i.e., main house), while the smaller buildings were considered secondary
buildings (i.e., detached garage and accessory infrastructures). A categorical field was then created
to determine the primary from the secondary structures. Moreover, building polygons smaller than
a typical one-car garage (approximately 18m2) were removed from the building footprint shapefile
because it was assumed that such buildings represent storage sheds. These sheds are usually easy
to disassemble in case it overlaps with the potential area of an ADU, unlike a typical detached
garage which is considered a permanent structure.
The building footprint shapefile was further classified based on the distance of primary buildings’
frontages (i.e., front area of a house) from their respective road centre line. This information was
needed when running the tool since the distance between the center line and house frontage vary
across the city. That is, some houses frontages are 20m away from a center line while others are
30m or 40m away and so forth. Not accounting for the differences in the distance will potentially
lead to errors when running the tool especially if the distance between the frontage of the building
and the center line is larger than the distance provided by the analyst when running the tool. In the
case of the City of Windsor, the majority of the frontages (i.e., about 69%) were captured by 20m
buffer distance. Buffer distance of 25m (6%), 30m (4%) and 35m (9%) accounted for another 19%,
while larger buffers (up to 65m with 5m increments) made the remaining 12% of all properties.
Area Specific Setback Parameters
It is important to note that the setback parameters maybe different depending on the study area.
These parameters are typically determined according to the boundary by-laws of the study area.
As such, the tool is designed to allow the analyst to set the setback parameters that will be used in
the calculations of the ADUs. The City of Windsor imposes boundary constraints of at least 2.5m
away from the back of the main house and 1.2m from the parcel boundary for detached ADUs.
Optional Procedure
The following procedure is optional depending on the study area. In our case, we used the 20
planning districts shown in Figure 1 to breakdown the data and process it by planning district. That
is, the three input shapefiles were divided according to the delineations of the 20 planning districts.
The advantage of this is to decrease the computer run-time needed to process the data for the entire
city. This also let the analyst to validate the estimated results of the model more efficiently.
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Figure 1: City of Windsor Planning District
Next, further data exploration indicated that some residential parcels would very likely introduce
complications in the model or unlikely to accommodate ADUs. That is, these parcels encompass
multiple primary buildings, making the ADU area calculation non-trivial. Therefore, the
residential parcels with the following MPAC codes and the buildings they contain were removed
from the land parcels shapefile and building footprint shapefile, respectively: 340 (multiresidential with 7 or more self-contained units), 341 (multi-residential with 7 or more selfcontained units with small commercial units), 350 (row-housing with 3 to 6 units under single
ownership), 352 (row-housing with 7 or more units under single ownership), 370-374 (residential
condominium units or co-operative houses), and 382 (mobile home park). The share of these
omitted parcels is negligible (0.85%). Figure 2 shows an example with screen shots of some of
these residential parcels.
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(a) MPAC #352

(b) MPAC #370

(c) MPAC #374
(d) MPAC #382
Figure 2: Sample Residential Parcels and Buildings that were Dropped from the Data Set
On the other hand, there are primary buildings that occupy multiple parcels, specifically those with
MPAC code 309 (townhouse) and 311 (semi-detached), as illustrated in Figure 3a. If left as is,
these types of building polygons will generate an error. Therefore, they were processed in ArcGIS
to divide them based on the parcel boundaries as shown in Figure 3b.

(a) Original Buildings
(b) Split Buildings
Figure 3: Sample Residential Parcels and Buildings with MPAC Code 309 and 311
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ADU Area Model
The developed model to generate the polygons depicting where ADUs can be accommodated is
composed of a series of different geoprocessing commands that were integrated into one model
within the ModelBuilder of ArcGIS. The Figures in Appendix A provide the blueprint of the
integrated model. The procedure followed to build the model will be described next.
It is important to note that the secondary buildings (e.g., garages) must be filtered out from the
land parcels shapefile in order for the model to work as intended. Additionally, all polygons in the
input shapefiles must belong to the specified centre line buffer. For example, if the buffer distance
between the frontage of the building and the center line is set to 25m, then the building footprint
and land parcels shapefiles must only contain the primary buildings and their parcels that are
within 25m from the centre line. With all these requirements taken into consideration, the
following describes the model’s processes in chronological order:
1. The model starts by iterating over the dissolved road center lines by selecting one record
at a time based of the center line name (i.e., STNAME) and creating a buffer based on the
set buffer distance.
2. All the parcels along that center line are then selected and combined with the created buffer
using the Union tool of ArcGIS. This step performs a geometric union of the input
shapefiles, where all of their attributes are written to the output shapefile (Figure 4).

(a) Input
(b) Output
Figure 4: Illustration of ArcGIS Union Command
3. In the output union shapefile from Step 2, the areas of the parcels not shared with the buffer
are selected and combined with the primary buildings located on their respective parcels
using another Union command.

(a) Input
(b) Output
nd
Figure 5: Illustration of ArcGIS 2 Union Command

4. In the output union shapefile from Step 3, the areas of the parcels not shared with their
primary buildings are selected and an inward buffer (-1.2m) is created for each of this
specific area.
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(a) Input
(b) Output
Figure 6: Illustration of Inner Buffer with fence setbacks
5. Since the setback from the back of the house must be different than the setback from the
property fence, a buffer around each of the primary building (i.e., 2.5m) on the selected
parcels is also created.
6. The outputs created from Step 4 are then combined with their associated buffers created in
Step 5 using the Union command.
7. The area of the inward buffer not shared with the buffer from Step 5 is exported into a new
shapefile layer to demark the polygons with the estimated gross area of an ADU in a
specific parcel.

Figure 7: Illustration of Generated ADU polygons after accounting for all setbacks
8. The model repeats Steps 1 to 7 for all the STNAME of the in the centre line shapefile.
Lastly, all outputs associated with the different centre line buffers (20m to 65m) and with different
planning districts are merged into one final ADU shapefile.
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Figure 8 presents the user interface (UI) window of the model. Here, the user must define the
building footprint, land parcels, and centre line shapefiles, as well as the model’s output
geodatabase (a type of data folder used in ArcGIS). Lastly, the centre line buffer distance and the
boundary constraints imposed in the study area are also defined here.

Figure 8: ADU Area Model UI

4. Results and Validations
Figure 9 shows a sample output of estimated gross ADU areas in the City of Windsor. In general,
the model produces proper and consistent results. One could argue, however, that some ADU areas
have uneven shapes, where the area on the side of the house is considered as part of the gross ADU
area. This outcome is mainly due to the shape of the primary building. A few rudimentary tests
suggest that these side areas are insignificant and do not contribute much to the total ADU area
(most are less than 10% of the total area). In addition, there are a few parcels with no ADU areas,
which suggest that after considering the boundary constraints, the available backyard area is not
enough to estimate an ADU polygon.
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Figure 9: Some Estimated Gross ADU Areas in the City of Windsor
Multiple spot-checks on different Windsor planning districts were conducted to validate the output
of the model (Appendix B). Also, throughout this validation process, some anomalies were noticed
and were dropped from the final datasets. For example, some estimated ADU areas that are small
to be considered livable (less than 15m2) were removed from the final ADU shapefile. Also, there
were parcels that do not contain any buildings and these were also filtered out from the land parcels
shapefiles. Moreover, there were isolated cases where ADU areas were not estimated for certain
parcels, even though it is possible for them to have ADUs. The reason for this was the horizontal
orientation of the parcel, which is parallel to its associated centre line (instead of the typical vertical
orientation). In general, there are 62,617 potential ADU areas estimated for 66,337 residential
parcels in the City of Windsor (i.e., 94%).

5. Eligibility of a Parcel to have an Additional Dwelling Unit
Regardless of the estimated ADU areas with the GIS model, not all parcel lots can have an ADU
according to the City of Windsor’s by-laws. The following criteria were used to decide the
eligibility of a specific residential parcel to have a detached ADU:
•

Non-negotiable Criteria
o The parcel must be located in zoning district RD1, RD2, and RD3 (in some cases).
o The parcel must contain either a single dwelling (MPAC #301), a semi-detached
dwelling (MPAC #311), or a townhouse dwelling (MPAC #309).
o The ADU itself must be smaller than the primary building.
o The ADU must be at least 2.5m away from the primary building and at least 1.2m
away from the parcel boundaries.
o The parcel must not be within the 100-year flood plain area identified by Essex
Region Conservation Authority (ERCA, 2021).

•

Other Criteria
o The parcel does not contain an existing secondary building (e.g., detached garage).
o For parcels with lot area less than 400m2, the ADU area must be 40m2.
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o For parcels with lot area more than 400m2, the ADU area must be between 40m2
and 10% of the entire lot area (maximum of 100m2).
o All the buildings in a parcel, including the ADU, must have a total area of up to
45% of the parcel area, except from parcels located in sub-zoning district RD1.5
(50% of the parcel area). Similarly, parcels that have semi-detached or townhouse
dwellings and located in sub-zoning district RD2.5 can have a total building area
of up to 50% of the parcel area.
o The ADU residence must have a parking space (at least 13.75m2), unless the parcel
is within the exempt area defined by the City of Windsor (2021b).
Moreover, the parcels are grouped into three categories based on whether or not they meet the
requirements to have a detached ADU. First, the parcels that do not meet any of the non-negotiable
criteria are categorized as “Red Parcels”. Parcels in this group are not permitted to build any kind
of ADU in their premises. On the other hand, the parcels that meet all criteria are allowed to have
a detached ADU. These parcels are referred to as “Green Parcels”. Lastly, those that meet all the
non-negotiable criteria, but violate one or more of the other criteria belongs to the “Yellow Parcels”
category. Yellow Parcels are not allowed to have detached ADUs but can still build either attached
ADUs or interior ADUs. In general, there are 29,099 Green Parcels (43.86%), 26,805 Yellow
Parcels (40.41%), and 10,433 Red Parcels (15.73%). Figure 10 shows a sample output of the parcel
ADU eligibility categories.
To validate these outputs, the newly built ADUs (between 2019 and 2021) provided by the City of
Windsor were matched with their associated parcels in ArcGIS. There are 80 ADUs in this dataset,
where the majority are interior ADUs, while others are either all-new construction, new detached
structure, addition to existing structure, or conversion of a detached structure. There are 33 and 23
existing ADUs that belong to Green Parcels and Yellow Parcels category, respectively. It is
important to note that the new detached structures are found in the Green Parcels category. On the
other hand, there are 10 interior ADUs that are in the Red Parcels category. This suggests that
some of the Red Parcels identified by the GIS analysis exercise could still accommodate ADUs if
these are interior ones. Lastly, the remaining 12 existing ADUs did not match with any parcel, and
they were found to be all-new constructed ADUs. In general, the categorization of the parcels into
Green, Yellow and Red to determine each parcel’s eligibility to have an ADU is in line with the
observed data from the city.
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Figure 10: Sample Parcel ADU Eligibility in the City of Windsor

6. Aggregation of Data at the Dissemination Area Level
As part of the GIS work, the parcel level information about the ADUs were aggregated to the
delineations of the 2016 dissemination area. The color category assigned to each dissemination
area was based on the parcel category with the highest share. For example, a dissemination area
with 50 Green Parcels, 30 Yellow Parcels, and 5 Red Parcels is assigned to “Green Category”. On
the other hand, a dissemination area with 40 Green Parcels, 50 Yellow Parcels, and 30 Red Parcels
is assigned to “Yellow Category”. Figure 11 shows the aggregated parcel eligibility to have ADUs.
Proximity measures to various services and amenities at the dissemination block level for the City
of Windsor were obtained from Statistics Canada (2020). These proximity measures were also
aggregated to the dissemination area level. There are 10 proximity measures considered in this
exercise: (1) employment, (2) pharmacy, (3) childcare, (4) health services, (5) grocery, (6) primary
education, (7) secondary education, (8) library, (9) park, and (10) transit. The proximity measures
of each dissemination area are the average of proximity measures of each dissemination block
located in that dissemination area. However, there are instances where dissemination blocks
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contain suppressed proximity measures. As a results, this aggregation approach will not work. To
circumvent this, the shares of dissemination blocks within a dissemination area that contain
suppressed proximity measures were calculated. It was assumed that if more than 30% of the
blocks comprising a dissemination area have suppressed values for a given proximity measure,
then the dissemination area will receive a suppressed aggregated value for that specific measure.
On the other hand, if 30% or less of the blocks forming a dissemination area have suppressed
values, then these blocks are excluded from the average calculation. As an example, Figure 12
shows the aggregated measure of proximity to health services.

Figure 11: Aggregated ADU Eligibility in the City of Windsor

Page 12

Figure 12: Aggregated Measure of Proximity to Health Services
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Appendix A: ADU Model Blueprint

Figure 13: General Blueprint of Developed GIS Model
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Figure 14: Detailed Blueprint of Part 1 of the Developed GIS Model
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Figure 15: Detailed Blueprint of Part 2 of the Developed GIS Model
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Figure 16: Detailed Blueprint of Part 3 of the Developed GIS Model
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Appendix B: ADU Area Validation

ADUs in the Riverside Planning District

ADUs in the Roseland Planning District
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ADUs in the Sandwich South Planning District

ADUs in the South Windsor Planning District
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ADUs in the Malden Planning District

ADUs in the South Cameron Planning District
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ADUs in the Remington Park Planning District

ADUs in the Devonshire Planning District
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ADUs in the Fontainbleu Planning District

ADUs in the South Walkerville Planning District

Page 23

ADUs in the South Central Planning District

ADUs in the City Centre Planning District
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ADUs in the University Planning District

ADUs in the East Windsor Planning District
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ADUs in the Forest Glade Planning District

ADUs in the Sandwich Planning District
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ADUs in the Walkerville Planning District

ADUs in the East Riverside Planning District
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