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population of 10,000 people. Land use change refers to doubling the average 
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1. Introduction

GHGProof is designed to help local and regional governments explore and analyze the impacts of 
land-use planning on greenhouse gas emissions and public and private energy costs. 

It is designed to be a simple model that uses standard GIS analysis and an excel-based tool. It is fully 
transparent and open source for non-profit purposes so communities can easily adapt it to their 
own context if required.

Communities can use the model to set targets, develop strategies to achieve targets, evaluate devel-
opment proposals and design their community plans.

The model helps communities address state and provincial legislation that mandates the consider-
ation of greenhouse gas emissions in land-use planning such as:

•	 British Columbia’s Bill 27- Green Communities Act
•	 California’s SB 375- Sustainable Communities and Climate Protection Act
•	 Washington Senate’s Bill 6580- Growth Management Act

The model was developed with support from the Fraser Valley Regional District and Canada Mort-
gage and Housing Corporation.

GHGProof is licensed through Creative Commons as an open source tool. It can therefore be freely 
used for non-profit purposes and users must share changes they make at:

www.sustainabilitysolutions.ca/landuse
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2. Strengths and Capabilities

Key strengths of the model include:
•	 Comprehensive: Seeks to address all major land-use impacts on GHG emissions as well as some public and 

private energy costs. 
•	 Adaptable: can be used for a rigorous analysis of a large city or in a one-day workshop for a small commu-

nity. 
•	 Affordable: Free to use for non-profit purposes, open source. 
•	 Transparent: All assumptions and calculations are visible and can be altered.
•	 Scope: Can be used at the scale of a large-scale development, a municipal plan and a regional plan
•	 Policy relevant: Allows municipalities to develop or evaluate targets to address provincial or state legisla-

tion.
•	 Accessible: Uses simple GIS analysis and an excel-based calculator; limits number of inputs to those that 

have greatest potential GHG impacts.

Outputs of the model include: 

GHG emissions Other Metrics
•	 Private vehicles
•	 Public transportation
•	 Mode shift to walking
•	 Embedded energy from road construction
•	 Building energy consumption (residential)
•	 Potential for district or community energy
•	 Solid and liquid waste 
•	 Emissions related to the transportation of food
•	 Perennial cropland
•	 Tilled/no-tilled agricultural land
•	 Enteric fermentation (cows)
•	 Forest land

•	 Annual electricity and heating costs for residences
•	 Annual fuel costs (private)
•	 Annual waste disposal costs
•	 Construction costs for additional roads (annualized)
•	 Annual public transit costs
•	 Annual GHG offset costs
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3. Four ways to use GHGProof

1. Develop an achievable GHG target
Scenario: North Town sets a target. 
The BC Government has mandated that communities include targets for GHG reductions into their Official 
Community Plans covering a period over the next 20 years. The council of North Town has indicated it wants a 
clear, step by step plan to an achievable yet ambitious target. North Town planners complete the GIS analysis 
to establish a baseline in the model and then hold a one day workshop to develop 3 scenarios. Each scenario 
consists of different actions such as building new apartments and townhouses in the town core, creating a 
node of neighbourhood commercial development in a residential cluster. These scenarios are then presented 
to the council and a target is created based on the results of the scenario selected.

2. Develop a realistic strategy to achieve a target
Scenario: South Town develops a strategy. 
South Town also has to set a target. Their council, however, elects to use the default target set by the BC Gov-
ernment, a 33% reduction over 2007 levels by 2020. This is a challenging target. After entering the baseline 
and business as usual projections, planners in South Town use the model to plug in possible strategies they can 
use to achieve that target. After adjusting the variables, the planners at South Town can see the steps that are 
required to achieve that GHG target. They can also decide whether to set the target on a per capita basis or for 
their community as a whole.

3. Evaluate a large-scale development proposal
Scenario: East Town has a GHG target and a developer has proposed a project of 150 new homes for their com-
munity of 10,000. 
The project is about 5 kilometres out of town. The planners use GHGProof to evaluate the GHG emissions and 
public and private cost of the project. It turns out that it will significantly increase the average trip length per 
household in the community and therefore increase the GHG emissions of the community. The model also 
shows that the fuel costs for residents in the project will be twice that of those living closer to town. Based on 
this information, Council can choose to approve the development proposal with a condition of the developer 
providing transit to the area or reject it as being inconsistent with the Town’s GHG reduction policy as per the 
Official Community Plan.

4. Evaluate a land-use plan
Scenario: West Town is completing a review of its community plan. 
It is seeking to balance community economic development, cultural aspects, and environmental issues. The 
town runs the model to evaluate the impact of possible directions for the plan on greenhouse gas emissions 
and energy costs.
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4. Getting Started

The Tabs 
The Documentation tab describes the model, its history, the creative commons license and future changes.

Tab 1: Inputs: The main data entry worksheet. 

Tab 2: Assumptions: Numerical assumptions for the model. They can be adjusted if local data is available. 

Tab 3: Calculations:  Modelling calculations are illustrated step by step in this worksheet. Each number is linked 
from the inputs and assumptions sheets. When a number is changed in the Inputs or Assumptions 
sheets, it automatically changes in the Calculations sheet. 

Tab 4: Results - Detailed: The result of each calculation is displayed on this page and the user can see the im-
pact of each variable. Additionally, the financial impact of each of the variables is illustrated. 

Tab 5: Results - Summary: An overview of the results by themes for easy access. 

Tab 6: Charts: Charts are automatically generated in this worksheet.

A. Building Emissions Factor: Numbers related to buildings in the Assumptions tab are generated in this work-
sheet. 

B. Trip length calculation: The trip length calculation which feeds into the Inputs tab is completed in this work-
sheet.

Preparing Data
The quality of the results from the model depends on several factors, including:

1.	 Primary Data quality for the spreadsheet inputs
2.	 The analysis tools available to generate the Secondary Data inputs
3.	 Financial and staff resources to obtain or generate input data

Primary Data
On the Inputs tab, Primary Data are the following factors, and can be obtained from sources such as Statistics 
Canada (Census) or provincial or local sources, where available:

•	 Total Households
•	 Total Population
•	 Road Length
•	 Buildings (Detached, Attached, Apartments ≤5, Apartments >5)
•	 Solid Waste
•	 Agriculture Data
•	 Forest Cover
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The quality of the Primary Data is an important consideration, especially the level of detail of the spatial build-
ings data that are used to generate the Secondary Data inputs. For example, piloting the model in the Fraser 
Valley Regional District involved testing two levels of data quality/spatial accuracy in the buildings data – parcel 
data and census dissemination area data – to create baselines for each pilot community.  See the discussion of 
data quality in Appendix A for further information. 

Secondary Data
Secondary Data are derived through GIS analysis of Primary Data, and as a result are only as accurate as the 
data they are derived from.  These data include:

•	 Trip Length
•	 CBD Access
•	 Public Transit Access
•	 Community Energy Estimates
•	 Liquid Waste

The quality of the Secondary Data depends both on the Primary Data quality as well as the level of analysis 
tools available, in particular the licensing level for GIS. To achieve the highest level of GIS analysis, ESRI ArcMap 
with the Network Analyst extension or similar tools are necessary.  However, the model can provide very us-
able results with lower levels of data quality or analysis tools. The following sections describe some potential 
options for each:

1. No GIS.  Use numeric data together with paper mapping or simple blocking out by hand of future 
land use changes to generate estimates for the spreadsheet inputs.  The results from this method 
will be much less rigorous.

2. Basic GIS (no Network Analyst).  Use basic buffering tools to generate inputs for the spreadsheet.  
While the basic buffer tool in ArcMap will provide less accurate results than the calculations done 
with the Network Analyst extension, for most of the inputs this will provide an acceptable but less 
detailed result.  Without Network Analyst however, the trip length input will need to be estimated or 
derived from another source rather than calculated in GIS. 

3. Full GIS (with Network Analyst). Run the analysis in Arc-
Map using the Network Analyst extension (See Appendix C 
for suggested workflow.)  
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5. Using the Model

Using inputs generated from the data sources, the model works by comparing present land use patterns 
against likely development scenarios for a future target year.  This target year may coincide with existing land 
use planning processes in the community, or may be a standalone period.  The data are used to develop sce-
narios for the community, including:

A)  a baseline for the present or base year
B)  a “business as usual” future scenario, which represents the current likely future development patterns
C)  up to two alternative future scenarios, which illustrate a range of alternative land use patterns that might 
	  be possible for the community

A. Creating a baseline
The baseline is the reference point against which future changes are measured. The following steps are re-
quired to create a baseline: 

On the “Inputs” tab:
Factor 1: Identify the number of households in the community. (Statistics Canada can provide this data)
Factor 2: Then enter the total population (Statistics Canada) 
Factor 3: Divide population by number of households to calculate people per household
Factor 4: Enter the current year (format “2010”).
Factor 5: Go to tab B. Trip Length Calculation. 

Verify the assumptions, in particular “Trip Length” (Cell N24). If the community is from BC, the trip length can 
be calculated more accurately from Community Energy and Emissions Inventory data using the CEEI calculator. 

Outputs from the GIS analysis (see Appendix C) will be entered into the distance cells (B9-B26).  In cell B28, find 
the average destination length and repeat this calculation in cell B38 for schools. 

A number will automatically appear in Factor 5 in the Inputs worksheet.  Return to the Inputs Worksheet. 

Factor 6-9 will be outputted from the GIS analysis. 
Factor 10-13 are available from Statistics Canada.

At this stage, it is important to go into the worksheet A. Building emission factor and enter the total GJ of en-
ergy from residential buildings. In BC this number can be found in the Community Energy and Emissions Inven-
tory. Please contact SSG for information on how to do this in other provinces. 

Factor 14-17 will be outputted from the GIS analysis or other estimate of community energy potential.

Factor 18 and 19:  Identify if the municipality collects methane from its waste collection centre. If not, enter 
the tonnes of waste in Factor 18; if yes, enter tonnes of waste in Factor 19. 

Factor 20 and 21 will be outputted from the GIS analysis.
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Factor 22 is available from Statistics Canada
Factor 23 is the percent of food which is locally grown that is locally consumed. There is an assumption for a 
provincial number in BC. Other studies may be available locally. 
Factor 24-28 is available from Statistics Canada’s Agricultural Census.
Factor 29 is the area of forest over which the municipality or region has control
Factor 30 can be calculated using GIS to identify the change in land cover
Factor 31 is not normally tracked but may be estimated by identifying the number of households heated with 
wood. 

B. Business as Usual Scenario (BAU)
The BAU is a projection into the future, assuming the status quo. For example, it would involve projecting the 
current land use plan out into the future. 

Firstly a date for the BAU is identified – it may be twenty years in the future, but can be any time period. This 
is entered into Factor 4.  Population and household projections are usually available from Statistics Canada or 
other sources and these are entered into Factor 1 and 2. Factor 3 is calculated by dividing the total population 
by the number of households.

Factors 5 to 17, 20-22 and 29 are outputted from the GIS analysis using the scenario data generated and con-
verted into GIS format.  (See Appendix B)

Factors 18 and 19 are calculated using projections. In the baseline, total tonnes of waste are divided by the to-
tal population to identify tonnes of waste per person. This number is then multiplied by the population in the 
BAU.   Estimate reduction in future solid waste tonnage from diversion rates if available.

Factor 23-28 and 30 and 31 stay the same as in the baseline, unless specific policies or plans are in place to 
change these over time.  You may want to explore changing these variables in a separate version of the model 
to judge their overall effect on emissions.

C. Scenarios 
Scenarios are developed by adjusting the variables. 

A key variable for the scenarios is the change in geographic location of dwellings within the community. See 
Appendix B for a suggested methodology to build scenarios in GIS.  Without using GIS, this can be calculated by 
subtracting the number of dwellings in the baseline from the number in the BAU- we will call this number the 
Y dwellings. The assumption is that dwellings in the baseline cannot be influenced but potential new dwellings 
can be moved around the map to influence the community plan.

Y dwellings can be grouped in nodes around clusters of services, distributed in rural areas or concentrated in 
the central business district. Each of these possibilities has implications for transportation, building design and 
consequently GHG emissions. 
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Factor 2 should be identical to those in BAU; otherwise the scenarios cannot be directly compared.  Factors 1 
and 3 may vary slightly depending on mix of housing types.

Factors 5-17 are generated in the GIS analysis after scenarios have been built.

Factors 18 and 19 are modified from BAU. For example the portion of waste that is collected with methane 
capture can be increased or decreased over BAU. 

Factors 20 and 21 are calculated using GIS.

Factors 22-31 can be adjusted according to what makes sense for the scenarios. 

D. Results
Once this data has been entered, results will be automatically calculated in Worksheets 4 and 5.  A variety of 
charts are automatically produced in Worksheet 6. 

6. Adjusting assumptions

Tab 2: Assumptions is a long list of variables organized by factor. These variables can be easily adjusted if they 
are incorrect, less accurate then local data or for whatever other reason. The default settings are appropriate 
as general assumptions for BC communities. The sources of each assumption are in column K. 

When adjusting an assumption, it is important that the unit, described in column G, stays the same. 

7. GIS Analysis 

The purpose of the GIS analysis is to generate inputs for the model, and does not involve calculations related to 
emissions.  To perform a full GIS analysis, the following are required:

•	 ESRI ArcMap (ArcView license or higher) with Network Analyst Extension
•	 The following spatial data (in shapefile or compatible format):

•	 Dwellings layer
•	 Roads layer
•	 Secondary school layer
•	 Elementary school layer
•	 Destinations layer
•	 Central Business District layer
•	 Bus Stop layer
•	 Sewage System Boundary layer

See Appendix A for details on each data layer and the options available.

A more basic analysis can be done without the Network Analyst extension. See Appendix C for details on how 
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to run the GIS processes.

8. Customizing the model

There are many different ways in which the model can be customized. The key concept to note is that the Tab 
3: Calculations captures numbers from Tabs 1 and 2. This means there are the following options: 

Create new inputs or assumptions and adjust the formulae in Tab 3.  For example, one user created a different 
variables for fuel efficiency standards for each scenario in Tab 2. The formula in Tab 3 was then modified to link 
to these fuel efficiency standards. 

Overrule the links in Tab 3 and insert fixed numbers. Another method is to enter tab 3 and manually override 
inputs or assumptions. This is the quick and dirty technique for making adjustments. 

Please forward other strategies for customizing the model to yuill@sustainabilitysolutions.ca

9. Support

Support is available for the model both formally and informally. 

Informally, a discussion board provides a community of support for users. It is available at
www.sustainabilitysolutions.ca

Formally, SSG can provide support in blocks of 10 hours  ($100 per hour). These funds allow us to continually 
evolve the model and issue new versions. 
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Appendix A: Data quality, sources and options for the model

Data for the model can be obtained from a number of sources, depending on the resources available in each 
community. At the most basic level (i.e. without access to GIS), census data from Statistics Canada can provide 
almost all of the necessary inputs for the model, while estimates for some of the more detailed inputs and 
future scenarios can be derived from these basic census numbers. For larger communities with the resources 
available to collect and process their own data, information in each category may also be available locally and 
be adjusted as needed to suit the model. The sections below outline some further considerations for both 
the GIS and tabular data necessary to run the model. This appendix is not exhaustive, and users are invited to 
explore data sources and options not covered below.

A. GIS Data
The following spatial data (in shapefile or feature class format) are the minimum necessary to complete the GIS 
analysis portion of the model:

•	 Dwellings layer
•	 Destinations layer
•	 Secondary school layer
•	 Elementary school layer
•	 Central Business District layer
•	 Bus Stop layer
•	 Roads layer
•	 Sewage System Boundary layer

It is important to keep in mind that each GIS shapefile will need to be edited to reflect the particulars of each 
future scenario being analyzed (see Appendix B).

1. Dwellings layer (Households data)
Assuming access to GIS software, the most important data file for the model is a spatial representation of total 
households (e.g. a shapefile) that is necessary to perform the subsequent GIS analyses for the model. Most of 
the secondary data inputs for the model are derived from this data layer. The objective for this file should be a 
geographically accurate representation of dwelling units across the community – a more accurate representa-
tion will provide more robust results. Each unit can be represented by its own discrete point, or one point can 
represent multiple units. (Where one point represents multiple units, trip length needs to be weighted by unit 
count. See Appendix C for details.) Note that for accurate comparisons between baseline and future scenarios, 
the same type of spatial layer should be used for both (e.g. DA-DA or Parcel-Parcel).

Some sources for this file are:
• Statistics Canada can provide (for a fee) a shapefile of dissemination areas or other spatial geography, 

which can then be joined to a dwelling units table. This must then be converted to a point file.
• PCensus, a census mapping software program, can also generate a DA point shapefile in nearly “ready to 

use” format.
• Parcel-based dwelling counts, based on the BC Assessment property roll, municipal housing inventory or 

other similar data source, with each parcel in the community represented as a point on the map. 
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The images below show two different spatial representations of the same number of dwellings (households) in 
Abbotsford, BC.

On the right is parcel-based data, where the centroid of each land parcel in the community is shown as a point 
representing the number of households on that particular parcel. For example, a highrise would be represent-
ed by a single point, but would have attributes identifying it as containing 56 households (units).

In the left hand image, each point represents the centroid of a census dissemination area (DA) and contains an 
attribute detailing how many total households are within the geographic area of the DA. While the secondary 
inputs derived from the parcel-based shapefile will have a higher degree of accuracy, at the parcel level scenar-
ios will also be much more difficult and time consuming to develop (as well as have questionable accuracy as 
a spatial prediction of future development). The DA shapefile provides a middle ground providing an adequate 
level of detail for the model while still allowing scenarios to be fairly easily developed (see Appendix B).

Figure 1: Same dwelling counts, different spatial accuracy – DA data on the left, parcel data on the right
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As the screenshot of the attribute table of the dwellings shape file below shows (in this case a census-based DA 
file generated in PCensus) the DA file above contains total dwellings, population, people per household (PPU), 
unit and population densities and dwellings broken out by type. While only the total dwellings field is actually 
necessary to run the GIS analysis, the other fields make data management more effective through the ability of 
GIS to easily summarize data geographically.

Figure 2: Attribute table for the DA data from Fig 1. Each line represents the geographic area for one DA.

The type of dwellings file used also has implications for subsequent analysis processes in GIS. When calculating 
the proximity of dwellings to a service such as transit for example, the greater spatial detail at the parcel level 
provides more accurate results. As Figures 3 and 4 demonstrate, the level of detail in the dwellings layer has an 
effect on the secondary data calculated in each analysis.

Figure 3: Comparison of DA-based dwellings data (red centroids) with
parcel-based (blue centroids) for two DAs in the City of Abbotsford.

A

B
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In calculating the number of dwellings within 400m of a transit stop (shaded areas) at the DA level, area B has 
100% of its dwellings covered, while area A has none. Comparatively, at the parcel level, 78% of dwellings are 
covered in area B, while 36% are covered in area A. Also note the effect that the street network has on connec-
tions to public transit. A finer-grained network allows for greater accessibility for pedestrians using the transit 
system.

Figure 4: Comparison of trip length calculation for
Parcel-based and DA-based methods. 

In calculating average trip length, parcel-based
dwelling data (top) provide a more accurate mea-
sure than DA-based (bottom) due to its greater 
geographic accuracy. However, when calculated 
across an entire community the difference may 
not be so great.



Sustainability Solutions Group

14

2. Destinations layer
A shapefile showing primary destinations within the community is necessary to calculate the differences in trip 
length (VKT) between scenarios. In the pilot program for the City of Abbotsford, this was created by identify-
ing primary locations of employment, recreation, commerce and transportation using land use and zoning data 
(shown in Fig 5 below at left). Once these polygons were compiled in GIS, a point shapefile was created sum-
marizing the major trip destinations. It is important to note that these destinations do not include schools (VKT 
for school trips is calculated separately) and only include major destinations such as the CBD or airport (i.e. 
not local neighbourhood businesses.) Network Analyst calculates the average trip distance from each dwelling 
to each destination to provide an average trip distance based on the current or forecast land use patterns in 
the community. This distance is then converted to a multiplier, and applied to estimate the trip length for each 
scenario.

Without Network Analyst, this average trip length for each scenario needs to be estimated from another 
source. Initial indications from the piloting process indicate about a 515% change in trip length for the City of 
Abbotsford due to land use change alone; other literature may provide more insight if estimates of trip length 
are necessary in the absence of GIS.

Figure 5: Destinations layer (on right) was generated from GIS land use data (left)

3. Elementary and Secondary School layer
These layers are used in the same way as the destination layer to estimate average trip length in the commu-
nity. Geographically correct point files are needed for each school type. Unlike the destinations layer, trips to 
schools only include one school (the closest) for each dwelling, and in addition the model includes a weighting 
for school districts that allow students to attend schools outside their catchment areas. See Appendix C for the 
suggested workflow.

4. Central Business District layer
A CBD layer can easily be created using the methodology described in the destinations section, with the slight 
difference of creating a single polygon rather than points from the initial land use and zoning data. If your com-
munity already has its CBD defined, this can be transferred to GIS “as is” if it hasn’t already been done. See 
Appendix C for a discussion of methodology.

5. Bus Stop layer
To run a full analysis using the Network Analyst extension for ArcMap, a point shapefile of bus stop locations is 



Sustainability Solutions Group

15

required. In British Columbia, this may be available from BC Transit, or locally depending on the community’s 
resources. In the piloting process for the District of Kent, there were few enough stops that staff drew them 
on a paper map, and then transferred those locations to a GIS shapefile. Bus stops could also be geo-coded if 
streets and addresses are available. 

Lacking specific bus stop information, an analysis can also be performed in GIS using route (line) data. While 
not as rigorous, these results may provide an adequate level of detail. See Appendix C for a discussion of meth-
odology.

6. Roads layer
As the road network provides the basis for using the Network Analyst extension, it is essential that the network 
data is “clean” in that the source dataset must be corrected for topological errors and verified for connectivity. 
See Appendix C for a discussion of requirements for the road network. Without the Network Analyst exten-
sion, this layer is only needed to calculate the total length of roads in the community. If road length is known 
through another source, this layer is not necessary without the Network Analyst extension.

7. Sewage System Boundary layer
The intent of this layer is to calculate the number of dwellings in a community that are serviced by the munici-
pal sewage system. Ideally this layer is a polygon covering the entire serviced area, but if only a shapefile of 
sewage lines is available, then performing a 50 metre straight buffer on the line shapefile and using that to run 
the analysis outlined in Appendix C is also acceptable. While number of serviced dwellings can be estimated 
for the baseline year from tax roll data, estimating serviced dwellings for future scenarios requires a “future” 
GIS polygon of the sewer system to estimate the number of future serviced dwellings.

B. Tabular (Non GIS) Data

1. Total Households
Data are available from Statistics Canada or other statistics agencies (i.e. BC Stats in British Columbia) for the 
baseline. For the scenarios, this variable can be estimated from projected population and household size 
(people per household) estimates.

2. Total Population
Data are available from Statistics Canada or other statistics agencies (i.e. BC Stats in British Columbia) for the 
baseline. It is important to note that the Canada Census under counts the total population, and this should be 
incorporated into the model if possible. For the scenarios, projected population estimates are compiled by BC 
Stats in British Columbia, and can also be estimated by a range of methodologies. It is important to note that in 
order to maintain comparability, the future population estimate should not change across scenarios.

3. People per Household
This is calculated simply by dividing the total households into the total population. It is important to have ac-
curate household and population counts in order to have an accurate people per household estimate. This may 
change slightly across each scenario depending on the number of each dwelling type in each scenario.

4. Year
Enter the baseline year and future scenario years.
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5. Buildings (Factors 10-13)
Building types in the model are grouped into four categories, based on Natural Resources Canada (NRCAN) 
efficiency designations. These categories are roughly analogous to the Canada Census categories for buildings, 
with the conversion as:

Figure 6: Converting census dwelling types to categories used in the model

As building type data are so easily available through the census, and are based on total household data, the 
census is the most reliable source in the absence of locally generated data. While the building categories used 
by NRCAN and the census are not exactly analogous, generally they are close enough when estimated on an 
aggregate scale.

6. Community Energy
A coarse analysis is used to identify the potential for district energy using a default density of 55 units per hect-
are.

7. Forest Cover
Forest cover includes total areas of forested park land and other forested areas within the municipal control. 
The total area is identified by the municipality.
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Appendix B: Building Scenarios in GIS for the Model

Note: The following assumes some experience using GIS software.

1. Dwellings layer
Building scenarios for the model first requires estimating the total future number of dwelling units in the 
community for the scenario target year, as well as breaking these units down by built form (e.g. detached, 
attached, etc…). These numbers are entered directly into the spreadsheet. If GIS analysis will not be used in 
the model, the secondary data inputs need to be derived manually from the projections above, and entered 
directly on the Inputs tab in the model. In this case, the instructions below are not applicable. If GIS analysis 
will be used in the model, the step after estimating the total number and type of units for the Inputs tab is to 
distribute these future dwelling units geographically across the community depending on land use scenarios. 
The following example will use census dissemination areas (DA) as the basic unit for scenario building. The 
same process applies for GIS layers of other geography types.

Note that although dwelling units are broken down by type on the Inputs tab in the model, the dwellings layer 
in GIS only deals with total units per DA. The reason for this is that GIS analyzes each dwelling unit (household) 
based on its location, not on the type of dwelling (built form). Built form efficiency calculations based on dwell-
ing type are performed within the model, not in the GIS analysis. For example, in Figure 3, if the dwelling units 
for each scenario have already been estimated by total number and type in the spreadsheet, then only the 
total (323 units) would need to be entered into the attribute table in GIS.

Figure 1: Editing the attribute table.
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Once the number of units in each DA has been determined for each scenario, they must be entered into the 
GIS layer. In this table, both the baseline census data and the scenario data are contained in one shapefile. The 
total baseline units are on the left (DWELLINGS), and also broken down by type in the adjacent four columns. 
The red arrow shows where the “BLDOUT” scenario is being edited. Notice that future units are not broken 
down by type in the attribute table. To the right of the “BLDOUT” scenario are scenarios labeled “CORE” and 
“EXPSN”.

Once the baseline dwellings layer for the model has been completed (see Appendix A) and the dwelling counts 
for each scenario have been determined, the future scenario data can be added to its attribute table. This is 
easily accomplished by adding and editing fields to the baseline dwellings attribute table in ArcMap (see Fig. 
1) to reflect the additional dwelling units expected in each area. Once the data for each scenario has been 
entered into the table, the DA file is finally converted into a point file for use in the GIS analysis in Appendix C. 
(Users of PCensus for ArcMap software may already be using a point file.)

Figure 2: Comparison of dwelling unit layers used in the GIS analysis.

In the hypothetical scenario that was explored (on right), the number of units has increased by about 30,000 
over 30 years, and most of the growth has been concentrated in the central and eastern areas of the city. 
Notice the DA in the eastern area of the city (in the red circle) that has been divided into smaller areas for the 
scenario to provide a more accurate geographic representation of dwelling unit locations.

Entering the data into the attribute table in GIS is actually the simple part; determining the dwelling units in 
the community for the scenario target year is more difficult. For the Business as Usual (BAU) scenario, these 
projections of growth can be based on established land use plans for the community, which often provide de-
tail on densities, built form and infill development, all of which can help inform the scenario building process. 
Other scenarios can also be developed that explore other hypothetical alternative futures to help inform the 
community planning process.
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In Figure 3, dwellings have also been broken down by type for each DA. As mentioned above, this is not neces-
sary if it has already been done on a community wide basis, however depending on the method of estimating 
future dwelling units for the scenarios, it may make more sense to approach it from a “DA by DA” basis. In this 
case, create four extra fields for each dwelling type in the attribute table so they can be aggregated once the 
scenario is complete, and the totals can be entered into the Inputs tab. In the attribute table in Figure 1, cen-
sus dwelling type designations have been used for each dwelling type:

•	 detached = SDET
•	 attached = SATT
•	 apartment ≤ 5 = AP5LS
•	 apartment > 5 = AP5PL

Again, for the GIS analysis it is not necessary to have these categories in the dwellings layer, but it may be a 
useful way to organize the data while building the scenarios.

Figure 3: Detail of a single DA showing current and “future” dwelling units.

Although completely hypothetical, the increase in dwelling units in this DA is consistent with land use desig-
nations laid out in the official community plan. As mentioned above, unit counts broken out by type are only 
necessary if they haven’t already been estimated in the spreadsheet.



Sustainability Solutions Group

20

2. Editing the DA layer to Create Custom Geographies for the Model
When using the census DA files for the model, there is often a need to modify the geography of the DA bound-
aries to account for new areas of growth in future scenarios or provide more accurate representation of exist-
ing dwellings within a community. Again, this is easily done in ArcMap using basic editing tools, and can pro-
vide a much more accurate analysis, especially within smaller communities or rural areas where the census DA 
geographies may be quite large. (Note: when using data at the parcel level this type of editing is not necessary.) 
Essentially, a DA is split up into smaller areas that represent a cluster of units or other neighbourhood or geo-
graphically cohesive area (see Figure 4). By adding a new “dissemination area,” the representation of the layout 
of dwelling units (households) within a community is more accurate, and the secondary data that are derived 
from these data are more robust.

This process of creating smaller, more discrete areas may also be necessary in larger communities when devel-
oping future scenarios that assume development of an area that is currently covered by a large DA. As Figure 
2 shows, the large DA in the eastern part of the city (highlighted in the red rectangle) was divided up in future 
scenarios to provide a more accurate geographic representation of possible future development in that area.

It is important to keep in mind that when modifying the DA boundary file, the existing dwelling units will need 
to be redistributed accurately into the new areas. In the piloting process this was accomplished using par-
cel data to estimate the current number of dwelling units in each new area. Other sources that provide local 
estimates of dwelling unit counts may include orthophotos, geo-coded address information, or building permit 
data.

Figure 4: Modifying the DA layers

The yellow lines represent spatial geographies of the census DA boundary file for the District of Kent. The un-
edited DA boundaries are on the left, and the modified version is on the right. The red shapes show where new 
areas have been added to provide more accurate spatial representation of dwelling units. Existing dwellings in 
each area were redistributed into the new areas.
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3. Modifying other GIS layers
Over the time periods that the model explores, infrastructure and services in a community are likely to see 
change as the community develops. Likewise, to increase the accuracy of the model’s results, GIS layers that 
represent future conditions in the scenarios should also be changed. Where new developments are planned, 
the road network should be modified to reflect the new roads that will service the area. New bus stops may 
also be added based on planned future routes or land use plans. Other layers that may require editing are:

•	 Schools (where will new schools be located?)
•	 Sewage systems
•	 Destinations (new airport, shopping centre, or industrial park?)
•	 Forest cover

Land use, transportation or economic development plans for the community may be able to provide informa-
tion for each of these areas. Once all the layers are edited to reflect the conditions of each scenario, the entire 
GIS analysis is run using the same methodology as in the baseline (see Appendix C).
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Appendix C: Suggested GIS Workflows

Please note that a basic knowledge of GIS processes and the appropriate GIS software are required to run the 
following processes.

1. Trip Length Calculation Inputs

A. Building the network
* Note: the Network Analyst extension for ArcMap is required to run the following processes.
**Note: prior to creating a road network, the source dataset must be corrected for topological errors and veri-

fied for connectivity. Topology rules can be used to ensure that the roads are topologically correct. However, 
exceptions to these rules, such as dangles for cul-de-sacs and dead end roads, should be expected. Connec-
tivity of the roads can be addressed by using the ArcCatalog tool Integrate to insert and snap vertices where 
road segments connect and intersect. Integrate uses a user-specified tolerance to modify the original data 
source. The tolerance used will depend on the accuracy of the data but it is suggested to start small (<1m) to 
avoid unnecessary generalization of the data.

1. In ArcCatalog, right click a folder where you want to store your network and select:

	 New > File Geodatabase

2. Name the File Geodatabase.

3. Right click the File Geodatabase and select:

	 New > Feature Dataset

4. Name the Feature Dataset.

5. Right click the Feature Dataset and select:

	 Import > Feature Class (single)

6. Navigate to and select the appropriate road network, see above note.

7. Import the network as a Feature Class.

8. Right click the Feature Dataset and select:

	 New > Network Dataset

9. Name the network and click next.
10. Click the box next to your roads Feature Class and click next.
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11. Click next until you come to the window to specify attributes for the network, and click the “Add” button to 
add a new attribute.

12. Name it “Length” and change the units to meters (keep the defaults of cost and double) and click ok.
13. Confirm that the Evaluator for the Length attribute points to the length field of the dataset (i.e. shape, 

length). If it does not, assign an attribute evaluator.
14. Click no when asked to add driving directions, then click Finish.
15. When prompted, click Yes to build the network.
16. Once built, ensure that the Edges (route segments) have a positive length attribute (can use the Identify 

Tool in ArcCatalog).

B. Calculating Weighted Trip Distances to Destinations
1. Open ArcMap.
2. Under Tools > Extensions, check the box next to Network Analyst and click Close.
3. Add the Network Analyst toolbar to the task bar (right click a blank spot in the top task bar to bring up the 

toolbar menu, then click Network Analyst. Dock it in the task bar if desired).
4. Click the “Add Data” button, and navigate to and select the network you created above. Click Yes when asked 

if you want to add all the Feature Classes that participate in the network.
5. Click the “Add Data” button again, and navigate to the dwelling point shapefile and destinations and schools 

point shapefiles and add them to the table of contents.
6. On the Network Analyst toolbar, click the “Show/Hide Network Analyst Window”.
7. If multiple road networks are loaded in the same map document, verify that the network of current interest 

is highlighted / selected in the Network Analyst toolbar.
8. On the Network Analyst toolbar, click the “Network Analyst” dropdown menu and select “New Closest Facil-

ity”. Closest Facility will appear in the table of contents at the left of the screen, and the Network Analyst 
Window will be populated with “Facilities, Incidents, Routes, Barriers” with “(0)” beside each.

9. Right click on “Facilities” in the Network and select “Load Locations…”
10. In the “Load From” dropdown menu, select the destinations file and click ok. The destinations will be 

uploaded into Network Analyst and the number of destinations will appear in the brackets to the right of 
“Facilities” in the Network Analyst Window.

11. Right click “Incidents” and repeat the process in step 9, this time loading the dwelling point shapefile into 
Network Analyst.

12. Click on the “Closest Facility Properties” button in the Network Analyst Window. Under the Network Loca-
tions tab, adjust the Search and Snap tolerances appropriately (use default settings). Under the Analysis 
Settings tab, change the number in the “Facilities to Find” box to match the number of destinations (or 
schools etc) in the destination shapefile (i.e. “18” for 18 facilities). Ensure that the Impedance is in meters 
and the default cutoff value is <None>. Click ok.

13. In the Network Analyst toolbar, click the “Solve” button to calculate trip lengths.
14. Once the procedure has finished, open the attribute table for Routes in the table of contents. The distance 

from each dwelling point to each destination is recorded.
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As the number of dwellings contained in each point is different (and points with more dwellings will have more 
trips), a weighted average of trip distance needs to be calculated for each destination.

The basic formula for calculating this is:

Σ (Dwellings x trip distance)
Σ Dwellings

15. With the attribute table for Routes still open, click on Options > Select by Attributes at the bottom of the 
table. Create a SQL query to select all trip from each dwelling point to a single destination. The FacilityID 
field records the trip for every dwelling point to each destination with a distinct ID number, so create a SQL 
query of “FacilityID” = 1 where “1” is a destination. Click ok, and notice that only the trips ending at the 
destination chosen have been selected, and the total records selected equals the total number of dwelling 
points.

16. At the bottom of the table, click “Selected” then Options > Export and save the selected records to a table 
outside ArcMap. Don’t add the table to ArcMap’s table of contents. Notice the IncidentID field remains a 
linear progression from 1 to the total number of dwelling points when showing only selected records.

17. Repeat Steps B14 and B15, but each time changing the Select by Attributes criteria to select another desti-
nation (i.e. “FacilityID” = 2, 3, 4, etc…) Once you have exported tables for each destination, close the Routes 
attribute table.

18. Open the attribute table for the dwelling points. Click Options > Add Field and name it “IID” of type Short 
Integer with a precision of 5. Once created, right click the IID header at the top of the new field, and select 
Field Calculator. Calculate the IID to equal the [FID] or [OBJECTID], depending on the data type of the dwell-
ing points. The IID field should now match the IncidentID field in the Routes attribute table. As in Step 15, 
export the table to the same location as the Routes table.

19. Open the exported table for the dwelling points in Excel, and delete all columns except the dwelling unit 
counts and the IID field.

20. Open the table for the first destination, and copy the IncidentID and Length columns into the dwelling 
points table. The numbers in the IID and IncidentID columns should match exactly (if they do not, do not 
proceed and check your work).

21. Now multiply the dwelling count cells by their counterparts in the Length column, and name it “Destination 
1” or something more specific.

22. Now sum both the Destination 1 and Dwelling columns (see the formula above) and divide the dwelling 
total into the Destination 1 total. This is the average weighted trip distance for that particular destination.

Σ (Dwellings x trip distance)
Σ Dwellings

Σ (Dwellings x Total_LENG)
Σ Dwellings

212,540,972
46,856 5,436= ==
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23. Delete the IncidentID fields and Length fields
24. Repeat Steps B19 through B22, renaming each destination column appropriately, until you have calculated 

all the weighted averages for each destination.

C. Calculating Weighted Trip Distances to Schools
1. In the Network Analyst Window, right click “Facilities” and “Routes” and select Delete All. Now right click 

Facilities, select “Load Locations…” and select the elementary or secondary schools point shapefile from the 
dropdown menu and click ok.

2. Click the “Closest Facility Properties” button in the Network Analyst Window and under the “Facilities to 
Find” tab, change the number to 1 (you only want to find the closest school of each type). Click ok.

3. Click the “Solve” button in the Network Analyst toolbar.
4. Open the “Routes” attribute table and repeat Step 15 only.
5. Repeat steps B19 through B22.
6. Repeat steps C1 through C5 above to calculate secondary school trip distances.
Note: Keep the Network loaded in ArcMap for use in Step 3.

2. Central Business District (CBD) Input
Using an existing shapefile (or creating one using the Editor toolbar to create a polygon of the CBD) use the 
Buffer tool in ArcMap and create a simple 400 metre buffer polygon of the CBD. Overlay this over the dwellings 
point shapefile and perform a Search By Location to calculate the number of dwelling units that fall within the 
buffered area. Enter this number as Factor 6 CBD, 400m on the Inputs tab in the spreadsheet.

3. Public Transit Input
Without the Network Analyst extension for ArcMap 
Run a simple buffer at a desired distance (walking distance to bus stops) on either the bus route or bus stop 
shapefile. Similar to the CBD input, Overlay this over the dwellings point shapefile and perform Search By Loca-
tion to calculate the number of dwelling units that fall within the buffered area. Enter this number as Factor 6 
CBD, 400m on the Inputs tab in the spreadsheet.

With the Network Analyst extension for ArcMap
Perform the following steps:
1. Ensure that the Network that you used in Step 1 is loaded into ArcMap, and the Network Analyst toolbar is 

enabled.
2. Add the bus stops layer in point format (bus routes in line format cannot be used for the Network Analyst 

analysis) to ArcMap.
3. Click the dropdown menu in the Network Analyst toolbar and select “New Service Area”.
4. If not already showing, click the button to show the Network Analyst Window.
5. Right click on “Facilities” under Service Area and select “Load Locations…”
6. In the “Load From” dropdown menu, select the bus stops file and click ok. The destinations will be uploaded 
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into Network Analyst and the number of stops will appear in the brackets to the right of “Facilities” in the 
Network Analyst Window.

7. In the Network Analyst Window next to “Service Area” click the Service Area Properties button.
8. Under the Polygon Generation tab, ensure that the “Generate Polygons” and “Trim Polygons” boxes are 

checked, and set the tolerance for the latter to 50 metres. Under Multiple Facilities Options, select “Merge 
by break value.” Leave the other defaults as they are.

9. Under the Analysis Settings tab, set the “Default breaks” value to 350 metres. Note: this number can adjust-
ed as needed, however here it represents a 400 metre walking distance to the closest bus stop – 350 metres 
along the road network, plus 50 metres off either side of the road.

10. Leave the rest of the defaults in the Service Area Properties as they are and click ok.
11. Click the “Solve” button in the Network Analyst toolbar. A polygon will be generated that represents the 

400 metre area where residents are willing to walk to a transit stop.
12. Ensure that the dwellings point shapefile is loaded into ArcMap, and perform a Search By Location to calcu-

late the number of dwelling units that fall within the Service Area for transit. Enter this number as Factor 7 
Public Transit, 400m on the Inputs tab in the spreadsheet.

13. Save your project.

4. Road Length
Open the Attribute table of your road shapefile in ArcMap. If there is no road surface type attribute, right click 
the Length field and select Statistics to get a total length of roads in your community. As most roads are prob-
ably paved, enter this in Factor 8 Road Length, Asphalt on the Inputs tab. If the roads have surface type attri-
bute, Search by Attribute to select all the roads of each type, then enter the total length in Factors 8 and 9.

5. Liquid Waste Inputs
Load the Sewer System Boundary shapefile into ArcMap. Similar to Steps 2 and 3, overlay this over the dwell-
ings point shapefile and perform a Search By Location to calculate the number of dwelling units that fall within 
the Sewage System area. Enter this number as Factor 20 Liquid Waste, tertiary treatment. Subtract this number 
from the total number of dwellings, and enter the remaining unserviced dwelling units as Factor 21, Liquid 
Waste, septic on the Inputs tab in the spreadsheet. These inputs can also be derived from tax roll data in mu-
nicipalities for the baseline year, however GIS analysis may be needed to estimate numbers for future years.

6. Forest Cover
Open the attribute table of your “forest cover” shapefile in ArcMap. Right click the Area field and select Sta-
tistics to get a total forested area in your community. Enter the total area in Factor 29 on the inputs tab. Note: 
See Appendix A for a discussion on forest cover as an input.


