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[bookmark: _Toc160651744][bookmark: _Hlk160616170]Introduction
In association with the development of the MassDOT Next Generation Bicycle and Pedestrian Vision Map and subsequent project prioritization efforts, VHB has drafted this memo to document the methodology used in developing the vision map along with the prioritization of projects. This memo can serve as a resource for MassDOT and their GeoDOT group to make future updates to the GIS viewer and methodology pending the update and/or creation of new datasets along with new desired outputs from this effort.
This methodology memo is intended to serve as a companion to the ArcGIS Notebooks described in more detail below.
[bookmark: _Toc160651745]ArcGIS Notebooks Use for Python Analysis
ArcGIS Notebooks are essentially a data container that can be used within ArcGIS Pro to organize Python scripting. They are built from Jupyter Notebooks, which is an open-source software that allows the integration of Python code with visualizations and narrative text. With ArcGIS Notebooks specifically, you can work using Python directly within ArcGIS Pro and interact easily with the resulting data. One of the biggest advantages of ArcGIS Notebooks is that it allows you to run Python code step by step, so you can check your results as you go. 
The entirety of the analysis conducted for this project has been scripted using ArcGIS Notebooks. Within the Notebooks created, there is extensive text documentation as to how each line of code is working, and what variables need to be updated for the Notebook to work with new data. This methodology memo is intended to serve as a companion to the Notebooks and explains in more detail how the processes embedded in each Notebook works. 
Figure 1. Overview of Example Notebook[image: ArcGIS code showing color differences]
This figure shows how ArcGIS Notebooks allows you to break out code into different sections, so that you can organize your code and run it step by step. The white headers are expandable and contain more sectioned code. 
[image: ArcGIS code showing cells running different pieces of code]Figure 2. Detailed Description of the Code
This figure shows what a cell looks like expanded out into its sections. Each cell can be run as its own piece of code, independent from the rest of the script. The blue text following the # are Python comments, and here they are used to describe what each line of code is doing more specifically. 
[bookmark: _Toc160651746]Bicycle Gap Analysis
One of the initial steps in developing the bicycle vision map was performing a robust gap analysis that goes beyond a traditional physical gap analysis to assess the quality of the facility that is currently in place or would be required based on the existing traffic volume and speed metrics. This methodology utilizes the Federal Highway Administration (FHWA) Bikeway Selection Guide, 2019, that uses posted speed limit and vehicular traffic volume data to assess the recommended type of bicycle facility. This methodology builds on a traditional level of traffic stress framework and recommends increased bicycle facility width or separation from vehicular traffic lanes as the speed and volume of vehicular traffic goes up. As shown in the following figures, the FHWA Bicycle Facility Selection Guide provides contextual guidance based on the surrounding urban and rural land use context. The 2020 US Census Data was used to define the urban and rural land use areas that were overlayed over the study area roadways to assess which methodology and bicycle facility type should be applied.
Additionally, in order to be consistent with the scope of our analysis, only a particular subset of roads were analyzed where MassDOT would have jurisdiction to conduct projects, and roads that allowed bikes and pedestrians. Therefore, a subset of the road inventory layer was developed with the following criteria applied within a series of definition queries. These queries were applied using the ‘AND’ join in SQL, meaning that a road had to meet all of the following criteria in order to be included.*
Functional Class DOES NOT EQUAL Interstate 
Jurisdiction EQUALS MassDOT
Roadway DOES NOT have ‘Full Access Control’ 
Note: A previous version of this analysis used a more expansive query that included MassDOT jurisdictional roads, roads eligible for federal funding and roads part of the national highway system that were not necessarily under MassDOT jurisdiction. This query was changed to only include roads under MassDOT jurisdiction to ensure that prioritized projects would fall within MassDOT’s purview.
Data Note: As the data was analyzed, miscoded values were identified and flagged for further action by MassDOT wherever they were encountered. No layer-wide analysis to find miscoded values was conducted as part of this study. 
[bookmark: _Toc160651747]Speed Data Processing
In locations where usable speed limit data was available, the road inventory data layer was used to document the posted speed limit in assessing the recommended type of bicycle facility based on the FHWA guidance. In locations where this data was incomplete or missing, INRIX probe data of vehicular travel speed on study area roads was used as a proxy to the posted speed limit data. A summary of how the probe data was utilized is detailed below:
INRIX Probe Data
Average of 85th percentile data for weekdays was used for all probe data sites
Performed an intersection between the speed data and the live road inventory layer in order to get the speed data assigned to road segments
Joined the cleaned speed data table to the road inventory layer provided by MassDOT based on Record_ID
For any segments without INRIX data or Speed Limit data, Linear Referencing System (LRS) data was added
[bookmark: _Toc160651748]Assigning Recommended Infrastructure for Biking 
Python Notebook ‘Gap Analysis – Recommended Infrastructure.ipynb’
[bookmark: _Toc160651749]Urban Roads
As noted above, the FHWA Bikeway Selection Guide was used to assign recommended bicycle infrastructure based on the urban roads criteria outlined within Figures 9 and 10. For all criteria, roadways that had INRIX speed data were calculated first. For all roads that did not have INRIX Speed data, the Speed Regulation and Speed Limit fields from the Road Inventory layer were used. For all roads without INRIX Speed Data, Speed Regulation and Speed Limit data and LRS data were used. 

[image: Comparison graphs of urban bicycle scenarios considering Volume and Speed.]
To provide defined parameters for selecting the appropriate bicycle facility treatment type, Figures 9 and 10 within the FHWA guide were modified to clearly define the annual average daily traffic (AADT) volume and speed values correlated to the different bicycle facility types. As is illustrated within the figure above, outlined, colored coded boxes were used to clearly define the range of speed and volume thresholds for each bicycle facility type. The following table translates this figure into the actual GIS query that was used to identify the recommended bicycle facility type.
Table 1. Breakdown of Queries Used to Determine Recommended Bicycle Infrastructure in Urban Areas
	Box on Figure
	Query Used
	Recommended Infrastructure

	A
	Speed >= 30 
	Separated Bike Lane or Shared Use Path

	B
	Speed < 30 AND AADT >= 6,000
	Separated Bike Lane or Shared Use Path

	C
	Speed < 30 AND AADT < 6,000 AND AADT >= 3,000
	Bike Lane (Buffer Preferred)

	D
	Speed < 30 AND Speed >= 25 AND AADT < 3,000
	Bike Lane (Buffer Preferred)

	E
	Speed < 25 AND AADT < 3,000
	Shared Lane or Bike Blvd


[bookmark: _Toc160651750]Rural Roads
A similar methodology was used for roadways within a rural land use context. The FHWA guide recommends the use of shoulders in a rural context where the width of the shoulder increases with the increase in vehicular traffic volumes and speed limit. As is illustrated in the figure below, wherever the line on the graph is curved, best fit lines were used to determine what the recommended bicycle infrastructure should be. The charts below show what specific queries to assign recommended infrastructure.

[image: Comparison graphs of rural bicycle scenarios considering shoulders, Volume and Speed.]
Table 2. Breakdown of Queries Used to Determine Recommended Infrastructure for Rural Areas
	Box on Figure
	Query Used
	Recommended Infrastructure

	F 
	Speed >= 35 AND AADT < 1,000
	Shared Lanes

	G
	Speed >= 35 AND AADT < 2,000 AND AADT >= 1,000
	5' Shoulder

	H
	Speed >= 35 AND AADT < 10,000 AND AADT >= 2,000
	8' Shoulder

	I
	Speed >= 45 AND AADT >= 10,000
	10' Shoulder



Queries that did utilize a best fit line (which were generated by Artificial Intelligence software): 
Table 3. Breakdown of Queries Used to Determine Recommended Infrastructure for Rural Areas, Using Line of Best Fit
	Box on Figure
	Query Used
	Line of Best Fit Used
	Above Input Result (Above line in graph)
	Below Input Result (below line in graph)

	J
	Speed < 35 AND AADT < 2,000
	AADT = -100*Speed + 4,500
	5' Shoulder
	Shared Lanes

	K
	Speed < 35 AND AADT >= 2,000 
	AADT = -300*Speed + 12,500
	8' Shoulder
	5' Shoulder

	L
	Speed < 45 AND Speed >= 35 AND AADT >= 10,000
	AADT = -1,000*Speed + 55,000
	10' Shoulder
	8' Shoulder


[bookmark: _Toc160651751]Determining where Urban Gaps Exist
Python Notebook “Gap Analysis – Urban Gap ID.ipynb”
[bookmark: _Toc160651752]Preparing Bike Facilities Data Layer for Analysis 
The first step in preparing the Bike Facilities data layer for analysis, was to clean up the fields in the Bike Facilities Layer (provided by MassDOT, with TO_DATE query. The domains included the bike facilities layer don’t come through once they are pulled down from the online services, so part of this process included repopulating numbered bike facility data with their text descriptions. For example, facility type 1 was replaced with “Bike lane”, and facility type 2 was replaced with “Cycle track / separated bike lane”. Additionally, we removed all planned facilities, so that the layer only included existing facilities.
It should be noted that often the bicycle facilities data layer combines bicycle facilities for both sides of the roadway into one unique data layer. For the purposes of this analysis, we assumed that bicycle facilities represented in the bicycle facilities layer were present on both sides of the roadway.
Additionally, we need to apply the following queries to filter out roads we will not be considering in our analysis. 
Filter out Interstates (Federal Functional Class is not in 1) 
Add query to roads: Where roads are in MassDOT jurisdiction 
Filter out null values for MassDOT jurisdiction 
Filter out roads with Full Access Control 
Filtering out roads where pedestrian travel is restricted 
Create a new, properly filtered layer for analysis
[bookmark: _Toc160651753]Compare Existing Infrastructure with Recommended Infrastructure
Intersect the Bike Inventory Layer and the Road Inventory Analysis Layer
Calculate the Existing and Recommended Infrastructure into run field & run summary statistics in order to determine match types 
In the resulting Match Table, add a field called “MatchType” and determine whether each combination of existing and recommended infrastructure is a match using the following options: Quality Gap, Sufficient Infrastructure, or No Physical Gap but Info for Quality Gap Assessment
Once populated, join the Match Table back to the Road Inventory Analysis layer based on the ‘Record ID’ field. Calculate the “MatchType” field into the Road Inventory Analysis layer. 
QA/QC: review road segments with multiple Existing Recommended Infrastructure combinations to determine appropriate designation
In several locations shared use paths are located directly adjacent to roadway corridors but are not associated with a bicycle facility along that roadway segment, further analysis was required to “link” these adjacent facilities as described below:
[bookmark: _Toc160651754]Buffer Analysis for Shared Use Paths 
Generate 100-ft buffer from Existing Bike Facilities layer 
Intersect the Buffer with the Road Inventory Layer
Erase Existing Bike Facilities from the intersection result
Spatially dissolve intersection result, name resulting layer ‘Buffer Review Layer – Gaps’
Calculate length in feet of Buffer Review Layer segments
Filter to only show segments > 250 Feet
Go through the resulting Buffer Review Layer segments – if the existing bike infrastructure meets the recommended criteria, assign road segment “Sufficient Infrastructure”. If the existing bike infrastructure is not sufficient, assign a “Quality Gap”. If the existing bike infrastructure does not actually service the road segment in question, make no changes.
[bookmark: _Toc160651755]Determining where Rural Gaps Exist 
Python Notebook “Gap Analysis – Rural Gap ID.ipynb” 
[bookmark: _Toc160651756]Preparing Data for Gap Analysis
Filter data so that it is only showing Rural Roads that do not already have bike infrastructure
Create new fields from the Shoulder Width fields where 0 width is “No Shoulder”, and any width > 0 is “Shoulder Exists” 
[bookmark: _Toc160651757]Determining Gaps 
From these new fields, create a combined field called “ShoulderTypesCombined” and concatenate the values of all of the text shoulder fields into this new one
Select where ShoulderTypesCombined contains the text “Shoulder Exists”, and designate those rows as “Check Shoulder Width for Quality Gap”
Switch selection, assign everything else to “No Shoulder”
Create a new field called “RecommendedShoulderWidth” that converts the text values assigning Shoulder Width that was assigned during the Recommended Infrastructure process to numeric values
Check for quality gaps: Use an update cursor to loop through the rows and determine whether the recommended shoulder width is greater than the existing shoulder width. Where the existing shoulder width is greater than or equal to the recommended shoulder width, assign “Sufficient Shoulder Quality”. If not, assign “Insufficient Shoulder Quality.” 
Finally, use the shoulder quality assessment to assign the final Gap Type for rural roads. Where there’s no shoulder, assign a “Physical Infrastructure Gap – Rural”. Where the shoulder quality is sufficient, assign “Sufficient Rural Infrastructure”. Where there is a quality gap, assign “Rural Quality Gap.”
[bookmark: _Toc160651758]Pedestrian Infrastructure Gap Analysis
Based on the current limited availability of pedestrian sidewalk facility data, assessing the physical and quality gaps of pedestrian sidewalk infrastructure was more straightforward. The following outlines our approach for identifying current quality gaps and the steps that should be taken once more complete and accurate pedestrian facility data inventory is compiled. It should be noted that MassDOT, working in partnership with UMass Amherst and other project partners, are currently collecting and analyzing Light Detection and Ranging (LiDAR) data that will provide better insights into overall sidewalk condition including width, slopes, and general ADA accessibility. Once this work is complete, a series of sidewalk condition parameters should be developed in coordination with MassDOT accessibility and GeoDOT staff that could then be integrated into this platform.  Until that time, a basic assessment of sidewalk condition using documented sidewalk widths were used to identify physical and quality sidewalk gaps as described below. MassDOT design standards require a 5-foot minimum sidewalk width and thus that value has been established as the minimum acceptable sidewalk width within this gap assessment. Existing sidewalks the do not meet this minimum threshold will be documented as having a quality gap. It is important to note that the sidewalk gap assessment is applied individually to both sides of the street.
[bookmark: _Toc160651759]Prepare Data for Analysis
The first step in preparing the pedestrian Sidewalk Data Layer, was to perform necessary queries and organize the data for processing.  The following steps were followed to assess and identify systemwide pedestrian sidewalk gaps.
Filter out Interstates (Federal Functional Class is not in 1) 
Add query to roads: Where roads are in MassDOT jurisdiction 
Filter out null values for MassDOT jurisdiction 
Filter out roads with Full Access Control 
Filtering out roads where pedestrian travel is restricted 
Create a new, properly filtered layer for analysis
Add fields for analysis: “PhysicalGap_Left”, “PhysicalGap_Right”, “QualityGap_Left”, “QualityGap_Right”, “Pedestrian_Gap_Type”
[bookmark: _Toc160651760]Identify Infrastructure Gaps
[bookmark: _Toc160651761]Identifying Physical Sidewalk Gaps
Select where “Left Sidewalk Width” is 0 or Null. Assign all selected rows “Physical Gap Left”
Select where “Right Sidewalk Width” is 0 or Null. Assign all selected rows “Physical Gap Right”
[bookmark: _Toc160651762]Identifying Quality Gaps 
A quality sidewalk is considered sidewalk that is greater than or equal to 5 feet wide. 
Select where “Left Sidewalk Width” is < 5. Assign all selected values “Quality Gap Left” 
Select where “Right Sidewalk Width” is < 5. Assign all selected values “Quality Gap Right”
[bookmark: _Toc160651763]Assign Final Pedestrian Gap Types
Sidewalk Infrastructure Gap: Physical Gap Left and Physical Gap Right
Sidewalk Quality Gap – One Side: Quality Gap Left or Quality Gap Right
Sidewalk Quality Gap – Both Sides: Quality Gap Left and Quality Gap Right
Sufficient Sidewalk Quality – One Side: No Quality Gap Left or No Quality Gap Right
Sufficient Sidewalk Quality – Both Sides: No Quality Gap Left and No Quality Gap Right
[bookmark: _Toc160651764]Determining Vision Gap Segments
Upon completion of the bicycle and pedestrian gap analysis, several different methodologies were developed in coordination with MassDOT to create a Vision Map for Bicycle and Pedestrian project needs. The focus of the Vision Map was to identify corridors where there is strong demand for short walking and biking trips based on each corridor’s proximity to natural points of interest and land use attractors. Ultimately, three methodologies were developed and tested through a series of applied analysis for smaller sub-planning region areas that comprised both urban and rural areas.  Methodology #1 largely utilized the previously developed Potential for Everyday Walking and Biking Data Layers as a proxy for short walking and biking trips but was found to be limited in its ability to incorporate future updates based on software limitations in which it relied on, no longer being utilized by MassDOT. Methodology #2 relied on typical points of interest that focus on drawing established walking and bike buffers surrounding common points of interest like public schools, libraries and civic service buildings. This methodology was limited in its ability to consider other destinations such as residential properties and destinations from other established points of interest, i.e. linked trips.  Ultimately, a preferred methodology #3 was developed that integrated a strong land use focus combined with logical points of interests and residential parcels using established walk and bike buffers applied to each applicable land use.
Methodology #1: Using Potential for Everyday Walking & Biking as proxy for short trips 
Methodology #2: Points of Interest + Walksheds & Bikesheds
Methodology #3: Land Use Analysis using Assessing Data
Once the preferred methodology #3 was identified as the preferred methodology, the data was prepared to be applied globally across the thirteen regional planning areas using the following steps. 
[bookmark: _Toc160651765]Land Use Analysis Using Assessing Data
[bookmark: _Toc160651766]Prepare the Assessing Data 
Download FY2023 Assessing Data from MassGIS. This includes an assessing table and tax parcel polygons 
Determine Land Use Codes to include in analysis using Department of Revenue’s Property Land Use Classification Codes 
Bring assessing table and tax parcel polygons into GIS 
Pull table of unique Land Use Codes (LUCs) for the statewide assessing table 
Create field in unique value table, ‘Included in Land Use Analysis’
Go through codes assign ‘Included in Land Use Analysis’ based on selected codes*
*Note: this analysis required more review to account for the many slight variations of the land use codes and how they are sometimes documented within the GIS platform. For example, LUC 101 is sometimes written as 1010 or 0101, or could have letters on the end such as 101R, 101C, etc. Thus, this required a more extensive review to make sure all iterations were included. 
Filter unique values table so that ‘Included in Land Use Analysis’ = ‘Yes’
Join filtered table to the original assessing table based on Feature ID/Object ID. Export the result – “AssessingData_SelectedLandUseCodes”
[bookmark: _Toc160651767]Join to Parcels Data, Conduct Analysis 
Joined AssessingData_SelectedLandUseCodes to the parcel polygon layer based on Loc_ID and exported result to a new layer 
Spot checked resulting layer – check a few parcels to make sure the assessing data came through correctly 
[bookmark: _Toc160651768]Conduct Pedestrian Analysis 
Generated 0.5 mile buffer surrounding applicable land use parcels and dissolved all features into one feature. 
Clipped Pedestrian Gap Analysis Result based on the .5 mile buffer. Named result “Preliminary Vision Map Segments” 
[bookmark: _Toc160651769]QA/QC segments that were left out – added back small segments 
Erased 0.5 mi buffer from Pedestrian Gap Analysis Result 
Dissolved erase result above spatially (Dissolve tool, no fields specified) 
Added field, “length_mi” 
Calculated geometry for length_mi based on length (geodesic) in miles 
Went through resulting layer – segments < .25 mile should be added back to the vision map layer, and then others should be reviewed on a case-by-case basis
Segments should be added back to vision map layer through copy paste 
[bookmark: _Toc160651770]Conduct Bicycle Analysis 
Generated 3 mile buffer surrounding applicable land use parcels and dissolved all features into one feature. 
Clipped Bicycle Gap Analysis Result based on the 3 mile buffer. Named result “Preliminary Vision Map Segments” 
Note – the Bicycle Gap Analysis clip did not actually remove any segments, because the 3 mile buffer encompasses the entire bike network
[bookmark: _Toc160651771]Vision Map Results
Place holder pending creation of tables showing total miles by Metropolitan Planning Organization (MPO) for bikes and pedestrians. 
[bookmark: _Toc160651772]Prioritization Process
The prioritization process involved two main components. The first component is a QA/QC process where we combined small corridor segments into larger, continuous segments based on Route ID and Gap Type. The second component involved running through all the various prioritization factors and assigning these segments scores based on their values. Both processes are outlined in Jupyter Notebooks, but the processes contained within each Notebook are described below.  
[bookmark: _Toc160651773]Part 1 – Consolidating corridors and removing small segments 
[bookmark: _Toc160651774]Bike Analysis
Python Notebook: ‘Removing Small Segments Bikes.ipynb’
This Notebook works the same way as the Pedestrian Notebook, with just slightly different statistic fields and dissolve fields. The following summarizes the process for removing the small segments within the bike facility analysis: 
Run ‘Dissolve’ Tool 
Stat fields: MPO_Text, St_Name, ExistingBikeInfrastructure
Dissolve fields: RecommendedInfrastructure, route_id, GapTypeSimplified
Add field ‘Length_ft’, calculate length in feet
Set definition query where Length_Ft < 1,000
Run ‘Dissolve’ tool 
No stat fields or dissolve fields 
In resulting layer, add field length_feet, calculate geometry 
Run ‘Buffer Tool’ 
Buffer length: 100 ft
Run ‘Dissolve’ tool on buffer layer
Calculate area of dissolved buffer layer: Area ft
Set definition query where Area_Ft <= 10,000
Select by location where diss_lyr ‘Intersects’ with dissolved buffer layer
Delete features from result
Combine street names 
[bookmark: _Toc160651775]Pedestrian Analysis
Python Notebook: ‘Consolidating Corridors and Removing Small Segments - Pedestrians.ipynb’
The two goals of this Notebook were to create larger corridors from the smaller segments, and to remove in ‘floating island’ segments that were too small for projects. This Notebook works by first using the ‘dissolve’ tool to combine the small segments into larger segments based on specific attributes. Then, it removes small road segments through a series of dissolves and buffers. A query was set to restrict the segment length to be less than 1,000 feet, then the dissolve tool was repeated based on this smaller layer, but not based on any fields. Then the length of those segments was recalculated and a 100-foot buffer was generated. Then, the buffer was dissolved to allow any smaller segments that were not joined in the initial dissolve, to all be joined. The buffer area was calculated by square feet, and an added definition query was performed to show segments with areas less than 10,000 square feet. The area of 10,000 square feet was chosen because a 100-foot buffer was applied. Therefore, a 100-foot long segment with the 100-foot buffer added would have an area of 10,000 square feet. Since segments smaller than 100 feet should be removed, targeting these pieces with areas less than 10,000 feet will identify these segments. 
Finally, a ‘Select by Location’ analysis was run to identify the corridors that intersect the buffer layer. Then, those segments are deleted. The result is a cleaned corridor layer with small segments combined by gap type and route ID, with floating segments that are too small for potential projects being removed. The following bullets summarize this process:
Run ‘Dissolve’ Tool 
Stat fields: MPO_Text, St_Name, Pedestrian_Gap_Type, SidewalkWidths_Combined
Dissolve fields: route_id, gap_type_simplified
Add field ‘Length_ft’, calculate length in feet
Set definition query where Length_Ft < 1,000
Run ‘Dissolve’ tool 
No stat fields or dissolve fields 
In resulting layer, add field length_feet, calculate geometry 
Run ‘Buffer Tool’ 
Buffer length: 100 ft
Run ‘Dissolve’ tool on buffer layer
Calculate area of dissolved buffer layer: Area ft
Set definition query where Area_Ft <= 10,000
Select by location where diss_lyr ‘Intersects’ with dissolved buffer layer
Delete features from result
Combine street names 
[bookmark: _Toc160651776]Part 2 – Scoring based on prioritization factors 
Notebook – ‘Corridor Scoring – Peds Finalized.ipnyb’ and ‘Corridor Scoring – Bikes Finalized.ipnyb’
Note that for scoring Bike and Pedestrian corridors, the methods are essentially the same, except that two separate layers and two separate notebooks were used for each modal type. The main difference between the Bike Analysis and the Pedestrian Analysis is that different walk and bikeshed buffer sizes are used in near analyses. Additionally, for Bikes the Bicycle Crashes were extracted from overall crashes and HSIP Bike Crash Clusters were used. For pedestrians, Pedestrian Crashes were extracted from overall crashes and HSIP Pedestrian Crashes were used. 
The goal of this notebook is two parts. The first part is to assign the corridors a score based on each prioritization factor. The second part is to combine all scores into a single, combined score for each corridor. The Notebook uses two methods for combining the scores, one weighting each prioritization factor equally, and the next ranking factors higher or lower based on their importance. 
Before the factors are scored, the segments are designated as Urban/Rural so that they can be scored as Urban corridors and Rural corridors separately. To do this, the Urban Areas (UACs) layer was incorporated from the 2020 Decennial Census Data. To assign segments as Urban vs. Rural, a Select by Locations analysis was run where Urban Areas Intersects with the corridors. The selected segments were then field calculated into the Urban_Rural field as ‘urban’. Then, the selection was switched and these segments were field calculated as ‘rural’. 
After the segments are tagged as ‘urban’ vs. ‘rural’, Factors are scored on a scale from 1 to 5. There are two methods for scoring each factor. The first is a simple yes/no – either the factor is present, and the corridor receives a 5, or the factor is not present, and the factor receives a 1. The second option is scoring based on a categorization of values – the factor receives a 1, 2, 3, 4, or 5 based on where the value falls in the predetermined category.
[bookmark: _Toc160651777]Scoring Method 1 - Yes/No Method
This method was used for the following layers: Crashes, Crash Clusters, Transit Stop Access, Food Access, Public Service Access, Recreational Facility Access, and Truck Route Designation. In this method, corridors are tagged as ‘yes’ or ‘no’ based on factor presence. Within this method, three different processes were used to do this, based on what makes the most sense for the data. 
[bookmark: _Toc160651778]Tagging Segments as Yes/No
Method 1 - Near Analysis
Near Analysis uses the ‘Near’ tool in GIS. The tool will find the nearest feature to each corridor segment within a specified distance. It adds the field ‘NEAR_FID’ to the data, which will be populated with the nearest feature’s ID (if there is a feature within the specified distance). If there is no feature within the specified distance, the ‘NEAR_FID’ field will be populated with ‘-1’. 
After the near analysis is run, an update cursor is used to populate the corridors with the appropriate yes/no values. The update cursor iterates through each feature in the corridor and performs a specified action. In this case, it iterates through each feature in the corridor layer and looks at the value of the NEAR_FID field. If NEAR_FID is equal to -1 it receives a ‘no’, if it is any other value it receives a ‘yes’. From there, another update cursor is used to convert the values into scores. If the corridor is ‘yes’, it receives a score of 5, if it is ‘no’ it receives a score of 1. 
Method 2 - Intersect
The Intersect method uses the ‘Intersect’ tool in GIS. The Intersect tool is run on the factor and the corridor layers to get a feature class containing corridors that intersect with the factor layer. Then, summary statistics are used to generate a table listing the corridor unique ids in the resulting layer. Since the intersect result feature layer will only contain corridors where the factor layer is present, the table will only contain the corridor ids for corridors that intersect the factor layer. 
From the resulting table, a python list is generated with the relevant corridor IDs. To transfer these values from the list into the corridor layer, an update cursor is used. The update cursor iterates through each feature in the corridor layer and determines if its ID is present in the list. If the ID is present, the corridor is assigned ‘yes’, if the ID is not present, the corridor is assigned ‘no’. From there, another update cursor is used to convert the values into scores. If the corridor is ‘yes’, it receives a score of 5, if it is ‘no’ it receives a score of 1. 
Method 3 - Select by Location
Finally, the last method that was used is ‘Select by Location’. The ‘Select by Location’ method is the least efficient, so it should only be used for smaller layers. The method works by running a ‘Select by Location’ on the factor layer and the corridor layer, which directly selects the segments that intersect the factor layer based on a specified selection method. Then, the field calculator was used to assign the selected segments with ‘yes’. Next, the selection is switched and the remaining values are assigned as ‘no’. From there, an updated cursor was used to assign ‘yes’ values the score of 5, and ‘no’ values the score of 1. 
[bookmark: _Toc160651779]Scoring Method 2 - Census Data Analysis with Weighted Average and Value Reclassification  
This method is used for the following layers: Population Density, Job Density, and Percentage of Transit Commuters
To convert the census data into scores, first the values were adjusted from the census block groups into the corridors. As the corridors often intersect more than one block group, a ‘weighted average’ was used to adjust the values proportionally. For example, if 30% of a corridor’s length is in Block Group 1 and 70% of a corridor’s length is in Block Group 2, we would take 30% of Block Group 1’s value and 70% of Block Group 2’s value. Then, these value portions were added together to create an adjusted final value. 
To do this for the corridor layer, first the total length of the corridor was calculated. Then, the intersect tool was used to intersect the corridor layer with the census block groups. Then, the length of the corridor was recalculated in a new field to get the new length of the corridor now that it had been sliced up by the block groups. Next, the new corridor length was calculated as a percentage of the total corridor length by using the following formula: 

Next, the ‘Corridor Length Portion’ was used to proportionally adjust the census block group value to the corridor portion using the following formula: 

Next, the ‘Adjusted Census Value’ was aggregated for each Corridor ID to get the final adjusted value. To do this, a summary statistics was run where the case field is the Corridor ID (ORIG_FID), and the statistic field is the sum of ‘Adjusted Census Value’. 
Then, two update cursors were used along with a dictionary to bring these adjusted census values into the corridor layer. The first update cursor creates a dictionary with the keys as the Corridor ID and the values as the ‘Adjusted Census Value’. The second update cursor iterates through the corridor layer and uses the ORIG_FID field in the corridor to reference the dictionary and populate the corridor layer with the ‘Adjusted Census Value’. 
Finally, to reclassify the ‘Adjusted Census Value’ field into scores, a final update cursor was used along with a series of if/elif/else statements. The existing values were then taken and reclassified into scores of 1, 2, 3, 4 or 5 based on the ‘Natural Jenk’ method of data distribution. 
Table 4. Pedestrian Prioritization Factors with Scoring Criteria and GIS Methods Used
	Factor Name
	Scoring Criteria 
	GIS Methods Used for Data Pre-Processing
	GIS Methods Used for Scoring

	Crashes
	yes = pedestrian crash within 100 ft of the corridor
no = no pedestrian crash within 100 ft of corridor 
	Definition Query where Non Motorist Type = Pedestrian
Copy Features into new ‘Ped Crashes’ layer
	Near Analysis where search radius = 100 ft

	HSIP Crash Clusters
	yes = corridor intersects with a HSIP Pedestrian Crash Cluster
no = corridor does not intersect with a HSIP Pedestrian crash cluster 
	n/a
	Intersect Method

	Environmental Justice 
	Yes = corridor intersects with a block group designated as ‘Environmental Justice’ from MassDOT’s REJ+ layer
	Definition Query where REJ = ‘Yes’ 

	Intersect Method

	Transit Stop Access – Urban 
	Yes = transit stop within 0.5 mi of corridor 
No = no transit stop within 0.5 mi of corridor
	Merge to combine bus stops, commuter rail stops, subway stops and Regional Transit Authority (RTA) bus stops
Definition Query where Urban_Rural = Urban 
	Near Analysis where search radius = 0.5 mi

	Transit Stop Access – Rural
	Yes = transit stop within 1 mi of corridor
No = no transit stop within 1 mi of corridor
	Definition Query where Urban_Rural = Rural
	Near Analysis where search radius = 1 mi 

	Food Access
	Yes = grocery store within 0.5 mi of corridor
No = no grocery store within 0.5 mi of corridor
	n/a
	Near Analysis where search radius = 0.5 mi

	Public Service Access 
	Yes = Public service within .5 mi 
	Merge to combine libraries, schools, Community Health Centers, Long Term Care Facilities, Places of Worship, Hospitals and Farmer’s Markets into one layer
	Near Analysis where search radius = 0.5 mi

	Recreational Facility Access
	Yes = Recreational Facility within 0.5 mi
No = No Recreational Facility within 0.5 mi
	Merge to combine line features, trails, bike trails and long trails, into one layer
Merge to combine point features, ice rink and pools, into one feature
	Near Analysis for line layers where search radius = 0.5 mi
Definition Query where Recreational Facilities = no 
Near Analysis for point features where search radius = 0.5 mi
Near Analysis for open space where search radius = 05 mi

	Population Density (person / sq mi)
	1 = 0 – 1,000 people / sq mi
2 = 1,000 – 2,500 people / sq mi
3 = 2,500 – 5,000 people / sq mi
4 = 5,000 – 10,000 people / sq mi
5 = > 10,000 people / sq mi
	Add population values to census block group layer based on ‘GEOID’ field 
Calculate block group area in sq mi 
Field Calculate where Population Density = Population / BG Area
	Census Data Analysis

	Job Density (jobs / sq mi)
	1 = 0 – 100 jobs / sq mi
2 = 100 – 500 jobs / sq mi
3 = 500 – 1000 jobs / sq mi
4 = 1000 – 2500 jobs / sq mi
5 = > 2500 jobs / sq mi
	Add total jobs per block group to Census block group layer based on ‘GEOID’ field
Calculate block group area in sq mi 
Field Calculate where Job Density = Total Jobs / BG Area
	Census Data Analysis

	Percentage Transit Commuters (% of block group population)
	1 = 0 – 1%
2 = 1% - 2.5%
3 = 2.5% - 5%
4 = 5% – 10%
5 = 10% - 100%
	Add total transit commuters per block group to block group layer based on ‘GEOID’ field
	Census Data Analysis
Note that for this factor, census data analysis is performed using the total population of transit commuters per block group. Percentage Transit Commuters is calculated at the end by: Percentage Transit Commuters = Transit Commuters / Total Population * 100

	Truck Routes
	Yes = road is designated as truck route 
No = road is not designated as truck route
	Definition Query where road segment = truck route
Copy features into new layer
	Select by Location, selection method = ‘share a line segment with’ 



Table 5. Bicycle Prioritization Factors with Scoring Criteria and GIS Methods Used
	Factor Name
	Scoring Criteria 
	GIS Methods Used for Data Pre-Processing
	GIS Methods Used for Scoring

	Crashes
	yes = bicycle crash within 100 ft of the corridor
no = no bicycle crash within 100 ft of corridor 
	Definition Query where Non Motorist Type = Bicycle
Copy Features into new ‘Bike Crashes’ layer
	Near Analysis where search radius = 100 ft

	HSIP Crash Clusters
	yes = corridor intersects with a HSIP Bicycle Crash Cluster
no = corridor does not intersect with a HSIP Bicycle crash cluster 
	n/a
	Intersect Method

	Environmental Justice 
	Yes = corridor intersects with a block group designated as ‘Environmental Justice’ from MassDOT’s REJ+ layer
	Definition Query where REJ = ‘Yes’ 

	Intersect Method

	Transit Stop Access – Urban 
	Yes = transit stop within 1.5 mi of corridor 
No = no transit stop within 1.5 mi of corridor
	Merge to combine bus stops, commuter rail stops, subway stops and RTA bus stops
Definition Query where Urban_Rural = Urban 
	Near Analysis where search radius = 1.5 mi

	Transit Stop Access – Rural
	Yes = transit stop within 3 mi of corridor
No = no transit stop within 1 mi of corridor
	Definition Query where Urban_Rural = Rural
	Near Analysis where search radius = 3 mi 

	Food Access
	Yes = grocery store within 3 mi of corridor
No = no grocery store within 3 mi of corridor
	n/a
	Near Analysis where search radius = 3 mi

	Public Service Access 
	Yes = Public service within 3 mi 
	Merge to combine libraries, schools, Community Health Centers, Long Term Care Facilities, Places of Worship, Hospitals and Farmer’s Markets into one layer
	Near Analysis where search radius = 3 mi

	Recreational Facility Access
	Yes = Recreational Facility within 3 mi
No = No Recreational Facility within 3 mi
	Merge to combine line features, trails, bike trails and long trails, into one layer
Merge to combine point features, ice rink and pools, into one feature
	Near Analysis for line layers where search radius = 3 mi
Definition Query where Recreational Facilities = no 
Near Analysis for point features where search radius = 3 mi
Near Analysis for open space where search radius = 3 mi

	Population Density (person / sq mi)
	1 = 0 – 1,000 people / sq mi
2 = 1,000 – 2,500 people / sq mi
3 = 2,500 – 5,000 people / sq mi
4 = 5,000 – 10,000 people / sq mi
5 = > 10,000 people / sq mi
	Add population values to census block group layer based on ‘GEOID’ field 
Calculate block group area in sq mi 
Field Calculate where Population Density = Population / BG Area
	Census Data Analysis

	Job Density (jobs / sq mi)
	1 = 0 – 100 jobs / sq mi
2 = 100 – 500 jobs / sq mi
3 = 500 – 1000 jobs / sq mi
4 = 1000 – 2500 jobs / sq mi
5 = > 2500 jobs / sq mi
	Add total jobs per block group to Census block group layer based on ‘GEOID’ field
Calculate block group area in sq mi 
Field Calculate where Job Density = Total Jobs / BG Area
	Census Data Analysis

	Percentage Transit Commuters (% of block group population)
	1 = 0 – 1%
2 = 1% - 2.5%
3 = 2.5% - 5%
4 = 5% – 10%
5 = 10% - 100%
	Add total transit commuters per block group to block group layer based on ‘GEOID’ field
	Census Data Analysis
Note that for this factor, census data analysis is performed using the total population of transit commuters per block group. Percentage Transit Commuters is calculated at the end by: Percentage Transit Commuters = Transit Commuters / Total Population * 100

	Truck Routes
	Yes = road is designated as truck route 
No = road is not designated as truck route
	Definition Query where road segment = truck route
Copy features into new layer
	Select by Location, selection method = ‘share a line segment with’ 



[bookmark: _Toc160651780]Calculate Overall Score
The overall score for both urban and rural segments was calculated. 
For urban segments, a definition query was used where Urban_Rural = ‘Urban’ and the gap type = ‘Quality Gap’ or ‘Physical Gap’. Then, a field calculation was performed using the following equation, which is calculating the average of all factor scores: 

For rural segments, a definition query was used where Urban_Rural = ‘Rural’ and the gap type = ‘Quality Gap’ or ‘Physical Gap’. Then another field calculation was performed using the following equation, which is calculating the average of all factor scores: 

[bookmark: _Toc160651781]Calculate Weighted Score
To calculate the weighted score, a priority ranking was used for each value based on which factors are the most important. Note that the same equations and weighting were used for pedestrians and bikes. 
Table 6. Bike/Pedestrian Weighting by Factor
	Factor
	Urban Weight
	Rural Weight

	Environmental Justice
	5
	5

	Pedestrian Crashes
	5
	5

	HSIP Clusters
	5
	5

	Transit Stop Presence
	5
	5

	Food Access
	4
	4

	Population Density
	2
	4

	Proximity to Recreational Facilities
	3
	1

	Job Density
	2
	2

	Proximity to Public Services
	1
	1

	Percentage Transit Commuters
	1
	1

	Designated Truck Route
	1
	1

	Sum Factor Weights
	34
	34



The weights were calculated as:

Then, the weight was multiplied by the Factor Score to get an adjusted Factor Score:

Then, the average of all adjusted factor scores was calculated. 
For urban corridors, the definition query was set first where Urban_Rural = Urban and gap type = Physical Gap, Quality Gap. Then, the following equation was used: 

For Rural Corridors, the definition query was set first where Urban_Rural = Rural and gap type = Physical Gap, Quality Gap. Then, a field calculation was performed using the following equation:

Percentile Rank based on MPO for Weighted Scores
After the urban and rural corridors have been scored, next the scores are converted into percentile rankings so that urban and rural corridors are able to be compared together. Since the purpose of this analysis is to rank the corridors in order based on priority, the scores were converted to percentile rankings so that the scores are easier to understand. 
Additionally, to ensure equity throughout Massachusetts’ MPOs, the percentile ranking was applied for each MPO. This way, the corridors in each MPO are ranked against each other, rather than against every corridor in the state. Once the corridors are ranked by percentile within the individual MPO, the top corridors from the entire state were documented, ensuring that a proportional number of corridors from each MPO will be included. 
To calculate the percentile ranking, the percentileofscore() function from Python library stats in SciPy was used. To restrict the ranking by MPO and Urban/Rural, a definition query was set and updated for each MPO, as we iterate through. Note that corridors were only percentile ranked where the gap type was identified as having ‘Quality Gap’ or ‘Physical Gap’, as there will be no infrastructure upgrades where corridors are identified having ‘Sufficient Infrastructure’.  
definitionQuery = “Urban_Rural = ‘urban’ And gap_type_simplified IN (‘Quality Gap’, ‘Physical Gap’) And MPO = ‘Berkshire’. 
Once the ranks have been calculated for all MPOs, a field calculation is performed where MPO_Rank_Urban and MPO_Rank_Rural is combined into one field – MPO_Rank_Combined. From there, various definition queries can be set to pull out the top 2%, 3% and 5% of corridors. For example, for the top 5% of corridors, the following query was set: 
definitionQuery = “MPO_Rank_Combined > 95”
[bookmark: _Toc160651782]Results of the Prioritization Process
[bookmark: _Toc160651783]Selecting Segments
The highest priority segments were broken into “Mid-Term” or “Long-Term” categories based on overall mileage. Mileage estimates were based on approximately how many miles of project improvements could reasonably be constructed in a typical annual MassDOT capital budget. “Mid-Term” is considered the next 3-9 years, while Long-Term is the next 10-20 years. 
For pedestrian projects, the top 5% of projects (> 95th percentile) were considered Mid-Term, which added up to 180 miles total. The top 10% of projects ( > 90th percentile, <= 95th percentile) were considered Long-Term, which added up to 287 miles. For bicycle projects, the top 2.5% of projects (> 97.5th percentile) were considered Mid-Term, which added up to 171 miles total. The top 5% ( > 95th percentile, <= 97.5th percentile) were considered Long-Term, which added up to 244 miles total.  
[bookmark: _Toc160651784]Table showing breakdown of total miles in each category by MPO 
Table 7. Pedestrian projects by MPO and Gap Type
	MPO
	Gap Type Simplified
	Length (mi)
	Percentage (%)

	Berkshire
	Infrastructure Gap
	196.56
	83

	
	Quality Gap
	23.48
	10

	
	Sufficient Infrastructure
	16.04
	7

	Boston Region
	Infrastructure Gap
	207.76
	40

	
	Quality Gap
	114.64
	22

	
	Sufficient Infrastructure
	202.15
	39

	Cape Cod
	Infrastructure Gap
	97.89
	60

	
	Quality Gap
	38.11
	24

	
	Sufficient Infrastructure
	25.93
	39

	Central Massachusetts
	Infrastructure Gap
	189.53
	74

	
	Quality Gap
	26.62
	10

	
	Sufficient Infrastructure
	38.30
	15

	Franklin
	Infrastructure Gap
	131.21
	88

	
	Quality Gap
	6.83
	5

	
	Sufficient Infrastructure
	11.70
	8

	Marthas Vineyard
	Infrastructure Gap
	28.79
	81

	
	Quality Gap
	0.91
	3

	
	Sufficient Infrastructure
	5.81
	16

	Merrimack Valley
	Infrastructure Gap
	59.00
	53

	
	Quality Gap
	27.28
	25

	
	Sufficient Infrastructure
	24.68
	22

	Montachusett
	Infrastructure Gap
	119.00
	81

	
	Quality Gap
	17.38
	12

	
	Sufficient Infrastructure
	10.69
	7

	Nantucket
	Infrastructure Gap
	1.51
	23

	
	Sufficient Infrastructure
	4.98
	77

	Northern Middlesex
	Infrastructure Gap
	33.15
	52

	
	Quality Gap
	13.46
	21

	
	Sufficient Infrastructure 
	17.57
	27

	Old Colony
	Infrastructure Gap
	51.58
	51

	
	Quality Gap
	24.59
	24

	
	Sufficient Infrastructure
	25.90
	25

	Pioneer Valley
	Infrastructure Gap
	189.26
	75

	
	Quality Gap
	27.78
	11

	
	Sufficient Infrastructure
	35.15
	14

	Southeastern Massachusetts
	Infrastructure Gap
	143.83
	60

	
	Quality Gap
	53.16
	22

	
	Sufficient Infrastructure
	43.42
	18



Table 8. Bicycle projects by MPO and Gap Type
	MPO
	Gap Type Simplified
	Length (mi)
	Percentage (%)

	Berkshire
	Infrastructure Gap
	106.60
	46

	
	Quality Gap
	88.76
	38

	
	Sufficient Infrastructure
	40.31
	17

	Boston Region
	Infrastructure Gap
	472.14
	90

	
	Quality Gap
	36.22
	7

	
	Sufficient Infrastructure
	14.93
	3

	Cape Cod
	Infrastructure Gap
	141.80
	88

	
	Quality Gap
	12.53
	8

	
	Sufficient Infrastructure
	7.42
	5

	Central Massachusetts
	Infrastructure Gap
	188.85
	74

	
	Quality Gap
	43.75
	17

	
	Sufficient Infrastructure
	21.64
	9

	Franklin
	Infrastructure Gap
	66.68
	45

	
	Quality Gap
	49.52
	33

	
	Sufficient Infrastructure
	33.62
	22

	Marthas Vineyard
	Infrastructure Gap
	29.25
	82

	
	Quality Gap
	0.03
	0

	
	Sufficient Infrastructure
	0.52
	1

	
	Insufficient Data
	5.77
	16

	Merrimack Valley
	Infrastructure Gap
	91.27
	82

	
	Quality Gap
	17.29
	16

	
	Sufficient Infrastructure
	2.22
	2

	Montachusett
	Infrastructure Gap
	85.25
	58

	
	Quality Gap
	44.61
	30

	
	Sufficient Infrastructure
	16.31
	11

	Nantucket
	Infrastructure Gap
	6.18
	94

	
	Quality Gap
	0.20
	3

	
	Sufficient Infrastructure
	0.19
	3

	Northern Middlesex
	Infrastructure Gap
	59.73
	93

	
	Quality Gap
	3.11
	5

	
	Sufficient Infrastructure 
	1.66
	3

	Old Colony
	Infrastructure Gap
	96.32
	94

	
	Quality Gap
	5.77
	6

	
	Sufficient Infrastructure
	0.04
	0

	Pioneer Valley
	Infrastructure Gap
	147.00
	58

	
	Quality Gap
	67.21
	27

	
	Sufficient Infrastructure
	37.39
	15

	Southeastern Massachusetts
	Infrastructure Gap
	204.31
	85

	
	Quality Gap
	23.68
	10

	
	Sufficient Infrastructure
	12.02
	5


Table 9. Pedestrian Projects by MPO and Priority 
	MPO
	Priority
	Length (mi)

	Berkshire
	Mid-Term 
	12.32

	
	Long-Term
	9.55

	Boston Region
	Mid-Term
	28.93

	
	Long-Term
	24.11

	Cape Cod
	Mid-Term
	20.12

	
	Long-Term
	1.38

	Central Massachusetts
	Mid-Term
	24.81

	
	Long-Term
	24.17

	Franklin
	Mid-Term
	23.79

	
	Long-Term
	12.37

	Marthas Vineyard
	Mid-Term
	3.37

	
	Long-Term
	1.34

	Merrimack Valley
	Mid-Term
	6.12

	
	Long-Term
	2.51

	Montachusett
	Mid-Term
	9.58

	
	Long-Term
	11.66

	Nantucket
	Mid-Term
	0.45

	
	Long-Term
	0

	Northern Middlesex
	Mid-Term
	4.51

	
	Long-Term
	1.40

	Old Colony
	Mid-Term
	10.03

	
	Long-Term
	0.43

	Pioneer Valley
	Mid-Term
	19.5

	
	Long-Term
	4.01

	Southeastern Massachusetts
	Mid-Term
	16.65

	
	Long-Term
	14.35



Table 10. Pedestrian Projects by MPO and Priority 
	MPO
	Priority
	Length (mi)

	Berkshire
	Mid-Term 
	11.63

	
	Long-Term
	2.33

	Boston Region
	Mid-Term
	36.07

	
	Long-Term
	17.43

	Cape Cod
	Mid-Term
	12.08

	
	Long-Term
	5.39

	Central Massachusetts
	Mid-Term
	34.82

	
	Long-Term
	6.40

	Franklin
	Mid-Term
	0.50

	
	Long-Term
	2.53

	Marthas Vineyard
	Mid-Term
	1.72

	
	Long-Term
	0

	Merrimack Valley
	Mid-Term
	8.48

	
	Long-Term
	0.91

	Montachusett
	Mid-Term
	10.83

	
	Long-Term
	1.56

	Nantucket
	Mid-Term
	1.62

	
	Long-Term
	0

	Northern Middlesex
	Mid-Term
	1.97

	
	Long-Term
	0.38

	Old Colony
	Mid-Term
	5.63

	
	Long-Term
	2.73

	Pioneer Valley
	Mid-Term
	11.72

	
	Long-Term
	13.82

	Southeastern Massachusetts
	Mid-Term
	31.54

	
	Long-Term
	13.94



Table 11. Land Use Codes  
	Land Use Code
	Land Use Category
	Detailed Category
	Detailed Land Use

	013
	Multiple-Use Property (Code 0)
	n/a
	Multiple-Use, primarily Residential

	031
	Multiple-Use Property (Code 0)
	n/a
	Multiple -Use, primarily Commercial 

	0101, 101, 1010, 1011, 1012, 1013, 1015, 1017, 101A, 101B, 101C, 101F, 101H, 101M, 101R, 101V
	Residential (Code 1)
	Residences
	Single Family

	0102, 102, 1020, 1021, 102A, 102C, 102G, 102H, 102I, 102P, 102R, 102U, 102V
	Residential (Code 1)
	Residences
	Condominium

	0103, 103, 1030, 1031, 1032, 1034, 103A, 103C, 103I, 103P, 103R, 103V
	Residential (Code 1)
	Residences
	Mobile Home (inlcudes land used for purpose of a mobile home park)

	0104, 104, 1040, 1041, 1042, 104R
	Residential (Code 1)
	Residences
	Two-Family

	0105, 105, 1050, 1051, 105R
	Residential (Code 1)
	Residences
	Three-Family

	0106, 106, 1060
	Residential (Code 1)
	Residences
	Accessory Land with Improvement - garage, etc. 

	0107, 107
	Residential (Code 1)
	Residences
	(Intentionally left blank)

	0108, 108
	Residential (Code 1)
	Residences
	(Intentionally left blank)

	0109, 109, 1090
	Residential (Code 1)
	Residences
	Multiple Houses on one parcel (for example, a single and a two-family on one parcel)

	0111, 111, 1110, 111C, 111I, 111J, 111M, 111R, 111X
	Residential (Code 1)
	Apartments
	Four to Eight Units

	0112, 112, 1120, 112C, 112I, 112M, 112R, 112V
	Residential (Code 1)
	Apartments
	More than Eight Units

	0113
	Residential (Code 1)
	Apartments
	(Intentionally left blank)

	0114, 114, 1140
	Residential (Code 1)
	Apartments
	Affordable Housing Units (Greater than 50% of the units qualify)

	117
	Residential (Code 1)
	no details provided
	no details provided

	118
	Residential (Code 1)
	no details provided
	no details provided

	0121, 121, 1210, 121V
	Residential (Code 1)
	Non-Transit Group Quarters
	Rooming and Boarding Houses

	122, 1220
	Residential (Code 1)
	Non-Transit Group Quarters
	Fraternity and Sorority Houses

	0123, 123, 1230, 123C
	Residential (Code 1)
	Non-Transit Group Quarters
	Residence Halls or Dormitories

	124, 1240
	Residential (Code 1)
	Non-Transit Group Quarters
	Rectories, Convents, Monasteries

	0125, 125, 1250
	Residential (Code 1)
	Non-Transit Group Quarters
	Other Congregate Housing which includes non-transient shared living arrangements

	0140, 140, 1400
	Residential (Code 1)
	Other
	Child Care Facility (M.G.L. Chapters 59 3F; 40A 9C)

	201, 2010
	Open Space (Code 2)
	Open Land in a Residential Area
	Residential Open Land

	0300, 300, 3000
	Commercial (Code 3)
	Transient Group Quarters
	Hotels

	0301, 301, 3010
	Commercial (Code 3)
	Transient Group Quarters
	Motels

	0302, 302, 3020
	Commercial (Code 3)
	Transient Group Quarters
	Inns, Resorts or Tourist Homes

	303, 3030
	Commercial (Code 3)
	Transient Group Quarters
	(Intentionally left blank)

	304, 3040
	Commercial (Code 3)
	Transient Group Quarters
	Nursing Homes - includes property designed for minimal care with or without medical facilities

	0305, 305, 3050
	Commercial (Code 3)
	Transient Group Quarters
	Private Hospitals

	0306, 306, 3060
	Commercial (Code 3)
	Transient Group Quarters
	Care and Treatment Facilities - designed and used on a transient basis, including half-way houses or other types of facilities that services the needs of people

	321, 3210
	Commercial (Code 3)
	Retail Trade
	Facilities providing building materials, hardware and farm equipment, heating, hardware, plumbing, lumber supplies and equipment

	0322, 322, 3220, 3221, 3222, 3223, 3224, 3228, 322A, 322C, 322I, 322K, 322L, 322O, 322R, 322V
	Commercial (Code 3)
	Retail Trade
	Discount Stores, Junior Department Stores, Department Stores

	323, 3230
	Commercial (Code 3)
	Retail Trade
	Shopping Centers/Malls

	324, 3240
	Commercial (Code 3)
	Retail Trade
	Supermarkets (in excess of 10,000 sq ft)

	0325, 325, 3250
	Commercial (Code 3)
	Retail Trade
	Small Retail and Services stores (under 10,000 sq ft)

	0326, 326, 3260
	Commercial (Code 3)
	Retail Trade
	Eating and Drinking Establishments - restaurants, diners, fast food establishments, bars, nightclubs

	0330, 330, 3300
	Commercial (Code 3)
	Retail Trade - Automotive, Marine Craft and Other Engine Propelled Vehicles, Sales and Service
	Automotive Vehicle Sales and Service

	0331, 331, 3310
	Commercial (Code 3)
	Retail Trade - Automotive, Marine Craft and Other Engine Propelled Vehicles, Sales and Service
	Automotive Supplies Sales and Service

	0332, 332, 3320
	Commercial (Code 3)
	Retail Trade - Automotive, Marine Craft and Other Engine Propelled Vehicles, Sales and Service
	Auto Repair Facilities

	333, 3330
	Commercial (Code 3)
	Retail Trade - Automotive, Marine Craft and Other Engine Propelled Vehicles, Sales and Service
	Fuel Service Areas - providing only fuel products

	0334, 334, 3340 
	Commercial (Code 3)
	Retail Trade - Automotive, Marine Craft and Other Engine Propelled Vehicles, Sales and Service
	Gasoline Service Stations - providing engine repair or maintenance services, and fuel products

	335, 3350
	Commercial (Code 3)
	Retail Trade - Automotive, Marine Craft and Other Engine Propelled Vehicles, Sales and Service
	Car Wash Facilities

	336, 3360
	Commercial (Code 3)
	Retail Trade - Automotive, Marine Craft and Other Engine Propelled Vehicles, Sales and Service
	Parking Garages

	337, 3370
	Commercial (Code 3)
	Retail Trade - Automotive, Marine Craft and Other Engine Propelled Vehicles, Sales and Service
	Parking Lots - a commercial open parking lot for motor vehicles

	0338, 338, 3380
	Commercial (Code 3)
	Retail Trade - Automotive, Marine Craft and Other Engine Propelled Vehicles, Sales and Service
	Other Motor Vehicle Sales and Services

	0340, 340, 3400
	Commercial (Code 3)
	Office Building
	General Office Buildings

	0341, 341, 3410
	Commercial (Code 3)
	Office Building
	Bank Buildings

	0342, 342, 3420
	Commercial (Code 3)
	Office Building
	Medical Office Buildings

	0350, 350, 3500
	Commercial (Code 3)
	Public Service Properties (see code 9 for Exempt Public Service Properties)
	Property Used for Postal Services

	0351, 351, 3510
	Commercial (Code 3)
	Public Service Properties (see code 9 for Exempt Public Service Properties)
	Educational Properties

	0352, 352, 3520
	Commercial (Code 3)
	Public Service Properties (see code 9 for Exempt Public Service Properties)
	Day Care Centers, Adult (see also Code 140)

	0353, 353, 3530
	Commercial (Code 3)
	Public Service Properties (see code 9 for Exempt Public Service Properties)
	Fraternal Organizations

	354, 3540
	Commercial (Code 3)
	Public Service Properties (see code 9 for Exempt Public Service Properties)
	Bus Transportation Facilities and Related Properties

	0355, 355, 3550
	Commercial (Code 3)
	Public Service Properties (see code 9 for Exempt Public Service Properties)
	Funeral Homes

	0356, 356, 3560
	Commercial (Code 3)
	Public Service Properties (see code 9 for Exempt Public Service Properties)
	Miscellaneous Public Services - professional membership organizations, business associations, etc. 

	0360, 360
	Commercial (Code 3)
	Cultural and Entertainment Properties
	Museums

	0361, 361, 3610
	Commercial (Code 3)
	Cultural and Entertainment Properties
	Art Galleries

	0362, 362, 3620
	Commercial (Code 3)
	Cultural and Entertainment Properties
	Motion Picture Theaters

	364
	Commercial (Code 3)
	Cultural and Entertainment Properties
	Legitimate Theaters

	3650
	Commercial (Code 3)
	Cultural and Entertainment Properties
	Stadiums

	0366, 3660
	Commercial (Code 3)
	Cultural and Entertainment Properties
	Arenas and Field Houses

	0367, 367, 3670
	Commercial (Code 3)
	Cultural and Entertainment Properties
	Race Tracks

	0368, 368, 3680
	Commercial (Code 3)
	Cultural and Entertainment Properties
	Fairgrounds and Amusement Parks

	0369, 369, 3690
	Commercial (Code 3)
	Cultural and Entertainment Properties
	Other Cultural and Entertainment Properties

	0370, 370, 3700
	Commercial (Code 3)
	Indoor Recreational Facilities 
	Bowling

	371, 3710
	Commercial (Code 3)
	Indoor Recreational Facilities 
	Ice Skating

	372, 3720
	Commercial (Code 3)
	Indoor Recreational Facilities 
	Roller Skating

	3730
	Commercial (Code 3)
	Indoor Recreational Facilities 
	Swimming Pools

	0374, 374, 3740
	Commercial (Code 3)
	Indoor Recreational Facilities 
	Health Spas

	0375, 375, 3750
	Commercial (Code 3)
	Indoor Recreational Facilities 
	Tennis and/or Racquetball Clubs

	0376, 376, 3760
	Commercial (Code 3)
	Indoor Recreational Facilities 
	Gymnasiums and Athletic Clubs

	0377, 377, 3770
	Commercial (Code 3)
	Indoor Recreational Facilities 
	Archery, Billiards, other indoor facilities

	0380, 380, 3800
	Commercial (Code 3)
	Outdoor Recreational Properties (excluding those classified under General Laws 61B)
	Golf Courses

	0381, 381, 3810
	Commercial (Code 3)
	Outdoor Recreational Properties (excluding those classified under General Laws 61B)
	Tennis Courts

	0382, 382, 3820
	Commercial (Code 3)
	Outdoor Recreational Properties (excluding those classified under General Laws 61B)
	Riding Stables

	383, 3830
	Commercial (Code 3)
	Outdoor Recreational Properties (excluding those classified under General Laws 61B)
	Beaches or Swimming Pools

	0384, 384, 3840
	Commercial (Code 3)
	Outdoor Recreational Properties (excluding those classified under General Laws 61B)
	Marinas - including marine terminals & associated areas primarily for recreational marine craft

	0385
	Commercial (Code 3)
	Outdoor Recreational Properties (excluding those classified under General Laws 61B)
	Fish and Game Clubs

	0386
	Commercial (Code 3)
	Outdoor Recreational Properties (excluding those classified under General Laws 61B)
	Camping Facilities - accommodations for tents, campers or travel trailers

	0387
	Commercial (Code 3)
	Outdoor Recreational Properties (excluding those classified under General Laws 61B)
	Summer Camps - children's camps

	0388
	Commercial (Code 3)
	Outdoor Recreational Properties (excluding those classified under General Laws 61B)
	Other Outdoor facilities - e.g., driving ranges, miniature golf, baseball batting ranges, etc. 

	0389
	Commercial (Code 3)
	Outdoor Recreational Properties (excluding those classified under General Laws 61B)
	Structures on land classified under Chapter 61B Recreational Land

	0400, 400, 4000
	Industrial (Code 4)
	Manufacturing and Processing
	Buildings for manufacturing operations

	0402, 402, 4020
	Industrial (Code 4)
	Manufacturing and Processing
	Office Building - part of manufacturing operation

	0404, 404, 4040
	Industrial (Code 4)
	Manufacturing and Processing
	Research and Development facilities

	0801, 801, 8010
	Recreational Land (Code 8)
	N/A
	Hiking - trails or paths

	0802, 8020
	Recreational Land (Code 8)
	N/A
	Camping - areas with sites for overnight camping

	0803, 803, 8030
	Recreational Land (Code 8)
	N/A
	Nature Study - areas specifically for nature study or observation

	804, 8040
	Recreational Land (Code 8)
	N/A
	Boating - areas for recreational boating and supporting land facilities

	0805, 805, 8050
	Recreational Land (Code 8)
	N/A
	Golfing - areas of land arranged as a golf course

	0806, 806, 8060
	Recreational Land (Code 8)
	N/A
	Horseback Riding - trails or areas

	807, 8070
	Recreational Land (Code 8)
	N/A
	Hunting - areas for the hunting of wildlife

	0808, 808, 8080
	Recreational Land (Code 8)
	N/A
	Fishing Areas

	809
	Recreational Land (Code 8)
	N/A
	Alpine Skiing - areas for "downhill" skiing

	0810, 810
	Recreational Land (Code 8)
	N/A
	Nordic Skiing - areas for "cross-country" skiing

	0811, 811, 8110
	Recreational Land (Code 8)
	N/A
	Swimming Areas

	812, 8120
	Recreational Land (Code 8)
	N/A
	Picnicking Areas

	0814, 814, 8140
	Recreational Land (Code 8)
	N/A
	Target Shooting - area for target shooting such as archery, skeet or approved fire-arms

	815
	Recreational Land (Code 8)
	N/A
	Productive Woodland - woodlots

	0920, 920, 9200
	Exempt Property (Code 9)
	Commonwealth of Massachusetts - Non Reimbursable
	Department of Conservation and Recreation, Division of Urban Parks and Recreation

	931, 9310
	Exempt Property (Code 9)
	GASB 34 Codes - Municipal or County Codes
	Improved, Selectmen or City Council 

	0934, 934, 9340
	Exempt Property (Code 9)
	GASB 34 Codes - Municipal or County Codes
	Improved, Education

	935, 9350
	Exempt Property (Code 9)
	GASB 34 Codes - Municipal or County Codes
	Improved, Municipal Public Safety

	940, 9400
	Exempt Property (Code 9)
	GASB 34 Codes - Educational Private
	Elementary Level

	941, 9410
	Exempt Property (Code 9)
	GASB 34 Codes - Educational Private
	Secondary Level

	942, 9420
	Exempt Property (Code 9)
	GASB 34 Codes - Educational Private
	College or University

	943, 9430
	Exempt Property (Code 9)
	GASB 34 Codes - Educational Private
	Other Educational

	944
	Exempt Property (Code 9)
	GASB 34 Codes - Educational Private
	Auxiliary Athletic

	945, 9450
	Exempt Property (Code 9)
	GASB 34 Codes - Educational Private
	Affiliated Housing

	953, 9530
	Exempt Property (Code 9)
	GASB 34 Codes - Charitable
	Cemeteries

	954, 9540
	Exempt Property (Code 9)
	GASB 34 Codes - Charitable
	Function Halls, Community Centers, Fraternal Organizations

	955, 9550
	Exempt Property (Code 9)
	GASB 34 Codes - Charitable
	Hospitals

	956, 9560
	Exempt Property (Code 9)
	GASB 34 Codes - Charitable
	Libraries, Museum

	957, 9570
	Exempt Property (Code 9)
	GASB 34 Codes - Charitable
	Charitable Services

	958, 9580
	Exempt Property (Code 9)
	GASB 34 Codes - Charitable
	Recreation, Active Use

	959, 9590
	Exempt Property (Code 9)
	GASB 34 Codes - Charitable
	Housing, Other

	960, 9600
	Exempt Property (Code 9)
	GASB 34 Codes - Religious Groups
	Church, Mosque, Synagogue, Temple, etc. 

	961, 9610
	Exempt Property (Code 9)
	GASB 34 Codes - Religious Groups
	Rectory or Parsonage, etc. 

	962, 9620
	Exempt Property (Code 9)
	GASB 34 Codes - Religious Groups
	Other

	970, 9700
	Exempt Property (Code 9)
	GASB 34 Codes - Authorities
	Housing Authority

	972, 9720
	Exempt Property (Code 9)
	GASB 34 Codes - Authorities
	Transportation Authority
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2 Bring in crash layer service from GeoDOT, set definition query

In [184]: |#add 2022 crash service from GeoDOT Open Data Portal
crash_lyr = m.addDataFromPath("https://gis.impact.dot.state.ma.us/arcgis/rest/services/MassDOT/MASSDOT_ODP_OPEN_2022/MapServer/@")

#add a definition query to restrict to cyclist crashes only
| crash_lyr.definitionQuery = "NON_MTRST_TYPE_ CL LIKE ‘¥Pedestriank'"

In [185]: |#make a copy of the queried crash Layer
#layer performs better when pulled off service
arcpy.managenent . CopyFeatures(crash_lyr, "Ped_Crashes”)

t[185]:
Messages
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