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1 How Can We Measure Transportation
Accessibility?
Transportation accessibility has become a popular topic in city planning. The accessibility of a city can
alone determine whether you need a car to complete your daily errands or to travel to and from your place
of work. Subsequently it determines how active our community can be; does our population have the
ability to walk or bike to our local parks, or must they drive?
These questions can be answered when we measure the accessibility of our community. But what is the
correct way to do so? This paper defines the methodology for measuring accessibility within the software,
‘Sugar Access’ and explores different analysis practices that may be implemented for planning purposes.

1.1 Accessibility	
  Analysis	
  using	
  Zonal	
  Systems	
  
There are two main components of accessibility, the origin and the destination of a person’s trip. This
could include someone’s home, their place of work, or the neighborhood grocery store. For
methodological efficiency purposes, zones are used to summarize singular destination points. Therefore,
origin and destination point data such as stores and office buildings must be summarized within zones in
order to analyze their accessibility.
The value of the specific destination or point of interest within the zone can be summarized within 𝑆!"
where 𝑆!" represents the sum of destinations type 𝑘 in zone 𝑗. This could represent the counting of
singular destination points such as stores or rather the summing of more representative destination
metrics such as the amount of retail floor space. By summarizing these values within the zones, access to
these zones can be seamlessly represented by also having access to those stores or the amount of retail
floor space within the zone.
This is shown in Figure 1 and Figure 2 below:

Figure 1: Grocery Stores Points of Interest within Sugar Access Database

Figure 2: Points of Interest Summarized within a Zonal System
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As a default within Sugar Access, Census Blocks are used as a zonal system in the United States.
Demographic information such as population and number of jobs are already calculated for this zonal
level by the US Census and are included in the Sugar Access data package. Depending on the type of
accessibility analysis that is trying to be accomplished (i.e. local walking accessibility), different sized
zonal systems may be used. For instance, a parcel based zonal system can serve as a replacement for
analyzing point to point accessibility, as seen below in Figure 3. However, attempting to analyze regional
accessibility across a metropolitan region may give consideration to using aggregated Census zones
such as Block Groups. Outside of the United States, local zonal systems may also be used for
accessibility analysis. In addition, there are several geoprocessing tools to automatically generate local
zoning systems if local zoning systems are not readily available.

Figure 3: Parcel Level Zonal System within Sugar Access

1.2 Accessing	
  the	
  Origin	
  and	
  Destination	
  Zones	
  from	
  the	
  Local	
  
Network	
  
Measuring transportation accessibility requires origins and destinations to be connected within the
accessibility model via the transportation network. In order for the origins and destinations (zones) to be
connected to the transportation network, there must be additional links created.
To accomplish this, a centroid is defined for every zone and placed at the geometric center of that zone
through an automatic geoprocessing process. From the zone centroids, links are then created to every
adjacent roadway link to the zone. Based on the mode of travel being assessed, only roadway links with
the same mode allowance will be connected to the zone.

1.3 Calculating	
  Travel	
  Times	
  between	
  All	
  Zones	
  
Accessibility analysis consists of thousands of individual travel time isochrones across every individual
origin zone. This allows for the capability to understand and analyze every potential trip an individual
could make. In order for these isochrones to be developed, the travel times between every individual zone
pair in the analysis area must be computed. This is done on an individual modal level, such that the
travel time matrices between zones (i.e. travel time skims) are produced for each mode of travel.
Travel times can be calculated accurately for each individual mode because of the detailed underlying
transportation networks. Each roadway link consists of several modal attributes describing the modes of
travel allowed on that link.
Total travel times between origin and destination zones comprise of three different travel times:
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Network Egress Travel Time – Time it takes to traverse the origin zonal connectors and
reach the roadway network
Network Travel Time – Time it takes to traverse the roadway network between origin
zone connector and destination zone connector using only mode specified roadway
links
Network Ingress Travel Time – Time it takes to traverse the destination zonal connector
and reach the destination’s centroid

•
•

•

Travel times are calculated to the centroid of each zone such that there is no bias in travel times based on
the size of the origin or destination zones. Pedestrian and bicycle network travel times are calculated in a
straight forward fashion using user specified speeds for each individual mode. Automobile network travel
times utilize realistic roadway link drive times specified by time of day to appropriately replicate the effects
of congestion on the roadway network throughout the day.
Transit multi-modal network travel times comprise of both pedestrian and transit network travel times.
The transit network travel times are based off of GTFS transit data that is summarized into sets of transit
lines with specified headways and run times. The entire transit multi-modal network travel times comprise
of the following steps and can be visualized in Figure 4:

Walk to Transit Travel Time (A)– Time it takes to walk from origin zone centroid to the
transit stop of the best route as defined in the route enumeration process
Transit Wait Time (B) – Calculated relative to transit line’s headway with a specified
maximum wait time
Transit Run Time (C) – Run time as defined by transit line’s attribute between boarding
transit stop and alighting transit stop
Transfer Wait Time (D) – Calculated relative to transit line’s headway with a specified
maximum transfer time
Walk to Destination Travel Time (E) – Time it takes to walk from alighting transit stop to
the destination zone centroid

•
•
•
•
•

(C) / (D)

(B)
)
(A)

(E)
)

Figure 4: Transit Multi-Modal Travel Time Breakdown

1.4 Choosing	
  the	
  Best	
  Transit	
  Route	
  
People tend to travel in a fashion that utilizes the shortest path from their origin to their destination. This
is the methodology implemented for routing of pedestrian, bicycle and driving modes when computing
travel time accessibility metrics. Transit routing can be a bit more complex as riders tend to choose from
a larger set of potential routes that will get them from their origin to their destination. To accurately reflect
this, a route enumeration and evaluation methodology is implemented, in which the cost is calculated for
each potential route set between every stop node, together with the probability of choosing the different
routes. The probability that each of these routes are taken is frequency based and shown below:
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The resulting multi-routing cost is averaged to form a composite stop-to-stop cost. The actual routing
between Origins and Destinations is then achieved in a second step, where routes are broken down by
both the amount of in-vehicle and out-of-vehicle travel times as well as the amount of transfers, with each
adding a different cost for the entire route.

1.5 Calculating	
  Accessibility	
  Metrics	
  
Accessibility can be measured and calculated in different manners, simple accessibility metrics consist of
analyzing the travel times to specific destinations while other metrics can measure access to a multitude
of destination types. These destinations refer to types of points of interest (POIs) or land uses, rather
than specifying a destination zone. All of these metrics are still considered accessibility metrics, meaning
they analyze the travel times between different types of land use, however they may be defined
differently.
Accessibility metrics not only may be defined differently in how they are calculated but also in how they
are applied. Transportation accessibility has both modal and temporal aspects that also need to be
considered. Sugar Access implements several common accessibility metrics that are used and can be
applied in different manners. These metrics can analyze accessibility to different types of destinations, for
different transportation modes and at different times of day. The three types of accessibility analysis used
within Sugar Access are explained in the following paragraphs.

1.5.1 Travel	
  Time	
  Analysis	
  
The Travel Time accessibility metric analyzes the minimum travel time to a particular type of destination
or rather point of interest. All accessibility metrics are therefore calculated for every zone in the analysis
area. In many cases, there may be multiple destinations (POIs) that are being analyzed, such as grocery
stores throughout a city. In this case, the analysis will demonstrate the minimum travel time to reach a
grocery store for the entire population. The Travel Time accessibility metric is defined in the equation
below:
𝑇!" = min 𝑡!"   𝑓𝑜𝑟  𝑆! > 0
𝑇!" = 𝑇𝑟𝑎𝑣𝑒𝑙  𝑇𝑖𝑚𝑒  𝐴𝑐𝑐𝑒𝑠𝑠𝑖𝑏𝑖𝑙𝑖𝑡𝑦  𝑓𝑜𝑟  𝑧𝑜𝑛𝑒  𝑖  𝑡𝑜  𝑑𝑒𝑠𝑡𝑖𝑛𝑎𝑡𝑖𝑜𝑛  𝑘
𝑆!" = 𝑆𝑢𝑚  𝑜𝑓  𝑑𝑒𝑠𝑡𝑖𝑛𝑎𝑡𝑖𝑜𝑛   𝑃𝑂𝐼𝑠 𝑘  𝑤𝑖𝑡ℎ𝑖𝑛  𝑧𝑜𝑛𝑒  𝑗    
𝑡!" = 𝑡𝑟𝑎𝑣𝑒𝑙  𝑡𝑖𝑚𝑒  𝑏𝑒𝑡𝑤𝑒𝑒𝑛  𝑧𝑜𝑛𝑒  𝑖  𝑎𝑛𝑑  𝑗    

1.5.2 Destination	
  Summation	
  
The Destination Summation accessibility metric analyzes the cumulative access to a destination of a
particular type. Therefore, for every zone in the analysis area, it will determine the number of destinations
(POIs) that are accessible within a certain travel time threshold. For instance, in measuring the
accessibility to job opportunities, the analysis will demonstrate the number of job opportunities that are
accessible within the specified travel time threshold. The Destination Summation accessibility metric is
defined in the equation below:

	
  
(c)	
  2016	
  Citilabs	
  Inc.	
  	
  	
  	
  

January,	
  2016

𝐷!" =   

𝑆! 𝑓 𝑡!"   𝑤ℎ𝑒𝑟𝑒     𝑓 𝑡!" =   
!

1  𝑖𝑓  𝑡!" ≤ 𝑇  
  
0  𝑖𝑓  𝑡!" > 𝑇

𝐷!" = 𝐷𝑒𝑠𝑡𝑖𝑛𝑎𝑡𝑖𝑜𝑛  𝑆𝑢𝑚𝑚𝑎𝑡𝑖𝑜𝑛  𝐴𝑐𝑐𝑒𝑠𝑠𝑖𝑏𝑖𝑙𝑖𝑡𝑦  𝑡𝑜  𝑑𝑒𝑠𝑡𝑖𝑛𝑎𝑡𝑖𝑜𝑛  𝑘  𝑓𝑜𝑟  𝑧𝑜𝑛𝑒  𝑖
𝑇 = 𝑇𝑟𝑎𝑣𝑒𝑙  𝑡𝑖𝑚𝑒  𝑡ℎ𝑟𝑒𝑠ℎ𝑜𝑙𝑑

1.5.3 Access	
  Score	
  	
  
The Access Score accessibility metric also analyzes the cumulative access to destinations, however it
implements a decay cost function in addition to allowing analysis to multiple destination types in one
metric. The formula sets a user defined “target” number of Points of Interest (POI) for each category,
such that the “target” defines the number of POIs desired in order to consider an origin sufficiently
accessible to that particular destination type. The metric then assigns a portion of the total score
(typically out of 100) to be awarded for the category if this target is met. This open methodology also
utilizes individual POI weight factors to customize an Access Score to depict different trip types. These
two factors are organized in a user defined table such that the factors can be chosen for each specific
POI category as the user sees fit. The outline of the Access Score lookup table can be seen below:
POI Category
1
2
…
n

POI Target
P1
P2
…
Pn

POI Category Weight
W1
W2
…
Wn

The addition of using a decay cost function allows for each destination to be weighted differently based on
a person’s willingness to travel. The cost function implemented for walking trips is based upon U.S.
National Household Travel Survey data. The function adjusts the relative value of destinations based
upon their proximity to the origin. A gravity-based function is implemented such that it accurately reflects
a person’s willingness to travel as they travel farther and farther away from their origin. The
aforementioned cost function is graphed
in Figure 5 below:
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These factors and cost functions come together to define the Access Score metric, the equation is
outlined below:
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𝐴𝑆!" = min  

𝑆!" 𝑓 𝑡!"

, 𝑃!

!

𝐴𝑆! = min
!

𝐴𝑆!
𝑊 , 100
𝑃! !

𝐴𝑆! = 𝐴𝑐𝑐𝑒𝑠𝑠  𝑆𝑐𝑜𝑟𝑒  𝐴𝑐𝑐𝑒𝑠𝑠𝑖𝑏𝑖𝑙𝑖𝑡𝑦  𝑓𝑜𝑟  𝑧𝑜𝑛𝑒  𝑖  
𝑘 = 𝐷𝑒𝑠𝑡𝑖𝑛𝑎𝑡𝑖𝑜𝑛  (𝑃𝑂𝐼)  𝑡𝑦𝑝𝑒  𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑜𝑟  
𝑆!" = 𝑆𝑢𝑚  𝑜𝑓  𝑑𝑒𝑠𝑡𝑖𝑛𝑎𝑡𝑖𝑜𝑛𝑠   𝑃𝑂𝐼𝑠 𝑤𝑖𝑡ℎ𝑖𝑛  𝑧𝑜𝑛𝑒  𝑗  𝑓𝑜𝑟  𝑑𝑒𝑠𝑡𝑖𝑛𝑎𝑡𝑖𝑜𝑛  (𝑃𝑂𝐼)  𝑡𝑦𝑝𝑒  𝑘
𝑓 𝑡!" = 𝑑𝑒𝑐𝑎𝑦  𝑐𝑜𝑠𝑡  𝑓𝑢𝑛𝑐𝑡𝑖𝑜𝑛    
𝑃! = 𝑃𝑜𝑖𝑛𝑡𝑠  𝑜𝑓  𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡  𝑡𝑎𝑟𝑔𝑒𝑡  𝑓𝑜𝑟  𝑃𝑂𝐼  𝑡𝑦𝑝𝑒  𝑘  
𝑊! = 𝑃𝑜𝑖𝑛𝑡𝑠  𝑜𝑓  𝑖𝑛𝑡𝑒𝑟𝑒𝑠𝑡  𝑤𝑒𝑖𝑔ℎ𝑡  𝑓𝑜𝑟  𝑃𝑂𝐼  𝑡𝑦𝑝𝑒  𝑘

1.5.4 City-‐Wide	
  Accessibility	
  Metrics	
  
The city-wide accessibility metric allows for individual zonal accessibility metrics to be averaged across
entire cities and regions. These average accessibility metrics can be one of any of the three defined
metrics above and be weighted by any type of population group as defined below:
𝐴! =

! 𝐴! 𝑁!
! 𝑁!

𝐴! = 𝑊𝑒𝑖𝑔ℎ𝑡𝑒𝑑  𝑎𝑐𝑐𝑒𝑠𝑠𝑖𝑏𝑖𝑙𝑖𝑡𝑦  𝑚𝑒𝑡𝑟𝑖𝑐  𝑓𝑜𝑟  𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛  𝑔𝑟𝑜𝑢𝑝  𝑁    
𝑁! = 𝑁𝑢𝑚𝑏𝑒𝑟  𝑜𝑓  𝑝𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛  𝑔𝑟𝑜𝑢𝑝  𝑖𝑛  𝑧𝑜𝑛𝑒  𝑖  
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