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1. introduction 

Accessibility and Uses 

 Understanding and modeling Transportation – Land-use 
interactions 
 

 

 Understanding and modeling travel demand  

 (activity participation and levels) 
 

 

 Measure of Effectiveness of  

 transportation plans and projects  

 (equity, territorial development) 
 

 

 Optimal location of Public Utilities 

  and Services 

Public Transportation Accessibility Levels to Public Utilities 
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1. introduction 
  
  

ACTIVITY SYSTEM   

TRANSPORTATION SYSTEM   DEMAND   

SUPPLY   
TRANSPORTATION   

FACILITIES,  SERVICES ,  
PRICES, VEHICLES AND  

TECHNOLOGY   
TRAN SPORTATION   

SERVICE PERFORMANCE   

SUPPLY ELEMENT   
CAPACITIES   

CONGESTION   

FLOWS ON MODAL   
NETWORKS   

TRAVEL DEMAND BY   
TRANSPORTATION MODE   

LEVEL, SPATIAL AND   
TIME PATTERNS OF   
  TRAVEL DEMAND   

  

  ACCESSIBILITY   
-   active   
-   passive   

LEVEL AND LOCATION OF   
ECON OMIC ACTIVITIES   

NUMBER AND LOCATION OF   
HOUSEHOLDS BY TYPE   

SPACE AVAILABILITY BY   
AREA AND TYPE   
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2. concept of accessibility 

 

 

Accessibility is a concept expressing the relationship between the 
activity system located in a region and the transportation 
system serving it 

 

 Accessibility measures are used to translate the concept of 
accessibility in quantitative indicators that take into account 
both the socio-economical and the transportation systems 

Activities and Transportation 
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2. concept of accessibility 

 

 

Common Definitions of Accessibility 

 “the opportunity which an individual or type of person at given location 
possesses to take part in a particular activity or set of activities” Hansen (1959) 
 

 “the accessibility of a point in a system is a function of its location in space with 
respect to all other points in the system” and “implies relative nearness either in 
the sense of a direct linkage or a minimum expenditure of travel cost or time”   
Hack (1976) and de Lannoy (1978) 
 

 “the average opportunity which the residents of the area possess to take part in 
a particular activity or set of activities” Wachs and Kumagai  (1972) 
 

 “the consumer surplus, or net benefit, that people achieve from using the 
transport and land-use system” Leonardi (1978) 
 

 “the ease and convenience of access to spatially distributed opportunities with a 
choice of travel” U.S. Department of Environment (1996) 
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2. concept of accessibility 

 

 

A Synthetic Definition 

The ease in meeting one’s needs in locations distributed over 
space for a subject located in a given area 

 

It depends on : 
 

 the zone where the subject is located (reference zone) 
 

 the spatial distribution of activities in the region 
 

 the transportation system that links the reference zone to the 
others 
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2. concept of accessibility 

 

 

Active and Passive Accessibility 

The concept of accessibility can be related to the needs of carrying 
out activities (to go shopping, to go to cinemas, to go working, etc.) 
by a subject located in a certain zone (active or origin accessibility) 
or to the needs of being reached by potential users (clients, 
workers, providers, etc.) of an activity located in a certain zone 
(passive or destination accessibility) (Ben-Akiva and Lerman, 1979; Cascetta, 2009) 

 

 

Passive Accessibility Active Accessibilty 

Commuters 

Activity locations 
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2. concept of accessibility 

 

 

Active Accessibility 

Requirements to evaluate the active (origin) accessibility: 
 

 the involved subject: who or what is enjoying the activity because of its 
accessibility 

 the nature, the quantity, the location and the quality of the opportunities 
(activities) to be considered (i.e. to be reached by the involved subject) 

 the physical and economical characteristics, and the quality of the travel 
allowed by the transportation supply system (TTs, costs, frequency, etc.) 

 
ZONE 1  has a high active accessibility (high number 
 of nearby actvitity locations, e.g. shops) 
 

ZONE 2  has a low active accessibility (few number 
 of nearby activity locations, e.g. shops) ZONE 1 ZONE 2 

Commuters 

Activity locations 
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2. concept of accessibility 

Active Accessibility 
An example of  
active accessibility to airports 

airport 
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2. concept of accessibility 

 

 

Passive Accessibility 

Requirements to evaluate the passive (destination) accessibility: 
 

 the involved activity (commercial or not), whose “ease of being reached” 
needs to be measured 

 the nature, the quantity, the location and the (relative) importance of the 
users (i.e. those who need to reach the involved activity) 

 the physical and economical characteristics, and the quality of the travel 
allowed by the transportation supply system (TTs, costs, frequency, …) 

 
ZONE 1  has a high active accessibility (high number 
 of nearby actvitity locations, e.g. shops) 
 

ZONE 2  has a low active accessibility (few number 
 of nearby activity locations, e.g. shops) ZONE 1 ZONE 2 

Commuters 

Activity locations 
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2. concept of accessibility 

Passive Accessibility 
An example of passive accessibility 

HIGH  
passive accessibility 

(high number of 
nearby residents) 

LOW 
passive accessibility 

(low number of 
nearby residents) 

Estimated minimum travel time to the 
nearest city of 50,000 or more people in 
year 2000 

Nelson, A. (2008) Travel time to major 
cities: A global map of Accessibility.  
Office for Official Publications of the 
European Communities, Luxembourg 

Travel Time to major cities (in hours 
and days) and shipping lane density  
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3. terminology and notations 

Active Accessibility 

Relative accessibility between two zones: aod 
 

The ease of reaching an activity located in “d”, for a user located in 
“o”.  
 

It depends on : 
i) the average perceived generalized cost to overcome the spatial 

separation between “o” and “d”, and 
 

ii) the number of perceived activities located in “d” 

Integral accessibility: 
 

The ease of reaching an activity wherever located, for a user 
located in “o” 


d

odo aAA
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3. definitions and formulations 

Active Accessibility Matrix 

    Regional Poles       

    1   2   …   d   d+1   …   n d    
 

 
nd 

d 

od o a AA 
1 

    

R
eg

io
n

a
l 
P

o
le

s   

1   a 11   a 12   …   a 2d   a 1 d+1   …   a 1nd   1 AA     

2   a 21   a 22   …   a 2d   a 2 d+1   …   a 2 nd   2 AA     

…   …   …   …   …   …   …   …   …     

o   a o1   a o2   …   a od   a o d+1   …   a o nd   o AA     

o+1   a o+1 1   a o+1 2   …   a o+1 d   a o+1 d+1   …   a o+1 nd   1 + o AA     

…   …   …   …   …   …   …   …   …     

n o   a no 1   a no 2   …   a no d   a no d+1   …   a no nd   no AA     
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3. definitions and formulations 

Passive Accessibility 

Relative accessibility between two zones: a'od 
 

For an activity located in “d”, the ease of being reached by all 
potential users located in “o”. 
 

It depends on:  
i) the average perceived generalized cost to overcome the spatial 

separation between “o” and “d”, and  
 

ii) the total number of potential users located in “o” 

Integral accessibility: 
 

The ease of reaching an activity located in “d” by all possible users 
wherever located 


o

odd aAP '
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3. definitions and formulations 

Passive Accessibility Matrix 

    Regional Poles       

    1   2   …   d   d+1   …   n d   
    

R
eg

io
n

a
l 
P

o
le

s   

1   a' 11   a' 12   …   a' 2d   a' 1 d+1   …   a' 1nd       

2   a' 21   a' 22   …   a' 2d   a' 2 d+1   …   a' 2 nd       

…   …   …   …   …   …   …   …       

o   a' o1   a' o2   …   a' od   a' o d+1   …   a' o nd       

o+1   a' o+1 1   a' o+1 2   …   a' o+1 d   a' o+1 d+1   …   a' o+1 nd       

…   …   …   …   …   …   …   …       

n o   a' no 1   a' no 2   …   a' no d   a' no d+1   …   a' no nd       

   
 

 
no 

o 

od d a' AP 
1 

  
1 AP   2 AP   …   

d AP   1 + d AP   …   
nd AP   
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4. accessibility measures 

Classification 

1. Utility-based measures 
a. Non Behavioral approach: Gravity models 

b. Behavioral approach: Random Utility models 

 Trip-based measure 

 Activity-based measure 
 

2. Opportunity-based measures 
a. Non Behavioral approach: Isochrones models 

b. Behavioral approach: Perceived Opportunity models 

Accessibility Instruments for Planning Practice in Europe 
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1. Utility-based measures 
a. Non Behavioral approach: Gravity models 

b. Behavioral approach: Random Utility models 

 Trip-based measure 

 Activity-based measure 

4. accessibility measures 

Classification 

Net Utility = Utility from activities – Travel Cost 
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4. accessibility measures 

Utility-based measures 

Gravity models (Hansen, 1959; Huff, 1963; Wilson, 1971; Geertman et al., 1995) 
 

Zonal accessibility is proportional to the opportunities (number of 
activities, users, etc.) located in “d”, and inverse proportional to the 
cost attribute, as a function of the physical separation between 
zones 

 od

n

d

do cfKAA 
1



where: 

-  Kd   is a measure of the activities and services located in the destination zone “d” 

-     is a model parameter (to be calibrated) 

-  f(cod)  is the impedance function that quantify the disutility of the travel,  

   e.g. f(cod) = cod
-, where α is a model parameter (to be calibrated) 

 od

n

d

do cKAA 


2

1

exp1 
e.g. 
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4. accessibility measures 

Utility-based measures 

 

 







n

d

modd

odmd

tK

tK
odm

1'

'2'

2

exp

exp
)Pr(

1

1









β1 β2 

1.5 -2 

Model specification 

Gravity models 
 

Example of active accessibility levels towards commercial activities, with private 
transportation 

where: 

-  Kd   is the number of commercial activities located in the destination zone “d” 

-  tod      is the minimum travel time between “o” and “d” 

 -  1, 2  are model parameters 
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4. accessibility measures 

Gravity models 
Example of active 
accessibility levels 
towards commercial 
activities, with private 
transportation 

Utility-based measures 

Inserire simbolo per: 
origine (viale augusto) 
aree commerciali 
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4. accessibility measures 

Utility-based measures 

Random Utility models: Trip-based measure 
(Ben-Akiva and Lerman, 1985; Cascetta 2009) 
 

Zonal accessibility is proportional to the utility obtained from the 
choice of carrying out an activity in the different territorial areas 
 

 Expected utility for a subject located in “o”, carrying out an 
activity (active accessibility) 

 Expected utility of carrying out an activity in “d” (passive 
accessibility) 

Destination-Mode Choice models to derive accessibility measures 
 

The HP is to assume the user to behave rational; that is, given the 
needs of making a travel choice and the complete set of the 
available alternatives, he/she will select the destination that 
maximizes his/her perceived utility 
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Utility Ui perceived by the user class i, located in o, and  with the 
selected choice sequence (x, o, d, m, k), is expressed by:  

where j(i) stands for the travel sequence (x, o, d, m, k) chosen by 
the user category i 

Utility-based measures 

Random Utility models: Trip-based measure 

4. accessibility measures 

  i

xodmkij

i

xodmk

i

ij

i

ikjk

i

j XVXU  ++ )()()(

are the attributes of the systematic utility )(ijX
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Perceived utility Ui is a random variable and the user chooses the 
alternative that maximizes its value. 
 

The adopted measure of effectiveness is the mean surplus 
expected by decisors belonging to the same user category. 
 

Such value can be calculated as the expectation (mean) of the 
perceived net utility (surplus) for the chosen alternative (i.e. the 
one that maximizes its perceived utility)  EMPU = s (o, i) 

Utility-based measures 

Random Utility models: Trip-based measure 

4. accessibility measures 

  ]max[, i

xodmk
xodmk

UEios 
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The EMPU depends on: 
 
 Measures of Attractiveness (e.g. density of activities located 

in “d”, etc.) 

 Socio-economic attributes of the commuter (e.g. driving 
license availability, PT availability, etc.) 

 LOS attributes of the transportation system and mode choice 
(travel times, costs, etc.) 

Utility-based measures 

Random Utility models: Trip-based measure 

4. accessibility measures 
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4. accessibility measures 

Utility-based measures 

Random Utility models: Trip-based measure 
 

Example of active accessibility levels towards commercial activities, with private 
transportation 

 

 





++























odm

odmo

dodmdodm

n

d

mod

odm

VAA

SEtKV

V

V

odm

expln

ln

exp

exp

)Pr(

4321

1'

'







Model specification 

β1 β2 β3 β4 

1 2 -0.25 3 

where: 

-  SEd  is a proxy of the dominance of 
the activities located in “d” 
(boolean) 
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4. accessibility measures 

Random Utility models 
Trip-based measure 
Example of active 
accessibility levels 
towards commercial 
activities, with private 
transportation 

Utility-based measures 
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4. accessibility measures 

Utility-based measures 

Random Utility models: Activity-based measure 
(Ben-Akiva and Lerman, 1985; Ben-Akiva et al., 1996; Ben-Akiva and Bowman, 1998) 
 

Zonal accessibility incorporates the impact of trip chaining and 
scheduling of activities. It differs from the traditional utility-based 
measures, which focus on a particular trip purpose without trip 
chaining (i.e. activity pattern) and without considering the time 
dimension. 
 

It is derived from the Day Activity Schedule (DAS) model system 
which is an activity-based travel demand model system. Rather than 
modeling each trip separately or as a part of a tour, the DAS models 
the whole day’s schedule of multiple activities and trips taken by an 
individual. 
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4. accessibility measures 

Utility-based measures 

Random Utility models: Activity-based measure 
 

The Activity-Based Accessibility (ABA) measure is defined as the 
expected (mean) value of an individual’s maximum utility among 
the available activity schedules, given his/her residential location: 
 

 it reflects the outcome of travel and activity scheduling 
 it captures the relative attractiveness of various alternatives for 

activity participation, trip combination, travel model and 
timing 

 it reflects not only the nature of land-use and properties of the 
transportation system, but also the socio-economic 
characteristics of individuals 
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4. accessibility measures 

Classification 

1. Utility-based measures 
a. Non Behavioral approach: Gravity models 

b. Behavioral approach: Random Utility models 

 Trip-based measure 

 Activity-based measure 
 

2. Opportunity-based measures 
a. Non Behavioral approach: Isochrones models 

b. Behavioral approach: Perceived Opportunity models 
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4. accessibility measures 

Opportunity-based measures 

Isochrones models (Wachs and Kumagai, 1973; Vickerman, 1974) 

Integral zonal (origin or destination) accessibility is the total number 
of opportunities (activities or users) located in zones that can be 
reached within a selected temporal threshold 





n

d

dodo KWAA
1





n

o

oodd PWAP
1

Opportunities = Activities 

Opportunities = Users 

 transportation system is a constraint w. r. t. the accessibility 
 

 temporal threshold must be estimated based on the perceived opportunities (e.g. a 
cinema located 120 minutes away is not perceived as a potential choice alternative) 
 

 different temporal thresholds for different activities (e.g. distribution of the maximum 
available budget of a commuter to reach work site)  
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4. accessibility measures 

Opportunity-based measures 

Isochrones models: How to set time thresholds  

 Function of the activities/potential users (i.e. active/passive 
accessibility) and of the maximum time/cost to access them (e.g. 
30’, 60’, 90’, 120’) for each transport mode 
 

 Different threshold for different types of activity 

)( odd tfW  model 

reality 

f 

tod 
tMax 

1 

0 









max

max

0

1
)(

tt      se

tt      se
tf

od

od

od
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4. accessibility measures 

Opportunity-based measures 

Isochrones models 
Passive accessibility for the localization choice of the logistic platform for the 
distribution. Isochrones are related to TT thresholds of 30’, 60’, 90’, 120’ and >120’, 
for LDVs 

Opportunities located 
in the red and yellow 
colored areas are not 
perceived as available 

LDV 
Time [min] 
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4. accessibility measures 

Opportunity-based measures 

Isochrones models 
Passive accessibility for the localization choice of the logistic platform for the 
distribution. Isochrones are related to TT thresholds of 30’, 60’, 90’, 120’ and >120’, 
for LDVs 

Isochrones   

(min)   

Casoria     Battipaglia   
Industry farms and commercial activities     

[0 - 30[   16.220   6.397   

[30 - 60[   63.605   42.635   

[60 - 90[   42.904   86.979   

[90 - 120[   28.417   22.823   

> 120   13.551   5.863   

  

Industry farms and commercial activities 

Number of perceived opportunities as a function of time thresholds 
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4. accessibility measures 

Opportunity-based measures 

Isochrones models 
City of Berlin: isochrones of 30’, 60’, 90’ and 120’ related to rail mode 
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4. accessibility measures 

Opportunity-based measures 

Isochrones models 
City of Berlin: isochrones of 30’, 60’, 90’ and 120’ related to road mode 
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4. accessibility measures 

Opportunity-based measures 

Isochrones models 
 

Example of active accessibility levels towards commercial activities, with private 
transportation 


























min 20t        se5

min 20t min 15        se4

min 15t min 10        se3

min 10t min 5        se

min 5t         se

Class

od

od

od

od

od

2

1

Model specification 
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4. accessibility measures 

Isochrones models 
Example of active 
accessibility levels 
towards commercial 
activities, with private 
transportation 

Opportunity-based measures 
INVERTIRE 
SCALA 
COLORI 
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4. accessibility measures 

Opportunity-based measures 

Perceived-Opportunity models 

Integral zonal (origin or destination) accessibility is equal to: 
 

 the average number of spatial distributed activities that are 
perceived as available by a user located in “o” (origin accessibility) 

 

 
 
 
 

 the average number of spatial distributed users  that perceive the 
activity located in “d” as available (destination accessibility) 

))(()/(
11

 oChoiceSetd pKodpKAA
n

d

d

n

d

do  


))((
1

 oChoiceSetd pPAP
n

o

od 


Accessibility Instruments for Planning Practice in Europe 
COST Action TU1002 – Summer Training School 2012 

Naples, June 20th, 2012 

4. accessibility measures 

Opportunity-based measures 
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Perceived-Opportunity models 
 

Example of active accessibility levels towards commercial activities, with private 
transportation 
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Gravity model 

Random Utility model 
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Comparison between Opportunity-based measures 
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