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Abstract 
In today’s era of globalization, sustainable mobility is considered as a key factor in the economic growth 

of any country. With the emergence of open data initiatives, there is tremendous potential 

to improve mobility. This paper presents findings of a detailed analysis of mobility open data initiatives 

in nine smart cities – Amsterdam, Barcelona, Chicago, Dublin, Helsinki, London, Manchester, 

New York and San Francisco. The paper discusses the study of various sustainable indicators in the 

mobility domain and its convergence with present open datasets. Specifically, it throws light on 

open data ecosystems in terms of their production and consumption. It gives a comprehensive view of the 

nature of mobility open data with respect to their formats, interactivity, and availability. The paper 

details the open datasets in terms of their alignment with different mobility indicators, publishing 

platforms, applications and API’s available. The paper discusses how these open datasets have 

shown signs of fostering organic innovation and sustainable growth in smart cities with impact on 

mobility trends. The results of the work can be used to inform the design of data driven 

sustainable mobility in smart cities to maximize the utilization of available open data resources.  

Keywords: Sustainable Mobility, Smart Cities, Data Ecosystem, Open Data. 

1 Introduction 
With growing world population and urban centers as the foci of economic activities, the rate 

of urban growth is expected to increase rapidly. Urban conglomerates have become the major sink 

for socio-economic activities. Complex interactions between the urban growth phenomena, 

environment, economic development, and human society at large result in many negative 

effects such as environmental degradation, traffic congestion, etc.  In a report on world 

urbanization, the United Nations (UN, 2014) predicted that 66 percent of the world’s population 

will live in urban areas in 2050. In 1987, the Brundtland commission coined the term Sustainable 

Development (Brundtland et al., 1987) to describe development which meets the present need 

without compromising future generation needs. Thus in the longer term, its vision is to create a 

highly self-sufficient, cohesive, inclusive and just society by harmonizing various social, 

economic, environmental, and cultural aspects. 
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sTable 2. Mobility open data initiatives in nine smart cities with datasets statistics 

3.3 Analysis 
The study followed the mixed strategy of a content analysis approach (Hsieh & Shannon, 2005; White & 

Marsh, 2006) as described in (Ojo et al., 2015). It followed a conventional and direct approach of content 

analysis to analyze the web pages, documents, datasets etc. In the conventional content analysis, all the 

coding categories which look relevant are derived directly from the source, while in the directed approach 

we need to find out the codes which are already present and well established in the theory and literature. 

We tried to align the coding categories as per the Smart City Initiative Design (SCID) framework (Ojo et 

al., 2014) which focuses on various core questions like: aim, potential impact, key enablers, stakeholders, 

and domains affected by the initiatives.  

Using the directed approach, we classified the mobility data under four mobility target dimensions i.e. 

Global Environment(G), Quality of Life(Q), Economic Success(E), and Mobility System(M) as discussed 

in Section 2.2. The conventional content analysis approach was used to discover the various keywords and 

codes from the data. These codes were later consolidated as categories and indicators (sub codes) under 

the target dimensions. Similarly, various sets of technical questions on the nature of mobility data were 

evaluated which is shown in Table 3. 

4 Findings: Open Mobility Data 
In this section, the results of the study are presented. Section 4.1 focuses on the nature of mobility datasets 

produced by the different cities, Section 4.2 focuses on how these datasets are consumed by different 

stakeholders inside the city. Section 4.3 discusses the expected impacts on the mobility domain. 
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Critical Set of  Questions to Evaluate 

Mobility Open Datasets 

Approach Nature 

Q.1 What are the types of open mobility

data that are available?

Create Taxonomy for Mobility Domain 

as per datasets released as open data. 

Production Q.2 What are the characteristics of the

data (format, batch, real-time,

license, etc.)? 

Classifying dataset as per their format 

Q.3 What end-user applications have

been developing using the data?

Classify applications developed using 

the data for end-users 

Consumption 

Q.4 What API’s are available to support

app developers?
Classify API support 

Q.5 What Open Data Portal technology

was used?
Identify portal platform. 

Table 3. Approach to evaluate mobility open datasets 

4.1 Availability 
Most of the mobility data was present under the transportation section of portals but other sections like 

environment, health, and tourism were also taken into account. As shown in Table 4, we have classified 

data into 7 major dataset categories with specific indicators related to them. We also map each dataset 

categories to the defined 4 target dimensions: Global Environment(G), Quality of Life(Q), Economic 

Success(E), and Mobility System(M). Since the dimensions are parent categories, it is possible that one or 

more dimension represent the same category. The mobility taxonomy was created by combining open 

datasets tags with well-established mobility keywords already present in the literature. The categories are 

as follows: 

 Modes of Transport: There were nearly 448 datasets covering the major transport modes like bus,

railways, ferries, flights, cycles, etc., and associated aspects like schedules, arrival, departures, delays,

timetables, stations, and stop points. All the cities have significant datasets in bus, car, rail and cycles

with New York (38) leading in bus datasets, Helsinki (29) and London (25) leading in rail datasets.

 Accidents: This category focuses on major quality of life (Q) aspects including deaths, injuries,

crashes, safety, penalties, offenses, etc. Overall nearly 68 datasets belong to this category in which

London (21) was on top.

 Traffic: It consists of all the information related to traffic (M, Q) including signals, congestion,

cameras, counts, rising volumes, jams etc. There were a total of 131 datasets with Dublin (24) and San

Francisco (22)  ranking among the top.

 Services: This category covers all the 4 mobility dimensions with services including sharing, pooling,

maintenance, notices, and requests offered to the citizens. There were nearly 326 datasets in which

Chicago (110) and New York (103) were on top.

 Sustainability: Nearly 140 datasets covering all the environmental dimensions (G) like carbon

emission, noise hindrance, greenhouse gasses, impact on health, energy, and alternative fuels. Chicago

(51), London (27) and Helsinki (25) have significant datasets.

 Tourism: 185 datasets cover aspects like events, culture, heritage, travel, wayfinding, and leisure.
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Table 4.  Comprehensive view of available open mobility datasets in nine smart cities 

Dataset 

Categories 

Indicators Target 

Dimensions 

Number of Dataset Available in each Smart City 

Mode of 

Transport 

Bus/Trucks M 

Car/Taxi M 

Cycles/Bikes M 

Metro/Rail/Tubes/Trams M 

Boat/Ships/Ferry/ Fleets M 

Flights M 

Accident 

Casualties/Injuries Q 

Safety Q 

Penalties/Offenses M,Q 

Traffic 

Count /Volumes M,Q 

Signals/Speed Bumps M 

Traffic Information: 

Schedule/Current 

Situation/Warning/Camera 

Q,M 

Services 

Road Work/Maintenance E,Q 

Requests Q 

Signs M 

Timetables M 

Permits/Licenses E 

Meter/Freight E 

Bike/Car Sharing E,M,G 

Sustainability 

Environment G 

Health G 

Energy Consumption G 

Tourism 

Events M 

Culture/Heritage/ Leisure M 

Visitors M 

Travel/ Wayfinding Q,M 

Infrastructure 

Parking/ Garages/ 

Loading/Unloading 

M,Q 

Fuel Stations/Charging 

Points/ Bike Shops 

E,M,Q,G 

Entry/Exits/Stops M 

Routes/Bridges/Pavements

/Lanes/Subways 

E,M 
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Nearly all the cities have abundant datasets as shown in the graph. 

 Infrastructure: Dealing with all spatial characterization like public space usage, roads, stops, stations,

charging points, bridges, lanes, etc. This category has nearly 429 datasets present with Chicago and

New York having about 100 datasets each.

From a data quality perspective, it is difficult to determine the completeness of datasets within each 

category or indicator. Typically there are multiple datasets which cater to various applications. There is no 

metric that quantifies completeness of these data in terms of their coverage, but this is an important future 

work direction to follow. 

4.2 Characteristics 
On the basis of the nature of ‘How data changes’, we have classified the datasets into two categories: 

static and dynamic. As shown in Table 5, the dynamic data is further classified into realtime, daily,weekly, 

monthly and quarterly.   

Nature and characteristics of 

dataset 

Static 

Static data refers to data which 

changes very rarely like bus/tram 

stop locations, gas stations, routes 

information, parking facilities, 

environmental regulation etc. The 

update frequency of these datasets is 

half yearly, yearly or more. 

Dynamic 
Updated frequently like monthly or 

daily traffic volumes, carbon 

emissions, traffic incident notices etc. 

The update frequency of these data 

ranges from realtime, daily, weekly, 

monthly to quarterly.  

Realtime data is updated constantly 

at an update frequency from minutes 

to seconds like the locations of buses 

or trains, and their arrivals. These 

datasets were available in fewer 

numbers, as they require significant 

effort to establish robust technical 

platforms to stream real-time data 

Table 5. Classification of mobility datasets as per their nature of change in nine smart cities 
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It is of quite importance to understand the nature of datasets i.e. in what formats are they available and 

how easy it is for different stakeholders like developers and citizens to interact with them.  Table 6 shows 

that the data formats have been classified under three categories: 1) Documents, 2) Machine Readable 

Data, and 3) Developer Friendly Format. When these formats (Figure 2(a)) are consolidated under the 

three categories, it was quite interesting to see that all the cities have developer-friendly data formats 

(Figure 2(b)). It’s a positive sign that a sufficient effort has been made to make the data developer friendly 

so that different users can use it more. This can facilitate application development as well as automatic 

data search, query, and enrichment (Hasan et.al 2013). 

Dataset 

Interactivity 
Description Dataset Formats 

Documents 

The specific aim of these datasets is to provide general 

information and are thus the least developer friendly. The cost 

of effort to visualize and use them is significant. 

Zip/Tar,Pdf/Txt/Doc/p

pt, Image, Bin 

Machine 

Readable Data 

These datasets are somewhat developer friendly. Some effort is 

required to deploy and visualize them in applications. 

Tabular(xlsx),Csv/Tsv, 

Json, Html,Xml 

Developer 

Friendly Format 

Highly developer friendly data in which a minimum or no effort 

is required to use them. 

Geojson, Api’s/Odata, 

Wms/Wfs,Kml/Kmz, 

Rdf,Shape/Sbn/Sbx 

  Table 6. Categorization of various open mobility datasets as per developer interactivity 

A key question arises on the usage policies and licenses under which these data were made public. The 

license category of all nine smart cities are as follows 1) Helsinki: Creative Common Attribute (CCA) 4.0, 

2) Manchester: Open Government License (OGL), 3) New York: Public, 4) Barcelona: CCA 3.0, 5)

Amsterdam: CCA, 6) Chicago: NA, 7) London: UK OGL v2, 8) San Francisco: CCA 3.0, 9) Dublin: CCA

4.0. One of the main aims of open data is enhanced access. Releasing open data may lead to  security and

privacy breaches leaking various personal and other identifiable information. There are various mobility

datasets ((HRI, 2017),  (OpenData, 2017)) which have sensitive information, where user profiling can be

done by combining it with other social media data for instance. There is no description whether Privacy

Impact Assessment (ICO., 2014) and Anonymisation Code of Practises (ICO.) have been performed on

these datasets or not, before releasing them.

Figure 2(a). No. of dataset formats in nine smart 

cities   
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Figure 2(b). Comparison of dataset formats in 

terms of developer interactivity 
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Application 

Categories 
Indicators Famous Applications 

No. of Applications in different technical 

platforms 

Timetable 

/Schedule 

Status updates like arrival 

and departure of bus, train, 

metro etc. 

URBANSTEPBARCELONA,
Transporter, Bussinavi, Mcr 

Metro, Dösä Tracker, Nyssa, 

NextStop NYC, Roadify. 

Traffic 

Conditions/Situations, 

Congestion, Traffic and 

Live Cameras, Real Time 

Traffic Visualization 

TRÀNSIT, NYC Way, DOT 

Data Feeds, Park Shark, 

Chicago Traffic Tracker 

Routes 

Route Search, Convenient 

Ways, Multimodal route 

combination, Fastest and 

Cheapest Mode, Route 

Suggestions, Fares, 

Proximity route suggestion 

CITYMAPPER, Transporter, 

Spot in Helsinki, CTA apps 

TransitChatter, Offline Bike 

Maps, Hit the Road 

Parking 

Prices and Free Parking, 

Availability and 

Occupancy, Advance 

Booking, Book using credit 

and Debit card, Winter 

Parking Places 

WAZYPARK , AreaDUM, Best 

Parking, NYC Way, Park Shark, 

SpotHero, Chicago Winter 

Parking, FasPark Chicago, 

Park.it Lite, Parkola,SFpark 

Parking App, Dublin Parking, 

Park Ya 

Tourism 

Trip/Journey Planner, 

Events, Locate Places, 

Places of Attraction, 

Visualization by mixing 

various layers of data 

Spot in Helsinki, TripGo, 

OpenTravelTime, NYC Way,  

Events Calendar, Setting Alert, 

Dublin Bus 

Infrastructure 

/Services  

Sidewalks, Bus/Bike 

Stations, Fuel Locations, 

Tow away zones, 

Streetlight Repairs, Street 

Signs, Stop points, 

Sharing/Pooling, Requests, 

Alerts, Advisories, Social 

Media feeds 

URBANSTEPBARCELONA, 

Alternative Fuel Locations API, 

Roadify, Setting Alert, Sweep 

Around, Map Alerter, Helsinki 

Bikes, Tube map, Transit-

BayiBartNow 

Sustainability Energy Consumption, Road 

Noise Levels, Air Quality, 

Cycling Routes, Electric 

Charging Points, 

Walkability, Environmental 

Permits, Opportunities of 

Solar and Wind Energy 

map, Health 

Energy Atlas, Adopt A 

Sidewalk, Walkonomics, Walk 

Dublin, Setting Alert, Road 

noise levels in Helsinki 

Table 7. Classification of applications available in selected smart cities as mobility indicators and 

platforms 
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