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Abstract— The aim of this paper is to present the status of the Open Data Framework (ODF) around the world, describe 
various trends and demonstrate why ODF is important to the infrastructure of smart cities and, in particular, how a GDL Smart 
City should define a proper model. In the first part, this work discusses smart cities and the definition of Open Data, showing the 
most common standards used to build an infrastructure for data analysis. In the following part, we present a general overview of 
the World Bank and the different open data initiatives worldwide (including Europe, Africa, Asia, Oceania, America, and Latin 
America), concluding with a comment about Mexico and, more specifically, the Guadalajara Smart City.  

Index Terms— Open data, Smart Cities, Open Data Framework. 
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1 INTRODUCTION
HIS document has the goal of introducing the concept 
of Open Data Framework (ODF) worldwide, in rela-

tion to the context of Smart Cities, Standards, Tools and 
Methodology. In order to understand the meaning of 
ODF, its basic concepts and its principles, we provide 
some examples that may help in understanding its usage. 
We include a review of different continent context levels 
from a government perspective to then enable the analy-
sis of ODF in America, starting in North America with the 
US and then on through Latin America to focus on Mexi-
co, and then present the Guadalajara ODF initiative for 
Smart Cities. 

2 CONTEXT   
 
2.1 Smart Cities  

 
Cities everywhere are flourishing because new technolo-
gies make them even more valuable and effective as face-
to-face gathering places. 
Sensors, software, digital networks, and remote controls 
will automate the things we now operate manually. 
Where there is now a waste of resources in the city, there 

will be opportunities to achieve efficiency. Where there is 
volatility and risk, there will be predictions and early 
warnings for better quality of life [1]. 
Due to the novelty of the paradigm, it is hard to articulate 
a unique definition for the “Smart City” concept because 
there is not a clear understanding of it, although there is a 
quite general understanding of what issues are important 
in such an initiative. A Smart City can be seen as a system 
with livable conditions where development, usage and 
management of available resources are performed in an 
intelligent way in the pursuit of a sustainable environ-
ment; various definitions can be found in [2]. In order to 
achieve a Smart City solution, it is important to identify 
the primordial trends to invest in, which require a deeper 
look to develop sustainable and “optimal” solutions. 
Nevertheless, there is general agreement that the integra-
tion of technology (IT infrastructure) is considered a key 
factor for a smart solution [3]. 
 
“Smarter cities use the possibilities of new technologies, 
such as data collection and modeling and create new 
insights and help decision making for the city” [3]. 
 
 
2.2 Open Data  
 
According to [4], The Open Definition gives full details on 
the requirements for ‘open’ data and content. Open data 
make up the building blocks of open knowledge. Open 
knowledge is what open data become when they are use-
ful, usable and used. Open data have the potential to 
empower citizens, change how government works, and 
improve the delivery of public services while generating 
significant economic value [5]. 
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The key features of openness are the following: 
Availability and access: Data must be available as a 
whole and at no more than a reasonable reproduction 
cost, preferably by downloading over the Internet. The 
data must also be available in a convenient and modifia-
ble form. 
Reuse and redistribution: The data must be provided 
under terms that permit re-usage and redistribution, in-
cluding intermixing with other datasets. The data must be 
machine-readable. 
Universal participation: Everyone must be able to use, 
reuse and redistribute the data; there should be no dis-
crimination against fields of endeavor or against persons 
or groups. For example, ‘non-commercial’ restrictions 
that would prevent ‘commercial’ usage, or restrictions of 
usage for certain purposes (e.g., only for education), are 
not allowed.  
Primacy: Datasets should be primary source data, allow-
ing users to verify that the information was collected 
properly and recorded accurately. 
Machine readability: Data should be available in ma-
chine-friendly formats. 
Timeliness: Information should be released as quickly as 
it is gathered. Real-time info updates would maximize the 
utility the public can obtain from this information [6]. 
Licensing: Data must be “explicitly licensed in a way that 
permits commercial and non-commercial use and re-use 
without restrictions” [7]. 

 3   STANDARDS  
 
The standards have three branches: 1) file structures that 
include JSON, XML and CSV formats; 2) protocols over 
TCP/IP, such as CAP (Common Alert Protocol) simple 
version, RESTFUL (Representational state transfer), 
MQTT and XMPP as machine-to-machine (M2M) "Inter-
net of Things" connectivity protocols; and 3) type of stor-
age criteria as the flow of continuous data and periodic 
subset of data [8]. It is important to note that IEEE is 
working on a standard for IoT architectures (IEEE P2413) 
and has already developed standards for communication 
protocols among IoT sensor/actuator networks (IEEE 
21451). 

 
3.1 Tools and methodology aim to enable the physical 
infrastructure for storage repositories (Big Data or com-
patible), ensure sufficient network bandwidth for the 
access, provide a scalable architecture, and establish mir-
rors or backups of information in private or public data 
clouds. A web portal to provide access to the repository is 
considered in order to manage and support users, securi-
ty, privacy, and the implementation of policies. The 
methodology must include the management and the scale 
of data repositories [8]. 
 
The following are several examples:  
 

• Hive (AL, Apache): Data Warehouse System. 
• Pig (AL, Apache): A platform for analyzing large 

data sets that consists of a high-level language 
for expressing data analysis programs coupled 
with infrastructure for evaluating these pro-
grams. 

• Drill (AL, Apache): A distributed system for in-
teractive analysis of large-scale datasets (inspired 
by Google's Dremel). 

• Ambari (Apache): Aimed at making Hadoop 
management simpler by developing software for 
provisioning, managing, and monitoring Apache 
Hadoop clusters. 

• ZooKeeper (DC): An effort to develop and main-
tain an open-source server that enables highly re-
liable distributed coordination 

• StarCluster (CM, MIT) 
• Mesos (CM, Apache): A cluster manager that 

provides efficient resource isolation and sharing 
across distributed applications or frameworks. It 
can run Hadoop, MPI, Hypertable, Spark, and 
other applications on a dynamically shared pool 
of nodes. 

• Whirr (CM, Apache): A set of libraries for run-
ning cloud services. 

• Helix (CM, LinkedIn): A generic cluster man-
agement framework used for the automatic man-
agement of partitioned, replicated and distribut-
ed resources hosted on a cluster of nodes. 

      In addition to such platform-envisioning flows of 
unstructured information, other proposals will be related 
to NoSQL databases explored by the IEEE Smart Cities 
Metrics Working Group at Guadalajara City. One of the 
most important questions is What is the best infrastruc-
ture to build in Guadalajara?, Guadalajara has an existing 
IEEE Working Group in Open Data Framework, which 
has been working with the Smart Cities Innovation Cen-
ter at CUCEA UDG to investigate this topic. The goal is to 
propose the best model for the GDL Smart City to be 
tested in its Living Lab for Smart Cities in cooperation 
with the Innovation, Science and Technology Ministry of 
the Jalisco State government.   

4   THE STATE OF OPEN DATA 
 
4.1 The World Bank Vision for Open Data 

The World Bank primarily promotes the Open 
Government among governments all over the world, and 
for that to happen, there must be Open Data. In order to 
be open, data must be technically open. This means that 
data should be retrieved and meaningfully processed by a 
computer application. Data must be legally open. This is 
understood as being explicitly licensed in a way that 
permits commercial and non-commercial use and reuse 
without restrictions [7]. There are many benefits from 
opening data, such as economic benefits, improved public 
services and more transparent and accountable 
government [10]. 
 

 The World Bank provides sources that make these 
statements countable. According to McKinsey&Company, 
$3 trillion to $5 trillion a year could be generated in 
additional value in seven sectors as a result of Open Data 
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[5].  

 

 

Nevertheless, investments in technology and expertise are 
required to use the data effectively. Work has to be done 
by governments, companies, and consumers to craft 
policies that protect privacy and intellectual property [5]. 

The usage of open data has a large potential economic 
value, as it increases efficiency and brings new products, 
services and cost savings. As for the consumers, it brings 
convenience and better products as well as new channels 
for feedback in order to improve the quality of goods and 
services. By creating transparency and enabling 
experimentation, it supports or replaces human decision 
making while promoting innovative business models, 
products, and services [5].  
 
4.2 European policies for Open Data to add value 
 
According to [9], The Commission's work in the area of 
Open Data is focused on generating value through re-use 
of a specific type of data: public sector information, 
sometimes also referred to as government data. That is all 
the information that public bodies produce, collect or pay 
for. Examples include geographical information, statistics, 
weather data, data from publicly funded research 
projects, and digitized books from libraries.  
 
They support Open Data for 4 reasons: 
 
• Public data have significant potential for re-use in 

new products and services. 
• Addressing societal challenges: having more data 

openly available will help us discover new and 
innovative solutions. 

• Achieving efficiency gains through sharing data 
inside and between public administrations. 

• Fostering participation of citizens in political and 
social life and increasing the transparency of 
government. 

 

For example, in the United Kingdom, there is an ongoing 
experiment by the Future Cities Catapult named Wherea-
bouts London. Its main objective is to explore how Open 
Data can be used to improve future cities by grouping 
neighborhoods based on their ways of living rather than 
where they live. It operates under an open source license, 
allowing people to access to the information and process 
it for their own particular needs [10]. 
Figure 2 shows an interactive map of London, divided by 
its boroughs, and statistics about the people leaving there, 
including degree level qualifications, average price of 
properties, average age of residents, average reported 
crime rates, and access to green spaces. This is a clear 
example of some of the ideas that come up using Open 
Data and their utility in real life [10]. 
 

4.3 Africa applies Open Data to reduce poverty 
 
The African Development Bank Group (AfDB) is commit-
ted to supporting statistical development in Africa as a 
sound basis for designing and managing effective devel-
opment policies for reducing poverty on the continent. 
Reliable and timely data are critical to setting goals and 
targets as well as evaluating project impact. Reliable data 
constitute the single most convincing way of getting peo-
ple involved in what their leaders and institutions are 
doing. Reliable data also help them to get involved in the 
development process, thus giving them a sense of owner-
ship of the entire process. The AfDB has a large team of 
researchers who focus on the production of statistical 
data on economic and social situations. The data pro-
duced by the institution’s statistics department constitute 
the background information in the Bank’s flagship devel-
opment publications. In addition to its own publication, 

Fig 1. Potential Value in Open Data (McKinsey&Company) 
Fig 2. Interactive London Map (Whereabouts) 
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the AfDB also finances studies in collaboration with its 
partners [11] [12]. 
4.4 Asia is using Open Data as a Knowledge 

Economy Development Strategy 
 
Currently, few governments in the region include Open 
Data in their national Information Communication Tech-
nology (ICT) or economic development strategies. In 
2008, during the OECD Ministerial Meeting in Seoul, the 
opening of public sector information was discussed, as 
was the Future of the Internet Economy. 
 The Seoul Declaration states that the Internet economy 
has become a new source of growth, with the potential to 
boost the entire economy, to foster innovation, 
competitiveness and user participation, and to contribute 
effectively to the prosperity of society as a whole. 
Governments around the world were looking for ways to 
revive the economy after the 2008 financial crisis, and 
opening public sector information was considered a way 
to create value from data that can be freely used, reused 
and distributed by anyone. Since 2010, there have been 
thematic sessions and workshops focusing on public 
sector information and Open Data policy development in 
Asia at international and regional meetings of the Internet 
Governance Forum, with representatives from 
government, academia, business and civil society. At 
these meetings, questions about a more comprehensive 
overview on Open Data developments in Asia came up. 
This study aims to provide an overview of the current 
situation of Open Data policies and practices in North 
and South-East Asia. The countries included are, in 
alphabetical order, Cambodia, Hong Kong, Indonesia, 
Japan, South Korea, Laos, Malaysia, Myanmar, 
Philippines, Singapore, Taiwan, Thailand and Vietnam. 
The selected countries are part of the group categorized 
as “East Asia and the Pacific” in the widely used 
Knowledge Economy Index of the World Bank [13]. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 3. Open Data Readiness Dimensions (World Bank) 
  
4.5 Oceania improving e-Government with Open 

Data 
 

In this part of the world, Australia has important sta-
tus because the Government Initiatives are interesting; for 
example, they have some programs for building infra-
structures to analyze topics and to show important met-

rics. The website data.gov.au was created and is main-
tained by the Department of Finance, but the data sets 
have been created and provided by different government 
agencies, so the quality or timeliness of the data sets is not 
guaranteed. The site receives feedback to correct any 
problems identified, related to either functionality or data 
availability [14]. 

 
 
4.6 North America and U.S. Cities using Open Data 

as a resource for innovation  
 
Chicago: Fostering civic hackers 
This city generates interest in its Open Data by focusing 
time and attention on its civic hackers, the developers, 
analysts, and business people who mine public data for 
solutions to persistent problems and new services they 
can offer. Chicago has the most committed civic hacker com-
munities in the world. Constant support of and investment 
in developers have led to partnerships and the develop-
ment of businesses that contribute to the economy using 
Open Data [15]. 
In 2010, the city’s portal came to life, and in 2012, Mayor 
Emanuel signed an Executive Order stating that every 
city agency had to contribute data to it. This portal offers 
nearly 600 datasets that are constantly updated. For ex-
ample, the traffic dataset is refreshed every 10 minutes 
using the GPS data from its city buses. 
The most interesting part of this portal is that between 
November 2012 and November 2013, data downloads 
from the Chicago open data portal grew nearly 200%. 
Usage means participation and innovation [15]. 
According to Tom Schenk, the City of Chicago Director of 
Analytics and Performance Management, “by giving 
developers longer histories of data and more frequent 
updates, the ability to see patterns and offer useful ser-
vices is increased” [15]. 
 
New Orleans: Understanding Social Dynamics  
 
For the five consecutive years between 2008 and 2012, the 
city had the highest murder rate of all cities in the coun-
try. In 2011, the murder rate was nearly 20% higher than 
that of the second highest city.  
Intense analysis of data helped the Bloomberg Philan-
thropies Innovation Delivery Team to understand the 
situation and put in place some creative solutions that led 
to a 19% drop in murders by 2013. This was the lowest 
annual total since 1985 and the lowest rate since 1999 [16]. 
 
New York City: focused on mobility and workforce innova-
tion 
 
The last decade has seen an increasing realization among 
economists and policymakers that innovation has become 
the central economic growth driver and a key to im-
proved standards of living [16]. In 2011, with Mayor Mi-
chael R. Bloomberg, the first Digital Roadmap was intro-
duced with the goal of making this city the number one 
digital city in the U.S., in both the private and public sec-
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tors [17]. 
According to NYC Digital, potential projects include develop-
ing new databases, web and mobile applications, and emergen-
cy-related informational maps using city data, analysis of im-
pacted populations, and data sharing with other governments or 
utilities [18]. The foundation of a digital city is the connectivity 
of its people, and that is the reason why the first goal was to 
connect New Yorkers. By 2013, 99% of New Yorkers had resi-
dential access to high-speed broadband [17].  
In addition to promoting Hackathons focusing on developing 
apps that improved job and economic mobility, lifelong learn-
ing, healthy living and sustainability for city residents, a linking 
of volunteer technologists with lifesaving digital projects came 
to life. Code Corps is the teamwork between the public and 
private sectors during emergency situations such as hurricanes 
and blizzards. One example application is the availability of 
accurate, actionable Open Data, such as evacuation zone maps 
and shelters. Entities such as Google, The New York Times and 
WNYC.org have collaborated [17]. 
As for the technology sector, NYC has increased considerably 
their investments and workforce, as shown in Fig. 4 
 

 
 

Fig 4. 2013 Roadmap (New York City’s Digital Leadership) 
 
 
4.7 Latin America using ODF as a tool for 

researchers 
 

Based on this premise, the Open Data for Development 
in Latin America and the Caribbean project has been im-
plemented in partnership with W3C Brazil and the Euro-
pean Commission for Latin America and the Caribbean 
(ECLAC), within the scope of the Observatory for the 
Information Society in Latin America and the Caribbean 
(OSILAC) and the International Development and Re-
search Center of Canada (IDRC). 

 
Open Data for the Development of Public Policies in 

Latin America and the Caribbean (OD4D) has 6 specific 
objectives: 

 
To map out the main initiatives in Latin America and the 
Caribbean for structured economic, social and environ-

mental data sharing and to design a methodological 
framework to examine the relationship between opening 
data and the quality of public policies. 
To study and discuss alternative strategies to foster tech-
nical training in governmental agencies and observatories 
in the region, thus implementing open data repositories 
for the design, monitoring and assessment of public poli-
cies. 
 
To support research networks in Latin America and the 
Caribbean in producing new information and creating 
innovative applications and services based on Open Data. 
To examine the relationship between more inclusive eco-
nomic development and the opening of data in key eco-
nomic segments. 
To raise awareness among the community of public poli-
cy makers, public servants and researchers of the poten-
tial of Open Data and appropriate strategies for its suc-
cessful implementation. 
To assess the potential of Open Data strategies in the 
design and implementation of public policies aimed at 
promoting economic development and social inclusion in 
Latin American countries and in the Caribbean. [19] 
  
4.8 Mexico is starting to define an ODF model 
 

The Open Data initiative has been built in an open and 
collaborative manner, in the same way that datos.gob.mx 
is a place for everyone. On this open source site, a forum 
has been created to receive proposals for how to continu-
ously improve. Some areas of work in the country include 
the following: 

 
• Maternal mortality. 
• Registration IMSS (Social Security) insured. 
• Poverty and social backwardness. 
• Floods and registration during and after hurri-

canes. 
• Emergency response in natural disasters. 
• Encouraging Parents' Engagement in Public Edu-

cation Reform. 
 

4.8.1 Guadalajara is looking to test an ODF ap-
proach in their Living Labs network 

 
According to [8], the goals of the Open Data Framework 
are to provide an open data platform, enabling people to 
build on Open Data from Guadalajara living labs. Such 
data sources must have national legislation regarding 
freedom of information, with standard reporting proto-
cols. The creation of incentives for the Open Data Frame-
work is needed in order to promote the data sharing for 
goods between business and citizens and to promote 
collaboration among universities, government, and indus-
try. The framework of the Guadalajara Smart City Metrics 
resides over components that proceed from different 
layers, based on standards, tools, methodologies and 
stakeholders. These will be integrated into the context of 
local collaboration in working groups 
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5 CONCLUDING REMARKS AND PERSPECTIVES 
New technologies are emerging and playing a fundamen-
tal role in the building of Smart Cities. While we have 
learned about the usage of the Open Data Framework 
among continents and initiatives for keeping the freedom 
of information in Mexico, we found ODF to be the fun-
damental basis for Guadalajara’s Smart City initiative.  
  
   The majority of this paper focuses on what is happening 
around the world with ODF and how communities are 
building their infrastructures to display the existing met-
rics, keeping in mind that such infrastructures may vary 
according to the specific needs of their users as well as the 
technical analysis of the same data. 

 
Therefore, the Smart City initiative in the city of 

Gudalajara provides an opportunity to study different 
areas (Mobility, Health, Government, etc.) that provide 
information, and these are fed back by specialists to allow 
for better final decisions that bring improvements in dif-
ferent sectors. 
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