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Introduction

“Information Economy” is a loosely defined term signaling the evolution of the resource-based Industrial Economy into an economy based heavily on the collection, creation, communication, and analysis of information.  This is process that has been underway in developed economies since the mid-21st century and that has accelerated strongly with the advent and proliferation of digital systems such as computers, data networks, and mobile devices.  Such an economy is thus characterized by many flows of information over information networks that are mediated today by digital systems.

The term “Urban Information Economy” thus indicates the growing use of information in the management of municipal services and infrastructure.  It is characterized by the many flows of information both in the administration of Urban Systems [1] and in the related dialogues among the administrators of these systems, between the administrators and the citizens, and among the citizens.  By Urban Systems the author means the collection of infrastructure and services provided by the city to support the lives and economy of its citizens, which are increasingly managed and operated via digital systems.  The types of information of concern here are not related to back-office administration, to social services, or to personal social media, but rather concern the way that the Urban Systems – the infrastructure and services of the city - are working.

The creation and exchange of information have always been one of the implicit – and now explicit - motivations for developing cities.  Whether for markets, for long-distance trading and travel, for the development of religious or secular knowledge, or for arts and entertainment, urban populations are more connected and hence more fertile than the same number of people living on the land [2].  Cities also brought the first need to master the arts of managing complex infrastructure systems, particularly for the provision of water [3].  Yet it was only in the late 20th century that we began to make explicit the role that the flow of information – the Information Economy - plays in how we live our lives and how we manage complex organizations.  The consideration of Urban Information Economies is even more recent and emerges in part from current interests in intelligent and sustainable cities and intelligent systems in general [4].

Indeed information networks – with or without digital systems - are one of the basic reasons for the existence of city:  to enable the sharing of information among the inhabitants so that they may build one each other’s knowledge.  This is the same principle that enables colonies of millions of termites to federate their tiny intelligences and thereby create such amazing nests.  Information networks are thus a basic element of life in a city.  Historically much of this information was hidden and circulated only among small, spatially- or socially-limited groups of people or within the silos of the municipal agencies.  It was in forms – hand-written documents, speech - that did not easily permit wider transmission, integration with other information, or mathematical analysis.

Today a great deal of information is available in digital form that does enable easy transmission, integration, and analysis.  So now we can begin to ask about the instantaneous needs of individual inhabitants and the problems they face in exploiting the city's services.  Equally we can ask questions about the real-time performance of the city's services, their immediate capacities and the operational problems that exist.

The development of Information Science and Information Technology during the late 20th century, beginning with computer systems in the 1950s and evolving into a globally connected platform by 2005, has increased both the volume and the velocity of information flows and the resulting insights.  It has also decreased exponentially the costs of capturing, communicating, and analyzing information.    These developments have thus had a profound impact on the roles of Information Economies in both public and private sectors and yet there are strong divergences between how the two sectors have exploited Information Technology (IT).

This article begins with a short history of the emergence of the Information Economy over the last fifty years in commercial enterprises [5] and the way that these organizations have transformed themselves to leverage the growing power of Information Science and Information Technology.  The article contrasts the transformations adopted by commercial organizations with the much more limited exploitation of IT in municipal organizations and suggests specific features that could be adopted to advantage by municipalities without sacrificing the core principles of municipal administration.  The article goes on to describe the new phenomenon of Open Data [6] as a means not only towards transparency in government, but also towards tapping the innovative capacity of citizens and both civic and commercial organizations.  The article concludes with speculation about the transformative potential of the Urban Information Economy for the future of democracy in cities.

Emergence of the Enterprise Information Economy

Until the Industrial Revolution, the world had developed three principal methods for managing large organizations: the royal court, the ecclesiastical bureaucracy, and the military.  The administration of cities was largely descended from the royal court system that established highly independent fiefdoms that were accountable to the patron and had distinct approaches to the responsibilities and privileges of public services.

In the Industrial Revolution, cottage industries gave way to industrialized work based on the aggregation of large numbers of low-skilled workers in factories.  The factory owners needed methods of managing the flow of work and the employment of thousands of men.  The model adopted was largely based on the military principles of command and control.  Indeed in Britain the Industrial Revolution owed a great deal to the large numbers of non-commissioned officers who were trained during the Napoleonic Wars to interpret the orders of commissioned officers and to manage their execution by the ranks.  The industrial organization was based on this low-level management system combined with a middle-management layer – the equivalent of the military general staff – whose job was to ensure coordination among the various operational departments of the enterprise.  

Other management innovations of the 19th century included the collection of detailed records of production as well as Taylor’s advocacy of the benefits of the division of labor.  The Jacquard automated weaving loom [7] pioneered the abstraction of information by coding the weaving patterns onto punched cards.  This conceptual leap evolved by the early 20th century into mechanized methods of collecting and managing information, notably Hollerith’s punched cards.  These were used for recording attendance, for tracking production and the dispensing of materials and tools, as well as payroll.  The various operational departments of the organization collected this information.

By the middle of the 20th century, mechanical systems were able to perform limited integration, analysis, and reporting of such information in printed forms.  The role of middle management was to share and to consolidate this information across the operational departments to ensure the efficient of operation of the overall organization.  The free flow of operational information, performed by middle management, became recognized as the nervous system for the vital signs of the organization, an Information Network.

Early business computing systems in the 1950s and 1960s essentially replicated these mechanical systems with higher performance [8].  The processing of this information and the generation of reports was greatly enhanced and the scalability of the organization was increased, but the role of middle management was not greatly changed.

At the height of the Industrial Economy in developed nations during the 1920-80s, Management Science emerged to bring new theories and formal methods to production management.  The pressures of World War II lead to new levels of speed and efficiency in industrial production. The availability of detailed production information lead to new quality management techniques such as the Toyota Way [9], Six Sigma [10], Continuous Process Improvement (kaizen) [11], and Just In Time manufacturing [12] methods.  While many of these techniques emerged first in Japan, which was seeking to develop a world-class manufacturing industry in the post-World War II period, they were quickly adopted around the world.

Although the emergence of IT was helpful to these trends in capturing, analyzing and reporting on production data, the trend was basically driven by the recognition that the flow of production information, performed by the middle management layer, was the nervous system for the vital signs the enterprise.  International standards such as ISO 9000 [13] and ISO 14000 [14] were introduced that certified the attainment of levels of organizational competence and the certification of an enterprise to such standards became a competitive differentiator.  The implementation of these competencies was based in part on the application of IT.  The idea of the Information Network of an organization became visible.

Computing also began to automate some of the routine tasks of manual workers, such as bank check processing systems and telephone directory services.  This led to the displacement of large numbers of manual and clerical workers.  It also produced large numbers of information-based jobs, such as numerically controlled tool operators and the programming staffs to support such work.  By 1980, the major impact of IT on organizations had been to automate many of the core tasks with a single operational department and to integrate some of these tasks within the department, but it had not yet had any impact on the structure of the organization.  Middle management still played a vital role in integrating the overall operation of the enterprise.

During the period 1980-1995, however, a more profound impact occurred in which the information produced by several operational departments of an organization could be brought together and analyzed side by side through the application of IT.  This movement, which was eventually realized under the name of Enterprise Resource Planning (ERP) [15], eliminated many of the roles of middle management and displaced large numbers of managers and their staffs.  This lead to a dramatic compression of the management hierarchy and was achieved only over the vigorous opposition of managers whose roles or responsibilities were threatened.

Nonetheless, ERP was widely adopted by 2000 and laid the foundations for the modern enterprise in which operational information is integrated into standardized forms that are widely available across different lines of business and geographic locations.  The free flow of operational information, performed by integrated computing systems, became recognized as the nervous system for the vital signs of the organization.  The intra-enterprise Information Network was now vastly more connected and possessed higher bandwidths and lower latencies.

This evolution is well illustrated by Figure 1, which represents work of Carlotta Perez [in positioning the “Age of Information and Telecommunications” as the latest in a series of economic development cycles going back to the 18th century.  In her 2002 book “Technological Revolutions and Financial Capital” [5], Perez had been studying a phenomenon that has interested economists for many years, which is called “the long cycle.” There is a classic economic pattern in these cycles related to major technological inventions as exemplified by the steam engine.  Such cycles have typically lasted 50 to 70 years.  In the early part of the cycle the technology is unproven and attracts only a small number of early adopters.  This is followed by a very rapid period of growth that leads ultimately to overinvestment in the new industry and finally to a collapse.  Perez identified five major cycles beginning with the Industrial Revolution and continuing to the Age of Information and Telecommunications (see Figure 1).

The Age of Information and Telecommunications appeared to have completed its cycle with the collapse of the Internet bubble around 2000-2001, but Perez has since insisted that this was only the initial phase in the creation of a global information infrastructure and that the exploitation of this platform would continue for some decades.  In Figure 1 this is indicated by a continuing phase, the “Age of Collaboration and Advanced Intelligence”.

The Internet, whose origins go back to 1974, came into public awareness around 1992 and gained strong commercial recognition around 1995.  It displaced many private data networks and became an enabling tool for intra-enterprise integration of geographically dispersed enterprises as well the inter-enterprise integration of suppliers and customers.  The adoption during the 1990s of the Internet Protocol and a growing range of open industry standards for business-to-business and business-to-consumer transactions, exemplified by RosettaNet [16] and organizations such as OASIS [17], resulted in dramatic reductions in the cost of such integration.  RosettaNet enabled simpler ways of connecting the supply chains and faster ways of managing supply and demand in the semiconductor industry.  These lead to transformations of the industry that spread rapidly to other manufacturing industries and subsequently to other core business processes.

Ronald Coase’s 1937 paper on The Nature of the Firm [18] had led to an understanding, among other things, of the role that transaction costs place on the degree of organizational integration adopted by an enterprise.  Thus, as long as the internal transaction cost of a certain task, for example providing stationery for office workers, was below the costs of an external supplier performing this task, the task would remain inside the organization.  The reductions in the costs of internal and external integration produced by the advent of the Internet and open industry standards changed this balance and lead many enterprises to shed non-core tasks.  

While this began with employing a stationery supplier to provide pencils for the employees – and also with turning this into an employee-driven task – it quickly evolved into moving core production tasks to locations or business partners with specific expertise or lower costs.  This trend was an enabler for the globalization of major industries during the 1990 and early 2000s and lead to the current global integration of supply chains or, better expressed, supply networks.

This decomposition of the vertically integrated enterprise, exemplified by the Ford Motor Company [19] in the era of Henry Ford, accelerated the spread of industrialization into emerging economies worldwide, leading to growth in global wealth, and the lifting of many people out of poverty.  It undermined the manufacturing industry in developed regions and industries, leading to higher unemployment for manufacturing workers, but also enabled the production of many innovative, high technology products at prices that were widely affordable in both developed and emerging economies, for example DVD players.

The DVD player has been an example of the acceleration of innovation that emerged in 2nd half of the 20th century.  The DVD player was launched in 1997 with retail prices starting at $1,000, but by 2000 prices had fallen to $100 [20] and in less than 10 years the DVD player had achieved 50% penetration in households [21].  Beside the role that globalized manufacturing played in achieving affordable price points for these players and other devices such as smart mobile telephones, we may suspect that the accelerated flow of information among consumers now also leads to much faster awareness of new products and removes barriers to their adoption.

Thus the Information Economy now contributes directly to the acceleration of innovation, which is a primary driver of economic growth.

In addition to the global integration of business processes, the foundation was laid for the integration of working practices.  It has been a characteristic of Information Technology that each new platform became an enabler for its successor.  Thus the adoption of private email during 1990-1995 led to some 100 million people around the world becoming connected to the Internet.  In turn this created a new set of marketing channels that were exploited via the World-wide Web.  The Web in turn drove demand for broadband connectivity and this enabled the development of streaming services.

The free-flow of information within the organization and among organizations led to management practices shifting from annual planning cycles to “sense and respond” methods [22].  Inventory buffers could be reduced, liberating capital and enabling the organization to be much more agile in response to market changes.  It also removed the need for every function to be present in every geographical region, since centers of expertise could be concentrated in a few places around the world [23].  It was no longer necessary for each country to have its own procurement service, its own marketing team, its own manufacturing site, although there were naturally certain aspects of localization to be respected.  Most of all, perhaps, it enabled the leadership of a global organization to have an integrated view of what was going on in all dimensions of its operations.

These innovations were recognized as major competitive advantages.  Large corporations made investments in such transformational programs, which were expensive and painful to implements, but which, if executed well, brought significant reductions in operating expenses and improvements in the organization’s ability to respond to rapidly evolving markets and to scale to much larger business volumes.

Enterprises were also quick to adopt working methods from other industries.  In the 1960s the First National City Bank, the ancestor of today’s Citigroup, dramatically expanded its business.  The daily volume of checks eventually exceeded the capacity of the bank’s manual clearing process and it flirted with failing to report its asset status to the banking regulator at the end of each business day.  John Reed, later to become chairman of Citibank, hired production line engineers from the Ford Motor Company to raise the threshold of scalability.

Smaller companies also sought to achieve similar benefits by exploiting online platforms such as eBay, salesforce.com and Amazon.  The need for inter-enterprise integration meant that these methods had to be based around open standards and this permitted the rapid replication and propagation of innovations even among competing enterprises.

Beyond the business processes, Information Technology also had a strong impact on the way we work.  E-mail systems go back to the 1970s but enterprise-scale e-mail matured with the Internet, the Simple Mail transfer Protocol, and the later MIME standards.  It provided a crude method for sharing information by passing around documents and other files and evolved into a primary means for communication between the enterprise and its customers.  Programmable Private Branch Exchanges (PBXs) provided an initial platform for allowing multiple parties to join together in conference calls and a wide range of Web services now provide support for on-line sharing of documents.

As Internet innovations such as wide-area email were adopted by enterprises, the Information Economy extended further and further from the core business processes into areas such as online collaboration and social media both within the enterprise and even with the enterprise’s customers and business partners.  

As a result virtual teams drawn from dispersed employees of an enterprise or among groups of enterprises now routinely work together, more or less independently of time zones around the world.  While face-to-face meetings are still preferred for launching teams and for direct conversations with customers, virtual working has largely displaced the need to travel in order to collaborate.  Removing the need and cost of travel has enabled more junior employees to take part in these teams and thus contributed to a process known as “lowering the center of gravity”.  Global collaboration also exposes the participants more widely and more directly to different perspectives with an organization and among a group of organizations.  This new transparency of the organization contributes to the speed of propagation of ideas and hence to the flow of tacit information that in turn leads to be better coordination of activities among a group of participants and strengthens the integration of the real or virtual enterprise.

These trends seem to be leading towards highly decomposed networks of specialized service providers that provide a distributed incubator facility for new ventures and contribute to the speed of bringing new ideas to market.  This is a further indication of the power of an Information Economy to drive innovation and hence growth.

To summarize the emergence of Information Economy in the corporate environment, here are some of the key characteristics:

· Open industry standards to represent, collect, and aggregate information that represents the operation of all departments of the organization and (to some degree) to business partners and customers and protocols to enable inter-departmental and inter-organizational exchanges

· Independent certification of the organization as having achieved levels of competency in modern management practices

· Application of complex analytics to such information to detect quickly insights into customer demand and in the availability of components and resources leading to a “sense-and-respond” approach to end-to-end management of the organization

· Flattening of the organization by eliminating middle-management layers no longer required and increased delegation of decision-making to those closest to supply and demand

· Consolidation of common functions into centers of expertise that are shared across the organization including an integrated channel to the organization’s customers that conceals the operational structure

· Outsourcing of non-core functions such as catering, management of office facilities, and general transportation needs to specialized organizations

· Extension of the organization’s information platform to provide collaborative working methods based on transparent sharing of information

· Reduction of contingency inventory and human resource reserves since these can be shared across the organization and since the organization and its supply network can be more agile in responding to changes in demand

Many forces have combined to effect this transformation of commercial enterprises and national and global economies, but the role of IT in enabling the freer flow of information about the vital signs of the organization has been among the strongest.  It is now widely accepted that the free flow of information is one of the major enablers for effective and responsive management of large organizations.

So why can’t a city government work more like a business?

The author views the built environments of cities as platforms to support the lives and economic activities of their citizens [1].  As these lifestyles and economic activities evolve so the infrastructure and services expected of the city may be expected to evolve.  Thus as the Agricultural Economy was supplanted by the Industrial Economy, cities invested in mass education, sources of energy, and dense residential neighborhoods clustered around factories.  Today as the economic activity of cities in emerging economies shifts to the modern industrial enterprise and the economic activity of cities in developed economies shifts to services, we see leading cities investing in developing their Urban Information Economies, whereas many others continue to invest in traditional infrastructure.

The emergence of the Information Economy and the ensuing economic transformations in commercial enterprises have been largely overlooked by these latter governments.  Such governments are still characterized by silos of agencies that have very limited abilities to exchange information with their peers, duplicated functions, and fragmented and inconsistent ways of interacting with their citizens.  Consider how and whether the characteristics listed above are embraced by municipal governments for the management of the infrastructures they operate and the services they provide.

Open industry standards are well developed for transportation, for electrical energy distribution, and for some aspects of emergency management, but are generally not found in facilities management, water management, or public works.  A hopeful advance in 2010 was the publication of the MISA (Municipal Information Services Agency) Municipal reference Model Version 2 for a wide range of municipal activities [24].  As a result, the inter-agency (c.f. inter-departmental) flow of information resembles the pre-ERP situation in commercial enterprises.

Independent certification of competency is a matter of pride to most enterprises and they are pleased to display the symbols of such certification on their buildings and in their visitor reception spaces.  While one might argue that certification methods for commercial enterprises may not be appropriate for municipal governments, there does not appear to be any enthusiasm for developing more appropriate methods.

Application of complex analytics is often limited in municipal government by a lack of in-house skills, although specialized consultants can provide these off-line.  As a result the timeliness of the insights achieved is poor.  Such analytics are often used primarily for planning purposes rather than operational purposes.  Hence municipal governments are unable to “sense and respond” to rapidly changing patterns of citizens’ needs and the usage that the citizens make of municipal services.  

Flattening of the organization has not been widely practiced, particularly as it applies to the roles of middle management.  Because of the lack of inter-agency integration, such information as does flow still requires mediation by middle management and hence economies have not been achieved.  In addition, lower-level staffs do not have the opportunities available to their commercial counterparts to learn and practice higher-level skills.

Consolidation of common functions is becoming known across groups of smaller municipalities, where intermediate service providers such as the NYCOM  (New York State Conference of Mayors and Municipal Officials) [25] act as intermediaries to larger service providers for procurement, Human Relations, and call-centers.  However inter-agency consolidation in larger municipalities is still an exception, where independent procurement, citizen relations, and case management are the rule.

Outsourcing of non-core functions is relatively common in Europe, where facility and infrastructure management, e.g. street management, are more frequently contracted out to large-scale providers such Ferrovial [26] or Veolia [27] than is common in North America.  This appears odd, given than unions are usually considered to be stronger in Europe than in North America.  These outsourcing contracts are often written as performance contracts in which the service provider commits to achieving annual reductions in both costs and resource consumption.

Collaborative working methods are oddly lacking both in terms of tools and methods for sharing both organizational and operational information.  See a striking example below from the Government of Chile.  Moreover as noted above, lower-level staffs, which often have the most direct knowledge of operational issues, are not engaged in collaborative working as this is still viewed as the prerogative of management.

Reduction of contingency is limited because of the lack of sharing of information and services among agencies and between neighboring municipalities.  Municipalities could benefit not only from shared procurement but also common inventories that would reduce the likelihood of out-of-stock situations.

One would certainly not describe municipal administration as being based on the free flow of operational information and the embrace of modern working practices.  And yet municipal administrators are at least as hard working and intelligent as enterprise managers.  So why does this situation prevail?

To be clear, there are clear and necessary differences between the public and private sectors and this article does not advocate that local government administration adopt the principles of private enterprise.  In many ways, government faces a more difficult set of management challenges in meeting a far wider range of objectives for the delivery of services to a highly heterogeneous public.  The simplicity of the overriding metric of profit and loss brings clarity to enterprise management that public service cannot provide, but enterprise service principles are inappropriate for many services that impinge directly on individual citizens, e.g. social care.

So the question is: Without changing the levels of services that are provided to citizens, how can municipal governments leverage the Urban Information Economy?

Cities have had information networks since their beginnings.  While historically it was difficult to share information across organizational boundaries, today the innovations of the Information Revolution described above make enabling these flows a commonplace.  As the numbers of Internet natives in the workforce grow, they expect to be able to interact with the city government and its services using Internet methods.  This is central to enabling this generation of citizens to benefit from the services and resources of the city and hence to consider the city an attractive place to live.  It is also central to enabling city managers to make the best use of the capacities and resources that are immediately available.  A recurring problem we encounter in the operation of Urban Systems is that decisions made by both providers and consumers are based on information that is minimal, incomplete, or stale.

A common example is the sharing of water among multiple cities within a single water basin [28].  Local city or utility water managers generally have no current information about how much water is available upstream in the system and about how much water their neighbors are drawing from it.  As a result, they will sometimes withdraw too much water, resulting in environmental problems or they will draw less water than they could, resulting in local supply limits or, in exceptional cases, increased risk of flooding.

An example of how information enables the inhabitants to most effectively use the immediately available capacity of the total, multi-modal transportation system comes from IBM’s work with the California Department of Transportation (Caltrans) and the University of California at Berkeley [29] in the San Francisco bay area.  Here inhabitants with smart mobile telephones can subscribe to a service that permits Caltrans to observe their journeys based on the GPS reading from the telephone.  From these observations Caltrans can determine the individual user's common journeys.  When the system sees the user beginning a familiar journey, for example commuting from home to the workplace, it looks at the multi-modal choices available to the traveller and the operational status of each of those systems along the required paths, and then makes a recommendation to the traveller for the optimal way to make this journey at this time.  The traveller thus makes the journey with the minimum delays and disruptions and the transportation systems' loads can be balanced thus improving their utility.

This information-based approach required an investment in integration and analysis that is minute compared to the costs of building, operating, and maintaining the overall transportation system.  The system leverages the citizens’ investments in smart mobile telephones and is able to generate better travel experiences and to make more effective use of the city’s infrastructure and service investments.  Such investments in information-based systems can produce improvements in transportation flow that are larger, more quickly realized, and have lower levels of disruption during implementation than traditional investments in concrete and steel.  

These approaches often begin with sharing information, an activity that faces many obstacles in municipal government.  This Caltrans system could not exist without a bilateral willingness by the transportation managers and the travelers to share information.  There are very good reasons why some information cannot be shared either among the municipal agencies or between the government and the public.  These reasons may be legal, for example police records, or related to data privacy laws.  In the Caltrans example the travelers’ locations could not be used in this way in most jurisdictions without their individual consent.  In this project, the travelers must explicitly opt in to allowing their location information, which can be collected by the mobile telephone service operator or by other means, to be presented to the transportation service managers.

Another obstacle may be that some of the information is in fact not collected by the municipal agencies, but rather by private enterprises.  In the example above the mobile telephone service operator may wish to exploit this information for commercial purposes, such as targeted advertising, and may therefore be unwilling to share it with a government agency. Or various transportation service providers – whether publicly or privately-owned - may consider themselves to be competitors and be unwilling to share information about their operational status.

However, the greatest obstacle to sharing information is a simply lack of willingness on the part of those controlling it.  Sharing information was certainly a problem when Enterprise Resource Planning (ERP) systems were introduced into commercial enterprises, but to a large degree these systems were implemented in an era of “enterprise re-engineering” that overrode the reluctance of managers in different departments.  The enterprise leaders were convinced that substantial financial and operational benefits could be achieved by these projects.  The transformation projects were painful and often expensive as integration methods were still being developed and not a few projects simply failed.  But in general they desired benefits were achieved.  Similar transformations within and among municipal agencies today can benefit from the pain and learning of those commercial enterprise projects.

The collaborative working methods described above in commercial enterprises remain rare in municipal government and yet offer many financial and operational benefits.  For example, the lack of coordination among different agencies or utilities such as water, telecommunications, and transportation familiarly leads to the same street being closed and dug up.  While this is wasteful and inconvenient, such lack of coordination can have fatal consequences in public safety.  To this end, IBM was asked to construct a citywide emergency management operations center for the city of Rio de Janeiro [30] to integrate emergency operations information from some thirty agencies.  Current information technologies make it relatively easy to transform messages from different digital communication systems into a Common Alert Protocol [31] and then distribute the information intelligently to those who need to know. It was thus possible to realize the initial version within six months.

A striking example of the failure to adopt collaborative working practices came during a workshop the author attended in 2010.  We met with members of the Government of Chile who were involved in reconstruction planning following the February 27, 2010 earthquake and tsunami.  Chile is one of the most developed countries in South America with a highly organized central government.  The tsunami following the earthquake had destroyed 81,400 homes, severely damaged another 109,000 homes and destroyed or damaged 1,000 schools and 130 hospitals.  The natural disaster occurred shortly before the installation of a new government and so the administration was already in transition.  Nonetheless, the government had proved very effective at re-opening all the schools within sixty days and in constructing by June 2010 some 60,000 temporary housing units that would serve the displaced families through the coming winter.

The author took part in a meeting in Santiago with fifteen people from five different agencies that were all working on the reconstruction planning.  Our first discovery during initial introductions was that these people had never met one another before, did not know of one another’s existence, and had no way to discover this.  The immediate partial solution was to collect names, roles, telephone numbers, and email addresses on a piece of paper.  But the larger problem remained that the central government’s organization provided little support through tools and shared information to enable collaborative working across organizational boundaries.

In the current economic climate municipal governments around the world face very difficult financial challenges that may lead to the equivalent of the wave of “enterprise re-engineering” that produced the modern enterprise organization and working practices.  However, in the urban environment a new set of forces is at work and these are the focus of the concluding section of this article.

Open Data, Open Government, and eDemocracy

While municipal governments lack the operational focus of profit and loss, and hence much of the motivation to adopt the methods described above, this equally removes Intellectual Property rights and competitive advantage as obstacles to the open of sharing information with the public.  Many countries have adopted legislation providing citizens with the right of access to much of their governments’ activities and municipal governments respond each year to many such “Freedom of Information” requests.  Beginning in the 1980s some governments have begun to publish reports of committee activities and since the 1990s these became available via the Web.

More recently, some national and municipal government have adopted policies not only to publish committee reports, budgets, and other administrative information, but also operational information such as the on-time performance of transportation systems [32, 33].  These types of information are known as Open Data [6] and may be published as spreadsheets or even as on-line databases and enable citizens, non-profit organizations, and commercial enterprises to capture information in a form that can be directly used in analytics, for example to verify the achievement of service level goals.  Some cities are now regularly publishing several hundred information sources of this kind and commercial organizations have emerged to support these services and to provide tools for analysis and city-to-city comparisons [34, 35].

Powerful mobile devices such as Apple’s iPhone and Google’s Droid enable individual citizens to benefit in real-time from services based on exploiting these Open Data sources.  The City of Chicago announced in January 2012 an Open Data service providing information on snowplow routes that helps citizens to find streets that are passable following a heavy snow storm [36].  The City of Honolulu documented the locations of all publicly accessible defibrillators (AEDs) and can now notify citizens trained in the use of an AED of a heart-attack victim close by and the location of the nearest AED.

A movement is developing among the independent software development communities around the world (“white-hat hackers”) to develop Apps for smart phones to exploit these Open Data sources and communities of volunteers [37] are emerging to engage in “hack-day” events in a specific city to meet citizen’s needs.

The leading cities, such as Singapore and Dublin, are going further in meeting citizen’s needs and abilities to use timely information.  In October 2011 Dublin launched its DubLinked services, which among other things provide real-time location information on the city’s buses [38].

In addition to this City-to-Citizen flow of information, there are now many services that encourage the Citizen-to-City flow.  Many of these offer citizens the opportunity to report defects or complaints about the city’s services or infrastructure.  The most common examples enable citizens to report potholes in roads [39].  In 2010 the Open311 initiative [40] was established by OpenPlans [41] to develop standards for open, interoperable systems that enable citizens to interact more directly with their governments.

Beyond the Citizen-City dialogues, this movement is also creating important sources of crowd-sourced urban information.  In particular, cycling communities around the world have been very active in using this approach to make their cities friendlier for bicycle travel under the umbrella name of Cyclopaths [42]. Their sites provide maps and route information for cyclists that complements published street maps that are aimed at car drivers.  The sites also enable collaborative development of routes and information relevant to getting around on a bicycle.

What we see emerging here is an Urban Information Economy that is complementary to the work of the municipal government.  It is largely owned and animated by the efforts of individual citizens, citizen groups, and civic organizations such as Civic Commons [43].  A vibrant Open Data community is becoming a hallmark of a city that is friendly to Internet natives and such cities are beginning to compete with one another for the largest numbers and varieties of online information and Apps.

The Open Data movement points to the future of Urban Information Economies.  Around the developed world, the Internet generations are showing an increased desire to live in dense urban environments where they can develop rich social networks that are enabled by proximity but also by social media and the Urban Information Economy.  These generations also show a lower interest than their parents in owning a car, although they may still be willing to use car-sharing services such as the newly launched AutoLib service in Paris [44].  Political leaders looking to differentiate their cities may take note that these generations may therefore be more interested in the municipal government’s investments in Open Data and the Urban Information Economy, than in traditional investments in physical infrastructure.

The Future of the Urban Information Economy

Information Economies are still relatively young and Urban Information Economies still younger and so have much potential still to be developed.  The notion that information is a valuable resource beyond simple record keeping has some distance to go to achieving widespread acceptance in municipal governments.  Yet it may well become the Energy Economy of the 21st century, creating new value, and powering many new commercial enterprises; indeed some of these are already visible.  

This article has argued that Information Technology has been one of the primary enablers of modern enterprises in the developed economies, not least in the Industrial Sector, and IT will continue to be an enabler as the emerging economies pursue rapid industrialization.  The developed economies are expected to continue their transition to post-Industrialization and knowledge-intensive industries.  This is exemplified by the growth of the Service Economy as shown in Figure 2.  Services have been the major area of economic growth in developed economies in the late 20th century and which is expected to continue to expand during the 21st century.  The commercial Information Economies supporting both Industrial and Service Economies may thus be expected to be important contributors to urban economies.

This article has also argued that the present financial problems of municipal governments may provide the compelling reason to act that will induce governments to adopt the principles of the Information Revolution.  This is to be wished, not least for the financial benefits that can thereby be achieved.  However, it may well be that the deep cultural traditions of municipal government will prevail and the exploitation of IT in municipal infrastructure and service administration will continue on its incremental path among a majority of cities.

In the latter case, however, the Open Data movement may produce or induce many of the benefits.  If the Open Data movement continues to succeed in ensuring that operational data is accessible and if groups like the Civic Commons and individual hackers continue to develop tools to analyze such data and to reveal better ways to manage and operate the city, then a new form of political action may emerge.  It will become possible to determine the economic performance of a city government by comparing its effectiveness at providing valued services to its citizens and comparing this to peer cities.  It will become possible to determine optimal scheduling or resource allocation algorithms for public works, for public transportation, and so forth.  Such insights will provide community groups with new, information-based arguments for the policies they desire.

Such a transition to a decentralized form of urban management or at least oversight would be reminiscent of the impact of the emergence of the Internet as a global data network without any centralized management system.  Whereas the telecommunications industry had always assumed that large-scale networks should be managed by machine intelligence imbedded deeply within the network, the Internet inverted this approach and put the intelligence at the periphery.  Similarly one could envisage a future of Urban Systems in which the central agencies’ management roles are supplanted by the intelligence of a myriad civic organizations and individuals.  The author has written about this as the Stupid City [45] and Anthony Townsend [46] has made similar arguments.

Moreover this kind of e-democracy is not confined to developed economies.  Mobile telephones equipped to use the Simple Message Service (SMS) are pervasive in under-developed and developing economies as well and even such simple information devices can provide illegal or unregistered slum-dwellers with a political voice [47].

However these changes occur, they will require new thinking on the part of several professions that are stakeholders in Urban Systems.  These include agency administrators and engineers, but also urban planners and designers, architects, construction engineers, property developers, and the IT profession itself.  The Urban Systems Collaborative [x] is an emerging community that provides a forum to engage these several professions and to develop educational materials.

Conclusions

The growing power of Information Technology during the latter half of the 20th century was a key factor in transforming, decentralizing, and globally integrating commercial enterprises.  These transformations were achieved swiftly, if not without considerable pain, due to the strongly competitive nature of commercial enterprises.   While similar transformations could also benefit municipal governments in the management and operation of Urban Systems at a time of great financial distress, the lack of such strong competitive forces and the deep cultural traditions of public service may yet preclude or at least greatly slow their adoption.

Nonetheless, even if municipal governments are slow to embrace the Information Economy principles, the economies on which their cities are based are engaged in rapid transitions to service-based and information-based industries.  These economic transformations will change the cities’ cultures just as the advent of industrialized manufacturing changed their cultures.  Their citizens’ own professional and personal skills and interests will exert pressure to align the management and operation of the Urban Systems with the Information Economy, so that at least externally the municipal government will need to adopt such methods.  Internally their own Internet-native employees may seek to adopt information-based working practices and tools that will also drive transformations.

The Open Data movement also has great potential to drive this transformation and to engage citizens and enterprises in bringing information-based innovation to the management and operation of Urban Systems.  But the Open Data movement has even greater potential to change democratic processes in local government both through direct engagement of citizens in the processes of resource allocation and also through extension of the franchise to impoverished and under-served communities.

It is a far step from thinking of computers as convenient ways of keeping records to recognizing IT as a growing force in e-democracy.  Yet the events of the 2011 Arab spring have shown us that information is a powerful force when placed in the hands of citizens.  The Urban Information Economy will be an equally powerful force in the evolution of 21st century cities.
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Figure 1 Perez’s work identified five major waves of technological innovation since the late 17th century, culminating in the Age of Information and Telecommunications which evolved around 2005 into the Age of Collaboration and Advanced Intelligence.  (Sources: Carlotta Perez and IBM Corporate Strategy.)
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Figure 2: The figure illustrates for the world’s 10 largest workforces the striking transitions that have occurred since 1800 from agricultural to industrial production and to services.  The Information Revolution is both an enabler and a beneficiary of the late 20th century growth of the service economy. (Sources: www.nationmaster.com and James Spohrer, IBM Corporation.)[image: image3][image: image4][image: image5][image: image6][image: image7][image: image8][image: image9][image: image10][image: image11][image: image12][image: image13][image: image14]
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