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Introduction
It was the best of times, it was the worst of times, it was the age of wisdom,
it was the age of foolishness, it was the epoch of belief, it was the epoch of
incredulity, it was the season of Light, it was the season of Darkness, it was
the spring of hope, it was the winter of despair, we had everything before
us, we had nothing before us, we were all going direct to Heaven, we were
all going direct the other way – in short, the period was so far like the
present period, that some of its noisiest authorities insisted on its being
received, for good or for evil, in the superlative degree of comparison only.
Charles Dickens, A Tale of Two Cities (1859)

1. Focus and aim of the thesis
This thesis analyses the rising phenomena of smart cities in the case of two NorthernEuropean cities: Helsinki and Tallinn, and it is interested in how cities can become smart
jointly. In general, the administrative and legal set-up of cities has a strong tendency to
be horizontal, with digital innovations introduced in isolation. This vertical digitalisation
can eventually lead to digital islands where everything works digitally but only locally, as
smart-city solutions have the tendency to be isolated and fragmented. Vertical
digitalisation is understood here as isolated digitalisation within one structural unit (e.g.
single department or city), whereas horizontal digitalisation is cross-structural (across
many departments or cities).
Similarly, in the famous novel by Charles Dickens, Paris and London were isolated by
the sea when the novel was written, a physical link (the Channel Tunnel) was opened
only a hundred years later. This dissertation is interested in how to build a virtual tunnel
between two cities, both specifically and generally. The key argument is that a fully
connected digital macro-region between multiple cities is at least technologically feasible
but it does not appear automatically; it requires a high level of political priority in order
to tackle organisational, technological, legal and cultural barriers and to provide effective
incentives. To simplify, a physical railroad tunnel between the two capitals has been
debated over the last two decades; it would be a true flagship project globally, costing
up to € 20 billion, according to the preliminary results of the FINEST Link project. 1 This
thesis, making no statement regarding the physical tunnel and whether it would be a
white elephant or not, states that a virtual tunnel with a harmonised digital macro-area
could also be considered, as part of the physical one, or even instead of it. Macro-region,
in the present context, refers to a regional and geographical area that consists of multiple
cities. This can correlate with the local regional units (e.g. counties) but is not always the
case (e.g. cross-border cities from different countries).
In the case of Tallinn and Helsinki, around 8–9 million people commute between the
two cities annually, less than 100 km and a 2-hour ferry ride apart. Both cities brand
themselves as smart or digital cities, but the challenge is that two smart cities do not
automatically equal one smart region. Even geographically, close-by cities can still
produce macro-regions where digital solutions are isolated and the only working solution
for commuters is the analogue service based on paper and cash. This can be illustrated
by three real-life cases:
1

www.finestlink.fi
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Public transport tickets. According to I, the cities of Helsinki and Tallinn have replaced
cash-based systems with radio-frequency identification (RFID) cards. Helsinki still has a
few ticket machines available, whereas in Tallinn, there are none left. On the other hand,
the RFID cards are based on different standards and cannot be used in both cities. This
means that for cities where a significant share of people commute regularly, smart
solutions have produced more burdens: a commuter needs to have two RFID cards and
follow rather complex charging and identification instructions. On the other hand, cashbased options are more expensive. In Tallinn, for example, a single journey purchased
with cash is € 1.60, whereas an RFID-based ticket for one hour is € 1.10 and for one day,
€ 3.00 (early 2018 data).
In Tallinn (I), municipal parking has been organised by text messages since the early
2 000s, and over 90% of parking is mediated by SMS. Helsinki, on the other hand, has an
app-based solution for digital users. Every day, a few thousand cars from Tallinn and
Helsinki cross the border, and they face parking barriers. A Finnish car parked in Tallinn
cannot use a simple text message (no roaming) and needs to either purchase an Estonian
SIM card or pay in cash for parking. The challenge is that there is only a limited number
of municipal parking machines left. On the other hand, Estonian car owners cannot park
their cars in Helsinki without moving to the smartphone-based option. For them the
analogue option is to pay in cash and the smart option is to download a smartphonebased parking application (e.g. easyPark, Parkman) and tie it with a credit card. This
assumes that a car owner has a smartphone, a credit card and the motivation to learn
how to use a parking application.
Digital signing. In Tallinn (and Estonia generally), business people and civil servants
sign legally binding documents using their electronic identity; only a small minority signs
them on paper anymore. On the other hand, pdf-signed (print and scan) documents are
generally considered ineligible, only electronic identity and paper with authentic ink
signatures are considered valid. In Helsinki (and Finland as a whole), people tend to sign
mainly on paper with pdf-based signing also in place for limited (legally less binding)
documents. This has generated a situation where the most practical way to sign legally
binding documents is via the analogue ink-signed paper solution.
There are tens, probably even hundreds, of such examples of incompatible services
between these two capitals. The list could be continued with, e.g., ordering a taxi or
renting a car, planning a trip with a journey planner, using medical prescriptions or dental
care in a cross-border way, access to public libraries etc. Although this thesis has set its
focus on two medium-sized cities, the challenge is global and applies also to San Diego
and Tijuana, Seattle and Vancouver, Hong Kong and Shenzhen, Singapore and Johor City
etc. Nevertheless, the scope of this thesis is not to criticise cities for being fragmented,
let alone to push for twin or fully federated cities. The scope is to define a problem, both
theoretically and empirically, and to provide examples how smart cities can effectively
aggregate into smart regions. For example, this thesis is interested in the services for
harbours (II). The ports or Tallinn and Helsinki, although with the tendency and internal
motivation to work independently, are essentially one ecosystem. A departing ferry from
Helsinki to Tallinn automatically means an arriving ferry to Tallinn in roughly two hours
with thousands of people influencing the urban transit – it makes sense for operators,
ports, cities and ministries to collaborate with the aim of harmonised services for endusers.
Already a decade ago Ruoppila et al. (2007) pointed out that despite many vision
conferences, the cities of Tallinn and Helsinki lack joint services. They also give examples
9

of other European multi-city cross-border macro-regions, such as the Øresund
(Copenhagen-Malmö), Vienna-Bratislava and Liege-Maastricht-Aachen regions. Their
conclusion is that cities need joint-delivery innovation projects, cooperation in
developing a joint strategy and political commitment with effective resource allocations.
This still applies, although the digitalisation of city services has substantially changed the
field over the last 10 years, and therefore, the digital harmonisation of services can and
must be considered in this context.
It should be noted that there are clear barriers to two-city collaboration in offering
integrated or joint services (the barriers and enablers are discussed in I). Cities are
essentially financed by their taxpayers, and they are in a competing environment with
neighbouring local governments for resources that generate income (e.g. high-tech
companies and skilled workforce). Cities have logical reasons for being “egotistic.”
Therefore, being horizontal and building barriers can be obvious and natural. On the
other hand, there are top-down central governments and supranational initiatives that
drive the twin-city concept in the areas where bottom-up collaboration between cities
has not been effective, either due to a lack of capacity to introduce joint policies, limited
financing instruments or just conflicting interests of cities. For example, the governments
of Estonia and Finland have made progress in building a joint data-exchange layer (based
on X-road, which is centrally described as an example in I, II, III, IV, V and VII). Full
implementation of the Internet-based data-exchange layer with all government and local
government databases interconnected, coupled with secure electronic identity, have
made Estonia a globally recognised country with advanced digital government, and this
also provides a very good starting point for analysing how cities can offer joint digital
services. According to V, the Estonian e-government was evaluated as the best in Europe
according to the European Commission Digital Economy and Society Index (DESI) in 2017.
On the supranational level, the European Union has made a very strong push towards
smart integrated cities by investing billions into joint mobility projects (e.g. TEN-T
programme) and by means of effective price regulation over roaming charges for mobile
calls and Internet data usage (since mid-2017, there have been no roaming charges for
mobile calls, text messages and Internet data within the EU in the case of limited to
moderate consumption).
The “Smart City” (or just smart city as used throughout the thesis) as a concept is
generally theoretically limited and marred by a self-congratulatory tendency, as
described in I, which makes it a buzzword that can be interpreted differently across – and
even within – research disciplines. This thesis defines smart city as “using ICT in the city
for achieving mobility and environment goals dealing with urbanisation,” and it
contributes to a novel sub-field of e-government. II describes how e-government
theoretical concepts can be used for two-city digital-services joint provision. III compares
Northern-European and East-Asian city-pairs (Tallinn and Helsinki; Singapore and Hong
Kong) and concludes that urban financial services should be considered to be part of the
smart-city concept. II, IV and VII propose an Urban Operation System, a data-exchange
and decision-making layer for cities. V and VI aim to balance the smart city being too
biased towards the mobility domain. V provides an example for how effective data
exchange can contribute to the local energy market. VI stresses the importance of
demographics (natural population growth and migration) and states that urbanisation is
the main driver of smart cities that can increase social costs (e.g. healthcare) and thus
put more pressure on mobility and environment.
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This analysis is based on articles (I-VI) that aim to collectively provide an overarching
framework for the smart city within the e-government domain that focuses on
understanding the phenomena, components and drivers of smart cities. This framework
makes three clarifying statements:
1. The smart city is driven by population growth in urban areas, which poses various
mobility and environmental challenges;
2. Technology remains central as a tool in order to make cities smarter, but it is not a
driver itself; and
3. Operationally, smart cities could be first of all evaluated based on their
digitalisation-related projects, rather than just on the basis of macro-indicators.
Unit of analysis in classical
approach: single city

Unit of analysis proposed: a
macro-region (multiple cities)

The papers have been published within peer-reviewed journals and conference
proceedings initiated and edited by e-government scholars. The accumulated
contribution aims to change the unit of analysis from a single city to a macro-region with
multiple cities, at least in the case of cross-border and heavily commuted cities.
Therefore, when developing digital innovations, in some cases, it makes sense to analyse
the macro-regions of multiple cities instead of isolated cities as single units. If the macro
aspects are not considered, the path of development of smart cities is not or even less
linear than otherwise and can lead to progress and regress at the same time. In the field
of ICT, there are hundreds of standards, and picking different ones could be compared
to having one city with left-hand traffic and another with right-hand one, in the most
extreme case. Thus, coming back to Dickens, we do not know whether the current digital
progress essentially leads to “the best of times and the season of light” or “the worst of
times and season of darkness” for macro-regions.

2. Tallinn-Helsinki challenge
According to IV, two European capitals, Helsinki and Tallinn, are in a rather unique
situation. Helsinki, the capital of Finland, belongs to one the wealthiest region in the EU
and also globally. Tallinn, the capital of Estonia, is among the catching-up regions with
fast and visible progress over the last two to three decades. There is approximately a
two-three times wage difference between the two capitals, while they are physically less
than 100 km apart (see Figure 1). A talented PhD student from Tallinn can earn more
taking on a blue-collar position in Helsinki than continuing to pursue an academic career
at home, for example. Economically, the cities are on different levels: Tallinn is a postSoviet city trying to catch up, whereas Helsinki is by now already a well-developed city.
Tallinn’s GDP per capita is roughly 2.5 times smaller than Helsinki’s.
As stated in I, IV and VII, Tallinn and Helsinki have been selected for the case study for
the following reasons: 1. proximity (less than 100 km apart by sea from city centre to city
centre); 2. frequent commuting; and 3. relatively high level of digitalisation of urban
services. The aim of this analysis was to select heterogeneous cities applicable to any
city-pair or macro-region globally, which is a key reason why national city-pairs (e.g.
Tallinn and Tartu in Estonia or Helsinki and Tampere in Finland) were not a subject of
analysis – they are more homogeneous and the results tend to be more country-specific.
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Nevertheless, there are plenty of challenges regarding the interoperability of e-services
even within local cities in Estonia and Finland.
The combined population of Estonia and Finland is 7 million. Approximately every
15th–20th Estonian lives in Finland and commutes back to Estonia on a regular basis. For
Finland, Estonia is the most popular investment and tourism destination, roughly every
fifth Finn stays over night in Estonia every year. The two countries speak unique FinnoUgric languages. Both countries are considered globally strong in digital innovations. It
should also be stated that the author of this thesis has been involved with more than five
mid-to-large scale digitalisation projects of Helsinki and Tallinn as a field expert over the
past five years, thus also being a commuter himself.

Figure 1. Regional GDP per inhabitant. Source: IV (Eurostat, 2013)
Based on the Finnish Traffic Agency data (II), there are over 8 million travellers, over
1 million cars and over 250,000 heavy good vehicles taking the journey between the
Helsinki and Tallinn harbours annually. By comparison, in 1993 there were around 2
million travellers and less than 200,000 cars – the number of passengers and cars has
quadrupled over the past 25 years, which has significantly increased the congestion,
noise and other negative externalities in the area. This affects both travellers and
residents and calls for an effective coordination of cities, especially considering that both
capitals have grown by population. Both cities have decided to keep the passenger ports
next to the city centres although the port sites are partially replaced with new residential
buildings.
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3. Methodological approach
This main body of this thesis is composed of six original peer-reviewed articles out of
which I and II are classic research articles published in journals and III-VI are ranked and
indexed conference papers that entail a practical component as introductions to largescale smart-city research projects. VII in Appendix 1 is a conference paper, which was
elaborated further into I (difference at least 40%). Each article is based on a separate
empirical study, but all are developed for the same theoretical framework, integrated in
this introductory chapter. The theoretical framework is based on a synthesis of existing
research on the smart city, e-government and public administration. Most papers
analyse the possible case of a Tallinn-Helsinki digital macro-region, although from
different angles (I, II, III, IV and VII). According to Yin (1981), a case study classically
investigates a contemporary phenomenon within its real-life context, especially when
the boundaries between phenomenon and context are not clearly evident.
The empirical evidence in the thesis derives mainly from qualitative analysis (e.g.
document analysis and interviews), with one exception: VI uses a quantitative model for
estimating the urbanisation effect on healthcare expenditure. In most cases, the
interview sample is based on the snowball sampling method. According to Tansey (2007),
the snowball sampling method comprises identifying an initial set of relevant
interviewees and then requesting that they suggest other potential subjects with similar
characteristics/who have relevance in some way to the object of study. This second set
of subjects is then interviewed and similarly requested to supply contacts for the next
round of potential interview subjects. The process continues until the researcher feels
the sample is large enough for the purposes of the study or until respondents begin
repeating names to the extent that further rounds of nominations are unlikely to yield
significant new information.
The methodological approach is the following:
•
In I, the research framework is a case study of Tallinn’s and Helsinki’s digital
urban services. Data was gathered through in-depth structured interviews and
workshops with representatives of cities, companies and third-sector experts; altogether
21 high-level interviews were conducted in 2015 and 2016. The interviews aimed at
gaining specific information about the potential of mutual digital services. Empirical
information was also derived from secondary sources like published reports and
documents. In the theoretical section, this paper analysed 29 interdisciplinary articles
that aim to define the smart city in a systematic way. In analysing the barriers and
enablers, the ATLAS.ti qualitative data-analysis software was applied.
•
In II, data was gathered via primary and secondary sources. The primary data
include non-structured focus group interviews that were conducted with city
representatives (three officials from the city of Tallinn, three from the city of Helsinki and
one official from the Ministry of Economic Affairs and Communications, Estonia) and
companies (five Intelligent Transport Systems companies). Innovation competition
process included a survey-type description of 35 international cross-border ideas, out of
which 5 were selected, funded and piloted. Secondary sources include published and
unpublished reports, project proposals and documents. In the theoretical section, this
paper analysed 41 research papers mainly in the field of e-government with the aim to
propose a theoretical framework for two-city digital innovation assessment.
•
III compares East Asian (Singapore and Hong Kong) and Northern European
(Tallinn and Helsinki) approaches to financial urban innovations. The research method is
13

an exploratory qualitative study using a comparative case-study approach. Empirical data
collection involved primary and secondary sources, such as policy documents, project
materials, strategies, reports, media articles and a few unstructured interviews.
•
IV is based on the H2020 research and innovation project Finest Twins’ secondstage proposal documents.
•
V was initially developed for an H2020 project application in the field of Smart
Energy. The paper proposes a framework for analysing and collecting energy data using
the co-creation and randomised trials techniques, although the study itself has not been
conducted.
•
In VI, which analyses the potential impact of demographics as a driver of smart
cities, the social budget model (SEM) of the International Labour Organisation (ILO) was
applied, which uses macroeconomic, labour-market and demographic projections (the
so-called cohort-based component model). With the assumption that the social-sector
income and expenditure depend on economic, labour-market and demographic
indicators, long-term urban health-insurance income and expenditure developments
were estimated.

4. Smart city and e-government
According to I and VII, smart city covers a wide angle of “hard” domains, such as
buildings, energy grids, natural resources, water management, waste management,
mobility and logistics (Neirotti et al., 2014), where ICT plays a decisive role in the
functions of the system and smart city has also reached “soft” domains like education,
culture, policy innovations, social inclusion and government (Albino et al., 2015). Hence,
it is crucial to understand that smart city is a developing concept with no mutually agreed
definitional consensus. As such, it is an interdisciplinary concept with a broad range of
interpretations and depends largely on the viewpoint of who uses it, see Figure 2.
Geography

Architecture

ICT

Demographics

Urban sciences
Mobility
ICT

Environmental
sciences

SMART
CITY

eGovernment

Public
administration

Energy
Sensing and connecting
sciences
Data Analytics

IoT

ICT

Figure 2. Smart city cross-disciplinary analysis
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For example, it may be that:
•
For architects, smart city represents both intelligent buildings and redesigned
urban environments;
•
For human geographers, smart city is analysed in the context of urbanisation
and migration;
•
For computer scientists, smart city represents a wide range of sensing and
analytics possibilities;
•
For public-administration researchers, smart city represents novel ways to
reorganise the structures and management practices within cities;
•
For mobility researchers, smart city is a way to optimise traffic and logistics
within a city via the deployment of intelligent transport systems;
•
For energy researchers, smart city represents a shift towards intelligent street
lighting, smart grids and zero-energy buildings;
•
For environmental scientists, smart city represents a clever way to organise
urban waste management, water supply and air quality;
•
For robotics and artificial intelligence researchers, smart city represents a
concept with self-driving vehicles and fully automated urban industries.
Therefore, smart city is a multi-faceted concept that largely depends in its meaning on
the analytical viewpoint. Nevertheless, in this varied picture, it is important to note that
using Information and Communication technology (ICT), and now, one should add, data
analytics, remains invariably central to understanding what a smart city is. In other
words, as a lowest common denominator, smart city can be defined as “a city using ICT,”
or “an ICT city.” Another narrowing component could be the unit of analysis – a city.
SMART
CITY

eGovernment

Public
administration
ICT

Figure 3. Smart city and e-government
This thesis is interested in how smart city can be reasoned within a phenomenon of egovernment and two of its main parental disciplines, public administration and ICT (see
Figure 3). All articles (I-VII) have been published in the quite narrow and novel sub-field
of e-government that deals with smart cities. I is in a special issue for smart-city
strategies, published in the International Journal of E-Planning Research. II has been
published in a special issue of Government Information Quarterly on agile and adaptive
governance. III-VII have all been published in the proceedings of e-government global
conferences within their smart-city tracks (e.g. ICEGOV, CEDEM, dg.o and DTGS).
Nevertheless, most papers in this thesis are cross-disciplinary, and the spillover is largely
to all domains connected with smart city.
4.1. E-government as a concept
Electronic government (e-government, now also increasingly digital government) as a
research field was unknown in the 1970s and 1980s but has been expanding over the
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past decades as there are many academic programmes, specific conferences and journals
solely devoted to it (Heeks & Bailur, 2007; Bannister & Connolly 2015; Scholl 2014). As of
late 2017, there were 9,901 references in the e-Gov Reference Library maintained by
Hans Jochen Scholl at the University of Washington’s Information School. 2 These papers
consist of predominantly English-language, peer-reviewed work in the study domains of
electronic government, electronic governance, and electronic democracy.
Nonetheless, it should be noted that e-government as a formal, secure and reliable
research field is still far from being established, and that is the main reason why this
thesis seeks for theories applicable to e-government and smart city in the domain of
public administration. In a meta-analysis of 84 e-government papers, Heeks & Bailur
(2007) found that e-government research derives mainly from weak or confused
positivism and is dominated by over-optimistic, a-theoretical work that does little to
accumulate either knowledge or practical guidance for governments. They criticise the
lack of rigour (which in this context is generally understood as something good) regarding
research methods alongside poor generalisation. On the other hand, the volume of
research is rapidly growing, even when the quality is questionable. Heeks & Bailur (2007)
also point to possible academic corruption, as their findings show that in roughly half of
the papers, the author was presenting products, services, architecture or model created
by the author himself. According to Yildiz (2007), e-government literature is limited by
under-emphasis on the complex institutional environments that surround the processes
of e-government development, and the lack of process-oriented e-government studies
as opposed to output and outcome-oriented ones. In a constructive manner, he makes a
threefold suggestion for dealing with this: i) observe the processes of e-government
within complex political environments; ii) produce more grounded, empirical studies
with new theoretical arguments, providing a better understanding of e-government
policy processes and actors; and iii) tying the subject of e-government research to
mainstream public-administration research (instead of staying in the periphery): the
politics-administration dichotomy, intergovernmental relations, third-party government,
networks and governance. The theoretical grounding of e-government has evolved over
the past decade, but it is generally suggested that the field still lacks theoretical
comprehensiveness (see e.g. Waller & Weerakkody 2016; Bannister & Connolly 2015).
As detailed in II, most researchers agree that the concept of e-government is vague
(e.g. Yildiz, 2007; Aldrich et al., 2002; Bretschneider, 2003; Waller & Weerakkody 2016)
and there is no single, widely agreed-upon definition (Halchin, 2004). In II, e-government
is defined by OECD as the use of ICT, and particularly the Internet, as a tool to achieve
better government (Field et al., 2003). The desired impact of e-government at the
broadest level is simply better government by enabling better policy outcomes, higherquality services, and greater engagement with citizens and by improving other key
outputs identified (Field et al., 2003). A related concept is e-governance, which is
sometimes said to refer to the whole system involved in managing a society, i.e. beside
government institutions also companies and voluntary organisations and citizens
(Grönlund & Horan, 2005), which in a way refers to the original concept of governance.
Hence, in order to understand e-government and e-governance, it makes sense to recall
what the concepts mean without “e”. Although different definitions exist, there is a
rough common understanding that governance is the steering of a specific unit in time
and space, which is argued to increasingly require the participation of a range of actors,

2
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of which government is only one, if an inevitable and the coordinating one (Drechsler,
2004).
As a novel field, triggered by the emergence of information and communication
technologies or the fifth techno-economic paradigm (IV and Perez, 2010), the nature of
e-government is dynamic in so far as the role of technology in government has largely
changed and continues to do so. According to Schelin (2003), before the introduction of
the Internet and the diffusion of personal computers, the main objectives of technology
in government were improving the effectiveness of public administrators while
increasing government productivity, e.g. the automation of mass transactions such as
financial transactions using mainframe computers. Since the beginning of the Internet
era, ICT is increasingly related to the way citizens and businesses interact with the
government (non-tool view of technology), which then remains, of course, egovernment.
II builds on this theme and supports that the next layer might be an ICT-triggered
change in the government with four layers: organisational, structural, managerial and
procedural, as proposed by Gong & Janssen (2012). More recently, one could add a layer
based on the trend of using agile methods in government, similarly to the trends in
software development, and governments being more adaptive in that sense. Agile
methods, defined in II as fast and responsive processes (with Martini & Bosch, 2016),
have been introduced rather recently both for software development in and for the
public sector (e.g. Mergel, 2016) and for open government data (e.g. Mcbride et al.,
2018). Adaptive governance as a concept originally stems from socio-ecological systems
that can respond to rapid changes in the environment (Wang et al., 2017). With no
agreed-upon definition, there seems to be consensus regarding the main characteristics
of adaptive governance, introduced by Janssen & van der Voort (2016): decentralised
decision-making, mobilisation of capabilities (internal/external), wider participation and
adjustments to deal with uncertainty. II analyses how these novel concepts of agile and
adaptive governance could be applied to macro-region digital-innovations analysis
consisting of multiple cities.
4.2. Smart-city framework
The idea that cities might be computerised – that computers might enter
the fabric of the city and that their software would enable an intelligence
function to be established on the basis of essentially public functions, goes
back a long way. It is of course part of science fiction but in a more
considered sense, Alan Turing himself envisaged this in his idea of the
universal machine. But it was Vannevar Bush in his prescient article “As We
May Think” published in The Atlantic in July 1945 who implied that
computers would eventually enter all our routine practices. 3 In fact it was
not until 1962 that the book A Communications Theory of Urban Growth
by Richard Meier explicitly addressed questions about information and the
city (Meier, 1962), and about the same time, the notion of networks
everywhere passing information socially and economically was intrinsic to
Mel Webber’s ideas about the non-place urban realm, which was becoming
intrinsic to global society (Webber et al., 1964).
Michael Batty (2016)
3

http://www.theatlantic.com/magazine/archive/1945/07/as-we-may-think/303881/
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Therefore, the idea that cities can be digitalised goes back at least half a century.
Nevertheless, according to I and VII, where smart-city definitions and its synonyms are
explained in depth, most researchers agree that specifically the term smart city is a novel
concept – first used in the 1990s (Albino et al., 2015) – that lacks definitional precision
(Hollands, 2008; Nam & Pardo, 2011; Papa et al., 2013). Many frameworks have been
proposed as typologies of the smart city, but none of them has achieved dominance in
academics or in practice (Batty et al., 2012; Caragliu et al., 2011; Kuk & Janssen, 2011).
The lack of mutually agreed concept and measurement poses risks as there is a selfcongratulatory tendency since many cities (and even business parks) have labelled
themselves as smart cities, although that can be independent from the actual level of
digitalisation. According to Hollands (2008), it is often difficult to separate hype (what
city does not want to be smart or intelligent?) from a real change of infrastructure or
effective ICT policies.
Considering the rather blurry and even conflicting definitions, this thesis proposes its
own integrative smart-city framework (see Figure 4), based on articles I-VII. This
framework makes three clarifying statements: 1. smart city is driven by population
growth in urban areas that poses various mobility, environmental and other challenges;
2. technology remains central as a tool in order to make cities smarter but it is not a
driver itself; 3. operationally, smart city should be evaluated based on cities’
digitalisation-related projects. The author of this thesis defines smart city as “a city using
ICT (incl. data analytics and sensing) for achieving mobility and environment goals
dealing with urbanisation.” This attempt to conceptualise can be dynamic in time.
Importantly, this smart-city framework builds on and integrates collaborative works led
by Michael Batty from University College London (see Figure 5), Carlo Ratti from MIT (see
Figure 6) and Rudolf Giffinger from Vienna University of Technology (Figure 8), all
connected via the smart twin city project Finest Twins of Helsinki and Tallinn.
OTHER PROJECTS (III)

PROJECTS: Environment (V)

DRIVER: Urbanisation (VI)

ICT (I, IV, VII)

PROJECTS: Mobility (II)

Figure 4. The smart city framework. Source: Author
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Firstly, this thesis rather uniquely puts a focus on urbanisation as a key driver of smart
cities. The increased density of people in cities naturally leads to mobility, environment
and other challenges. According to VI (UN World population projections), the urban
population has grown rapidly since the 1950s, from 0.7 billion to 3.9 billion in 2014.
Continuing population growth is projected to add 2.5 billion people to the world’s urban
population by 2050, with nearly 90 per cent of the increase concentrated in Asia and
Africa. As the urban population continues to grow, cities and governments are investing
substantially in digitalisation as a potential solution. India has launched an initiative to
build 100 smart cities 4; in China, there are dozens of smart cities in an advanced stage of
development and 200 more on the way 5; there are several initiatives across Europe
(PlanIT 6 in Portugal), the United Arab Emirates (Masdar 7), Singapore (Tianjin 8), South
Korea (Songdo) etc.
Secondly, the argument for putting technology as the central tool is the following:
without a link to ICT, there is no need to use the word “smart” in front of “city”. Following
the logic that “smart” in front of “phone” or “watch” indicates an advanced technology
element and without it, it would just be a phone or watch, this thesis argues that the city
as a phenomenon remains a crucial research domain itself, and “smart” should be put in
front of it only if technological advancement is involved. Based on Batty’s input in the
Finest Twins project in 2016, I, II and VII analyse how science of cities and smart city as
concepts interlink via ICT and data analytics (see Figure 5). Nevertheless, technology is
seen as a tool for solving urbanisation-driven challenges in more and more populated
cities, not as a driver in itself.

Figure 5. Batty’s combined model for science of cities and smart city. Source: I and VII
http://www.citymetric.com/india-s-new-government-spending-700m-new-smart-cities
www.citymetric.com/skylines/can-hundreds-new-ecocities-solve-chinas-environmental-problems-1306
6 http://www.urenio.org/2015/01/26/smart-city-strategy-planlt-valley-portugal
7 http://www.masdar.ae
8
https://en.wikipedia.org/wiki/Sino-Singapore_Tianjin_Eco-city
4
5
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Thirdly, as the ranking of smart cities remains complicated due to the lack of
agreement on concept and indicators, the smartest cities by evaluation consensus tend
to be those with most digitalisation initiatives and projects that effectively deal with
urbanisation-driven challenges. For example, Manville et al. (2014) selected 468 cities in
the European Union with over 100,000 residents and identified cities with significant and
verifiable smart-city activities, which limited their selection to 37 cities and 50 smart-city
projects. This was narrowed further, and the study claimed that the most successful
smart cities in the EU are Amsterdam, Barcelona, Copenhagen, Helsinki, Manchester and
Vienna, as they have the most smart-city projects initiated, similarly to the framework of
this thesis. Importantly, according to the results, smart-mobility and smart-environment
projects outnumber other projects. It should be noted that the indicators approach has
not been successful enough in comparing the digitalisation in cities, although there are
first attempts to do so (e.g. Giffinger et al., 2007), but this is less established compared
to e-government research, where the indicators approach is more established, but at the
same time criticised, as well. For example, Yildiz (2007) claims that e-government
measurement evaluation is too centred in the supply side and is mainly focused on
capturing the output and outcome using different e-government indicators.
Urban Operating System
Using technology is not per se conditioned on using corporate-pushed locked-in
solutions, as criticised by, e.g., Hollands (2008), but it can also be based on open
standards and be citizen-driven, at least conceptually. A team led by MIT Professor Carlo
Ratti at Carlo Ratti Associati in a collaboration with the Finest Twins H2020 project team,
led by the author of this thesis, proposed to implement the digital technologies platform,
an Urban Operating System (also Urban OS or UOS, see Figure 6) that aims to create a
real-time sensing environment for shared services to its inhabitants and users, applicable
both for single and multiple cities.

Figure 6. Urban Operating System. Source: I, IV and VII
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Described more thoroughly in IV, the concept of UOS aims to deploy a network of
sensors that can capture real-time data from a myriad of things occurring in the city, and
connecting such sensors to an urban information system helps to better analyse and
transform such data into knowledge. It is possible to create new types of urban
efficiencies, products, and services for the people of the cities. In turn, they access an
open-access digital services-delivery platform using anything from a smartphone or a
laptop all the way to digitally enhanced infrastructures, such as responsive public spaces,
intelligent transport systems or smart energy infrastructure among others (according to
Ratti and Nabian (2010), each urbanite can be thought of as a human sensor, capable of
reporting on their experience of the city). The city (or multiple cities) becomes a
permanent platform for interaction that provides a unique mix of services to each user.
Furthermore, by giving users the capabilities of developing their solutions and services,
it is possible to create a more inclusive and bottom-up model of both social and economic
development while jumpstarting local dynamics.

Figure 7. Urban OS for cross-border cities. Source: I
In the case of digital macro-regions – the topic of this analysis – the Urban OS could
be applied as a platform for joint research and innovations pilots with public-sector
involvement, associated companies and citizens as end-users. This combination could
ensure that local companies can make cross-border smart-city solutions exportable and
sell them globally, as they are developed and implemented in at least two heterogeneous
environments (cities). In essence, the Urban OS aims to enable and ensure knowledge
transfer between practical needs of cities, companies, citizens and researchers (see
Figure 7).
Smart-city wheel
As explained earlier, this thesis groups smart city into mobility, environment and other
projects, aiming to put more weight onto mobility and enviroment themes, at the same
time making the “other-projects category” open and dynamic. Nevertheless, there are
several attempts to decompose smart city. One of the most successful concepts is
introduced by Giffinger & Haindlmaier (2010), who identified six smart-city components:
smart economy, smart mobility, smart environment, smart people, smart living and
smart governance (see more in III), although there are alterative groupings, as well (e.g.
by Lombardi et al., 2012, or Nam & Pardo, 2011), as discussed in I and VII. These six
characteristics make up the smart-city wheel (see Figure 8) that has been adapted by
various communities (research, business, government, NGOs). For example, a modified
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version is promoted by Boyd Cohen (Cohen, 2014); similarly, the European Commission
has adapted this as a central part of the smart-city concept, see Manville et al. (2014).
This thesis argues that urban financial digital innovations (III) and city demographics
(VI) should be considered on the wheel. Electronic payment systems often appear to be
an integral part of smart cities, since cash-based cities tend also to be top performers in
smart-city rankings and vice versa. Yet, there are very few frameworks linking the two,
as argued in III. In general, most scholars do not link smart city explicitly with
demographics, and VI reconfirms that urbanisation through natural population increase,
migration and ageing is the main driver and rationale for well-planned smart cities. To
quote Wellington E. Webb, former mayor of Denver 9: “The 19th century was a century of
empires. The 20th century was a century of nation states. The 21st century will be a
century of cities.”

Figure 8. A modified version of Giffinger’s smart-city wheel. Source: III and VI
I, IV and VII mainly deal with the governance part of the smart-city wheel, whereas II
exemplifies a mobility case of the digital macro-region of Tallinn and Helsinki. IV analyses
9

https://www.huffingtonpost.com/john-m-eger/this-is-the-decade-of-cit_b_9596524.html
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the energy-data exchange layers as part of the environment component. In addition to
mobility projects, environment (especially energy) remains a critical factor in the case of
urbanisation. There is an ongoing discussion interconnecting sensing, cloud computing
and energy provision (e.g. Hancke et al., 2013 and Yamamoto et al., 2012) and linking
energy provision to smart-city platforms and testbeds (Jin et al., 2012 and Sanchez et al.,
2014).
4.3. Public Value for macro-region analysis
Having the dynamic concepts of e-government and smart city analysed, the question
remains which theories could be applied for multi-city analysis regarding joint ICT
projects. Although there are several options, this thesis aims to cull theoretical models
from the public administration (PA) literature. Modern PA relevant for the city discourse
has its roots in the concept of Weberian bureaucracy. According to Weber (2016), civil
servants are appointed, selected based on technical qualifications and diplomas; their
salaries are graded according to rank, and the public office constitutes a career. In
addition, Weberian bureaucracy set the foundations for the clear-cut separation of
labour and a high degree of specialisation and civil-servant impartiality (based on the
separation of political and administrative roles); it sees bureaucracy as the highest
degree of efficiency (or rationalisation, Weber’s key term). Thus, it should be underlined
that bureaucracy (and e-bureaucracy) still exist in modern public administration.
In the light of budgetary challenges in the 1970s, new ideas evolved to contest the
Weberian bureaucracy. There was a growing belief that Western states had become
unaffordable and that governments should be more business-like (Pollitt & Bouckaert,
2017). The general criticism was that civil servants tend to maximise self-interest, which
leads to growth of bureaus and budgets (Niskanen, 1971) – again, also present in
contemporary PA – explained by a classical principal-agent problem 10 where people are
opportunistic and decisions are influenced by information-asymmetry. Back then, New
Public Management (NPM) seemed to provide a solution for information-asymmetry:
performance management through monitoring; and introduced market incentives for
the slimmer public sector: the contract state/outsourcing and privatisation. Up to the
1990s, the bureaucratic public-administration model was strongly criticised by the NPM
doctrine, which promoted market-oriented governance structures (Pina et al., 2007).
It should be noted that cultural, geographical and multilevel differences are not
central to this analysis, although these dimensions matter, as both Weberian
bureaucracy and NPM are Western concepts (Western versus non-Western paradigms
of PA are well described in Drechsler, 2013, 2015 and 2018). According to Drechsler
(2005), NPM is particularly unsuitable if pushed upon transition and development
countries such as Central and Eastern Europe. Hansson et al. (2016) have analysed the
presence of open-government deliberative ideology in post-soviet countries and claim
that post-soviet countries tend to focus more on freedom of information and
accountability, and less on collaboration, diversity and innovation. To put it simply,
transition (incl. Estonia) and non-transition (incl. Finland) countries are not the same.

10 The difficulties in motivating one party (the “agent”), to act in the best interests of another (the “principal”)
rather than in his or her own interests.

23

There are differences between local and central levels; for example, Hong & Lee (2017)
claim that local governments are assumed to be more responsive to citizens.
Like previous administrative philosophies, NPM was (and to some extent still is)
presented as a “one-size fits all” 11 view of the world (Alford & Hughes, 2008; Hood, 1991).
According to II, there is a tendency to associate the concept of “traditional”
administration with Max Weber, although functionally it is NPM that is now traditional.
The genesis of today’s Public Administration is perhaps best described by Pollitt &
Bouckaert (2017) as the result of a process like geological sedimentation, where new
layers overlie but do not wash away the previous ones (see Figure 10). They describe a
long list of different models and approaches to public-sector management, including for
our post-NPM time such ‘paradigmettes’ (Drechsler & Randma-Liiv, 2014) as joined-up
government/whole of government, the Neo-Weberian State, and not least, the Public
Value (PV). In the literature, e-government has been often linked to the NPM, as claimed
by many e-government scholars (e.g. Allen et al., 2001; Heeks, 2002; Cordella, 2007;
Alford & Hughes, 2008; Cordella & Bonina, 2012; Yıldız & Saylam, 2013). The classic piece
by Dunleavy et al. (2006) was instrumental in debunking this myth, however, and since
then, an increasing number of scholars (Alford & Hughes, 2008; Cordella & Bonina, 2012;
Yıldız & Saylam, 2013) have argued for using specifically PV instead.

Figure 10. Public Administration philosophies. Source: Drechsler & Randma-Liiv (2014);
see Pollitt & Bouckaert (2017).
In this rather complex setting, the question remains how this all fits into the
understanding of digital macro-regions – the interest of this thesis. Alford & Hughes
(2008) propose that the next movement in public management should be “public value
pragmatism”, which is principal regarding ends but pragmatic in means, in contrast to
the traditional model of bureaucracy and NPM, which are seen as universal and tend to
use cities or governments as their unit of analysis. According to Moore (1995), one of the
core characteristics of public value is collective consumption based on collective
preferences of citizens (versus aggregated individual preferences) independent of who
produces it, thus also suitable for the twin and multiple city macro-region context by
switching the unit of analysis from a city to a macro-region of multiple cities. Alford &
Hughes (2008) link public value (there are some similarities with the public good concept
11 Recent research suggests not to suggest universal solutions for local government analyses (Matheus &
Janssen, 2017)
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in economics) together with pragmatism, and they define the latter as the management
approach in which everything depends on situational factors, such as the value being
produced, the context, or the nature of the task.
Bonina & Cordella (2009) suggest a framework that includes analysing both
managerial values derived from NPM (efficiency and effectiveness) and democratic
values (fairness, equality and honesty). In a later paper, Cordella & Bonina (2012),
introduce public value as a paradigm shift from NPM to address ICT-enabled publicsector reforms (see Table 1). This would change the weight of analysis of ICT
implementation in the public sector from merely direct economic and management
relationships in the direction of collective preferences that could also be applied for
digital macro-regions of multiple cities. As an adaptive principle, public value can
prioritise effective and efficient management practices, but it may also focus on values
of fairness, equality and just society.
Paradigm
Rationale
Dominant focus
Definition of public
interest
Performance
objective
Dominant model of
accountability
Preferred system of
delivery
Means
Ends

Public Value
Public administration
Relationships, politics
enactment
Collective preferences

New Public Management
Private management
Administrative rationalisation,
results
Aggregated individual preferences

Multiple objectives,
shifting over time

Management of inputs and
outputs to ensure economy and
responsiveness to customers
Upward accountability via
performance contracts

Multiple
accountability
systems
Menu of alternatives
selected pragmatically
Fulfilment of multiple
objectives
Fulfilment of social
expectations

Private sector or tightly defined
arms-length public agency
Competition
“Government that works better
and costs less”

Table 1. Public Value versus New Public Management. Source: II, based on Cordella &
Bonina, 2012, adopted from O’Flynn (2007) and Stoker (2006).
This thesis, based on II, contributes to seeking theoretical models of how local
governments can jointly generate more public and social value with ICT projects. In other
words, the focus is on finding a theoretical model for multi-city analysis by changing the
unit of analysis from a city to a broader macro-region with multiple cities. For this
purpose, PV as a concept is proposed. The main goal of PV, it has been claimed, is to
examine the performance of public service from the perspective of citizens (Karunasena
& Deng (2010). The most common criticism towards PV is that it suffers from definitional
vagueness (Benington & Moore, 2011), as universal concepts are simpler. For example,
Jorgensen & Bozeman (2007) identified 72 public values in 7 different value categories.
To narrow this down, this analysis explicitly utilises the frameworks of Kearns (2004) and
Karunasena & Deng (2010) to link digital macro-regions with the concept of PV. Kearns
(2004) proposes three sources of PV: 1) high quality of public services (availability,
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satisfaction of users, perceived importance, fairness of importance, fairness of provision,
cost); 2) achievement of outcomes (improvements in health, reduced poverty,
environmental improvements) and 3) trust in public institutions that also includes
participation. 12 Later Karunasena & Deng (2010) suggest a framework for evaluating the
public values based on three drivers of public-value creation: 1) delivery of quality
services; 2) operating effective public organisations and 3) achievement of socially
desirable outcomes. The conceptual framework for evaluating the PV of digital macroregions is proposed in Figure 11 and explained and validated in II.

Quality of services (availability,
satisfaction of users, importance,
fairness of provision, cost)

Public Value

Achievement of outcomes

(improvements in health, reduced
poverty, environmental
improvements)

Digital macroregions

Trust (and participation)

Figure 11. The Public Value theoretical framework. Source: II, adapted from Kearns
(2004) and Karunasena & Deng (2010).

5. Data exchange platform for macro-regions
Local governments are more and more expected – even if one may ask by whom
precisely – to be participatory, horizontal and collaborative with the help of digital
technologies. For example, Lee & Lee (2014) criticise the provider’s viewpoint whereas
organisation structures are constructed for the convenience of administration, thus
making the service provision vertical (e.g. departments of mobility and environment and
their databases are fully disconnected). Therefore, Tallinn and Helsinki (and Estonia and
Finland, respectively) are interesting as a case, as their public-sector databases are
interconnected (in the case of Estonia), or there are plans to connect them (in the case
of Finland), which makes inter-and intra-city data exchange possible. It should be noted
that achieving this assumes change in organisations’ management practices and legal
setup, which is practically complex, especially when considering social and political
resistance to changes, but not impossible.
Though initiated top-down, Estonia is an interesting example of horizontal exchange
of data, as there is close to full interoperability between public-sector databases via the
data-exchange layer called X-road, both within departments in one city and across all
national cities. For example, the national population registry (which stems from the
population registry of Tallinn) is fully integrated with all cities and other government
12 Also confirmed by Picazo-Vela et al. (2015), who propose citizen participation as an important factor of value

creation; Avgerou et al. (2009) claim that ICT can enforce trustworthiness (the delivery of what is expected),
not trust, which for them is socially constructed.
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actors in Estonia. Therefore, cities cannot keep their own population registries, as there
is one live database of all residents in Estonia, and every municipality must integrate their
services based on this central registry (e.g. registration of new or departing residents). It
is important to note that the X-road is not extraordinary because of its technological
features (there are plenty of similar-logic enterprise-service bus platforms available) but
mainly because it is a case of successful implementation, both organisationally and
legally. Essentially, it is a rule-based approach, and all these rules need to be defined (e.g.
who can make inquiries to the population and other thousand databases and how).
Essentially, it has become an institution over the past decade or two, following the logic
of North (1994) that institutions define the rules of the game. In this perspective, the Xroad is used as a lighthouse solution throughout this thesis, indicating how twin-cities
(Helsinki and Tallinn) could conceptually benefit from it (see I, II, III, IV, V and VII). In VII,
the Estonian data exchange layer X-road (see Figure 12) is described in a bit more detail.
Briefly, in Estonia, over 3,000 government-sector (including all cities) databases are
interlinked via the Internet using the transport layer.

Figure 12. The X-road platform. Source: II, VII, Estonian Information System Authority
Inspired by the X-road 13, Finland is also implementing its data-exchange layer, and
both countries have agreed to develop a federated solution. Recently (2017), this has
resulted in a joint organisation, The Nordic Institute for Interoperability Solutions, which
has the mission to develop federated e-governance solutions connecting Estonian XRoad technology with its Finnish counterpart (Palveluväylä). It is expected that first pilots
based on these federated two-country data-exchange layers will be live in 2018 and focus
13

http://epl.delfi.ee/news/eesti/soome-votab-kasutusele-meie-x-tee-susteemi?id=67359844 (in Estonian)
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on the exchange of tax, medical and/or population data. If the federation of dataexchange layers between two countries (see Figure 13) was fully implemented, this
would offer an experimental setting for joint cross-border e-services between two
capitals (also applies to all cities in Estonia and Finland). Currently, the two cities still
operate as digital islands but the federation of data-exchange platforms could effectively
lead to joint digital services based on real-time data requests from urban and
governmental databases, hence also benefiting the commuters and macro-regions.
Continuing with the example of population registry: moving from Tallinn to Finland could
automatically mean erasing the residence status in Tallinn and transferring it to Helsinki.
Once again, the implementation of federated data-exchange layers is not only a
technological challenge, but the main assumption is that this is politically desirable
(multiple parties agree on how data can be exchanged and are motivated to do so, that
is, create novel institutions).

Figure 13. Federation of data platforms. Source: Estonian Information System Authority
The next step for smart cities could also be the integration of various sensor data by
implementing an open and interoperable platform for connected sensors or things. That
is, in addition to “citizen-based” databases, there could be interconnected registries,
both public and private, for “things” like unity meters (gas, electricity, water), vehicles
(cars, buses, trains etc.), home appliances, heating, lighting and waste-management
systems, weather-forecast data etc. In Estonia, there is a first step towards this, namely
the Estfeed platform, which connects close to 600,000 electricity users, and most endusers can trace their energy consumption via connected meters over the Internet (see
more in VI). This platform, running on the X-road, links data sources and applications and
provides a user interface for customers to see and manage their energy-consumption
data and rights. For perfectly federated smart cities, such federation could be the next
step, after having integrated the public registries.
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6. Implications for further research and conclusion
This thesis analysed the possibility of digitally connected cities in the case of two midsized cities: Tallinn and Helsinki. Competing technology solutions driven by locked-in
standards have a tendency to create digital islands where solutions work locally but not
regionally. In this perspective, this dissertation proposed a switch from a single unit of
analysis (a city) towards a macro-region unit (multiple cities), at least in the case of
digitally advanced and well commuted areas. This thesis analysed smart city from four
angles. Firstly, smart city as a phenomenon was defined as “a city using ICT (incl. data
analytics and sensing) for achieving mobility and environment goals dealing with
urbanisation.” Secondly, an overarching smart-city framework was proposed with the
following characteristics: smart city is driven by population growth in urban areas, which
poses various mobility and environmental challenges; technology remains central as a
tool in order to make cities smarter but it is not a driver itself and operationally, smart
city should be evaluated based on its digitalisation-related projects. Thirdly, a way to
connect smart-city services technologically and institutionally was introduced via
connected data-exchange layers such as the X-road. Fourthly, as the theoretical base for
both e-government and smart-city research remains weak, this thesis investigated how
PA concepts (such as Public Value) could be utilised for macro-region analysis.
Conceptually, a virtually borderless twin-city is feasible, although it can take years, if
not decades, to be fully functional. Nevertheless, if both cities and their respective
countries label themselves as digital or smart, then moving towards a fully integrated
macro area could be possible, although this remains challenging, as the two cities are
heterogeneous with differences in their economic-development levels, research and
innovation activities, legal set-ups, organisational practices and culture. Despite all
challenges, the twin-city approach has been topical over the last 25 years and most
probably continues to be so. Currently, one of the most debated questions on both sides
of the Gulf of Finland is whether the modern and fast Pan-Baltic railway (Rail Baltic)
should have its final stop in Tallinn or in Helsinki. If the latter is the case, this could be
built via a physical tunnel approximately 100 km long that takes decades of construction
time and (up to 20) billions of euros – according to the preliminary results of the FINEST
Link project. On the other hand, one could argue that the connections between Tallinn
and Helsinki are already relatively good and affordable now, proven by many commuters
and the fact that there are at least 12 daily trips between the cities, costing around € 30
for a return trip and taking on average 2.5 hours. This thesis makes no statement
regarding the feasibility of the tunnel project, but it analyses how two close cities could
be linked virtually instead or parallel to the physical connection. In other words, in
addition to having physical connections, there is a need for harmonised digital services
which is beneficial for commuters but also local economies via an increased joint digital
market. It should be stressed that both projects (virtual and physical link) are ambitious,
maybe even utopian, but technologically feasible at the same time.
If the digital twin-city concept is considered a top priority, then a significant amount
of further research is needed. First, there is a need for a thorough analysis how a digital
twin city would affect the local economy and what would be its broader socio-economic
impact (e.g. in the case of a physical tunnel, the construction sector is the main
beneficiary, in the case of digitalisation, this would boost the ICT sector). In addition, the
two cities, Helsinki and Tallinn, are different in their governance layers, and this should
be studied further. In Finland, more power and resources are allocated towards local
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governments. For example, the city of Helsinki has significantly more control over the
harbours, energy provision and housing. In Estonia, the decision-making and resources
are more centralised. Similarly, an impact analysis of decision-making levels (local,
government, supranational) could be beneficial, as currently, both central and
supranational (European Union) governments play an important role in pushing toward
free flow of data (e.g. data-roaming price regulation and connected data-exchange
layers) and digital single market. It would be interesting to study whether local
governments have a tendency to block cross-border innovations, whereas higher levels
(e.g. central government) are promoting it. Further promising research and innovation
projects could involve urban waste-management systems, e.g. demand-driven waste
collection, where sensors indicate when to collect urban waste. Probably future trends
in smart-city projects involve artificial intelligence and robots, therefore, more projects
are expected in the field of autonomous urban logistics and transport and tailor-made
local manufacturing. In addition, people are living longer, which drives the population
growth and sets a natural demand for smart-city policies and digital applications for the
elderly, e.g. in the field of healthcare. In future research, one could also adapt project
evaluations for smart city research. For example, Heeks (2002) developed a model to
explain high rates of failure of information systems implemented in developing countries
and in the field of health care. The logic of this model is to analyse the match and
mismatch between IT systems design and end-user actuality. The model derives from
contingency theory and intends to explain design-actuality gaps.
Though the field of e-government is mainly influenced by PA and computer science,
the evolutionary-economics point of view could be applied as well. For example, it might
be important to incorporate the economics when analysing resource allocation, as IT
investments can be extremely expensive. Soete & Weehuizen (2003) argue that when
the purpose of ICT is to reduce costs, the consequences are crowding out of motivated
employees, worse efficiency and quality performance. They zoom into the specificity of
implementing ICT in the public sector and claim that dissatisfaction with ICT-based
public-sector solutions has been associated with bureaucracy – the misuse of
information for internal organisational power purposes, raising transaction costs, and so
on. Another angle would be the role of institutions. For evolutionary economists, the
level of technological competence is a fundamental factor constraining a country’s
productivity, and economic growth is driven by technological advance. Nelson & Nelson
(2002) stress that the influence of a country’s institutions on its ability to master
technology is a central way how institutions affect economic performance. Therefore,
technology and institutions are interrelated, and both contribute to the economic
growth. As North (1994) puts it: policymakers and their decisions should be analysed
within institutions, which are essentially the rules of the game.
Thus, based on the first cases, the key point in realising a winning smart-city operation
is to understand that it is not a one-city game. No matter how big a city (Seoul, Rio de
Janeiro), any one city is too small to create a real ecosystem of smart services and
solutions. The first instalments have led to inflexible “smart cities in a box”, which are
ageing fast and from which the solutions do not scale elsewhere and do not apply to
commuters. Instead, cities should work together to build a larger smart-city market, in
which services and solutions roam from city to city with Internet-like speed.
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Lühikokkuvõte
Lugu kahest targast linnast
Käesolev doktoritöö tutvustab digitaalsete kaksiklinnade võimalikkust Tallinna ja Helsingi
näitel. Siiani on kaksiklinnade analüüsi fookus olnud peamiselt sellel, kuidas linnasid
paremini ühendada füüsiliselt, näiteks transpordiühenduste kaudu, ja selleks on ka
mitmeid programme käivitatud. Antud töö uurib, kuidas linnasid saaks ühendada
digitaalselt, eesmärgiga pakkuda ühiseid e-teenuseid ning vahetada andmeid reaalajas.
Kuna IKT valdkond on tehnoloogiliselt mitmekesine, näitab senine kogemus, et isegi
lähedal paiknevatel linnadel on oht muutuda digitaalseteks saarteks, kus e-teenused
töötavad ainult ühe linna sees, aga mitte linnade vahel. See tähendab, kaks digitaalsete
tehnoloogiate kasutamise mõttes hästi arenenud linna võivad koos moodustada mittedigitaalse regiooni, kus kõige efektiivsemat töötavad analoogsed teenused. IKT
valdkonnas on sadu erinevaid standardeid, mis võib viia piltlikult olukorrani, kus ühes
linnas on kasutusel vasakpoolne liiklus, aga teises linnas parempoolne ja seega
omavaheline ühendus on raskendatud kui mitte võimatu. Sellisteks näideteks võib tuua
Tallinna-Helsingi kontekstis mobiilse parkimise, ühistranspordipileti ostmise ja digitaalse
allkirjastamise.
Seega, antud töö keskne küsimus on, kuidas ühendada Helsingi ja Tallinn virtuaalselt,
luues ühise digitaalse regiooni. Tallinn ja Helsingi, kaks Euroopa liidu pealinna, asuvad 80
kilomeetri kaugusel (eraldatud Soome lahe kaudu), nende vahel on intensiivne kaupade
ja inimeste liiklus (aastas toimub üle 8 miljoni reisi) ning mõlemad linnad tutvustavad end
kui eesrindlikud digitaalseid lahendusi kasutavad pealinnad. Töös tuuakse välja, et
digitaalne kaksiklinn on tehnoloogiliselt võimalik, aga see ei ole isetekkeline. Teisisõnu,
täielikult ühendatud digitaalne regioon eeldab väga suurt kokkulepet linnade ja riikide
vahel selleks, et edukalt lahendada kõik organisatoorsed, õigluslikud, tehnoloogilised ja
kultuurilised takistused ning luua efektiivseid stiimuleid ühisprojektideks. Lihtsustades,
antud eesmärk on võrreldav ambitsiooniga luua Helsingi ja Tallinna vahel füüsiline
ühendus tunneli näol, millest on viimastel aastatel järjest aktiivsemalt räägitud mõlemal
pool Soome lahte ja mille maksumus ulatuks 18 miljardi euroni. Antud töö, omades
neutraalselt positsiooni tunneli osas, väidab, et füüsilise tunneli kõrval või selle
täiendusena, tuleks analüüsida ka võimalust luua hästitoimuv virtuaalne tunnel kahe
linna vahel.
Kuna tark linn (smart city) on mõistena laialivalguv ja kasutatud sageli ka turunduslikel
eesmärkidel, pakub käesolev töö välja omapoolse targa linna mõistete süsteemi: 1. ajend
targaks linnaks tuleneb linnarahvastiku kasvust, mis tekitab erinevaid transpordi- ja
keskkonnakorraldusealaseid probleeme; 2. tehnoloogia on oluline tööriist targa linna
lahenduste kasutusele võtmisel, aga mitte eesmärk iseenesest; 3. linnade
digitaliseerimise taset saab hinnata nende targa linna projektide järgi, indikaatorite
asemel. Antud töös defineeritakse tark linn järgmiselt: „tark linn kasutab tehnoloogiaid
(sh andmeanalüüs) selleks, et saavutada transpordi- ja keskkonnavaldkonna eesmärke
keskkonnas, kus rahavastiku arv kasvab.“
Tark linn ei ole iseseisev teadusharu, vaid sõltub suuresti teaduslikust vaatenurgast.
Antud töö analüüsib targa linna kontseptsiooni laiemalt, tugines nii linna-, keskkonna-,
IKT kui ka juhtimisteadustele. Antud doktoritöö koos seitsme publikatsiooniga panustab
e-riigi (e-government) kui valdkonna arengusse, mis on sümbioos IKT-teadusest ja
avalikust haldusest. 2017. lõpu seisuga oli e-riigi valdkonnas avatud ligi 10 000
teaduspublikatsiooni, kuigi enamus autoreid nõustub, et valdkond on teaduslikus võtmes
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veel välja kujunemata. Seetõttu analüüsib antud töö, kuidas tarka linna saab käsitleda eriigi võtmes ning kuidas avaliku halduse teooriad saaks rakendada piiriüleste linnade
digitaalsete teenuste analüüsimiseks, pakkudes välja avalike hüvede (public value)
mudeli ning testides selle toimimist Tallinna-Helsingi näitel.
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Abstract
A tale of two smart cities
This thesis proposes a novel approach to conceptualising twin-cities. To date, close-by
cities are mostly analysed from the perspective of how to connect them physically,
mainly providing the advancement of mobility options; there are significant local,
national and supranational financial incentives for this (e.g. the EU’s TEN-T programme
that finances hundreds of mobility projects on all transport modes – air, rail, road, and
maritime/inland). This dissertation describes that cities can also be effectively connected
digitally by harmonising public services and exchanging data in real time across
databases. The challenge with digitalising cities is that without joint standards and a
harmonised approach, two close-by cities may become digital islands, i.e. everything is
digital within the cities but not across the cities. That is, two cities can effectively produce
a non-digital macro-region where the best way is to use cash and analogue services. In
the field of ICT, there are hundreds of standards, and picking different ones could be
compared to having one city with left-hand traffic and another one with right-hand in
the most extreme cases.
The central case study focuses on connecting two Northern European capitals,
Helsinki and Tallinn, virtually. The two cities are medium-sized, less than 100 km apart
by sea, well commuted and label themselves as digital or smart cities. The key argument
of this thesis is that virtual connection is technologically possible but not automatic.
Therefore, a fully connected digital macro-area between the two cities is feasible, but
this expects a high level of political priority in order to tackle the organisational, legal and
cultural barriers and provide effective incentives. To simplify, a physical railroad tunnel
between two capitals has been debated over the last two decades, which would be a
true flagship project globally, costing up to € 20 billion. This thesis states that a virtual
tunnel with a harmonised digital macro-region could also be considered, as part of
discussing the physical one, or instead of it.
Creating digital or smart cities assumes real-time data exchange also within the cities,
as described in the case of electricity-consumption data exchange in Estonia. As smart
city as a concept remains vague with its self-congratulatory tendency, an integrative
smart-city framework is proposed that focuses on understanding the phenomena,
components and drivers of smart cities. This framework makes three clarifying
statements: 1. smart city is driven by population growth in urban areas, which poses
various mobility and environmental challenges; 2. technology remains central as a tool
in order to make cities smarter, but it is not a driver itself; and 3. operationally, smart
city should be evaluated based on its digitalisation-related projects. Based on crossdisciplinary examination of smart-city conceptualisation efforts, this thesis proposes to
define smart city as “using ICT (incl. data analytics and sensing) for achieving mobility and
environment goals dealing with urbanisation”.
This thesis contributes to the evolving field of e-government that has two parental
disciplines: public administration and ICT. It should be noted that e-government is not a
discipline itself, although as of the end of 2017, there have been around 10,000 research
papers in the field. As a novel field of research, it lacks rigour and well-grounded
theoretical models. In this light, this thesis clarifies the concept of e-government,
analyses how it could embed the smart city as a phenomenon and investigates which
concepts and theories could be borrowed from the field of public administration.
Following many scholars that propose Public Value as a model for e-government, this
39

thesis develops this further by offering a Public Value framework for analysing macroregions consisting of more than one city. Nevertheless, it is important to note that that
this thesis analyses the concept of smart city broadly, that is, looking for reasoning and
literature in all connected domains, e.g. urban sciences, environmental sciences and
sensing and connecting sciences.
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Publications (Articles I-VI)
Article I
Soe, R.-M. (2018). Smart Cities – From Silos to Cross-Border Approach. International
Journal of E-Planning Research, Special Issue on Models and Strategies toward Planning
and Developing Smart Cities, 7 (2), doi: 10.4018/IJEPR.2018040105 (1.1.)
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Appendix 1
Article VII
Soe, R.-M. (2017). Smart Twin Cities via Urban Operating System. In R. Baguma; R. De';
T. Janowski (Ed.), ICEGOV '17: Proceedings of the 10th International Conference on
Theory and Practice of Electronic Governance (pp. 391-400). New Delhi: Association for
Computing Machinery (ACM), doi: 10.1145/3047273.3047322 (3.1.)
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Curriculum vitae
Personal data
Name: Ralf-Martin Soe
Date of birth: 12.01.1985
Place of birth: Estonia
Citizenship: Estonian
Contact data
E-mail: ralfmartinsoe@gmail.com
Education
2013–2018 Tallinn University of Technology – PhD in Technology Governance/Public
Administration
2012–2013 Maastricht University / United Nations University – PhD studies in
Economics and Public Policy (full UN scholarship)
2010–2011 Maastricht University / United Nations University – MSc in Finance and
Public Policy
2006–2008 Tartu University – MBA in Financial Management
2003–2006 Tallinn University – BA in Psychology
Language competence
English: Fluent, Estonian: Mother Tongue, German: Intermediate, Russian and
Finnish: Basic
Professional employment
2017– Ministry of Economic Affairs and Communications, Counsellor to the Minister
of Entrepreneurship and Information Technology in the field of ICT
2015– Tallinn University of Technology, Ragnar Nurske Department of Innovation
and Governance, Junior Research Fellow and Project Manager
Initiated R&D Projects (from idea to funding to implementation):
Sohjoa Baltic (Project partner, 2017–2020) www.sohjoa.fi
• Implementation of autonomous shuttle buses in Tallinn Public Transport
• Gross budget: € 4.4 million
• Contractual Partners: Metropolia University, Forum Virium Helsinki,
Finnish Transport Safety Agency, Tallinn University of Technology, Tallinn
Transport Department, Zemgale Planning Region, Chalmers University of
Technology, Institute for Climate Protection, Energy and Mobility – Law,
Economics and Policy, The City of Gdansk, Town of Kongsberg
Finest Twins (Project Manager, 2015–2016) www.finesttwins.eu
• Business plan development for establishing a smart city center of
excellence in Tallinn
• Grant € 449,000 EUR. Financed by EC REA (through H2020 teaming)
• Contractual Partners: Tallinn University of Technology, Ministry of
Economics and Communications, Forum Virium / City of Helsinki, EIT
Digital / Aalto University
Taught courses in the Ragnar Nurkse Department: E-governance on the local level
(2017), TechEstonia (2017), Information society 2.0 (2015); in the IT department:
Software testing (2017)
2013– NGO ITL Digital Lab, R&D Manager
Initiated R&D Projects (from idea to funding to implementation)
Finest Smart Mobility (Project Partner, 2016–2019) www.finestsmartmobility.com
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Cross-border Intelligent Transport Systems Pilots between Helsinki,
Vanttaa and Tallinn
• Gross budget: € 1.2 million
• Contractual Partners: Helsinki City, Forum Virium Helsinki, ITL Digital,
Road Administration and Tallinn City
Cross-sectoral product development (single-led project, 2017–2019)
• Aim: develop a model and validated it how ICT sector can move towards
product development
• Gross budget: € 61,000, mainly financed from Enterprise Estonia
Real-time Economy (Project initiator, 2014–) www.itl.ee/index.php?page=359
• Contractual Partners: ITL Digital, Technology Industries Finland (TIF), ICT
Cluster of Latvia (LIKTA), TIETO, Omniva and Telema
• Business X-road integration with Peppol (e-invoices)
• Grant € 800,000 EUR. Financed by CEF and Interreg
e-Receipt (Project Partner, 2014–2016) www.kviitung.ee
• Environment Friendly IT solutions for e-receipts
• Gross Budget: € 905,250, net grant from Innovation Norway: € 577,097
• Contractual Partners: Omniva, EMT, Authente (Norway), Helesinine, ITL
Digital & Trinidad
TestLab (Project Manager, 2013–) www.smartlab.ee
• Mobile Applications Testing Center
• Raised financing from partner companies: € 50,000 (increasing)
• Contractual Partners: Telia, Samsung, TTÜ, Nortal, ASA Quality Services,
Stagnation Lab, Mobi Lab, Applaud, Elvior. Fob Solutions & ITL Digital
2011–2012 British Embassy / UK Trade & Investment, Economic Advisor
2009–2010 PricewaterhouseCoopers, Consultant (Financial Audit)
2006–2009 Äripäev, Investigative Business Journalist
Awards:
2008 Best Young Journalist in Estonia
2007 Second Best Journalist at Äripäev
2006 Best Journalist at Äripäev
•

Nominations:

2006 Best Investigative Journalist in Estonia (Bonnier Award)
2006 Best News Reporter in Estonia
2006 Best Young Journalist in Estonia

Additional current positions
• Estonian Internet Foundation, Member of the Supervisory Board
• European Commission H2020 ICT Committee, Estonian representative
• ERA-NET Cofund Smart Cities and Communities (ENSCC) Smart
Commuting project, Member of the External Advisory Board
• Smart Cities and Smart Government Research-Practice (SCSGRP)
Consortium, Member
• Tallinn School of Economics, Member of the Advisory Council
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Elulookirjeldus
Isikuandmed
Nimi: Ralf-Martin Soe
Sünniaeg: 12.01.1985
Sünnikoht: Eesti
Kodakondsus: Eesti
Kontaktandmed
E-post: ralfmartinsoe@gmail.com
Hariduskäik
2013–2018 Tallinna Tehnikaülikool – PhD (tehnoloogia valitsemine/avalik haldus)
2012–2013 Maastrichti/ÜRO Ülikool – PhD õpingud (majandus/avalik haldus)
2010–2011 Maastrichti/ÜRO Ülikool – MSc (majandus/avalik haldus)
2006–2008 Tartu Ülikool – MBA (finantsjuhtimine)
2003–2006 Tallinna Ülikool – BA (psühholoogia)
Keelteoskus
Eesti keel – emakeel; Inglise keel – Kõrgtase; saksa keel – kesktase; vene ja soome
keel – algtase
Teenistuskäik
2017– Majandus-ja Kommunikatsiooniministeerium, juhtkond, ettevõtlus- ja
infotehnoloogia ministri nõunik (IKT)
2015– Tallinna Tehnikaülikool, nooremteadur, projektijuht
Käivitatud-juhitud projektid: Finest Twins (H2020, teaming), Sohjoa (Interreg)
Õppetöö: E-valitsemine kohalikus omavalitsuses (2017); TechEstonia (2017),
Tarkvara testimine (2017), Infoühiskond 2.0 (2015)
2013– MTÜ ITL Digital Lab, arendusjuht
Käivitatud-juhitud projektid: Telia TestLab, e-Kviitung (Norway Grants), Real-time
Economy (Interreg), FINEST Smart Mobility (Interreg), Internet of Business (CEF) ja
valdkondade ülese tootearenduse toetamine IKT sektori näitel (EAS)
2011–2012 Briti Saatkond/ UK Trade & Investment, majandusnõunik
2009–2010 PricewaterhouseCoopers, Konsultant (finantsaudit)
2006–2009 Äripäev, uuriv ajakirjanik
Saavutused: Parim noor ajakirjanik 2008 (Eesti Ajalehtede Liit), Äripäeva parim
artikkel 2006, Bonnieri preemia ja parima uudisloo nominatsioon 2006 (Eesti
Ajalehtede Liit).
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