<@ sustainability

Article

Are Smart Cities Too Expensive in the Long Term? Analyzing
the Effects of ICT Infrastructure on Municipal
Financial Sustainability

Gabriel Puron-Cid 1*

check for
updates

Citation: Puron-Cid, G.; Gil-Garcia,
J.R. Are Smart Cities Too Expensive
in the Long Term? Analyzing the
Effects of ICT Infrastructure on
Municipal Financial Sustainability.
Sustainability 2022, 14, 6055. https://
doi.org/10.3390/5u14106055

Academic Editor: Anna Visvizi

Received: 19 March 2022
Accepted: 10 May 2022
Published: 17 May 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

and J. Ramon Gil-Garcia

2,3

Centro de Investigacion y Docencia Econémicas, Aguascalientes 20313, Mexico

Center for Technology in Government, Department of Public Administration and Policy, Rockefeller College,
University at Albany, Albany, NY 12205, USA; jgil-garcia@albany.edu

School of Business, Universidad de las Americas Puebla, Cholula 72810, Mexico

*  Correspondence: gabriel.puron@cide.edu

Abstract: Cities around the world are attempting to become smarter by using data and technology to
improve internal operations, make better decisions, and increase the quality of life. This technology-
intensive use frequently comes with large investments in the ICT infrastructure necessary for smart
city initiatives, which may not be financially viable in the long term. Financial sustainability (FS) is a
useful framework for assessing how governments meet their financial obligations, using different
indicators of financial performance over time by controlling for contextual factors. This study
examines 1723 municipal governments; only 89 of these explicitly conducted smart-city initiatives
in Mexico over three time points (2014, 2016, and 2018). Panel data techniques were applied to
compare the effects of the investments in ICT infrastructure across municipalities with or without
smart-city initiatives on five indicators related to the financial condition within the FS framework
(i.e., cash solvency, budget solvency, long-term solvency, service-level solvency for revenues and
expenses). The results show an association between ICT infrastructure and some dimensions of FS.
The main findings suggest the importance of adequate financial analysis for long-term capital and
budgeting decisions, to create a more solid smart city financial strategy for the long term. Specific
recommendations for city managers are also discussed.

Keywords: financial sustainability; budgeting; financial management; smart city; sustainable city;
ICT infrastructure; long-term capital decisions

1. Introduction

Smart city initiatives have become recurrent strategies used by local governments to
provide better services, improve their managerial effectiveness, and increase citizen partici-
pation in cities” decision-making processes. Great potential exists to use data, information,
and communication technologies (ICT) more extensively to improve city operations. How-
ever, depending on the size and financial situation of the cities, some smart city initiatives
could be considered investments that are too expensive and not easy to maintain in the
long term. If city governments want to achieve most of the benefits arising from the intense
use of technology and data, building financially sustainable smart cities should be seen as
a priority.

The literature on smart cities includes different definitions of sustainability. The first
definitions of sustainability referred almost exclusively to the conditions of equilibrium
between human activities and their impact on the natural environment [1]; today, the term
refers more broadly to the duration of the effects derived from the smart city initiative
over time [2] and the long-term impacts of this type of project on the environmental, social,
political, and economic aspects of a city [3,4]. However, the financial sustainability (FS)

Sustainability 2022, 14, 6055. https:/ /doi.org/10.3390/su14106055

https:/ /www.mdpi.com/journal/sustainability


https://doi.org/10.3390/su14106055
https://doi.org/10.3390/su14106055
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0002-6272-7374
https://orcid.org/0000-0002-1033-4974
https://doi.org/10.3390/su14106055
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su14106055?type=check_update&version=2

Sustainability 2022, 14, 6055

2 0f23

aspect of smart cities has been neglected and requires more investigation, particularly in
relation to the long-term impact of these types of projects.

An example of this increasing concern about the FS of smart cities is the Euro-
pean Commission’s initiative, entitled “European Innovation Partnership on Smart Cities
and Communities” (EIP-SCC). This initiative attempts to build a joint investment pro-
gram for European smart city projects by involving investors, city governments and
other public agencies, small- and medium-sized enterprises, and other actors from so-
ciety in discussing and finding financially sustainable solutions (for more information,
see: https:/ /eu-smartcities.eu/sites/default/files /2018-06 / EIP-SCC_TOWARDS%20A %
20JOINT%20INVESTMENT-Paper.pdf (accessed on 12 May 2020)). This project also at-
tempts to identify new market and business models for financing infrastructure and services
for smart cities in a sustainable way over time (e.g., crowdfunding, community investment,
and the digital social market). A set of indicators and measurements are used to guide
funding toward the more financially sustainable and viable smart city initiatives.

The assessment of smart cities’ FS takes into consideration not only how local govern-
ments perform over time when adopting this type of initiative but also how economic and
social contexts may influence their adoption in general [5,6], as well as how these contextual
factors may influence investments and spending on an ICT infrastructure in particular [7,8].
Several international organizations have proposed the adoption of FS strategies and poli-
cies in the public sector as a form of collective monitoring tool for strengthening financial
discipline and preventing financial and economic crises [6,9-13], but the application of an
FS framework for local or municipal governments that are adopting large and enduring
ICT projects, such as smart city initiatives, is still a work in progress.

We argue that one important strategy for a solid financial plan for a smart city initiative,
including solid long-term capital investments and budgetary decisions, is to analyze and to
monitor the FS of the municipal government. Despite the contributions of the literature
to the study and assessment of the FS of governments, not enough research has been
dedicated to studying the effects of smart city initiatives on the financial condition of
municipal governments. The assessment of financial condition needs to take into account
the amount of human, material, and financial resources dedicated to smart city initiatives
and their impact on the long-term capability of local governments to meet their financial
obligations [8,14]. In general, the FS framework has been useful, not only as a tool by
which to identify potential financial risks that influence the ability of governments to meet
their financial obligations but also to identify potential contextual factors that may impact
public finances [15]. When examining a local government’s financial performance, an FS
framework can be used to identify the proper timing for launching smart city initiatives,
detect potential financial risks during each phase of the implementation, and evaluate the
project’s financial benefits and /or limitations.

The goal of this study is to analyze how municipal governments could use the FS
framework to better understand and improve their management of smart city initiatives
from a long-term financial perspective, by answering three research questions that also
represent our main objectives: Are smart cities too expensive in the long term? Are invest-
ments in ICT infrastructure associated with the financial performance of governments?
Does context influence the financial performance of governments?

The paper is organized into six sections, including the above introduction. Section 2
presents a review of the current literature, focusing on smart cities, sustainability as a
multidimensional concept, and FS. Based on the FS framework, this section also presents
the research question and hypotheses that guide our study. Section 3 explains the research
design and methods used for this paper, which is based on quantitative analyses of the
official data from 1723 municipalities in Mexico over three time points: 2014, 2016, and
2018. This section also includes a brief description of five examples, which include well-
known smart city initiatives in Mexico: Alvaro Obregon (in Mexico City), Aguascalientes
(Aguascalientes), Guadalajara (Jalisco), E1 Marque (Queretaro), and Monterrey (Nuevo
Leon). These smart cities are used as reference points to understand the panel data results.
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Section 4 presents the results of our empirical analysis. The five examples were compared
with the average patterns from our panel data results, in order to answer the question:
“Are smart cities too expensive in the long term?” Based on the results from the panel
data analysis, other questions were also addressed in this section, including “Is the ICT
infrastructure associated with the financial performance of governments?”, and “Does
context influence the financial performance of governments?” Section 5 discusses the main
findings, provides some concluding remarks and suggests ideas for future research about
this topic. It also includes some policy recommendations.

2. Literature Review: Smart Cities and FS

This section presents the results of our review of the existing literature related to
smart cities and sustainability, as well as FS, including definitions, components, models,
indicators, and measurements.

2.1. Smart Cities and Sustainability

Many definitions of a smart city and its components exist. The term “smart city” encom-
passes a collection of diverse technological developments used to improve cities, through spe-
cific tools and applications approaching the topic from a holistic viewpoint [16,17]. Batty [18]
(pp. 483—484) pointed out that smart city projects are spaces where ICTs have merged with
traditional infrastructures, coordinating and integrating the use of new digital technologies to
transform the environment toward a new urban model.

Smart city initiatives require collaborative efforts across multiple levels and functions
of government authorities, businesses, citizens, and other actors to improve the quality
of life of its inhabitants [19,20]. Therefore, smart city projects attempt to adopt a holistic
approach including several dimensions or axes of development [21-24]. Six main axes guide
smart city initiatives around the world: smartness for the economy, people, governance,
mobility, environment, and living [25]. A smart city must develop each axis as an aspiration
goal toward continuous improvement. These axes represent a global vision of all aspects of a
connected society within the urban space in the future from a more holistic perspective [16].
Whatever the goals established for a smart city initiative, it requires critical investments
and budget allocations to acquire the necessary resources, such as people, materials, and
ICTs for implementing this type of holistic project.

In addition to data and ICT, there are other important components for smart city
projects related to organizational capabilities, policies, and the context in which the smart
city initiative is embedded [4,26]. In fact, there are definitions of “smart city” that include
the roles of governments, citizens, businesses, and other important social actors in this
type of project [27-30]. In addition to data, technology, and the built infrastructure, smart
city initiatives include aspects related to the environment, policies, services, openness to
citizen participation, and partnerships with private and nonprofit organizations [31,32].
Important aspects of government policies include investment, spending, and the allocation
of key resources.

Smart city research also emphasizes the environmental aspect of sustainability [1,31,33].
The rapid adoption of mobile and sensor technologies, as well as the diversity of Internet
applications and social media available, extended the scope of smart city projects to saving
energy, supporting environmental care, or improving urban mobility [34]. Many modern
urban sites have taken advantage of emerging technologies, extending the concept of
sustainability into other dimensions, such as improving living conditions and citizen
engagement [14,35]. More broadly, the term “sustainability” has also been identified as
the ultimate test of a smart city’s strategy for success from a more integral and systematic
perspective, in terms of the duration of its results over time [2]. It evaluates outcomes
over time, not only focusing on technical or environmental changes but also on a broader
perspective of results (e.g., financial health or social justice). Consistently, sustainability
now refers to long-term impacts on the environmental, social, political, and economic
aspects of a smart city [3,4,36].
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Environmental sustainability represents an essential component of the smart city con-
ceptualization. Protecting the environment is recognized as one of the most important
characteristics of smartness [14]. However, as mentioned before, other types of sustain-
ability exist, such as social, political, economic, and financial sustainability [37]. Social
sustainability refers to a future focus on the improvement of a just society over time [38].
As Castillo, Price, Moobela, and Mathur [39] (p. 39) noted, social sustainability can be
defined as “ensuring the well-being of current and future generations, by recognizing
people’s right to belong to and participate as valued members of a community.” Economic
sustainability focuses on the uneven distribution of the benefits of digital innovation among
citizens and the efficiency of technology in practice [40,41]. Political sustainability positions
smartness as a mechanism for reconciling conflicting policy ideals and agendas in urban
policymaking, regarding mutually recognized problems and solutions, among different
stakeholders [42]. Finally, FS refers to a set of criteria to identify how smart city projects
affect the finances of governments and citizens in the long term [43]. FS could also be
seen as the ability of a local government to meet its financial and service obligations after
investing in smart city projects [44].

Today, the use of the term “sustainability” often includes various strategies to im-
prove the use of public infrastructure, engage citizens in local governance, save energy,
foster economic growth, attract business and innovation, protect the environment, and
help government officials to learn and innovate [27,45]. The emphasis on sustainability
has represented an essential feature in the implementation of several examples of smart
city initiatives around the world. Furthermore, several international certification bodies
have proposed relevant standards for smart city initiatives, in order to characterize an
appropriate set of properties for this type of project. The International Electrotechnical
Commission (IEC), the International Telecommunication Union (ITU), and the International
Organization for Standardization (ISO) have collaborated to create a uniform set of rules,
standards of good practice, and technical cooperation mechanisms around the concept
of the smart city. A detailed review of these standards exceeds the scope of this article,
but many of them constitute an international consensus on best practices for smart cities
from the holistic viewpoint of sustainable cities and communities (for examples of these
reviews, please see [46—48]). This is a list of some of the most well-known standards that
are specifically applicable to smart cities:

e ISO/TS 37151 defines the principles and requirements for performance metrics for a
smart community infrastructure (May 2015).

e SO 37101:2016 establishes the requirements for a management system for sustainable
development communities (July 2016).

e ISO/TR 37152:2016 outlines the basic concept of a common framework for the devel-
opment and operation of smart community infrastructures (August 2016).

e ISO/IEC 30182 describes and gives guidance for a smart city concept model as the
basis for interoperability, along with its component systems (May 2017).

e IS0 37120:2018 defines and establishes methodologies for a set of indicators for city
services and quality of life by which to measure sustainable cities and communities
(July 2018).

e ISO 37122 specifies and establishes the definitions and methodologies for a set of
indicators for smart cities (May 2019).

ISO 37123 complements ISO 37122 for resilient cities (December 2019).
ISO/IEC 21972 is the standard that establishes the general principles and guidelines
for an upper-level ontology for smart cities (January 2020).

These ISO standards complement each other and others dedicated to energy efficiency
and savings, transport (traffic safety), water efficiency management systems related to
drinking water and wastewater services, public infrastructure, security and resilience in
the case of disaster and emergencies, healthcare, and decent standards of living, among
others. Several studies have compared and articulated this family of ISO standards and
indicators for smart sustainable cities (see Figure 1) [46—48].
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Figure 1. The family of ISO standards for the smart city. Source: authors” own elaboration,
based on [46-48].

The association between actions and results in each of these dimensions and indica-
tors is particularly important due to the financial spending and investments in smart city
initiatives from a city’s budget. Understanding how financially sustainable the portfolio of
smart city initiatives is over time becomes an essential task for city officials and the city’s
citizens [14]. As such, this study focuses on the budgetary and financial dimensions of
sustainability as they are crucial for smart city initiatives. The following section explains FS
in more detail and why it should be seen as an essential tool by which to assess smart city
success. It also presents a financial framework that could help city governments to better as-
sess the FS of their initiatives, considering the financial condition of the government, smart
city operation over time, ICT infrastructure, and contextual indicators that are compatible
with the dimensions and indicators for smart cities from the family of ISO standards.

2.2. FS for Smart Cities

Assessing the financial condition of governments has become an important topic
due to several economic and financial crises in the 1970s, 1980s, in 2008, along with the
ongoing crisis that started in 2020 as a result of the COVID-19 pandemic [49-51]. The term
“financial sustainability” is related to the assessment of the financial condition, fiscal health,
fiscal stress, and/or financial performance of a government over time, considered within a
complex context [5]. It refers to the ability of a government to meet its financial and service
obligations from a systematic perspective, wherein public finances are embedded within
complex economic, political, and social contexts [15,50]. It also represents the ability of
a government to interact with this context in order to meet present and future financial
commitments and achieve an effective service delivery without incurring excessive debt,
engaging in budget gimmicks, or using evasive tactics [6] (p. 3962) [52] (p. 7) [53] (pp- 1-2).
Analyzing FS from a systematic perspective means, for example, identifying the potential
risks from the economic and social contexts and adapting fiscal, budgetary, and debt
policies according to that government’s context. This type of FS assessment is known
as the systemic perspective of the financial condition of governments because it embeds
financial condition in its social, economic, and political contexts. The FS framework adopts
a systemic perspective within three spheres (see Figure 2): (1) the financial condition of a
government, (2) its environment, which includes economic, political, demographic, social,
budgeting, accounting, spending needs, revenue wealth, and ICT aspects, among others,
and (3) the interactions between the first two spheres over time [15,50].
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Figure 2. A systematic perspective of FS. Source: authors’ own elaboration, based on Hendrick’s
dimensions of financial health (2004) [50].
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The first sphere assesses the financial condition of a government by analyzing revenue,
spending, fiscal slack, relativity levels, current operating conditions, and future financial
obligations (The indicators used include the unreserved fund balance as a percentage
of expenditures (capital expenditures excluded), capital expenditures as a percentage of
total expenditures, enterprise income as a percentage of total income and own-source
revenue, and debt service as a percentage of expenditures). The second sphere assesses
the government’s environment by examining the levels of revenue wealth using various
indicators. These include the income per capita; the equalized assessed value per square
mile; weighted sales receipts per capita; the level of service provisions (spending needs),
using indicators such as the weighted crime rate per 1000 inhabitants, reverse median age
housing, reverse density (population/square mile), and the presence of a fire district); and
other socio-economic, political, and demographic characteristics affecting public finances.
The third sphere assesses the interactions between the previous two spheres as marginal
effects, assessing indicators such as weighted own-source revenue per capita and the
weighted total expenditures per capita (capital expenditure excluded).

Several studies have applied this framework at the national, state/regional, and
local levels [6,51,52]. Several international organizations have developed frameworks
for monitoring FS at the country level [54]: the UN [13], IMF [12], the World Bank, the
Organization for Economic Cooperation and Development (OECD), and the International
Federation of Accountants (IFAC) participated in and supported the endeavor together,
through the International Public Sector Accounting Standards Board (IPSASB) [11], to
establish an international standard of FS, as well as the European System of National and
Regional Accounts of the European Commission (EC), for an FS standard based on the
European System of Accounts (ESA) [10].

Since the 1970s, several frameworks have been developed and are used to assess the
FS of state and municipal governments. For example, the International City /County Man-
agement Association (ICMA) developed a handbook for evaluating the financial condition
of local governments, based on Hendrick’s model in the US [55]. The Lincoln Institute
of Land Policy (LILP) and the Government Finance Officers Association (GFOA) devel-
oped a financial sustainability index for local governments in California that considers
three features of the inner sphere of the FS framework: (1) cash solvency (current assets
divided by current liabilities, and the general fund balance as a percentage of total expendi-
tures), (2) revenue structure (total revenues per capita, with property tax as a percentage
of own-source revenues), and (3) debt (total debt as a percentage of revenues, with to-
tal debt service as a percentage of revenues) [56]. The Auditor-General of the State of
Florida developed a financial condition assessment tool based on 18 financial indicators
for counties, municipalities, and special districts. Norcross and Gonzalez (2017) [52] and
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Wang, Dennis, and Tu (2007) [53] evaluated the IFAC’s model at the state level, while
McDonald (2017) [57], reviewing at the municipal level in the US, identified four groups of
solvency: (1) the ability of the municipality to meet its immediate or short-term financial
obligations (cash solvency), (2) the ability of the municipality to meet its financial balance
over a fiscal year (budget solvency), (3) the ability of the municipality to meet its long-term
financial obligations (long-run solvency), and (4) the ability of the municipality to finance
mandatory programs and services (service-level solvency). The four dimensions used
in these frameworks correspond to the sphere of the government financial condition of
Hendrick’s model.

In contrast to other regions in the world, in Latin America, a few tools exist to assess
the financial performance of state and municipal governments, but very few frameworks
exist for assessing FS, fiscal stress, or financial condition in the region. In Mexico, the
Ministry of Finance of the federal government devised a warning system for monitoring the
financial discipline of state and municipal governments since 2016 but made no reference
to any FS framework. In Brazil, there are several studies about financial resilience across
municipalities [58-60]. As a result, the current study attempts to contribute to filling this
gap by adopting the FS framework to analyze local governments in Mexico that have
implemented smart city projects.

In general, the literature related to public finance and accounting has identified the
impact of digitalization on several aspects of public finance. Some examples are [61]: ICT
tools for taxation and revenue administration, computing techniques for analyzing fiscal
data, blockchain and cognitive computing for government spending, and digital tech-
nologies for improving public service provisions and financial and treasury management.
The main focus of this body of research has been the benefits of digital transformation
for government, citizens, and businesses, through reduced administrative burdens, costs,
and spending, as well as improved service provision. Ndou (2004) [62] (p. 13) points out
that the development of a basic ICT infrastructure is essential for implementing digital
government tools, such as websites, mobile technologies, and kiosks, among others, that
have implications for financial abilities. However, there is no specific mention of the impact
of the ICT infrastructure on the financial condition of governments.

In the published smart city research, few studies have raised the importance of the
financial assessment of smart city initiatives. Neirotti and colleagues (2014) [4] created a
taxonomy of smart city applications to identify possible strategies and planning actions.
They found that there are a few best practices for funding smart city investments through
public—private partnerships [4] (p. 31). Alawadhi and colleagues (2012) [63] identify several
challenges for smart city initiatives; among them, governance encompasses programmatic
directions, budgetary and resource allocations, and other interactions and partnerships with
internal and external actors. In this sense, these authors suggest that budgetary pressures
and financial constraints are some of the main challenges faced by smart city initiatives [63]
(p- 51). Timeus, Vinaixa, and Pardo-Bosch (2020) [4] identified the need for smart city
business models including the financial aspects of these types of projects. The example of
Barcelona was examined by Leon (2008) [64] (p. 145), who also identified several challenges
in terms of insufficient venture-capital funding to attract public—private partnerships for
smart cities. In addition, both Komninos (2013) [43] and Shen et al. (2011) [44] suggested
incorporating a set of sustainability indicators, including measurements for the financial
condition of smart city projects. The European Commission’s “European Innovation
Partnership on Smart Cities and Communities” (EIP-SCC) initiative raised concerns about
the FS aspect of smart cities. This initiative attempted to offer a joint investment platform
for European smart city projects by involving investors, city governments, industry, small-
and medium-sized enterprises, and other actors in discussing and finding financial and
business models solutions for the FS of smart cities, such as crowdfunding, community
investment, and digital social markets. Assessing the FS of any municipality, in general [5,6],
and those operating smart city initiatives, in particular [63], has become one of the most
urgent issues in the context of recurrent severe economic crises such as the financial crisis
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in 2010 in Europe, caused by the sovereign debt and banking systems of several countries,
or the financial crisis in 2009 in the US, provoked by a collapse of the housing bubble in the
financial market [7,8].

3. Research Design and Methods

This study was conducted in two phases. The first phase applies panel data analysis
in order to examine the relationship between smart city operation over time, the ICT infras-
tructure, and social and economic contexts. The second phase conducted a comparison of
the results of our panel data analyses, specifically, the average of all municipalities in key
financial variables, with five examples of well-known smart cities in Mexico (i.e., Mexico
City, Monterrey, Guadalajara, Querétaro, Puebla, and Aguascalientes), in order to establish
a reference point to better understand the results.

3.1. Panel Data Analysis

In the first phase, this study applies panel data techniques and multivariate regression
analysis to examine the association between smart city operation over time, as well as ICT
infrastructure and contextual factors, and the FS of Mexican local governments that are
instituting smart city initiatives. Figure 3 shows the panel data model specification.

Smart City Operation
Year1, Year 2, Year 3
~——
ICT Infrastructure Financial Condition
Information systems, 1 Budget balance, own
onlineservices, phone | —————] revenues, revenues per
lines, computers and capita, spending per
servers capita, debt cost
Social and Economic

Contexts

Education, healthcare,
housing, wellness,
income, poverty

Figure 3. Panel data model specification. Source: authors” own elaboration.

Mexico was selected for this study because it is a developing country with a fiscal
federalist arrangement. In addition, the measurements and financial information necessary
to analyze the FS framework for all the local governments in the country were available.
Although the study is not adopting the set of indicators from the family of ISO standards
for smart cities, some of their dimensions and indicators, as applied in the present study,
are similar and compatible. The data for this study encompassed three fiscal years (i.e.,
2014, 2016, and 2018). In Mexico, the fiscal year for all levels of government runs from
January to December (12 months). We reviewed city plans and available official reports
and documents about the ICT infrastructure of 1723 municipalities in Mexico, to identify
the presence of smart city initiatives. The features chosen for the smart cities considered
in this study were the following: smart cards for urban mobility, the smart use of public
spaces and buildings, applications and devices for public services provision to citizens,
online or web-enabled government services and tax processes, broadband technologies for
extending Internet access to the general public, smart traffic-light systems, building street
infrastructure with smart materials and designs, solar cell systems for saving the energy
consumption of government offices, the video-monitoring of criminal activity, emergency
response systems, the telemonitoring of students in schools and patients in hospitals, and
smart garbage collection systems. Only 89 municipalities were coded as municipalities with
some degree of implementation of the different technologies and applications mentioned
above, in order to be considered smart cities.
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The decision to use panel data analysis was made because it allowed the researchers to
control for individual and time heterogeneity within municipal governments over time. The
panel data model operationalized Hendrick’s model by incorporating the five indicators of
the financial performance of a municipal government of the first sphere as the dependent
variables, with the various indicators for ICT infrastructure and the contextual factors of
the second sphere as the independent variables. As in many other studies using statistical
models, the coefficients show association or correlation, but not causality. To assess the FS of
the smart city projects, this study proposed five indicators representing the four dimensions
of the financial condition of local governments: cash solvency, budget solvency, long-run
solvency, and service-level solvency. Table 1 describes the financial dimensions, indicators,
and interpretations of FS for smart cities. The panel data model utilized dichotomous
variables for each year of smart city operation, to capture the association between smart
city operation over time and each of the dimensions of financial condition. The panel data
model also utilized a set of variables from the social, economic, and demographic contexts
of Hendrick’s model. A summary of the variables used is presented in Table 2. Seven panel
data models were estimated: five panel data models were computed for each indicator
of FS using a fixed-effects specification, and two panel data models were estimated for
random effects.

Table 1. Financial dimensions and indicators of FS for smart cities.

Dimension

Financial Indicator Definition Interpretation

Cash solvency: Ability of
government to pay its
immediate obligations with its
own revenues (not including
restricted transfers)

(Tax revenues + unrestricted
revenues + other own
revenue)/(Total revenues —
financing — initial balance)

Higher values than average

Own revenues .2 .
indicate solid cash solvency.

Budget solvency: Degree to
which a government will end
the fiscal year with a surplus

or deficit (overall balance)

A ratio equal to or greater than 1
indicates solid budget solvency.
A ratio of less than 1 indicates
unstable budget solvency.

Budget balance Total revenues/Total expenses

Long-run solvency: Ability of
government to meet
long-term spending

commitments of public debt

Debt cost or debt obligation
to total spending ratio

Lower values than average

Debt cost/Total spending indicate solid long-run solvency

Service-level solvency:
Ability to meet citizens’
demands of services with
actual levels of spending

Higher values than average
indicate solid service-level
solvency

Revenues per capita Total revenues/Population

Higher values than average
indicate solid service-level
solvency

Spending per capita Total spending/Population

Source: authors’ own elaborations, with available financial and budgeting data at the municipal level in Mexico.

Table 2. Summary of variables and sources.

Dimension Variable Obs Mean Std. Dev. Min Max
Budget balance ! 5169 0.8683 0.2867 0.0922 2.5319
Own revenues ! 5169 0.8317 0.2572 0.0922 1
Financial condition Revenues per capita 2 5169 5067.7 7038.1 289 331,823.0
Spending per capita 2 5169 5634.1 7370.9 79.4 309,883.1
Debt cost ! 5169 0.0171 0.0349 0 0.4834
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Table 2. Cont.

Dimension Variable Obs Mean Std. Dev. Min Max
Year 2014 as smart city 5169 0.0517 0.2213 0 1
Smart city operation Year 2016 as smart city 5169 0.0172 0.1301 0 1
Year 2018 as smart city 5169 0.0172 0.1301 0 1
Number of information systems 3 5169 1.8806 6.0822 0 46
Number of online services offering information 3 5169 0.7512 3.0370 0 24
Number of online services enabling interactions 3 5169 0.1451 1.2526 0 24
ICT infrastructure Number of online services enabling transactions 5169 0.0373 0.4372 0 15
Phone lines per 10,000 inhabitants 3 5169 0.0523 0.4532 0 12.4611
Computers per 10,000 inhabitants 3 5169 0.1713 0.9297 0 17.9464
Servers per 10,000 inhabitants 3 5169 0.0048 0.0795 0 3.3326
Percentage of pop. with education deficiencies 4 2131 0.2206 0.1091 0 0.6780
Percentage of pop. without health care access * 2131 0.1491 0.0851 0 0.6797
Percentage of pop. without social security access * 2131 0.6602 0.1946 0.0602 1
Social and economic Percentage of pop. with adequate housing access * 2131 0.1422 0.1385 0 0.9252

contexts

Percentage of pop. under minimum income to

guarantee basic wellness * 2131 0-5600 02159 0 1

Income per capita 4 2131 2968.5 2030.0 330.6 50,374.0

Percentage of pop. in poverty 4 2131 0.6165 0.3449 0.0000 1.8901

Source: authors’ own elaborations, based on ! INEGI (2021) [65]; 2 CONAPO (2021) [66]; 3 (INEGI, 2015; 2017;
2019) [67-69]; * CONEVAL (2021) [70].

The panel data set included 1723 municipal governments with balanced observations,
with data in each year, creating a total of 5169 observations. Considering the objective
of analyzing the association between ICT infrastructure and financial performance over
time, a fixed-effect regression was specified to examine the results within and among the
groups. This specification explored the relationship between the predictor and outcome
variables within the local government and over the years by controlling for the individual
and time-invariant characteristics that might influence /bias the results. The equation for
the panel data model was:

FSit = P1(SMART CITY),, + B2(ICT),;, + Ba(SEContext);, + a; + ui

where:

FS;; = Financial sustainability (i.e., the dependent variable) measured by five indicators;
SMART CITY; = Year of smart city operation (2014, 2016, or 2018);

ICT}; = ICT infrastructure measured using seven indicators;

SEContext; = Social and economic context measured by seven indicators;

a; (i=1... n) = Unknown intercept for each municipality (n entity-specific intercepts);
uit (i=1... n) = The error term.

Five financial indicators were used to represent the four dimensions of the financial
condition of local governments (see Table 1). For the presence of a smart city initiative
in operation over time, the city plans of each municipality were reviewed and coded for
each of the years (i.e., 2014, 2016, 2018). For each year, the municipal government was
coded “1” if the city plan stated explicitly that it was operating a smart city initiative, and
“0” otherwise. The ICT infrastructure of the municipal government was operationalized
using seven indicators meant to capture technological assets: (1) the number of information
systems, (2) the number of online services offering information, (3) the number of online
services offering interactions, (4) the number of online services offering transactions, (5) the
number of phone lines per 10,000 inhabitants (including landlines and cellphone lines),



Sustainability 2022, 14, 6055

11 0f 23

(6) the number of computers per 10,000 inhabitants, and (7) the number of servers per
10,000 inhabitants. These indicators were extrapolated from the official statistics provided
by the municipal governments. A set of seven indicators were used to capture the different
aspects of contextual factors across municipalities: social wealth, economic wealth, and
employment (see Table 2).

The interpretation of the signs and magnitudes of the coefficients for the contextual
factors is complex and requires further investigation, but the systemic perspective of the
FS framework suggests that contextual factors impact the financial performance of the
municipalities through different mechanisms. For example, one mechanism is the level of
social wealth, measured in terms of access to education, health care, and housing of the
population in the community, which, in some way, influences the financial performance of
the government. Another mechanism is that the levels of economic wealth, measured in
terms of personal income or the conditions of poverty of the population in the community,
affects the financial performance of the government. Finally, the level of employment is
related to the capacity of the population in the community to face their financial obligations,
among them their local tax contributions.

The results of seven panel data models are summarized in Table 3. For the model’s
fit and the validity of the fixed-effects specification, the R2, F, and Hausman tests were
estimated and are presented at the end of Table 3. The R2 and F indicate that a large
quantity of data is represented by the panel data specification. The Hausman test indicated
that the panel data models for the financial dimensions of spending per capita and the debt
cost required a random effects specification.

Table 3. Panel data models’ results.

Fixed Effects Random Effects
Budget Own Revenues per Spending per Debt Spending per Debt
Balance Revenues Capita Capita Cost Capita Cost
Year 2014 as a smart city 0.0439 *** 0.0744 —7.88 —337.89 0.0341 —346.64 0.0339 **++
Year 2016 as a smart city —0.0511 *** —0.0965 *** —706.70 * —440.55 —0.0089 —697.14 * —0.0091
Year 2018 as a smart city —0.0645 —0.1017 *#** —677.51 —324.45 —0.0085 72.84 —0.0061
Information systems 0.0024 0.0029 **++ 9.40 —1.28 0.0001 —6.04 0.0000
Online services offering 0.0006 0.0000 7.02 415 0.00001 —4.06 —0.0001
information
Online services enabling 0.0027 0.0032 ** 8.64 —9.43 0.0007 —16.72 0.0006
interactions
Online services enabling 0.0189 *#+* 0.0081 ** 36.26 —38.14 —0.0024 —58.74 —0.0027
transactions
Phone lines per 10,000 0.0146 * 0.0217 #+ 249.70 187.32 ~0.0001 170.82 ~0.0003
inhabitants.
Computers per 10,000 inhabitants 0.0081 0.0033 63.32 124.26 —0.0015 105.67 —0.0018
Servers per 10,000 inhabitants 0.0085 0.0319 1071.13 768.84 0.0031 785.20 0.0032
Per“e“tagea(igs‘;p' w/educ. 0.0730 ** 0.0294 579.45 248.03 —0.0132 258.12 —0.0129
Percentage Ofi‘;gésw/ health care —0.0410 —0.0338 —4370.73 *++ —4497.9 %ot 0.0334 —4705.58 **++ 0.0305 ***
Percentage O:cfégfs' w/housing —0.0213 —0.0003 122447 ** 1534.36 *** 0.0149 * 1401.25 *** 0.0140 *
Percentage iorfclz(r)x}'?e; under min. 0.0828 *** 0.0954 **++ —3881.45 —4188.98 **++ 0.0126 —4349.00 **** 0.0116
Income per capita 0.000002 0.000002 ** 0.22 4+ 0.20 **+* 0.000001 0.21 *+ 0.000001 *
Percentage of pop. in poverty —0.1043 >+ —0.1058 **** 301.39 741.23 —0.0118 737.03 —0.0125
Percentage of pop. with no access —0.0367 * —0.0498 ***+ 281357 **** 3079.17 ***+ —0.0210 *** 3328.71 ***+ —0.0192 ***
to social security
Constant 0.9034 **+* 0.8741 *+** 4033.27 4268.03 **+ 0.0268 **** 4352.74 0.0291 *++*
Number of observations (groups) 2131 (3) 2131 (3) 2131 (3) 2131 (3) 2131 (3) 2131 (3) 2131 (3)
R? within/between 0.1125/09921  0.2394/0.9992  0.1097/0.6399  0.1131/0.9830  0.1202/0.1847  0.1094/0.8872  0.1174/0.1348
F(28, 2100) (Prob. > F) 9.54 (0.0000) 23.61 (0.0000) 9.24 (0.0000) 9.57 (0.0000) 10.25 (0.0000)  348.34(0.0000)  277.22 (0.0000)
F(2, 2100) (Prob. > F) 12254 (0.00)  2230.0 (0.0000)  85.82 (0.0000) 15.86 (0.0000) 5.13 (0.0060) na. na.
Hausman test (Prob. > Chi2(27)) 4304.15 (0.0) 20,951.44 (0.0)  270.70 (0.0000)  34.08 (0.1638) 10.30 (0.9984) na. na.

Source: author’s own elaborations, based on STATA estimates. Levels of significance: * 0.10; ** 0.05; *** 0.01;

**%0.001.

3.2. Comparison with Well-Known Smart City Examples

In order to establish a reference point to understand the results of the panel data
analysis, in the second phase of this study, we compare the average of all municipalities, in
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terms of key financial variables, with Mexican cities that have been previously identified
as smart. During the past 10 years, only a few examples of smart cities have stood out in
Mexico (i.e., Mexico City, Monterrey, Guadalajara, Querétaro, Puebla, and Aguascalientes).
Other local governments of all sizes are adopting different ICT tools and applications
that could be categorized as elements of the smart city, but these have not been explicitly
identified as smart cities using the ISO standards. In fact, Matus Ruiz and Ramirez Autran
(2016) [1] identified diverse types of emerging technologies and practices within the smart
city concept that have been adopted by municipal governments in Mexico and Latin
America, including the features discussed above.

We refer to a smart city as being one that is planned, developed, and implemented by
the municipal government, which is responsible for the legal and strategic frameworks and
operates this type of initiative. For Mexico City, we selected the municipality of Benito Juarez,
which has integrated smart city features since 2014 (for more details of this project, please
refer to the city plan of Benito Juarez: http://www.data.seduvi.cdmx.gob.mx/portal /docs/
programas/PDDU_Gacetas/2015/PDDU_ALVARO-OBREG%C3%93N.pdf (accessed on 18
March 2022)). In 2018, the municipal government of Monterrey officially launched a master
plan to implement smart light systems, the smart use of public spaces and buildings, and
several ICT-enabled applications for public services (for more details of this project, please
refer to the city plan of Monterrey: http:/ /portal. monterrey.gob.mx/transparencia/.2_marco_
programatico_presupuestal.html (accessed on 18 March 2022)). The government of Guadala-
jara has promoted a smart city initiative related to implementing digital solutions for public
services delivery, managing public infrastructure, and emphasizing the creation of innova-
tive and entrepreneurial networks in the city (for more details of this project, please refer to
the city plan of Guadalajara: https:/ /transparencia.guadalajara.gob.mx/sites/default/files/
PMDGGuadalajara2018-2021.pdf (accessed on 18 March 2022)). The municipality of El Mar-
ques in Queretaro was launched as a smart city project in 2014. The project is known as Ciudad
Maderas and contains 400 hectares of housing complexes, technology companies, educational
institutions, shopping centers, hotels, a hospital, an ecological zone, and a church (for more de-
tails of this project, please refer to the city plan of El Marques: http:/ /www.elmarques.gob.mx/
inf_consulta/PLAN_MUNICIPAL_DE_DESARROLLO_EL_MARQUES_2015_2018.pdf (ac-
cessed on 18 March 2022)). This project is isolated from the rest of the city and is focused
on smart buildings, smart garbage collection systems, public internet hotspots, and smart
energy-saving systems. Finally, the municipal government of Aguascalientes has conducted a
smart city project since 2016, but many ICT applications were adopted as early as 2010 for
managing public services and infrastructure and enhancing Internet access for its citizens (for
more details of this project, please refer to the city plan of Aguascalientes: https:/ /eservicios2
.aguascalientes.gob.mx/NormatecaAdministrador/archivos/MUN-12-22.pdf (accessed on 18
March 2022)).

4. Analysis and Results

This section presents the main results of our analysis. The presentation follows the
order of our research questions, rather than the two phases described in Section 3. In fact,
phase two is used only to answer the first research question, and questions two and three
are answered using the panel data analysis only. Panel data models were computed for
each of the following indicators of FS (see Table 3): budget balance (budget solvency),
own revenues (cash solvency), revenues per capita (service-level solvency for revenue),
spending per capita (service-level solvency for spending), and debt cost (long-run solvency).
A Hausman test was conducted, and the results indicated that the fixed effects specification
was appropriate for the dataset in the case of budget balance, own revenues, and revenues
per capita. For the spending per capita and debt cost, panel data models using random
effects were computed, based on the Hausman test results. However, it is also important
to mention that the coefficients and their sign directions and magnitudes did not change
drastically when using one specification or the other. For the budget balance, own revenues,
and spending per capita, the R2 values between groups were large and significant (above
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90%). This means that a large amount of variance in the dataset is represented in these
panel data models.

4.1. Are Smart Cities Too Expensive in the Long Term?

The panel data analysis showed significant results for smart city initiatives over
time, related to the financial dimensions of budget balance and own revenues. Budget
balance captured the dimension of budget solvency as the percentage of total spending
supported financially by total revenues. This indicator registered an average of 86.83% of
total spending. This means that for every Mexican peso spent by the government, only
87 cents of this are financially supported by its total revenues (13 cents need to be financed
by debt or by additional funds from other government transfers). For this dimension, a
percentage equal to or higher than 100% indicated solid budget solvency. Conversely, a
percentage of less than 100% indicated unstable budget solvency. The coefficients for 2014,
2016, and 2018 for smart cities were significant and indicated a negative trajectory over time.
Figure 4 shows a graphical comparison over time between the average budget balance
of all municipal governments (from the results of the panel data analyses) and our five
representative examples of smart cities. These comparisons are useful because the five
examples are widely acknowledged as smart cities within the Mexican context.

140.00
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100.00 Aguascalientes
= = = BenitoJuarez
80.00
"""""" Guadalajara
60.00 Monterrey
40.00 Querétaro
e Panel Results
20.00
0.00

2014 2016 2018

Figure 4. Budget balance. Source: authors” own elaboration.

On average, municipalities that were implementing smart city projects presented a
positive impact on the budget balance, with a coefficient of +4.39% at the 0.01 level of
significance in the first year (2014). This result means that municipal governments usually
presented a better financial scenario at the beginning of the smart city initiative, on average,
than in the subsequent years of the project. This initial financial situation turned negative
for the budget balance in the following years (2016 and 2018), with coefficients of —5.11
and —6.45 percentage points at the 0.001 level of significance. By comparing the five
examples with the general average, the budget balance results for smart cities showed
another pattern, characterized by an increase in the first year, followed by reductions in
the last year (2018). This comparison of budget balance patterns presents some evidence
that smart city projects are associated with a negative impact on the financial dimension of
budget solvency over time.

The indicator for own revenues captures the dimension of cash solvency and repre-
sents the ability of the government to pay its immediate obligations with its own revenues
(not including public debt or restricted transfers from federal or state governments). This
indicator shows an average of 83.17% of total revenues. For this dimension, a percentage
above the average represents a more solid and sustainable financial condition. The coef-
ficients for 2014, 2016, and 2018 were significant and indicated a negative trajectory over
time. Figure 5 shows a graphical comparison over time between the average of the own
revenues of all municipal governments and our five representative examples of smart cities.
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On average, the municipalities that were implementing smart city projects in the first year
(2014) saw a positive impact on their ability to generate their own revenues, such as taxes
and fees, with a coefficient of +7.44 percentage points at the 0.001 level of significance. This
situation turned negative for this financial indicator in the following years (2016 and 2018),
with coefficients of —9.65 and —10.17 at the 0.001 level of significance. In the five repre-
sentative examples, own revenues showed a similar pattern, with a decreasing trajectory
characterized by an increase in the first year, followed by a decrease in the last years. The
patterns of these five representative examples of smart cities could be seen as evidence that
having a smart city initiative is related to some negative impacts on the financial condition
of municipalities.
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e P anel Results
20.00
0.00
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Figure 5. Own revenues. Source: authors’ own elaboration.

The two indicators for the dimension of service-level solvency (revenues per capita
and spending per capita) show similar trajectories. These indicators attempt to capture the
ability of the city government to meet citizens” demands for services with levels of revenue
or spending. For these indicators, higher than average values in the dataset indicate solid
service-level solvency. Revenues per capita and spending per capita are the basic indicators
most commonly used to compare financial performance across local governments with
different population sizes. The indicator of revenue per capita captures the ability of a
government to collect the necessary revenues for its operation at the level of an individual
taxpayer, while the indicator of spending per capita portrays the ability of the government
to maintain the level of public service provision at the level of an individual citizen or
beneficiary subject.

Figures 6 and 7 depict the comparison between the panel data results and our five
representative examples. Although the panel data results present inadequate levels of
significance for the indicator of revenue per capita, they show a decreasing tendency from a
coefficient of —7.88 Mexican pesos for 2014, to —706.70 and —677.51 Mexican pesos for 2016
and 2018, respectively. Similarly, the panel data results are not statistically significant for
the indicator of spending per capita, but they also show a somewhat decreasing tendency,
from a coefficient of —337.89 pesos for 2014, to —440.55 and —324.45 pesos for 2016 and
2018, respectively.
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Figure 6. Revenues per capita. Source: authors” own elaboration.
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Figure 7. Spending per capita. Source: authors” own elaboration.

With respect to the comparison between our five representative examples and the
general average for all municipal governments, the analysis showed two patterns. The first
pattern showed that the municipalities of El Marques in Queretaro, Benito Juarez in Mexico
City, and Monterrey show increasing tendencies for the indicator of revenues per capita (the
first two cities, with increasing and remarkable trends, and Monterrey with a more moderate
trajectory), while the examples of Aguascalientes and Guadalajara showed decreasing
tendencies over time. In the case of the indicator of spending per capita, only Guadalajara
shows a moderate negative tendency, while the rest of the municipalities presented positive
increases with regard to this indicator. The patterns of these five representative examples of
smart cities offer a potential association between an increase in ICT infrastructure, possibly
dedicated to previously announced smart city projects, and a negative impact on the
financial dimension of service-level solvency.

The indicator of debt cost captures the dimension of long-run solvency as the ability of
the government to meet the long-term spending commitments of public debt (see Figure 8).
This indicator measures the percentage of total spending dedicated to meeting financial
debt obligations. For this indicator, lower values than average in the dataset indicate solid
long-run solvency, while higher values suggest otherwise. The pattern of behavior over
time for this indicator, when using the panel data results, suggests a strong increase at the
beginning of the smart city project, with the slow pace of recovery in the following years.
The coefficient for 2014 was +3.41 percentage points at the 0.0001 level of significance, in
contrast with the coefficients for 2016 and 2018, with —0.89 and —0.85 percentage points,
respectively (both with low levels of significance). This pattern of debt cost over time
shows a potential association with the financial debt burden that smart city projects may
impose on municipal governments at the initial stages. Different patterns exist across the
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panel data results and our five smart city representative examples. Guadalajara and Benito
Juarez presented low levels of debt costs at the beginning, with higher levels in the last
year. Queretaro showed a constant growth of debt cost over time, while Aguascalientes
and Monterrey indicated an increase in the middle year (2016).
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Figure 8. Debt cost. Source: authors” own elaboration.

The pattern over time for the cost of public debt varied across the examples; however,
on average, the results of the panel data analysis showed an important increase in debt
costs in the initial year, with subsequent moderate reductions over time. These patterns of
debt cost over time possibly indicate that smart city initiatives are associated with some
financial impact on the debt cost at some point during the duration of the smart city project:
at the beginning, in the middle, or at the end of the initiative.

In summary, the panel data results suggest that smart city projects that began in 2014
are associated on average with solid and statistically significant coefficients related to
budget balance and own revenues in the first year of the smart city projects: +4.39 and +7.44
percentage points, respectively. However, it is also observable that this positive financial
scenario weakened over time, with negative coefficients in these financial indicators for
2016 and 2018. The financial indicators for revenues per capita and spending per capita
also presented a similar association with negative coefficients over time, although these
additional results are not statistically significant. The panel data results for the financial
dimension of debt cost suggest that municipal governments usually initiate their smart
city projects along with substantial increases in debt costs that subsequently decrease over
time. Based on this association, the implementation and operation of smart city projects
may represent a potential undermining effect on the ability of municipal governments to
face their financial obligations in the short and long terms.

4.2. Are Investments in ICT Infrastructure Associated with the Financial Performance
of Governments?

Smart city projects usually involve substantial investments in ICT infrastructure.
This section examines the relationship between an increase in ICT infrastructure and the
dimensions of financial sustainability over time. The results indicate that an increase in ICT
infrastructure, such as information systems, online services, phone lines, computers, and
servers has a positive and statistically significant relationship with budget balance (budget
solvency) and own revenues (cash solvency) on average. The interpretation of these results
could be that these ICT investments present improvements to the ability of governments
to face short-term financial obligations (cash solvency) with their own revenues. This
situation will eventually lead to budgetary surplus scenarios at the end of the fiscal year
(budget solvency).

The following are some examples of ICT investments with statistically significant
coefficients related to budget balance and own revenues. In terms of budget balance,
online services enabling transactions showed, on average, a larger positive coefficient
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(+0.0189 percentage points at the 0.001 level of significance) than other types of online
services, such as online services enabling information or interactions (+0.0006 and +0.0027,
respectively). In a similar manner, phone lines per 10,000 inhabitants presented, on average,
a larger positive coefficient (+0.0146 at the 0.10 level of significance) than other types of
ICT infrastructure, such as information systems, computers, and servers per 10,000 inhab-
itants (+0.0024, +0.0081, and +0.0085, respectively). Own revenues (cash solvency) were
also impacted positively by online services, enabling interactions and transactions with
coefficients of +0.0032 and +0.0081 at the 0.05 level of significance, while phone lines per
10,000 inhabitants positively influenced cash solvency, with a coefficient of +0.0217 at the
0.001 level of significance.

Examples with similar patterns of coefficients in other financial dimensions existed,
but they were not statistically significant. The results of ICT infrastructure on revenues per
capita (service-level solvency) showed positive but not statically significant coefficients
across online services offering information, interactions, and transactions: +7.02, +8.64, and
+36.26, respectively. The association of ICT infrastructure with revenue per capita was also
positive but was not statistically significant across different types of ICT, such as the number
of information systems (+9.40), phone lines per 10,000 inhabitants (+249.70), computers
per 10,000 inhabitants (+63.32), and servers per 10,000 inhabitants (+1071.13). Interestingly,
the relationship of ICT infrastructure with spending per capita were negative but not
statistically significant for online services enabling interactions and transactions (—9.43 and
—38.14, respectively) and the number of information systems (—1.28). These results suggest
that ICT infrastructure is related to the ability of governments to meet citizens” demands
for services with the current levels of revenue and spending. Although these results are
not statistically significant, they show a potential association of different technological
infrastructures with the governments’ financial condition that needs further investigation.

In the case of debt cost (long-term solvency), the results showed an interesting pattern.
Although the results of the coefficients were not statistically significant, the coefficients by
type of ICT infrastructure presented positive coefficients for the number of information
systems, online services enabling information and interactions, and servers per 10,000 in-
habitants, but presented negative coefficients for online services enabling transactions,
phone lines, and computers per 10,000 inhabitants. In summary, the results described and
discussed in this section suggest different relationships between various types of online
services and technologies (i.e., information systems, phones, computers, servers) and FS
indicators. There is evidence that the different types of ICT infrastructure and online
services are associated with the financial condition of the government. Public managers are
encouraged to conduct financial analyses of the city’s long-term capital decisions over time
to consolidate a more solid smart city strategy.

4.3. Does Context Influence the Financial Performance of Governments?

The results of the panel data analysis showed that contextual factors did impact the
financial performance of municipalities through different mechanisms. In this study, the
contextual factors that are related to the financial condition of municipal governments were
categorized through three mechanisms: social wealth, economic wealth, and employment
in the municipality.

The category of social wealth was represented by the percentage of the population
with access to education, health care, and housing. For budget balance (budget solvency),
only the coefficient for the percentage of the population with access to education was
statistically significant at the 0.05 level (+0.0730). Based on the statistically significant
results, access to education is expected not only to improve social wealth but also to
increase the chances of an improvement to the budget solvency of municipal governments.
The financial dimension of own revenues (cash solvency) presented coefficients with similar
sign directions, but they were not statistically significant. For the dimension of service-level
solvency (revenues per capita and spending per capita), the coefficients for the percentage
of the population with access to health care and housing were statistically significant, but
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with opposite directions (negative for health care and positive for housing). These results
indicated that maintaining health care access to a population represented, on average, a
financial burden to municipal governments and their citizens, while increasing housing
access could increase municipal revenues and, subsequently, available spending for local
programs. Finally, the percentage of the population with access to health care and housing
was both positive and statistically significant for the cost of debt, meaning that maintaining
health care and housing access for the population increases, on average, the debt cost
(long-term solvency).

Income per capita and the percentage of the population in a condition of poverty
and/or receiving the minimum income or less for living are indicators that represent the
level of economic wealth in the municipality. For budget balance (budget solvency), the
results of the panel data analysis showed that the coefficients for the population who earned
the minimum salary or less and were in conditions of poverty were statistically significant,
but with opposite sign directions: +0.0828 at the 0.01 level of significance and —0.1043
at the 0.001 level of significance, respectively. For the dimension of own revenues (cash
solvency), the results of the coefficients were similar in sign directions and size magnitudes:
+0.0954 at the 0.001 level of significance and —0.1058 at the 0.001 level of significance,
respectively. The coefficient for income per capita for this financial dimension was marginal
but was positive and statistically significant at the 0.05 level. In terms of revenues per
capita and spending per capita, the results indicated that the coefficients of the percentage
of the population in/under the minimum income and income per capita were statistically
significant, but with opposite sign directions. For example, the coefficients for revenues
per capita were: —3881.45 at the 0.001 level of significance and +0.22 at the 0.001 level of
significance, respectively. These results suggest that the level of income of the population
is positively related to the levels of revenues and spending for municipal governments,
but the percentage of the population in a condition of poverty reduced the ability of the
municipal governments to obtain the necessary revenues to meet their financial obligations.
Finally, no effects were seen on the financial dimension of debt cost, probably because most
of the resources to reduce poverty came from the federal government. Overall, these results
indicate that the portion of the population in a condition of poverty negatively influenced
the cash and budget solvencies of municipal governments, while the proportion of the
population under the minimum income is negatively related to the levels of revenues and
spending of the municipalities. As expected, these results show that the level of poverty is
negatively associated with the financial performance of municipal governments.

The level of employment in the municipality was captured by the percentage of the
population without access to social security, which is strongly related to formal employ-
ment. The coefficients of this indicator for the financial dimensions of budget balance
(budget solvency) and own revenues (cash solvency) were negative and statistically sig-
nificant: —0.0367 at the 0.10 level and —0.0498 at the 0.001 level, respectively. However,
the coefficients of this indicator for revenues and spending per capita were positive and
statistically significant at the 0.001 level: +2813.57 and +3079.17, respectively. Finally,
the coefficient for this indicator, as it related to the financial dimension of debt cost, was
negative and statistically significant at the 0.01 level of significance: —0.0210. Together,
these results suggest that more formal jobs in the community that provided access to social
security represented a financial burden in terms of cash solvency, budget solvency, and
debt cost solvency, but it positively improved the levels of revenues and spending for
municipal governments.

In summary, maintaining access to vital services, such as education, health care, and
housing, plus levels of poverty and employment, influenced the FS of the municipal
government through different mechanisms that require further investigation. This study
contributes to the current literature by providing initial evidence about the association of
these contextual factors to the FS.
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5. Discussion and Conclusions

Based on the results of the panel data analysis, this study found evidence that
technology-intensive initiatives, such as smart cities, and some contextual factors of the
municipality, such as the level of poverty, access to specific public services (i.e., health care,
housing), and the level of employment, are negatively related to FS over time. In other
words, when a project is more technologically intense and its context is more complex, it is
expected to be more expensive in the long term.

Research on smart cities has increasingly emphasized the importance of adopting a
more holistic approach for evaluating smart city projects, considering not only data and
technology but also contextual factors, such as social, economic, political, governance,
and financial aspects [40,44]. However, very few studies have pointed out the need for
financial models in smart cities [8,43]. In fact, the existing models and indicators of FS
have highlighted the economic dimensions of smart city projects [40,41], but have only
superficially explained the financial conditions of this type of project over time [2,7,43,44].

This study attempts to start filling this gap through a panel data analysis that shows
preliminary evidence of the effects of smart city operations, ICT infrastructure, and different
contextual factors on the FS of municipal governments. The results suggest that smart city
operations over time and the ICT infrastructure have a statistically significant association
with the FS of municipal governments. In addition, access to education, health care, and
housing and the levels of poverty and employment are associated with different dimensions
of the financial performance of municipal governments.

The association between ICT infrastructure and the dimensions of FS suggests two
patterns. The first pattern revealed that the relationship across the types of online services
varies across budget balance (budget solvency) and own revenues (cash solvency). A larger
positive and statistically significant association existed for transactional online services than
for other service types. For example, online services enabling transactions increased budget
solvency by an additional 1.83 percentage points more than online services offering only
information. This result was also the case for own revenues, as online services enabling
transactions increased own revenues by an additional 0.81 percentage points more than
online services offering only information. In these examples, the budget balance and
level of own revenues are positively associated with transactional online services rather
than online services that provided information only. Future research about the impact
of ICT infrastructure and its different forms should consider these potential effects on
the FS of local governments. These studies need to focus not only on the increase of ICT
infrastructure and/or the return of the ICT investment from a financial point of view but
also to take the perspective of social benefits (positive externalities).

The second pattern showed that the type of technology enabling the digitalization
process of public services is related to the financial performance of municipal governments.
The results showed that only the indicator of the number of phone lines per 10,000 in-
habitants was positive and statistically significant in the financial dimension of budget
balance (budget solvency) and own revenues (cash solvency). However, the question of to
what extent each type of technology enables a financially sustainable condition remains
relevant to practitioners and researchers. In this study, no final conclusions are presented,
but different relationships are shown between the financial dimensions and different tech-
nologies: phone lines, computers, and servers. In practice, conducting ICT investments and
operating each of these technological infrastructures to support public services represents
different challenges.

The results of this study are critical for the Mexican context since many municipal
governments are investing large amounts of resources in ICT equipment to strengthen their
call centers for emergency and non-emergency services, 911 and 311, respectively. Con-
sistent with our results, Chatfield and Reddick (2018) [71] conducted a case study of a US
city government’s use of big data analytics to enhance customer agility in 311 on-demand
services. Their study found that investment in certain types of ICT infrastructures and
their subsequent assimilation of big data technologies impacted the internal process-level’s
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strategic alignment across different areas within the municipal government. Therefore, we
argue that investments in ICT infrastructure could be better understood if framed using
financial analysis and other techniques to assess the benefits and public value of these
long-term decisions for ICT investments and spending.

In general, the association of ICT infrastructure with financial conditions was negative
at the initial stages of implementation and positive in the long run. This phenomenon seems
to indicate that investments in ICT infrastructure by governments are, on average, a long-
term process that influences the financial performance of governments, inferring potential
positive and negative returns on investment over time that need further investigation. This
finding was consistent with previous statements in the literature that warned that smart
city projects are too expensive and potentially not sustainable financially for some city
governments [43]. In fact, Bifulco, Tregua, Amitrano, and D’Auria (2016) [72] pointed out
that, in order to increase opportunities for long-term success related to smart city projects, it
is necessary to develop new models integrating institutional, organizational, technological,
and contextual factors into more comprehensive and integrative perspectives that might be
considered for improving existing financial sustainability tools around the world, such as
the Sustainability Framework 2.0. of the IFAC, or the Fiscal Sustainability Report elaborated
by the European Commission [73,74]. We argue that FS should be a critical component of
these integrative frameworks.

Based on this study, FS seems to be a useful perspective to better understand smart
city projects from a financial perspective over time. However, other financial analytical
tools and frameworks, such as a cost-benefit analysis, return on investment, public value
assessment, and stakeholder analysis, could also be useful when attempting to build a
more integrative perspective and to improve the short- and long-term evaluations of smart
city projects. Future research should take a holistic approach toward an assessment of
smart city initiatives that clearly includes FS. Finally, this study uses data exclusively for
Mexican municipalities, which could be seen as an important research limitation, given
that the selection of examples was conducted within a single socio-cultural environment.
Therefore, we suggest that an idea for future research could be to expand the research to
include other national contexts with different characteristics.
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