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DIRECT IMPACT OF ICT ON URBAN ECONOMIC GROWTH BY
DEMONSTRATING AGENT-BASED MODELING FOR SMART CITIES

Abstract. A smart city is considered a city in which the infrastructure is coordinated and integrated
using new digital technologies. We consider scenarios, based on the transition from old cities to new
emerging smart cities, with the development of urban services using modern ICT. Several project areas
are proposed: integrated databases, sensor networks and the impact of new social media, mobility and
travel behavior, urban land use modeling, transport and economic interactions and planning structures
for smart cities. The FuturlCT project discussed in the paper was implemented within the framework of
the European Union’s Seventh Framework Program under grant agreement No. 284709. We consider a
stylized agent-based model where heterogeneous decision-making agents interact under the following
scenarios: improved urban. The paper assesses the positive impact of transport by using the example of
the Baltic Sea countries’ economies against the background of an analysis of key indicators measuring
the success of the transport sector. It is noteworthy that any combination of these scenarios leads
to higher population density and allows for the spread of creativity, which is a prerequisite for smart
city transformation and economic growth. The results show clear correlations between rapid economic

progress and socio-economic equality.
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Introduction. The concept of the smart
city has emerged over the past decade as a
convergence of ideas about how information
and communication technologies can improve
the functioning of cities, providing new ways
to address problems of social deprivation
(Harison, 2015).

Some of the most prosperous cities in
the world, such as London and New York, are
also leading centers of human creativity and
innovation. They provide opportunities for
economic and social integration and universal
access to basic urban services! (UN-Habitat,
2020).

The task of the paper is to show smart
cities, using the example of the FuturICT

1 World Cities Report 2020. The Value of Sustainable
Urbanization. 2020. URL: https://unhabitat.org/sites/default/
files/2020/10/wer_2020_report.pdf (nata 3BepHeHHs: 12.01.2025).
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project, not only from their instrumental
perspective, which is the domain of ICT
companies, but also from the perspective
of how this tool opens up radically different
forms of social organization.

The aim of the paper is to demonstrate
the effectiveness of implementing a tool for
studying dynamic socio-economic processes
in urban environments.

The objective of this paper is to
demonstrate an intelligent platform based
on a modeling approach and highlight
the main advantages offered by ABMs for
improving the understanding of dynamic
socio-economic processes in cities. A series
of different experiments are considered to
better understand the relationship between
model parameters. The results demonstrate
the effectiveness of the model.

The FuturlCT project focuses on

This is an open-access article distributed under the terms of the Creative Commaons Attribution License 4.0.
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identifying critical problems that arise rapidly
and unexpectedly in society, some of which
expose critical infrastructure.

The task of the paper is to describe
urban simulation portfolios that reflect
future design. As real-time city sensing and
perception become increasingly capable
of providing information about long-term

costs and with minimal transport processes.
(Jiang, 2012).

According to Nielsen, new models of
scientific discovery are emerging from the
development of highly focused crowdsourcing,
and they are being used to explore how we
can design good cities for efficient cities.
(Nielsen, 2019).

import jpype

import pkg resources

import logging

_logger = logging.getLogger(__name_ )
*additional_classpath):

SNAPSHOT-jar-with-dependencies.jar'):

if jpype.isdJVMStarted():

return

jpype.addClassPath(python_matsim_jar)
for jar in additional_classpath:
jpype.addClassPath(jar)

convertStrings=False)

def start_jvm(jvm_path=jpype.get _default jvm_ path(),
if not pkg resources.resource_exists('javaresources', 'python-matsim-instance-1.0-
raise RuntimeError('could not find jar file')

# TODO: check that classpath etc. are the ones we want
_logger.info("JVM is already live, do nothing.")

python_matsim jar = pkg resources.resource_filename(javaresources', 'python-matsim-
instance-1.0-SNAPSHOT-jar-with-dependencies.jar')

_logger.info('start jvm with classpath {}'.format(jpype.getClassPath()))
jpype.startdVM(jvm_path, "-Djava.class.path=%s" % jpype.getClassPath(),

Fig. 1. Structure of MATSim’s input population Python file

changes, new immediacy will emerge in the
construction of urban simulation models.
(Meijer et al., 2015).

Literature Review. Transportation plays
a crucial role in the economy in delivering
goods and services to consumers, as well
as in transporting passengers to work or for
pleasure.

A modern society can only function
effectively with an efficient transport and
logistics system (Baublys, 2019). Therefore,
every year larger and larger investments are
spent on maintaining and improving the
transport system in the European Union for
the benefit of passengers and freight.

With the internal market, the volume
of freight has increased significantly over
the last few decades and continues to
grow throughout Europe. The main task
of transport decision-makers is to ensure
further efficient transport services in order
to maximize the contribution to economic
development.

According to Jiang, it is important
to implement certain transport policy
instruments, the main of which is the mobility
of goods and people, ensured at minimal

We present much more effective models
and simulations that address problems of
efficiency, equity and quality of life. Where
broad groups of citizens can engage in the
construction of smart cities, through new
ways of participating in the future design of
their cities and neighborhoods. (Aurigi, 2016).

Agent-based models (ABMs) offer an
alternative to conventional urban and regional
modeling tools. They allow us to shift the
focus from static macro models to dynamic
micro-scales (Batty, 2015). According to
Grimm et al, a stylized virtual abstraction
of a theoretical city is created, containing
autonomous interacting agents in different
scenarios, to gain insight into the functioning
of dynamic urban systems. (Grimm et al.,
2020).

Research Methodology. Over the past
S50 years, various simulation models have
been developed at different spatial scales.

These models have been mainly focused
on simulating the location of physical
activities, although there is an economic
and demographic lens that allows for the
prediction of material transport and use
using various types of computer models.
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According to Braille, such models are
used in a somewhat intuitive dialogue with
policymakers in the context of what are now
called planning support systems (Braille,
2020).

According to Pagliara, this type of model
structure, such as MATSim and Simulacra,
already exists in many agent-based models
for city sectors and in new approaches to
transport modelling (Pagliara, 2023).

The main focus of smart cities will be
on developing new models of the city with its
various sectors operating primarily on digital
networks, while at the same time connecting
them to traditional movements and location-
based activities (Kummitha et al., 2017).

There are now hundreds of examples of
ICT implementation in cities, providing new
insights into key urban problems.

We will examine a few examples and their
salient points to provide some insight into
how ICT is being used successfully and how it
could be used in the short and medium term.
(Meijer & Bolivar, 2015).

Innovation Approach. Technological
innovation is  underpinned by the
cultural context in which it takes place.
The agglomeration economy, with cities
increasingly growing in terms of their
population and knowledge base, lies at the
heart of the smart city (Liu et al., 2024).

Cities that embrace ICT in different forms
are changing the nature of the adoption
process using the same ICT. In real cities,
land use regulation reforms in the direction
of mixed land use in places like Arlington,
Virginia, have created clusters of creative
professionals (Evans, 2020).

We will highlight different projects that
will inevitably overlap with other domains
of FuturICT. One of the main themes is the
development of new forms of simulation
models that encompass the new forms of
complexity developed in smart cities. (Helbing,
2013).

The models developed within the project
have the potential to encompass very different
ideas about how a city can function.( Epstein,
2022). Model frameworks such as MATSim
and Simulacra are used for the FuturICT
project.

Theoretical background. In FuturICT,
the work on various land use and transport
models, ranging from conventional socio-
physical-urban economic-style models
to cellular automata models of urban
development and the behavior of spatial agent-
based models, has used the agent-based
microsimulation MATSim, which provides
the basis for implementing a comprehensive

model that links travel behavior, land use,
mobility issues, and social networks!'.

New models of movement and location:
MATSim and Simulacra. Open source agent-
based microsimulation such as MATSim
has an excellent track record in terms of
computational speed and size (Ficara, 2024).

Like most microsimulations MATSim
typically includes data  from real
environments, and creates agents with
attributes and activities taken from data. The
easiest way to create a road network is to use
OpenStreetMap and then convert to MATSim
representation using the MATSim utility class
OsmNetworkReader. (Hoyer et al., 2017).

To define the population of agents, we
developed an input file in Python format, as
shown below.

Unlike other creativity ABMs (Doboli,
2022), each agent also has several socio-
economic attributes that influence their
behavior during simulation runs. These
mechanisms allow us to perform a
reconstruction of the traffic situation across
the entire urban network, as shown in the
Roadmap to a Safer City within the framework
of the FuturICT project.

Benefits of Transportation. Investments
into transport infrastructure are aimed at
additional transport capacity, increased
reliability and a better quality of transport
services. This in turn leads to lower transport
costs as well as to shorter transit times.
Besides, better transport infrastructure is the
core element for business expansion.

The transport sector is an important
component of economy impacting on the
development and welfare of populations.
When transport systems are efficient, they
provide economic and social opportunities
and benefit that impact throughout economy.
When transport systems are deficient, they
can have an economic cost in terms of reduced
or missed opportunities.

More specifically, it has been recognized
that the provision of a high quality transport
system is a necessary precondition for the
full participation of remote communities in
the benefits of national development (ST/
ESCAP/2019)2.

The impact of transport activities on
the economies of the Baltic Sea countries.
The transport sector in the EU contributes to
7% of the EU GDP and 5% of total employed
persons are employed in the transport sector.

1 MATSim — The Multi-Agent Transport Simulation. URL:
https://www.matsim.org (nata 3BepHeHHs: 12.01.2025).

2 Economic and Social Commission for Asia and the
Pacific (ESCAP).
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Transport remains a rapidly developing
industry, ensuring the effective functioning of
the internal market, the provision of foreign
trade and transit services, passenger services
and the development of tourism.

remains the same: the lowest is observed in
Germany (less than 2%) and the highest — in
Denmark (more than 12% in 2023).

In the transition period, in the knowledge

Analyzing the situation in
the entire Baltic Sea region, the
constantly  growing  volumes
of export of transport services
demonstrate the role of the
transport sector in the economic
growth of these countries.

Main results. Improved
transport brings obvious benefits to
the economy, including improved
logistics and improved mobility,
which leads to improved business
profitability. This in turn leads
to higher demand for transport
and requires larger measures for
investment. Under conditions of
good functioning of this cycle, the
country’s economy becomes stable
and conditions are created for long-
term planning and creation of businesses.

When comparing the situation in the
Baltic Sea Region (BSR) between 2019 and
2023, all countries increased the efficiency
of transport services (Table 1). The lowest
increase was 36% (Sweden) and the highest —
107% (Lithuania).

2019

B Contribution of transport and warehousing
to national GDP (%)

Monetary value of transport and warchousing
activities, bill. EUR

2020 2021 2023

2022

Fig. 2. The share of the transport sector to GDP

Source: built by the author based on data (Statista. URL: https://
statista.com (naTta 3BepHeHHs: 12.01.2025)

economy, this share may slow down, however,
the experience of Western European countries
shows that the export of transport services
can be much higher, even with its lower share
in national GDP (Fernandez-Aneza, 2018).
Thus, high-quality transport
infrastructure has a significant impact on the

Table 1. The dynamics of the export of transport services in BSR, min EUR

BSR countries 2019 2020 2021 2022 2023 Change(f/?)w 2019
Denmark 15.8 17.2 21.7 26.4 29.0 83.91
Germany 23.9 27.0 30.9 335 375 56.88
Estonia 0.8 0.9 1.0 1.1 1.3 52.56

Latvia 0.8 058 9.8 1.1 1.3 69.42
Lithuania 0.8 1.0 1.2 1.5 1.7 107.02
Poland 35 33 4.3 55 6.7 91.43
Finland 1.7 1.9 1.9 2.1 2.3 34.45
Sweden 5.9 6.5 7.0 7.3 8.1 35.95

Source: built by the author based on data (Eurostat. URL: https://ec.europa.eu/eurostat (nata 3BepHeHHs:

12.01.2025).)

The BSR is becoming a hub for
transcontinental trade, and this is explained
by the rapid growth of the role of logistics.
Outside the EU’s neighbours, external
transport policy is different and focused on
the EU’s main trading partners.

The BSR is well connected to TRACECA
and the trade routes of the Central and Far
East Asian regions (Maciulis, 2023).

If we take the same BSR countries as a
comparative element, we see that the share
of transport services exports in national GDP

development and well-being of the population,
which is one of the factors facilitating the
transformation of smart cities and a key
element for business expansion.

Conclusion. The paper presents
various literature studies on the dynamic
socio-economic processes that underlie
urban economic growth through computer
technology simulation.

This paper is a basis for arguing that
new technologies have synergistic effects,
especially on the forms of social organization
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that are needed for future forms of governance
and social action, as well as for business.

The main emphasis is on efficiency,
balanced against capital. @ Web-based
interactive systems, a form of citizen science,
should be the norm for smart cities, allowing
for the development of equity and balancing it
against competition.

The Smart Cities project aims to develop
infrastructure that is accessible to a wide
range of groups.

The results of this study are available
on the FuturIlCT website!. The Smart Cities
project aims to develop infrastructure that is
accessible to a wide range of groups. The main
emphasis is on efficiency, balanced against
capital. Web-based interactive systems, a
form of citizen science, should be the norm in
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a smart city, allowing for the development of
equity and balancing it against competition.

Given the positive balance of export-
import of transport services, this means that
the transport sector is very competitive in the
international arena and, therefore, should be
developed.

By distributing state investments, the
policy of developing the national economy
strives for maximum economic growth
in the short term. Improving transport
infrastructure is one of the main priorities
of such investment. Ultimately, high-quality
transport infrastructure has a significant
impact on the development and well-being
of the population, which is one of the factors
contributing to the construction of smart
cities and economic efficiency.
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NPAMUA BNNIMB ICT HA EKOHOMIYHE 3POCTAHHS MICT LUNISAXOM JEMOHCTPALIIT ATEHT-

HOro MOAEJIIOBAHHA ANnA PO3YMHUX MICT

Po3ymHUM micTOM BBaxaeTbCs MICTO, B SKOMY iH(PPaCTPYKTypa CKOOpAMHOBAHA Ta iHTerpoBaHa 3a
[OMOMOrOK HOBMX LIMGOPOBMX TEXHOMOMN. My po3rnsigaeMo cueHapii, 3acHOBaHi Ha nepexogi Big cTa-
pUX MICT O HOBWX PO3YMHMX MICT, LLO PO3BMBAIOTLCS, 3 PO3BUTKOM MICbKVX MOCAYT 3 BUKOPUCTAHHAM
cyyacHux IKT. 3anponoHoBaHo Kifnbka HanpsiMKiB MPOEKTY: iHTerpoBaHi 6a3v AaHuX, CEHCOpHI Mepexi Ta
BMIIMB HOBUX COLlianbHUX Mefia, MOBINbHICTL i noBediHKa Mig Yac NoAOpOXe, MOAEMOBaHHS MiCbKOro
3eMIIEKOPUCTYBAHHS, TPAHCMOPTHI Ta EKOHOMIYHI B3AEMOAIT Ta NnaHyBanbHi CTPYKTYpU ANS PO3YMHWX
micT. MpoekT FuturlCT, sikmii o6roBopioeTbes B cTatTi, Byno peanizoBaHo B pamkax CboMOi pamMKOBOI
nporpamu €sponeticbkoro Cotoay 3rigHo 3 rpaHToBoto yroaoto Ne 284709. Mu po3rnsaaemo CTuii3oBaHy
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MuBiznoGaase T. [IPIMUI BIIAUB ICT HA EKOHOMIYHE 3POCTAHHY MICT IIASXOM AEMOHCTPALLL ...

MOZEnb Ha OCHOBI areHTiB, A€ reTepPOreHHi areHTu, LWo NPUIMatoTh PiLLeHHs, B3aEMOLiIOTL 32 TakKUMm
CLEHapisiMu: NMOKPALLEHHS IHBECTULIA Yy MICbKWA TPaHCMOPT, PerymtoBaHHsS 3MILLAHOMO 3eMIIeKOpUCTY-
BaHHA Ta 3MEHLLEHHs cerperauii ceped MeLUKaHLiB. Y CTaTTi OLiHIOETLCS MO3UTVBHUIA BMSIMB TPaHC-
MOPTY Ha eKOHOMIKY KpaiH BanTilicbkoro Mopst Ha Tni aHanidy KI4YOBMX MOKA3HMKIB, LLIO BUMIPHOKOTb
YCRILHICTb TPAHCMOPTHOTO CEKTOPY: YaCTKN TPAHCNOPTHOrO Ta CKNaAChKOro CEKTOPIB Y HaLioHansHOMY
BBIN (%) Ta yacTku ekcnopTy TpaHcnopTHux nocnyr y BBI (%). BapTo 3a3Haumty, wo Oyab-ska
kOMOGiHaLis UMX cueHapiiB Npu3BoaMTb 40 OinbLUOI LWiNbHOCTI HAaceneHHs Ta A03BOMSIE NOLWMpPOBaTH-
€S TBOPYOCTI, LLO NPM3BOAWTbL 10 EKOHOMIYHOTO 3pOCTaHHS. Pe3ynsrati nokasyloTb YiTKy KOpemnsLiio
MiX LUBUAKMM EKOHOMIYHMM MPOrPecoM i CouianbHO-EKOHOMIYHOK PiBHICTO. TpaHcnopT 3aBxan OyB i
3anMLWaeTbCA OAHIEI0 3 TONOBHUX PYLUIMHWMX CUIT EKOHOMIYHOTO PO3BUTKY. LLIMPOKO BM3HAHO, LLO TpaHC-
MopT BigirpaBaTMMe BUpILLATbHY POrb B EKOHOMIYHOMY PO3BUTKY B MabyTHbOMY, OCOBNMBO B TPAH3UT-
HUX NepeBe3eHHsIX, K y kpaiHax banTii. Y poboti npoaHaniaoBaHoO NO3WTUBHMIA BNAMB TPAHCMOPTY Ha
€KOHOMIKY Ta OLlIHEHO MOXITUBI LUMISXU PO3BUTKY CTanoi TpaHCNOpPTHOI CUCTEMU.

KntouoBi cnoBa: posymHi micma, ypbaHicmuka, mpaHcrnopmni nocnyeu, IKT, FuturlCT, azeHmHe
MOOEITH08aHHS.
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