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Abstract. The paper introduces the classification of modern urbanization research
tools and scientific research methods. Urbanization is a prominent field of multidisciplinary
study that describes the population dynamics, land use changes, land cover and green
areas, traffic and architectural city planning and many others. The paper deals with issues
of research classification, what are the main subfield of urbanization research and which
scientific methods can be used in each of them. This paper explores the main urbanization
research tools, such as computational, map and information and smart city toolsets. Key
component of any of the above-mentioned tools is data. We classified data by its application
and research subfield that it is used at.

Economics study is at the heart of any modern urban scientific work. City budget, cost of
living in the city, employment data and land prices are among the most widely used fields of
research in this area. The paper highlights that city growth and development, Urbanization
patterns, and spatial planning and distribution are prominent subfields of urbanization
economics research. The article purpose is to address the challenges any new researcher

encounters is lack of extensive overview and classification of available tools.
Keywords: urbanization, computer vision, neural networks, prediction, visualization,
land cover, GIS, real estate, system modeling, big data.

Topicality.

Effective and practical scientific
work requires understanding of underly-
ing mechanics and knowledge not only
of the field of study but of set of tools
that can be used for such work. Study
of urbanization and its subfields is a
complex task. Urban studies include,
among many other such areas as real
estate, land use, governmental policies,
and municipal governance regulations,
geographical information, and social
studies. Besides sustainable develop-

ment, concept of green cities and effec-
tive natural resources use planning have
gained attention during the past decade
and are at focus of many of the modern
researchers. Meanwhile the current state
of urbanization research has presented a
new challenges and research opportu-
nity to work on. It became evident that
to proceed in their studies researchers
in this field need to establish a new set
of tools and methods. The advancement
in computer science and current state
of computational capabilities allow for
real time system modeling and geospa-

N2 4’2020

39



3emneycmpiti, KaOacmp i MOHIMopuHe 3emerb

tial data visualization in 3D. In addition
to this, article presents the urbanization
scientific methodology research pro-
cess. This process can serve as founda-
tion for future scientific efforts and work
in urbanization and adjacent fields.

Analysis of recent research
and publications.

Urbanization research field is rela-
tively new area of study. Larger portion
of existing research is multidisciplinary
and cross field study, with economy, so-
ciology and ecology being core fields.
While more of modern research papers
have narrow focus on certain subfields,
such as GIS, spatial development, city
management or real estate market anal-
ysis. Author notes the lack of compre-
hensive quality information that pro-
vides deep analysis and presentation
of urbanization as standalone scientific
field, which it undoubtedly is. Process
of urbanization cannot be explored and
studied without first establishing set of
tools and scientific methods that are
specific to this field. Author acknowl-
edges scientific discoveries and consid-
erable progress in the field of computer
sciences. Computer science can serve
as strong scientific tools foundation for
modern urban studies. Without a doubt
tools such as computer vision that en-
able us to effectively analyze and classi-
fy spatial data or advancement in area of
machine learning, that allows for robust
real estate prediction models or real city
models built using 3D modeling plat-
forms, provide a strong argument for
their use by urban researchers.

The aim of the study. Therefore, the
aim of this research work is to present
the modern robust set of scientific re-
search tools in the field of urbanization
research and study. Author plan to pres-

ent the list of computational and infor-
mation system research tools that will
enable effective research process. Be-
sides, in this research paper we outline
and analyze subfields of urbanization.

Materials and methods
of research.

In this paper we covered a great deal
of scientific papers and information
both on urbanization and computer sci-
ence areas [1,2, 3]. We used qualitative
method to establish the urbanization
in context of a broad research field.
Quantitative method helped us outline
the main chart and data used in major-
ity of urban economy articles, which is
bid rent curve and is widely used for
land price modeling and prediction.
Another key research output is impor-
tance of studying the point(s) of market
equilibrium when modeling land use
prediction. Author employed scientific
abstraction, system modeling, and theo-
retical generalization to build a concept
of Urbanization research cycle as an it-
erative cyclical process.

Research results
and their discussion.

Urbanization is a multidimensional
and complex field of scientific study. It
exists at intersection of many fields of
study such as economics, ecology, so-
ciology, urban and city planning, law,
and regulations [4]. In past decades,
many researchers focused their efforts
on economics, with focus on real estate
and property analysis, financial model-
ing, and prediction modeling. With cur-
rent state of urbanization expansion, it is
no longer effective to limit the scope of
urban research work. Instead, these chal-
lenges provide tremendous opportunity
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Fig.1 Urbanization fields of research [1,4]

for new shift in studies of urban process,
it is subfields and adjacent fields. Urban-
ization cannot just be classified as subar-
ea of microeconomics study. It is evident
that urban process has impact on ecolo-
gy situation, on local and national eco-
nomic development, financial markets
and both national and international laws
and regulations that govern the modern
city. In this paper we present tools and
methods that can be used by different
researchers coming from different areas
of scientific study. The current state of
urbanization research field and its con-
nection to existing major scientific areas
are presented in Figure 1.

There are four major fields of re-
search that enable us to study urban-
ization process. They are ecology, eco-
nomics, city planning and laws. Each
of these four fields has many layers and
sub fields. In Figure 1 we highlighted
those fields that are directly connected
with urbanization process. Some fields,

such as sustainability or urban infra-
structure or city budget are connected
to other fields of study and form the
basis of what is now classified as mul-
tidisciplinary research. This fact alone
can serve as major evidence to prove
that urban studies field is multidisci-
plinary area and require background,
knowledge, and experience in adjacent
research areas.

Table 1 provides extensive over-
view of fourteen major urbanization
research subfields. They are grouped by
main field of scientific research, ecol-
ogy, sociology, economics, city plan-
ning, Computational and information
systems, Law, and regulations. Struc-
ture field denotes core areas of potential
research work. It should be noted that
some fields share similar or same struc-
ture, such as Land use and resources
management. Methods field represent
list of scientific research methods that
can be used to study specific subfield.
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Table 1. Overview of urbanization research subfields*

No Subfield Field(s) of research Structure Methods
Policies . .
1 | Urban ecology Ecology Resources AnalI}:ms and hypothesis
egal research
System outcomes
Buildings Analysis and hypothesis
Energy Legal research
2 | Green city Ecology Environment Qualitative
Land use Quantitative
Waste management System modeling
Population, Qualitative
3 | dynamics, S]::)CC?(I)?(%Y - Quantitative
and health gy System modeling
City Analysis and hypothesis
4 | growth and Economics Urban development Quantitative
development System modeling
5 Urbanization Economics Quahf[atlye
atterns City planning ) Quantitative
P System modeling
Spatial Ecology Qualitative
6 |planning Economics Land cover Quantitative
and distribution City planning System modeling
Economics Market analysis
Real estate . ) Price modeling Quantitative
7 City planning .
market - Supply and demand System modeling
Law and regulations
forecast
] Urban planning City planning i Legal research
and monitoring | Law and regulations Qualitative
City planning . Legal research
. Law and regulations City governance Qualitative
9 | Smart city . City data modeling S
Computational and . . Quantitative
. . Predictive modeling .
information systems System modeling
City planning o
Urban Law and regulations Quahf[atlye
10 . . - Quantitative
Modeling Computational and .
. : System modeling
information systems
Land City planning City visualization Legal r.ese_arch
11 : r ; Qualitative
Development | Law and regulations | Predictive scenarios .
System modeling
Land-use and Land use reculations Legal research
12 | infrastructure City planning st Qualitative
. GIS modeling .
planning System modeling
Environmental Ecolo Legal research
13 | monitoring Law and re %ﬂations - Quantitative
and acts g System modeling
: Analysis and hypothesis
14 }eran planning Law and regulations - Legal research
aw o
Qualitative

* prepared based on personal research data, UN report, Britannica and Statista services [1, 2, 3, 4]
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Important part of any modern re-
search work is tools that are used to study
certain area or subfield. Table 2 resents
results of our work on list of most widely
used urbanization research tools. In this
paper we note seven major tools type and
provide their classification - computa-
tional system, information system, gen-
eral city data, GIS and maps, official doc-
umentation, smart city tools, tools, and
equipment. Information that is presented
in Table 2 is divided into five section.
There are three important sections that
we should note — tool component, tool
data types and field of application. Com-
ponents section present empirical sub
areas that can be used for specific study,
while data field denotes major data type
that is used by this tool, to help make an
opinion on which tool to use for specific

research work. In application section we
present list of research subfields that this
tool can be used in.

Three major types of data are used
in urbanization research — numerical
data (financial, distance, statistical etc.),
Geographic data and information (incl.
maps and digital visualization of cit-
ies), text information (city plan, laws,
and municipal acts etc.). It should be
noted that one of the newer subfields of
research is Smart City. Smart City re-
search requires researcher to work and
analyze tremendous amounts of various
types of data. We should note that de-
tailed examination and presentation of
Smart City subfield falls outside of the
scope of current research work and will
be published as separate research work
in future.

Table 2. Urbanization research tools classification®

system

Data visualization

Numerical data

No Tool Components Data Application
Data mining - .
Computational Machine Dlgltal‘ Images Data ana1y51§
1 . Numerical data Image processing
system leamlng : Prediction systems
Computer Vision
. : 3D objects data 3D Modeling
2 Information Big Data Digital Images | Data processing, storage,

and analysis

3 | General citv data Real estate Statistical data Economic modeling
Y City statistics Land use data | Environmental planning
Aerial map . Data analysis
4 | GIS and maps Cadasiral map Geographlc data General modeling and
. and information planning
Satellite map 3 .
urveying
Agreements
Official Law Text and general General economic, |
5 . Planning . . ecology and city planning
documentation ; information
Regulations related
Reports

6 | Smart city tools

City management sys.
Monitoring data

Numerical data

City governance
City surveillance

3D/LiDAR scanners
Tools and .
7 Eauipment Land Surveying
quip UAVs

Digital images
Sensors data

City planning
Construction
Land use planning

* prepared based on personal research data, UN report, and Britannica services [3, 4, 5]
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Table 3. Modern computational and information system analysis tools classification*

Urbanization
No Tool Category Data Type Output subfield
. . Digital Green city
1 | 3D visualization Plr\g;);)etlziggn Ge(l)rir ;pélslcal model Spatial planning
& City plan | and distribution
. Modeling Images Urban planning
2 | Computer Vision Presentation Digital data Map data and monitoring
Digital recording Modeling . Indicators Smart city
3 devices Technical system Digital data Misc. data Urban ecology
Land Development
4 |GIS Modeling Geographical | Map data Land-use and
Presentation Images City plan infrastructure
planning
Decision Smart city
5 Information Modeling Financial Information Population,
systems Presentation Statistical dynamics, and
Planning health
Decision Numerical
6 | Machine learning Modeling o Information | Real estate market
. Scientifical
Planning
L . Numerical
7 Prediction Model_lng Financial | Information Smart city
systems Planning Statistical

* prepared based on personal research data and Britannica [3, 5, 6]

Computer science tools and methods
are widely used in all major fields of sci-
entific research, Urbanization being one
of them. Table 3 provides list of major
computational and information system
analysis tools that can be employed by
scientist working on urban research field.
Table 3 is as extension of Table 2 and
focuses specifically on computer set of
tools. There are five sections in Table
3, computer science tool, tool category,
data types that are used withing this tool
context, output results of using this tool
and urbanization subfield that this tool is
most extensible used in (refer to Table 1).

Author provides a concept of Ur-
banization research cycle in Figure 2.
This concept is based on scientific re-
search method and is a result of previ-
ous research work on urbanization. This
cycle consists of twelve stages, each of

them is separate research phase. New
research work starts with problem defi-
nition, outlining of subfield of research
and scope of research work, next step is
search for information within the scope
of research work. The research infor-
mation that has been gathered need to
be studied, grouped, and classified. Af-
ter information has been grouped and
studied, research should form an initial
set of hypotheses based on which he
will later build a scientific model. Sci-
entific model is an iterative four steps
sub-cycle within main research cycle. It
starts with initial model, then research-
er picks a set of tools within context
of this model, using established set of
tools he conducts a set of one or multi-
ple experiments using the data that has
is an output of information processed
and grouped before. After the experi-
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ment has been conducted the scientist
test the results and compares them to
his initial hypothesis and analyses it
based on existing set of information. If
the results prove on par with hypoth-
esis the research work can proceed to
next step. Otherwise, the model cycle
has to be repeated with new set of in-
put parameters or with different set of
tools, until the results are satisfactory.
Once the hypothesis has been con-
firmed or validated the research model
output data is gathered and the results
are formatted to be presented to the
research community. It is important to
note the importance of two last steps in
the cycle — output analysis and research
model presentation. They are the main
result of conducted research work and
denotes the materials that are presented
to scientific community later.

Economics research field is major
part of urban studies. There are many
tools and methods that are available
for researcher working in field of urban
economics. One of the most commonly
used and effective tools is bid rent curve
and gradient (Figure 3). It is used to an-
alyze the land or real estate rent price
for various purposes (commercial use,
industrial use, or residential use) and
map the points of market equilibrium.
Also, it shows what is the optimal (fi-
nance related) distance from the central
business district to the planed construc-
tion site. In such model’s city is divided
into four major zones, central business
district, that is also part of inner-city
ring area, middle ring, and outer ring
area. Computational and information
systems tools are used to build similar
curves. Quality of information is one

Define
problem

Format and Vs
present the
model

Output
analysis

Gather
output
data and
format the
results

Test the
results

Conduct
experiment g

Scientific
Method &

Qutline
scope and
field

Search
information

Study
information
and gather

Form a
hypothesis

Build a
model

Fig.2 Urbanization research cycle concept [6]
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Fig.3 Economic research bid rent curve and gradient [6]

of key determining factors when plot-
ting rent curves and gradient. Machine
learning instruments (software) can be
employed to make a future predations or
work with large amounts of input data
to purpose optimal rent models.

One of modern and prominent fields
of study 1s 3D modeling and visualization
(Figure 4). Geographical data and infor-

mation are sued to visualize the city and
land cover in virtual 3D environment.
Such models can be both static and dy-
namic. In later case, researcher have abil-
ity to set parameters and test the models
in real time with visualization of research
output information. This set of powerful
tools require greater computational re-
sources and skills to be tuned and set up.

in Unreal Engine 4
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Conclusions and prospects.

Urban research requires for research-
er to first define the problem and then
analyze the data available, to build an
effective model. As a rule, the data that
is required in any new research are mul-
tidimensional and comes from various
sources, usually not directed corelated,
such as financial data, digital images,
and land use regulations. Nowadays
any new researcher has more tools and
information at their disposal then those
two or three decades ago. Information
and computational systems form the
basic set of tools of modern urban re-
searcher. However, both require data to
be inputted first and parameters to be set
for modeling purposes. Larger quanti-
ties of such data that are used in urban-
ization research modeling are either of
numerical or geographical type, while
some research efforts require both. In
this work we provided a definition and
classification of four core urbanization
fields — economics, ecology, city plan-
ning; law and regulations. Based on this
classification and study of research tools
we presented a cyclical twelve stages
urbanization research cycle concept. In
future we plan to present a comprehen-
sive research framework that relies on
presented computational and informa-
tion system analysis tools.
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B. A. HazapeHko

K/TIACUDIKALIIA CYYACHUX 3ACObBIB TA
METOAIB AOC/IA}EHHA MPOLIECY YPBA-
HI3AUIT

https.//doi.org/

10.31548/zemleustriy2020.04.05

AHOmauyia. Y cmammi npedcmasneHa Kkna-
cuehikayisi cy4acHuUx iHcmpymeHmie 00cnioHeHb
ma memodie HayKosux 00CsiOHeHb ypbaHiza-
uii. YpbaHizayia € 8U3HAYHOIO Cheporo Mysib-
muoucyunniHapHo20 00CiOHeHHA, AKe Onucye
OUHAMIKY 3MiH YucesbHOCMi HaceneHHs, 3MiHu
3eMs1eKopUCMYBAHHSA, 3eMeslbHo20 MOKPUMmMA
ma 3eseHuUx 30H, O0POXCHE Ma apximekmypHe
micmobyodyeaHHa ma bazamo iHwoezo. Y cmam-
mi  po3ensdaromeca NUMAHHA  Kaacugikayii
mMemooie 00cnioOHeHb, AKI HO OCHOBHI Miocei-
domocmi ypbaHizauyiliHux 00cnioxeHsb i, AKi
HAyKosi Memoou Moxcymes bymu suKopucmaHi
8 KOXHOMY 3 HUX. Y yili pobomi 0ocnioryrome-
CA OCHOBHI IHCMpymeHmu ypbaHizauii, maki sk
064UC08abHI, KApMmozpagiyHi, iHpopmayiliHi
ma po3yMmHi iHcmpymeHmu micma. Knroyogum
KOMroHeHmMoM 6y0b-IK020 3 8ule32a00HUX
iHcmpymeHmie € ompumaHi 0aHi. Mu Kaacugi-
Kyeasu 0aHi 3a ix 3acmocy8aHHAM i 00CiOHUUb-
KUMU 2a71y3aMU, e 80HU 8UKOPUCMOBYHOMbCH.

EKoHOMIYHE OOCMIOHEHHA NeH UMb 8 OCHO8I
by0b-AKoI' cy4acHoi Haykosoi pobomu wodo yp-
baHizauii. Micokuli 6100xem, eapmicmes ¥umms
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y micmi, 0aHi npo 3aliHAMICMb HaceneHHA i UiHU
Ha 3emmo € 0OHUMU 3 HalibinbW WUPOKO BUKO-
pUCMoBy8aHUX HaNpAMKie 00cnioxceHb y uill cghe-
pi. Y cmammi Hazonowyemesca, wo picm i pos-
8UMOK micm, moodeni ypbaHizauii, npocmopose
NAAHY8AHHA Ma po3mo0din 3emMesibHUX pecypcie €
20/1y3MU eKOHOMIYHUX 00CriOHeHb YpbaHi3auyil.
Mema cmammi nonszae y supiwieHHs rnpobrnem, 3
AKUMU CMUKaemMbC 6yOb-aKuli Hoauli 00CIOHUK,

8i0CYymHicmb 8esuKo20 027140y Ma Kaacugpikayi

docmynHuUX iHcmpymeHmie.

Knrouoei cnosa. YpbaHizauis, komn’romep-
He bayeHHs, HelipOHHI Mepexi, Po2HO3y8aHHS,
si3yanizayig, 3emesnoHull nokpus, C, Hepyxo-
Micmb, cucmemHe MOOesto8AHHS, 8e/UKi OaHI.

ok ok ok

B. A. HazapeHKo

K/IACCUDUKALINA COBPEMEHHbIX
CPEACTB U METO[OB UCC/IEQOBAHUA
MPOLECCA YPBAHU3ALUN

https://doi.org/

10.31548/zemleustriy2020.04.05

AHHOMayus. Bcmamese npedcmasneHa Kaac-
CUGPUKAUUA COBPEMEHHBbIX UCCIe008aMENbCKUX
UHCMPYMeHmos U Memo008 Hay4HbIX Ucciedosa-
Huli ypbaHuzauuu. YpbaHu3auusa Aeasemcs 8ax-
Holi 0651GCMbHO MEXOUCYUNAUHAPHbIX UCC1e008a-
Hu, onucsisarowas GUHAMUKY 0eMozpaguvecKux
usmeHeHul, u3MeHeHUll 8 3emMsernosnb308aHUU,
3eMs1erosb308aHUU U 3e/1eHbIX 30HAX, O0POHHOM
U apxumeKkmypHom 20p00CKOM M/AAHUPOBAHUU U
MHo20e Opyeoe. B cmamee paccmampusaemcs
Knaccugpukauua Memodos Uccied08aHUS, Ko-

mopble HaX00AmMcsa Ha OCHOBHbIX MOOCO3HAME1b-
HbIX 20pOOCKUX UCCIe008aHUL U KaKue Hay4Hble
MemoObl Mo2ym bbimb UCMO/Mb308aHbI 8 KAHOOM
U3 HUXx. B Hacmoswem doKymeHme paccmampu-
80OMCA OCHOBHbIE UHCMPYMeEHMb! ypbaHU3ayuU,
maKue KaK ebl4uc/iumesbHble, Kapmozpaguye-
CKUE, UHOPMAUUOHHbIE U UHMEAIeKmyasbHble
20po0cKuUe UHCmpymMeHmel.
HeHmMomM 10b0o20 U3 BbllienepeylcneHHbIX UH-
CMPYMeHmMo8 ABASIMCA osyYeHHble OaHHbIe.
Mob! kaaccughuyuposanu OaHHbIE Mo UX npuMeHe-

Knrouesbim Komro-

HUK U HAY4YHO-UCC/1e0080MESbCKUM OMPACAM,
20e OHU UCrIofb3yromCA.

JKoHOoMuYecKue uccnedosaHus b6ydym e
ueHmpe nboli cospemeHHoli Hay4Hol pa-
6omei no ypbaHuzayuu. fopodckoli 6100x#em,
CMOUMOCMb H(U3HU 8 20p0ode, OaHHbIe O 3aHA-
mocmu U yeHbl HO 3eMsIH0 ABAAMCA 00HUMU
u3 Haubosee WUPOKo ucrnoss3zyemsix obaacmeli
uccnedosaHuli 8 amoli obnacmu. B cmamee
rnoo4yepkugaemcs, 4mo pocm U pazsumue
2opodos, mMoldenu ypbaHu3ayuu, MPOCMPaH-
CmeeHHoe M/AaHUposaHue U pacnpeoeneHue
3emesibHbIX pecypcos Aenarmca obaacmamu
3KOHOMUYECKUX uccnedosaHuli ypbaHusayuu.
Llenb 3mo2o 0oKyMeHMa 3aKar4aemcs 8 pe-
weHuu rpobsem, ¢ KomopbiMu CMAnKueaemcs
moboli Hoeblli uccnedosamesnb, omcymcmeus
muwjamenbHo20 0630pa U Kaaccugukayuu
UMEeIOWUXCA UHCMPYMeHMO8.

Knrouessble cnoea. YpbaHu3ayus, KOMIbio-
mepHoe sudeHue, HelipoHHble cemu, NpPo2Ho3u-
posaHue, 8U3yanu3auus, 3emesbHbil MOKpos,
TMC, Hedsuxcumocms, cucmemHoe MoOoenupo-
8aHue, bosbuiue OaHHbIe.
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