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OpUrHuHAIHN HAyYHH paj

I'C ITIPOI'PAMHUPAIBE — AYTOMATU3ALINJA U3PAYYHA XEPOUHIAJI-
XUPIIMAHOBOI' THAEKCA PET'MOHAJIHE CHEIUJAJIN3ALIUJE

JaBopun Bajuh'
TIpuponHo-maremaruuku dakynrer, YauusepauteT y bamoj Jlyiu, Peryonuka Cpricka

Casxerak: Y pajy je ommcaH IIOCTYNaK ayToMaTh3auuje u3padyHa XephuHaar—XupIIMaHOBOT HHAEKCA PErHOHAIHE
cnemmjamm3anuje. [ MC mporpamupamem, kopurmhemeM Python porpaMCKoOT je3HKa, pa3BHjeH je anaT Koju oMoryhasa
ayTOMAaTH30BaH HAYMH U3padyHa U BU3yeIHM3allrje pe3yaTara pasMaTpaHor nuaekca, y ArcGIS copTBepckoM OKpyKemY.
[Mopen neduHMCama OCHOBHHX TI0jMOBa BE3aHMX 3a PETHMOHANHY CIEIHjaH3alHjy M OMUCa MAaTeMaTHYKOT KOHIICTITa
XepduHaan-xupHMaHoOBOT HHIEKCA, Y paly je JaT Hperies KOMIUIETHOT IPOrpaMepCcKor MOCTYIKa Kpeupama ajara 3a
ayTOMaTH3alHjy KpO3 OIIC MOCTYIIKa MHCamka Koma. Y pe3ynraThuMa paja o0jalli-eH jé HAauWH W IMpaKTHYaH MPHMjep
MpUMjeHe KpeupaHor ajara Ha nmpuMjepy Pemyommke Cpricke.
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GIS PROGRAMMING - AUTOMATED CALCULATION OF THE HERFINDAHL-
HIRSCHMAN INDEX OF REGIONAL SPECIALIZATION

Davorin Baji¢!
"Faculty of Sciences, University of Banja Luka, Republika Srpska

Abstract: The paper describes the automated calculation of Herfindahl-Hirschman Index of regional specialization.
Having used GIS programming and Python programming language, a tool has been designed to enable the automated
calculation and visualization of the results of the observed index within ArcGIS software environment. Apart from the
definition of basic regional specialization terms and the description of mathematical concept of Herfindahl-Hirschman
Index, the paper outlinesthe programming procedure for designing a tool for the automated calculation by describing the
code writing procedure. The results provide an explanation and a practical instance of the tool application in Republic of
Srpska.
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YBOJI

Pernonanna cnenujanu3amnuja ojpakaBa
pacmojajeny CEKTOpCKHX yajena (yajena
TjeTaTHOCTH, TIOAIpYYja /IjeNIaTHOCTH, IPUBPETHUX
rpaHa) y YKyIOHO] eKOHOMHUjU ojpelene
TEPUTOPHjAITHE JEeIUHUIIE, OOMYHO Y OJHOCY Ha
OCTaTak Jp)KaBe WIN peruje. Y CTaTUCTHYKOM
CMUCITy PETHOHAIHA CITICIHjaIn3allija Ce MOXKE

INTRODUCTION

Regional specialization refers to the
distribution of sectors (ratio of an activity,
area of an activity or commercial branches)
within the total economy of a specific
territorial unit, usually in comparison with
the rest of the state or region. Statistically,
regional specialization may be defined as
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neunucaru kao quctpudynuja "texxune" (6poj
3aI0CIIEHNX, TIPUXOMH H CI1.) CEKTOPA JjeNIaTHOCTH

n-n

i"'y YKYITHOj IPUBPETHO] CTPYKTYPH IIOCMAaTPaHe
teputopujanne jenunuue ;" (Aiginger, 1999).
[Tojam pervoHanHa crienujaiu3aiyja ce paHuje
ynoTpe0baBao CKOPO NCKIbYUHBO 3a 00jallThaBarkhe
PETHOHAITHUX OIHOCA Y MHYCTPH]CKOM CEKTODY,
MTOTOTOBO Y OJIOKY COIMjJIMCTUYKHUX JIpKaBa Koje
cy (haBopr30Basie OBaj CEKTOp MpHBpene. Y HOBHjE
BpHjeMe T10jaM PETHOHAIHE CHelHjaTu3aluje
ce MPOIIMpyje W Ha OCTajle CEKTOpe MPHUBPEIE.
[lojaBibyje ce y HOBUM KOHIIETITUMA, TEOpHjaMa
U TpaBliMa y PETMOHAIIHO] EKOHOMM]jH, KOjJUMa
ce TOKYIIaBajy 00jaCHUTH PETHMOHATHU OJHOCH
YKyIIHE E€KOHOMCKE pacmojjeiie, Kao IITO
je xonment "HoBe exoHomcke reorpaduje"
no6enosma I1. Kpyrmana (Krugman, 1991; Fujita
et al., 1999). Benuku Opoj pamoBa u cTynamja je
HAIMCAH Ha TEMY PErHOHAIIHE CIELUjau3allyje.
300r TEOPHjCKOT U MEIOTOJIONIKOT JIOTIPHHOCA Y
pacBjeTIbaBamy HaNIAICHOT ()eHOMEHA HAPOIHUTO
Tpeba ucrahu panose cipenehux ayropa: Corrado
Gini (Gini, 1936), Masahisa Fujita, Paul Krugman
i Anthony Venables (Fujita et al., 1999), Glen
Ellison i Edward Glaeser (Ellison et al. 1997) uta.

Pernonanna cnenujanusaimja je y BEIIUKO]
MjepH CTaTHUCTHYa KaTreropuja Kojy je moryhe
KkBaHTU(UKOBaTH. KBaHTU(UKAIMjOM pernoHaiHe
crnenujanusanuje 06aBHO ce BEIUKU Opoj
UCTpaXMBaya, TaKo Ja jeé KOHCTPYUCAH U BEIUKU
Opoj MjepHux "anara" momohy Kojux ce BpIIH
MOMEHyTa KBaHTU(UKaIMja. YIIIAaBHOM C€ pajau
0 Pa3IMYUTUM HMHJIEKCUMa U Koe(DHUIIMjeHTHMA
nmoMohy KOjUX ce TOKYyIIaBajy pa3jacHUTHU
PETHOHAIIHU OJIHOCH Y TIOTVIC/TY CIICIH]jaIH3allje
WM JuBep3udUKANUje EKOHOMHUjE, WIH
TIOjeIMHAUX BeHHUX ceKTopa. MHIeKcH 3a Mjeperhe
pETHOHAIIHE CIEIHjalIh3allije Cy BeoMa 3HaYajHH
y UCTpaXHBamHMa Yy 00JacTUMa MPOCTOPHE
€KOHOMH]e M eKOHOMCKe reorpaduje. Hexku on
3HaYajHUJUX HHJAEKca rmomohy kojux je moryhe
BPIIUTH MjEpEHE PErMOHAITHE CIIEIH]aTn3allnje
cy: Krugman Index (Krugman, 1991), Hoover-
Ballasa Index (Ballasa, 1965), Gini index (Gini,
1936), Hirschman-Herfindahl index (Hirschman,
1964), Theil index (Theil, 1967), Lilien index
(Lilien, 1982), Innekc npocTopHe KOHIEHTpALHje
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the distribution of ‘weight’ (number of
employees, income, etc.) of an ‘i’ service
sector within the total commercial structure
of an observed territorial unit ‘j° (Aiginger,
1999).The term regional specialization
used to refer to regional relations within
the industrial sector exclusively, especially
in Socialist states which used to prefer this
commercial sector. Lately, the term expanded
to other commercial sectors. It appears within
new concepts, theories, and movements
of regional economy, which attempt to
account for the regional relations of the total
economic distribution such as in Nobel prize
winner Krugman’s concept of ‘New economic
geography’ (Krugman, 1991; Fujita et al.,
1999). There have been many papers and
studies discussing regional specialization.
In addition, the following authors largely
contributed the field wither theoretically or
methodologically:CorradoGini (Gini, 1936),
Masahisa Fujita, Paul Krugman and Anthony
Venables (Fujita et al., 1999), and Glen
Ellison and Edward Glaeser (Ellison et al.
1997).

Regional specialization is largely a
statistical category that may be quantified.
Many researchers have dealt with the
quantification of regional specialization,
which resulted in a large number of
quantification ‘tools’. The tools usually
refer to different indices and coefficients
that attempt to explain regional relations
from the aspect of economy specialization
or diversification (or some of the sectors).
Indices for the calculation of regional
specialization are highly pertinent for the
spatial economy and economic geography
studies. Some of the top indices are as follows:
Krugman Index (Krugman, 1991),Hoover-
Ballasa Index (Ballasa, 1965), Gini index
(Gini, 1936), Hirschman-Herfindahl index
(Hirschman, 1964), Theil index (Theil, 1967),
Lilien index (Lilien, 1982),Index of spatial
concentration of social-economic features
(bajuh et al. 2013), etc.

Still, the calculation of some of these
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COLIMO-eKOHOMCKHX o0mibexja (bajuh et al. 2013)
UTI.

[TocTtynmak m3padyyHa MOMEHYTHUX HHJIEKCa
YeCTO 3Ha OMTH KOMILTUKOBAH y CMUCITY U3padyHa,
Jep HEKH O] BHHUX 3axTHjeBajy CJIOXEHH]E
MaTeMaTUuKe W CTAaTUCTHUYKE Olepaluje.
[TonaBsbame MOCTyMKA U3pauyyHa 3a MHAEKCE KOJU
ce 4ecTo ynorpedsbaBajy ofy3numa IyHO BpeMeHa.
[Ipuka3zuBame pesynrara H3pauyHa HHJAEKCA
perHoHaJHE CHelujaIn3aiuje y KIACHYHOM
CTaTUCTHYKOM 00nuKy, y ¢dopmu Tabena u
nujarpama, Huje epukacHo, y CMUCITY YHTJBUBOCTH
u a"anu3e pesyarara. O03upoM Ja ce MpuKasyjy
pPETHOHAHU/TIPOCTOPHU OAHOCH PE3yJTare je
Haje(UKacHU]e MPHUKa3UBaTH KapTOrpaCcku y
BHIy KapTorpama M Kaproaujarpama. [Ipomec
KapTorpacke HWHTEpIpeTannje pe3ynTara
y TpaaWIMOHAIHO] KapTorpaduju, Takohe,
npeacTaBsba ayrorpajan nporec. [lojasom 'NC
TEXHOJIOTHja HaBeJeHEe Mpolece H3padyyHa |
MHTEpIIpeTanyje (BU3yean3aluje) CTaTHCTHIKIX
Mjepa, Kao IITO Cy HHACKCH PETrHOHAJIHE
CrielMjanu3ainje, y BEeIUKo] mjepu je moryhe
ayTOMAaTHU30BaTH. AyTOMaTH3allMja H3pavyyHa
U BH3yelM3alije Cce CIPOBOJIU KpEHpameM
coprBepckux amata y ['MC oxpyxemy.
JenHom kpeupan anmar moryhe je mpUMHjEHUTH
HEOTPAaHUYEHO MHOTY MyTa, HAa HEOTPAaHHYECHOM
O6pojy pauyHapa. Kpeupamwem anara 3a
ayToMaTu3anujy oMoryhaBa ce u3pauyH MHAEKCA
U MIPUKa3UBambe pe3ynTara "Ha jeqaH Kiuk'.

VY oBOM pajy je mpuKa3zaH ayTOMaTH30BaH
HayuH wu3padyHa XeduHaan-XupIIMaHOBOT
unnekca (HHI). HHI ce 4ecto ymnorpebshaBa
Kao Mjepa perroHaiHe crenyjanuzanyje. [lopen
TOTa IITO C€ KOPUCTU Kao Mjepa peruoHaliHe
crierujanusanuje, HHI ce ynorpeGibaBa u
Kao Mjepa BenumuyuHe mpenyseha y omgHocy Ha
YKYIIHY BEJIMYMHY OJHOCHOT CEKTOpa IpUBpEe
Tj. Kao IMOKa3areJb KOHKYPEHTCKOT ofHoca Mehy
npeaysehrMa y 1aToM CeKTopy MpUBpEE.

AyTomaru3zaniyja u3padyHa ¥ BH3yeIH3allyje
pesynrara HHI peann3oBaHa je KpeupameM ajiata
yHyTap ArcGIS codrBepckor okpyxkewma. ArcGlS
je jemna on Haj3actyrwbeHujux ' UC codrBepckux
arurkanyja y CBujeTy kojy je pasBuia (upma
ESRI. ArcGIS omoryhasa kperpame anara y CBOM

indices may be rather complicated as they
may demand more complex mathematical and
statistical operations. The repetition of some
most common calculations takes time. The
display of results of regional specialization
indices in a classical statistical form via tables
and diagrams complicates the interpretation
and analysis of results. Since these are
usually regional/spatial relations, it is most
efficient to display the results by mapping
them via cartograms and cart-diagrams.
The process of map interpretation also
takes too much time. Once GIS technology
emerged, it became possible to automate the
calculation and interpretation (visualization)
of the statistical measures, such as the index
of regional specialization. The automated
calculation and visualization is conducted by
creating software tools in GIS environment.
Once the tool is created, it may be applied
without limitations regarding the repetition
or the number of computers. The creation of
automated tools enables the index calculation
and result display in only one click on the
keyboard.

This paper presents the automated
calculation of Herfindahl-Hirschman
Index(HHI). HHI is widely used as
measurement of regional regionalization.
Apart from being used as measurement of
regional specialization, it is also used as the
measurement of enterprise size in comparison
with the total size of referential commercial
sector, i.e. as an indicator of competitive
relation among enterprises within a specific
commercial sector.

The automated calculation and
visualization of HHI results was performed
via a tool designed in the ArcGIS software
environment. 4rcGISis one of most frequent
GIS software applications worldwide
developed by ESRI Company. ArcGIS
enables the creation of tools via the following
programming languages: .NET, Python, C#
and VBA. GIS programming is becoming
more and more important. The need for new
tools and performance of complicated geo-
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OKpYK€HhY KOPUIITEHEM MPOrpaMCKUX je3nKa
kao 1to cy: .NET, Python, C#u VBA. Ilpumjena
nporpamupama y ' IC-y nobuja cBe Behu 3Hauaj.
[ToTpeba 3a HOBUM ajaTuMa W H3BpIIABAKHEM
KOMIIJIUKOBAHUX TEOMPOCTOPHUX aHaIu3a
y TpBU IUIaH CTaBJba MpOrpamMepcka 3Hama.
O63upom Ha 3Hauaj nporpamupama y [ UC-y y
MpOTrpaMepcKoj 3ajeHUIM pa3BUja ce moceOHa
obnact koja ce HazmuBa ['MIC mporpamupame.
I'NC nporpamupamem, kopuirthewmem Python
MIPOTPaMCKOT je3MKa, KPEHpaH je ajar 3a u3padyH
W BU3yenu3anujy pesyarara HHI.

Python (IlajToH) je wuHTepHpeTepCKH,
WHTEpPaKTHUBHU, O0O0jJEKTHO-OPHJEHTUCAHU
MporpaMcku je3uk. Python xoj crpema ce y
TEKCTyaJIHEe JJAaTOTEKE KOje 3aBpIllaBajy Ha .p)y U KOje
ce MOTY MPEHOCUTH Ha OUJIO Koje riardopme rije
ce Mory m3BoauTH. OCUM CTaHIApIHUX THUIIOBA
nozaraxa (OpojeBH, HU30BH 3HAKOBa U CI1.) Python
uma yrpaheHe TUIOBe mojaraka BUCOKOT HUBOA,
Kao IITO Cy: JINCTE, PjeUHHLIH U CI1. Python ce Moxe
W3BOIMTH y PA3TMUUTUM OKpPYXKEHUMa. 3a pa3Boj
mporpamMa HajJIaKIIM je WHTEPAKTUBHHU HAYWH
paza y KojeM ce IporpaMcKy KoJ MHUIIe Hapendy
3a HapeaOom. He moctoju pasnuka y pa3BojHOM H
13BeI0EHOM HA4YMHY: y TIPBOM C€ U3BO/IM Hapenoa
3a HapenOoM, a y JOPYroM OJjeJHOM YHTaBa
ckpurTa. CHHTaKca je3UKa je je/IHOCTaBHA U YMCTa,
TaKo J1a je mporpam Mperie/jaH U JeIHOCTaBaH 3a
gynrtame.(Essert, 2007)

[Topen HaBeneHUX KapakTepucTuka Python
IpPOrpaMcKor je3uka Tpeba uctahu na meros
00jeKTHO-OpPHjeHTHCAHU KOHIENT omoryhasa
yUUTaBamke MOAYJIA [P pjelliaBamby CIeU(PUIHNX
nporpamepckux 3aaaraka. [lajronoBa 6ubnmorexa,
IIPU CTaHAAP/IHO] MHCTANALIU]HU, YKIbYUYyje MPEKO
200 momyma, mTO TOKpHUBa CBEe 0a (yHKIIH]a
oneparuBHuX cuctema 10 WEB ceppuca. Monynu
CY CBOJEBpPCHH IOIITPOTPaMH KOjU OJIAKIIIABaJy W
ckpahyjy Bpujeme nicama koia. J{oBospHO je 1a ce
MOJTYJTH TIO30BY Y CKPHIITY TIpeKo oaroBapajyhux
KOMaHJ1 YUME C€ ayTOMAaTCKH MOTY KOPHUCTUTHU
BUXoBe (GYHKIH]Ee y KOIY KOjU pPa3BUjaMoO.
Y mporpamupamy ajata 3a ayTOMAaTH3aIlHjy
m3pauyna HHI ynotpujebibeHa Cy 1Ba MOIYJIa:
ArcPy u NumPy.

ArcPy  (http://blogs.esri.com/esri/
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spatial analysis demand programming skills.
Since programming has become a crucial part
of GIS technology, a new GIS programming
field emerged. GIS programming used Python
programming language in order to create the
tool for calculation and visualization of HHI
results.

Python is an interpretive, interactive,
object-oriented programming language.
Python code is stored in textual computer files
ending in .py and which can be transferred to
any platform in which they can be executed.
Beside standard data (numbers, sign
sequences, etc.), Python has the integrated
high level data such as lists, dictionaries, etc.
It 1s possible to execute Python in different
environment. For the development of the
program, the interactive work mode in which
program code writes one order after another is
best suitable. There is no difference between
the design and executive modes — the first
performs one order after another and the latter
deals with the whole script. The language
syntax is simple and clear, which makes the
program readable and synoptic (Essert, 2007).

Apart from the aforementioned Python
features, we should say that its object-oriented
concept enables module loading while solving
specific program tasks. Python library, in
standard installation, includes 200 modules,
which covers both the operative system
functions and WEB services. Modules are
actually subprograms that make code writing
easier and faster. All it takes is to withdraw
the modules into the script by using specific
commands, which automatically enables the
usage of all the functions of the code. ArcPy
and NumPy modules were used to design the
tool for automated HHI calculation.

ArcPy (http://blogs.esri.com/esri/
arcgis/2010/02/12/what-is-arcpy/)is a module
for Python programming language intended
for the application within ArcGIS software
environment. Its basic task in to enable the
efficient and productive geo-spatial data
analysis, data conversion, data management,
and automated data visualization. NumPy
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arcgis/2010/02/12/what-is-arcpy/) je monyn
3a Python mnporpaMcKku je3uK, HaMHjemHEeH
3a npumjeHy ynyrtap ArcGIS codrBepckor
okpyxema. OCHOBHA yiora OBOI' Mojayja je
oMmoryhaBame e(hUKaCHUJUX U TMPOAYKTHBHUJUX
TeONPOCTOPHUX aHajK3a TMoJaTaKa, KOHBEP3Hje
nojiataka, e(pUKacHUje yIpaBibame MOoNaIiMa 1
ayTOMaTH30BaHa BU3yeH3alyja nonaraxka. NumPy
(http://www.numpy.org/) je MOy 3a TPOrPaMCKH
je3uk Python xoju omoryhaBa MmoapIiKky 3a BEIHKe
BHINIC/IMMCH3UOHAIHE HU30BE W MaTpulle, Te
CIIOKEHE MaTeMaTH4ke (YHKIM]e U OTepaluje
(Ascher et al., 1999).

MATEPUJAJIA U METOJE

[Iporpamupame 'MC anata 3a u3padyyH u
BU3YyEJIHM3aIM]y 3aCHOBAHO jeé Ha MaTeMaTHYKOM
koHuenty HHI. Y maremaruukom cmucity HHI
MPEeCTaBJba CyMy KBajpara yijena JjeIaTHOCTH
J Y YKYIIHO] NIPUBPEIHO] CTPYKTypu oapehene
TEpUTOPHjaTIHE jequHuIe i. MaTteMaThuyku u3pas
pa3marpaHor HHJEKca uMa cibesehy dpopmy:

n
HHI = Z(gij)2
=1

g.. R S —
YOXX X

Imje cy:

e HHI -  Xepduupan-Xupuman
IPOCTOPHE CIIELH]jaIH3alllj¢;

HHICKC

e j - TepuropujasnHa jeJUHNLA;

e j - JljenarHocT/mpUBpenHa TpaHa/TOApPYYje
J[jeIaTHOCTH

X, - bpoj 3amocnenux  (wnm IpYyTH
oKa3aTesh Pa3BUJEHOCTH) Y JjeNaTHOCTH j
TEPUTOPHjATTHO] JEAUHULIH i}

* X - bpoj 3anocieHnx (MM ApYyru HoKasaresb
Pa3BUjEHOCTH) Y TEPHTOPH]ATHO] jEHHHIMA i;

® g, - YO J1jeNIaTHOCTH j y YKYIIHO] IPUBPE/IHO]
CTPYKTYpH TEPHTOPHjAITHE jCAMHHUIIE i.

(http:/www.numpy.org/) is a module for
Python programming language providing
support for large multidimensional sequences
and matrices, and complex mathematical
functions and operations (Ascher et al., 1999).

MATERIALS AND METHODS

The GIS tool programming for the
calculation and visualization is based on the
mathematical HHI concept. Mathematically,
HHI represents the sum of squared ratio of
trade j within the total commercial structure of
a specific territorial unit i. The mathematical
expression of the observed index is as follows:

n
HHI = Z(g”)2
=1

g.. —_—— =
Y ;lzlx..

In which:

e HHI - Herfindahl-Hirschman Index of spatial
specialization;

e j—territorial unit;

e j - trade/commercial branch/area of activity

* X, ~Number of employees (or another indicator
of development) within the trade j and territorial
unit 7;

e X-Number of employees (or another indicator
of development) within the territorial unit i;

o gl,j—Ratio of trade j within the total commercial
structure of the territorial unit i.
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Bpujennoctu HHI mory ce Kperatu y
untepBainy 0-1. Illto cy BpujenHoCTH HMHAEKCA
Behe on 0 To je cTeneH cnenujanu3anyje Behu, u
o0pHyTo. Behe BpujenHocTu nHaekca ykasyjy Ha
CHELUjaTu3alH]y, 10K Mambe BPUjeTHOCTH YKazyjy
Ha AuBep3U(UKaIM]y MOCMaTpaHe IpPUBpEIHE
CTPYKTYpE€ y AaToj TEPUTOPHjaTHO] jEeAUMHUIIH.
Jedbunucanu mnokaszaTesb OJApakaBa CTENEH
JMBEp3U(PUKALMOHE YPAaBHOTEKEHOCTH Y IOIJIEY
Opoja u yJijena CTpyKTYPHHUX eJIeMeHaTa y YKyITHO]
CTPYKTYPH T0jeIMHUX TEPUTOPH]ATHUX jEIUHUIIA.
CreneH nuBep3u(pHUKalMOHE YPABHOTEKEHOCTH
je Behm mTo je Behum Opoj CTPYKTypHHX
eJIeMEHara, Te IITO j€ FbUXOB BEIMYNHCKH YO Y
CTPYKTYpH [TIOCMaTpaHe TEPUTOPUjaTHE JeTUHHILIE
yjeaHaYeHU]U. Y TOM CITy4a]y HEerOBE BPHJEIHOCTH
cy muctpudyuncane oko BpujenHoctu 0. CynpotHo,
YKOJIUKO je Opoj CTPYKTYpHUX eJeMeHara
MambH, T€ YKOJIHKO je MHHXOB BEITUYHMHCKH
yIHO y TIPUBPEIHO] CTPYKTypu oxapeheHe
TEPUTOPHUjaTHE jEAUHHIIE HEyjeIHAYCHUJH
(Beha xonmeHTpamuja Opoja 3amocCICHUX Yy
JEIHOj] W MamkeM Opojy JjeaTHOCTH) MOKEMO
TOBOPHUTHU O CTeUWjanu3auuju. Y neduHIuCcCaHOM
cinyuajy BpujenHoctu cy Behe om 0, mro cy
BpPHjeTHOCTU ONMKE TPaHUYHO] BpUjEAHOCTH |
crenieH crneuujanu3anyuje je Behu. Ilokaszaress
HE MPEJCTaB/ba BEIMYMHCKY KaTeropujy KOjoM
O6u ce Morao MjepuTH U ynopehuBatu cTeneH
pa3BHjeHOCTH CTPyKType Mel)y mocmarpaHum
TepuTopujaHUM jenunuinama. OH je camo
Mjepa AuBEp3U(UKAIMOHE YPaBHOTEKEHOCTH
CTPYKTYpPHUX €JIeMeHaTa YHyTap jelIHe
ocMaTpaHe TEpPUTOpHUjaliHE JEeIUHHUIIE, ILITO
MOKa3yje CTENeH pPerHoHallHe CIelrjalu3alirje
yHyTap Te Tepuropujaine jequnuie. Ha jeanoj
CTpaHU, UHJIEKC OJlpa’kaBa CTEMEH CTPYKTypHE
nuBep3udUKaIyje/crnenyjaiu3anmje y CcBaKoj
TEPUTOPHUjAJIHO] JEAWHUIIM 3aceOHO, a ca
Apyre cTpaHe, NMPONOPLHOHAIHE OJHOCE (HE
BEJIMYMHCKE) M3Mel)y TepUTOPHjaTHUX jeIUHUIIA
y TIOTVIe Ty y/ijernia MojeIMHUX eJIEMEeHaTa Y YKYITHO]
CTpyKTypu. PauyHameM MHJIEKca 3a J1Ba WU
BHIIIE BPEMEHCKUX TIepruosia Moryhe je yTBpAuTH
MpaBle U WHTEH3UTET MPOMjeHa PErHOHATHE
CHeIHjasii3alje.

HaxoH neduHmcama MaTeMaTHIKOT KOHIIENTa
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HHI values may range from 0 to 1. The
larger the index values from 0, the higher the
specialization, and vice versa. Higher index
values indicate the specialization, whereas
lower values indicate the diversification of the
observed commercial structure within a given
territorial unit. The defined indicator reflects
the level of diversified balance with reference
to number and ratio of the structural elements
within the total structure of specific territorial
units. The level of diversified balance grows
as the number of structural elements is bigger
and the element ratio within the structure of
the observed territorial unit is more equal. In
this case, its values are distributed around the
value of 0. Opposite to this, if the number
of structural elements is smaller and the
element ratio within the structure of the
observed territorial unit is less equal (higher
concentration of employees within one or a
few trades), then we refer to the phenomenon
as the specialization. Within this defined
case, values are higher than 0 and the closer
the values are to the limiting value of 1, the
level of specialization is higher. The indicator
does not represent a quantity category with
which we may measure and compare the
level of development of a structure among
the observed territorial units. It is only a
measure of diverse balance of structural
elements within one observed territorial unit,
which is indicated by the level of regional
specialization within that territorial unit.
On one hand, the index expresses the level
of structural diversification/specialization
within each separate territorial unit; on the
other hand, it represents the proportional
relation (not quantified ones) among the
territorial units with reference to the ratio of
individual elements within the total structure.
By calculating the index for two or more
time intervals, it is possible to estimate the
direction and intensity of changes in regional
specialization.

Once we defined the HHI mathematical
concept, we designed the GIS tool for its
automatization. The GIS tool was written as
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HHI npuctynwio ce kpeupawy ['MIC anara 3a
weropy ayromaruzauujy. I'MC anar pa3BujeH
j€ Kao CKpUNTHHU airopuTaMm, KOpUIIhemeMm
00jeKTHO-OPHjEHTUCAHOT MPOTPAMCKOT je3HKa
Python, y3 xopuithewe ArcPy u NumPy monyna
y ArcGIS okpyxewy. Ilucame xoma u pasBoj
CKPHITHOT aJropuT™Ma u3BpiieHo je y [DLE
(Python) pa3BojHOM OKpYyKeHwY. Y HACTaBKYy je
JaT Tperiea U3BOPHOT KoJa M0 CerMeHTHMa U
JIMHU]Y TIO0 JIMHU]Y Ca OMTUCOM HeTOBUX M3BPIIHUX
dbyHKIHja.

Ha mouerky ckpuntHOr aiaroputMa tpeda
Hamucaru Hapea0y koja "mo3uBa" Momyie koju he
outu xopuithenu y ckpunt. O03upom Ja cy 3a
pa3Boj AedUHUCAHOT aaTa KOPUIThEeHu MOIYIIH
ArcPy n NumPy y KOHKPETHOM ciy4ajy Hapeada
3a "mo3uBame" Moayna uma cibenaehu oommk:

a script algorithm by using the object-oriented
Python programming language and ArcPy
and NumPy modules in 4rcGIS environment.
The code writing and development of script
algorithm was performed in IDLE (Python)
development environment. What follows is
the overview of the source code per segments
and line by line with the description of
executive functions.

At the beginning of the script algorithm,
a command should be written to ‘sum up’
all the modules that will be used within the
script. As we used ArcPy and NumPy modules
for the development of our tool, the ‘sum up’
command should be as follows:

1. dimport arcpy, numpy as np

Hakon Hapenbe 3a yuuTaBame MOAayia
neduHUCAH je AUO0 Kojaa Koju acduHUIIe
rmapaMeTpe KOjU C€ KOPUCTE Yy aJrOpUTMY.
Jlebunncame nmapamerapa U3BPIICHO j€ Hapea0oM
arcpy.GetParameterAsText ¥oja je campxaHa
y monyny ArcPy. OBa Hapenba omoryhaBa ma
ce MapameTpu HaKHAJHO M03UBaJy Yy U3BPLIHOM
JIMjeJTy aJlrOpUTMa, LITO 3HA4YH Jja He Mopajy OuTH
neduHUCAHU Y caMOj CKpunTU. JI1o Koia kojuMa
ce AepUHUIIYy apaMeTpH y HallleM cliy4yajy uMa
cipenehu o0muk:

3.

4.

5.

6. vektor_zaPridruzivanje

7.

8.

9. fc = selektovanaTabela
Hebunucano je mecTt mapamerapa:

tabena ca ynazHuMm nopanuma (ulazna tabela),
Tabena ca CEJIEKTOBAHMM IOJAIMa U3 yila3He
tabene (selektovanaTabela) - uznasna tabena,
ne(pUHUCAkbE YIUTa 32 CEJEKTOBAKE MOJaTaKa
u3 ynasse tabene (odabir sqlUslov ), Bekropcku
CJI0j ca TpaHMIIaMa TEPUTOPHUjATHUX jETUHMIIA
koje he O6utu ykpyueHe y ananuzy (vektor
zaPridruzivanje), uHIekcHpaHa KoloHa y Tabenu

After the module command, we defined a part
of the code which determined the parameters used
in the algorithm. The definition of the parameters
was performed via arcpy. Get ParameterAsText
command, which ArcPy module already
contained. This command enables the parameters
to be later summed up during the algorithm
execution, which means that they do not have to
be defined within the script itself. The part of the
code that defines the parameters in our specific
case is as follows:

ulazna_tabela = arcpy.GetParameterAsText(0)
selektovanaTabela = arcpy.GetParameterAsText(1)
odabir_sqlUslov = arcpy.GetParameterAsText(2)
arcpy.GetParameterAsText(3)
input_join_field = arcpy.GetParameterAsText(4)
output_join_field = arcpy.GetParameterAsText(5)

We defined six parameters: table
with input data (input table), table with
selected data from the input table (selected
Table)—output table, definition the inquiry
for the input table data selection (odabir_
sqlUslov), vector layer with the territorial
unit borderlines that will be included into
the analysis (vector Mapping), an indexed
column in the attribute table with the input
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arpubyTa BekTopckor cioja (input join_field),
WHJEKCUpaHa KOJIOHAa y Tabenu ca yla3HUM
nomanuMa (output join_field).

Cmeneha napenba (arcpy.TableSelect
analysis) koja je ymorpuje0JbeHa 3a THUCAHE
kona takohe je m3 momyna ArcPy. Kopuctu ce 3a
CeJIeKTOBamEe JAujesioBa Tabena mpema 3a/1aToM
YCIIOBY, ITyTeM Kpeupamwa SOL ynura, Te Kpeupame
HOBe (M371a3He) Talese U3 CEeIeKTOBAaHMX IMoJaTaKa.
OBoM komaHI0M ce oMoryhaBa Jia ce U3 yJaazHux
Taberna CeIeKTy]y ¥ KOPUCTE CaMo TO/IaIN KOJH CY
HaM MoTpeOHM y aHam3u. J{akiie, 0BOM KOMaHIOM
omabupemo u3 Tabene yna3HuX mojaraka mojaTke
koje hemo ykspyuuTH y uspauyn HHI, Hop. ako
y Tabenu ylazHUX TOjaTaKka UMaMo MOJaTKe O
Opojy 3amoCIeHHX I10 JjeIaTHOCTUMA 3a Behu HU3
roJIuHa MOKEMO 0a0paTH camo MOJATKe 3a JeTHY
TOJIMHY KOjy KEJIHMO JIa YKJbBYUYUMO Y U3padyH.
JIno Koza Koju Omucyje MPEeTXOAHO Je(PpUHUCAHO
cactoju ce u3 cibeneher:

data (output_join_field).

ArcPy module also contained the next
command(arcpy.TableSelect analysis) used
for the code writing. It is used for the selection
of table parts in accordance with the given
order via a SQOL inquiry and for the creation of
a new (output) table on the basis of selected
data. This command helps select and use only
those table data that are necessary for the
analysis. Therefore, by using this command,
from the output table we select only the data
necessary for the HHI calculation, e.g. if the
input table contains data on the number of
employees per a trade over many years, it is
possible to select data for only one year and
include them into the calculation. The part of
the code referring to this is as follows:

11. arcpy.TableSelect_analysis(ulazna_tabela, fc, odabir_sqlUslov)

VY HapenHOM nujeny Koaa y3 ynorpely Python
for nmetsbe (for loops), if uzjasa (if statements), Te
ArcPy napen6u (arcpy.ListFields, arcpy.AddField
management), W3BpIIaBa ce KpeUpame HOBE
KOJIOHE Y HOBOKpPEUPAHO] Ta0eIH CEeNEeKTOBAaHMX
nojaraka - u3jazHoj tabemu. OBaj nuo Koma
Kpeupa konoHy non HazuoMm "HHI" y kojoj he
OWTH yIIMCAHH Pe3yJITaTH U3padyHa XepPuHIai-
XwuprmManoBor uHjekca. Kox nposjepasa a am y
CEJIEKTOBAHO] Ta0EJH IMOCTOj! KOJIOHA Ca HA3MBOM
"HHI", ako He mocToju Kpeupa ce, ako MOCTOjH,
mporpam Jiaje o0aBjelTene 1a koioHa Beh mocroju
TaKo Jia Tpeba MpoBjepUTH CeNIEKTOBaHY Tabelry, ca
IIOHOBHHUM CCJICKTOBALCM YJIA3HUX IMOJAaTaKa.

13. for field in arcpy.ListFields(fc):

14. if field.name != "HHI':
15. arcpy.AddField_management(fc,
16. else:

arcpy.AddWarning("HHI already exists!")

HoBokpenpaHa KoJIOHa O CBUM peIOBHMA
y M371a3HOj TabenH CEeTOBaHA je Ha BPHjEIHOCTH
NULL. Y niporpaMckoM je3uky Python TabenapHe
BPHjeIHOCTH CeToBaHe Ha BpujeaHoctn NULL
3HAjy MPAaBUTH TPOOTIeM KO/l KaJKyJanuja yHyTap
Tabena U axypupama uctux. Crora je HamwcaH
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"HHI',

What follows is that we use Python for
loops,if statements, and ArcPy commands
(arcpy.ListFields, arcpy.AddField management),
and create a new column within this new table
of selected data—output table. This part of the
code creates a column named "HHI" which will
contain the results of Herfindahl-Hirschman
Index. The code then searches the selected table
for the "HHI" column; if it does not exist, it is
then created; if it exists, the program sends a
notification that the column is already there and
that the selected table should be checked and the
input data should be reelected.

"FLOAT', "™, "™, "", "" “NULLABLE")

The newly-created column is set to NULL
values in all the lines within the output table. In
Python programming language, if the table values
are set to NULL, they may cause problems with
the calculations and update of the tables. Hence,
a part of the code is written that changes the
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JIMO KoJia KOju Mujera Bpujeqnoctu NULL y cBuM
nossuma HoBokpeupane kosione "HHI". Tlopen
MPETXOIHO CIIOMEHYTHX Python NeT/bU U U3jaBa, y
OBOM JIMjelTy KoJia KOpHILTEHa je U Hapenoa ArcPy
Mmoayna (arcpy.da.UpdateCursor) momohy koje ce
BPILM XKypUpare M0jeIMHUX KOJIOHA Y Taberama.
OBaj 110 Ko/a HAaMKCaH je y cibenehem o0muKy:

NULL values in all the fields of the newly-created
"HHI" column. Apart from the aforementioned
Python loops and statements, this part of the code
also used an ArcPy module command (arcpy.
da.UpdateCursor) which updates specific columns
in the table. This part of the code is written as
follows:

19. with arcpy.da.UpdateCursor(fc, ["HHI"]) as cursor:

20. for row in cursor:

21. if row[@] == None:

22. row[@] = ©

23. cursor.updateRow(row)
24. del row

25. del cursor

Y najseM TMOCTYNKYy MporpamMupama
nedunucanor 'MC anara nedunumie ce nucra
KOJIOHa Koje he OMTH yKJbyueHE Yy H3padyH
nHaekca. OBume ce n3bjeramajy rpeuike Koje cy
Moryhe ako ce y Tabenu celeKTOBaHUX MojaTaKa
Hanaze konoHe ca STRING v OBJECTID tunom
nojaraka. Jlucra ce gopmupa camo Ha OCHOBY
KOJIOHa Koje uMajy tunoBe nonataka DOUBLE,
INTEGER n SINGLE. Kpenpame JIMCTe U3BPIICHO
je momohy ArcPy napenbe arcpy.ListFields. OBaj
JTMO KOJIa TMPUKA3aH je& Kao:

27. fieldNamelList = []

The next step in the GIS tool definition
defines the list of columns that will be
included in the index calculation. It helps us
avoid errors that may happen if the selected
data tables contain STRING and OBJECTID
columns. The list is created only on the basis
of columns containing DOUBLE, INTEGER
and SINGLE data types. The list design was
performed by using ArcPyarcpy.ListFields
command as follows:

28. fields = arcpy.ListFields(fc, "*")

29. for field in fields:

30. if field.type in ("Double", "Integer", "Single"):
31. fieldNamelList.append(field.name)

VY HapenHoM aujeny koja rnmomohy Hapenoe
np.array u3 moaynaa NumPy, te nomohy Python
oreparopa, NeT/bM M HUTepalMja M3BpIIaBa ce
uspauyH HHI. Tlomohy ArcPy napenbe (arcpy.
da.UpdateCursor) u3BpiiaBa ce axypupame
MIPETXOHO Kpeupane kosnoHe "HHI" y u3na3Hoj
Tabenu ca pe3ynTaruMa u3padyHa. /{1o koga koju
OIUCYje U3pauyH MHAEKca uMa cibenehu u3nen:

In the next part of the code, HHI calculation
is performed by using NumPy module
np.array command, and Python operators,
loops, and iterations. ArcPy command (arcpy.
da.UpdateCursor) updates the previously
created HHI column in the output table with
the calculation results. The part of the code that
describes the index calculation is as follows:

33. with arcpy.da.UpdateCursor(fc, (fieldNamelList)) as cursor:

34. for row in cursor:

35. hi = sum(np.array([row[i]/(sum([row[i] for i in range(len(fieldNameList))]
)) for i in range(len(fieldNamelList))])**2)

36. row[-1] = hi

37. cursor.updateRow(row)

38. del row

39. del cursor
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[locnenwu aMO KOoAa OJHOCHU Ce€ Ha
npuapyxuBame konone "HHI" (ca pe3ynratuma
u3padyyHa) U3 H3lIa3He Tabene omabpaHOM
BEKTOPCKOM CII0]y Ca CaAp>KaHUM TEPUTOPUjaTHUM
JjeTMHHUIIaMa Koje Ccy Omiie yKJbyYeHEe y M3padyH.
[IpuapyxuBame ce BpIIM paau BU3yaju3aluje
pesynTata a obaBJjba ce Mpeko Hapende arcpy.
JoinField management uz ArcPy momyna. 3ammc
OBOT JIMjena Kofa je cibeaehu:

The last part of the code refers to the merge
of “HHI” column (calculation results) from
the output table and the selected vector layer
containing territorial units that were included in
the calculation. The merge is performed in order
to visualize the results by using arcpy.JoinField
managementcommand in 4ArcPy module, and it
looks as follows:

41. arcpy.JoinField_management(vektor_zaPridruzivanje, input_join_field, fc, output_join_field

, "HHI")

Ha kpajy noctynka nucama koza popmupana
je Python cxpuriTa, Koja W3BpIIaBa aJrOpUTaM
u3pauyna HHI.

PE3VIITATU

Kpeupana ckpunra ca €KCTEH3UjOM .py,
Kao Kpajiby Pe3ysTaT OMHCAHOT MPOrPaMepPCKOT
MOCTYIIKA, TMPEHOCHBA j¢ Ha OWUJI0 KOJU JECKTOI
padyHap 1 Moryhe je ’eHO TTOKPETarme Ha OMII0 KOM
padyHapy Ha KoMe je uHctanmpana ArcGIS neckromn
arakarja (mpunaroheno 3a ArcGIS 10.1 u Behe
Bepsuje). Tume je omoryheHn ayromaTn3oaBaH
HAuMH HM3padyyHa W BU3yEN3HMalHje pe3yiTara
HHI. Cam nocTynak WHCTaNanuje u Kopurrhema
KpPEHUpaHOT ajaTa je BeOMa jeJHOCTaBaH, T€ y TOM
TIOIJIEy HEMa OTPaHIICHha 32 FETOBO KOpHUIheme.
VYBohemeM u mapameTpuzanujom Python ckpurite
y ArcGIS annmukanujy noduja ce 'MC anar unjom
ce ynorpeOoM J100Hjajy Ba M3JIa3HA pe3ynrTara:
n3na3zHa Tabena ca mpUKa3aHUM CEIEKTOBAHUM/
YJIa3HUM IOJAaLMMa YBE3EHUM U3 yia3He Tadese
U pesyaratuMma uspauyHna HHI, Te BEKTOPCKH CII0]
ca IPUIPYKEHOM KOJIOHOM pesynrara HHI.

[Toctynak uHcTanauuje Python cxpunre y
ArcGIS okpyxeme je JeJHOCTaBaH M CacTOju ce
o Hekonuko kopaka: Catalog> MyToolboxes>
New> Toolbox> Add> Script. Tlapametpuzaiuja
CKPHUIITE IPUIMKOM HEHOT YBOl)ea/uHCcTaaluje
y ArcGIS annukanujy Tmojapa3yMHjeBa
nedunucame mect napamerpa (Cruuxa 1): Tlpsu
napametap (/nput Table) - omHocu ce Ha Tabeny ca
yAa3HUM MOJIallMa, BPHjeTHOCTH Ha KapTHUIIX 3a
nofieniaBame Tpeda nocraButu Data Type - Table,
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In the end of code writing, a Python script
is formed to execute the HHI calculation
algorithm.

RESULTS

The final result of the programming
is the script with an .py extension, and it
is transportable to any desktop computer
at which it may be launched if the desktop
ArcGIS application is installed (adapted to
ArceGIS 10.1 and larger versions). This enables
the automated calculation and visualization of
HHI results. The installation and usage of the
created tool are very simple and there are no
limitations for its practice. Once the Python
script is introduced to ArcGIS application, a
GIS tool is obtained and it provides us with
two types of output results: the output table
with selected/input data introduced from the
input table and the results of HHI calculation,
and the vector layer with the adjoined column
of HHI results.

The Pythonscript installation into
the ArcGIS environment is a simple
procedure comprising the following steps:
Catalog>MyToolboxes> New> Toolbox>
Add> Script. Parameterization of the script
before the installation into the ArcGIS
application took six parameters to define
(Figure 1): First parameter (/nput Table)—
refers to the table with input data, values of
the setting tab should be Data Type - Table,
Direction - Input;, Second parameter(Qutput
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Direction - Input; {pyru napamerap (Output Table)
- OJJHOCH C€ Ha Tabeiy ca M3JIa3HUM IoJaluMa,
BPHjETHOCTH Ha KapTHUIIM 3a TOJEIIaBamke Tpeda
noctaBut Data Type - Table, Direction - Output;
Tpehu mapamerap (Select Table) - omnocu ce
Ha SQL ynut nomohy Kora BpIIMMO CEJIEKIIH]Y
yIa3HUX MoJaraka, BpHjeJHOCTH Ha KapTHUIM 3a
nojienaBame Tpeba nmocraButu Data Type - SQOL
Expression, Direction - Input, Obtained Form -
Input Table; YerBptn napamerap (Vector Layer)
- je yna3HW BEKTOPCKH CJIO] ca TpUKa3aHUM
TEPUTOPHUJATHUM jeAWHUIIAaMa Koje he OutH
YKJbYUEHE Y aHaJIM3Y, BPUJEAHOCTH Ha KapTHILIH
3a mojeniaBame Tpebda nocraButu Data Type -
Feature Class, Direction - Input; Tletn mapamerap
(Input Join Field) - onHOCH ce Ha WUHIEKCUPaHY
KOJIOHY Y BEKTOPCKOM CJIOJy Ipeko Koje he outu
M3BPILECHO NMPUIPYKUBaWke pesynrara HHI Tom
CJI0jy, BPHjETHOCTH HA KapTHUIM 3a MOCIIABAHE
Tpeba nocrasutu Data Type - Field, Direction
- Input, Obtained Form - Vector Layer; lllectn
napamerap (Output Join Field) - omHOCH ce Ha
MHJIEKCUPaHy KOJIOHY Y M3J1a3HOj TabeIH U3 Koje
he 6utu npunpyxenu pesynrtatu HHI BEKTOPCKOM
CJIOjyM, BPUjETHOCTH HA KAPTHILIH 32 MO/ICIIABAE
tpeba noctasutu Data Type - Field, Direction -
Input, Obtained Form - Inout Table.

Table) —refers to the table with output data,
values of the setting tab should be Data Type
- Table, Direction - Output; Third parameter
(Select Table) —refers to the SQL inquiry
that helps us select the input data, values of
the setting tab should be Data Type - SOL
Expression, Direction - Input, Obtained
Form - Input_Table; Fourth parameter(Vector
Layer) —is the input vector layer displaying
the territorial units that will be included in the
analysis, values of the setting tab should be
Data Type - Feature Class, Direction - Input,;
Fifth parameter (/nput Join Field) — refers
to the indexed column in the vector layer
through which the merge with HHI results
will be performed, values of the setting tab
should be Data Type - Field, Direction -
Input, Obtained Form - Vector Layer; Sixth
parameter (Output Join Field) —refers to the
indexed column in the output table from
which the HHI results will merge with the
vector layer, values of the setting tab should
beData Type - Field, Direction - Input,
Obtained Form - Inout _Table.
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=

Cnuxa 1. /lepunucarve napamemapa y ArcGIS annuxayuju
Figure 1. Defining parameters in ArcGIS application

[TokperameM yBe3eHe ckpunTe mokpehe ce
anar 3a u3pauyyHaBame U Busyenuzauujy HHI,
KOJOM HPUIIMKOM C€ OTBapa KapTula 3a yHOC
HazuBa mnapametapa (Cruxa 2). YHOIIEHEM
HaszMBa napameTapa (Ie(UHUCABEM HUXOBUX
MyTama) y IoHyheHa 1nosba y 0TBOPEHO] KapTHLIH,
Te KJIMKOM Ha onujy ,,OK®, mokpehe ce u3ppiina
Hapen0a KOjoM ce peaiusyje JaTd alropuTam 3a
u3padyHaBamwe 1 Busyenuzauujy HHI. Jlobujenn
PEe3yATaTH Ce OUUTABAjy KaKo Cy JIe(MHUCAHU KOJL
OIMCa MaTeMaTUYKOT KOHIIETITA UHIEKCa.
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The launch of the script sets off the tool for
calculation and visualization of HHI, and the tab
for the parameter input opens (Figure 2). Once
the name of the parameter is entered (definition
of its direction) into the appropriate field in the
open tab, a click of ,,OK* starts the executive
command for the given algorithm for calculation
and visualization of HHI. The obtained results
are then interpreted as was defined through the
description of the mathematical concept of the
index.
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Cnuxa 2. Uzened xapmuye 3a nokpemarve kpeuparnoe arama y ArcGIS-y
Figure 2. The layout of the tab for launching the created tool in ArcGIS

N3 nocagammer wu3jiaramkba MOXE Ce€
3aKJPYUUTH Jla Cy 3a KOpUIIheme KpeupaHor
ayiaTa HEONXOJHA J[Ba THIIA yJIa3HHX MMOJaTaka:
yia3Ha Tabena ca mojauMa 1o TEPUTOPHjTHUM
JEIMHUILIaMa KOJU C€ IJIAHUPAJy YKJbYUUTU Y
M3pavyH ¥ BEKTOPCKH CJI0] Ha KOJUMa Cy TIPUKa3aHe
IpaHulle TepUTOpUjaHUX jeauHuna. Konuent
KpeHpaHor ajiaTa je TakaB Ja je HEOIXOTHO
ynaszHe nojarke noxpanut y File Geodatabase
unu Personal Geodatabase. O6a tumna ynazHux
nojiaTaka Mopajy MMaTu WHICKCHpaHe KOJIOHE,
T7je CBaku pen (TepUTOpHjaliHa jeIMHHIIA) MOpa
uMarH cBoj /D, Koju Mopa OMTH MICHTUYAH U Yy
yJa3HOj Ta0ENM M Y BEKTOPCKOM CII0jy. Y CMHCITY
Tumna nonaraka /D Tpeba na Oyme aeduHUCaH
ka0 SHORTINTEGER v OBJECTID. Konoune
y yaa3Hoj Tabenu Koje ce OAHOCE Ha IMOoJaTKe
koju he OMTH yKJbY4YeHHM y M3pauyH Tpebajy aa
oyny nedunucane kao DOUBLE, INTEGER v
SINGLE. EBeHTyaqHO OCTajleé KOJOHE KoOje ce
HE OJIHOCE Ha MoJaTke Koju he OUTH yKJbyueHH
y U3pauyH a Koje ce Hayiasze y yjaa3Hoj Tabenu
Mopajy outu nepunucane kao STRING wnu

We may so far conclude that it takes two
types of input data in order to use the created
tool, i.e. the input table with the data for each
territorial unit used in the calculation and
the vector layer that displays the territorial
unit borderlines. Due to the concept of the
created tool, it is necessary to file the input
data into File Geodatabase or Personal
Geodatabase. Both types of input data must
have indexed columns in which every line
(territorial unit) must have its identical ID
for both input table and vector layer. The /D
should be defined either as SHORTINTEGER
or OBJECTID. Columns in the input table
referring to calculation data should be
labeled as DOUBLE, INTEGER or SINGLE.
In case there are columns that do not refer
to calculation data but are still in the input
table, these should be labeled as STRING or
SHORTINTEGER.

To provide an instance of our tools
usage, we performed an analysis of regional
specialization per municipalities in Republic

115



JIABOPUH BAJUR
DAVORIN BAJIC

SHORTINTEGER. of Srpska according to the number of
Kao mnpumjep mnpumjene kpeupanor employees in different trade areas. The results

ajaTa Wu3BpIIeHa je aHanu3a peruoHansHe of one such calculation are displayed in the

crenyjainu3anuje mno ommrtuHama Penybnmuke — cartograph (Figure 3).

Cprcke npema O6pojy 3a0CICHUX MO MOAPYYjUMa

JjenaTHoCTU. Pesynraru u3padyHa npuka3zaHu Cy

Ha Kaprorpadckom npunory (Cnuxa 3).

WTTE TETE WUTE UTE
A1 1 ol 1
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I
s L
Different HHI (2012-2013)
£ Il ©.1s5077 ;
“| | I 0146076 - 0037325 :
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B © 000001 - 0076604 B I B .
rawe w07 oo

Cnuka 3. Paznuxe HHI no onwumunama y Penyonuyu Cpnckoj, 2012-2013. coouna
Figure 3. Differences in HHI per municipalities in Republic of Srpska, 2012-2013
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VY HaBeJeHOM MpHUMjepy U3BPILIEH je U3pauyH
HHI 3a 2012. u 2013. roguHy a Ha OCHOBY
NoOMjeHNX pe3yTara u3padyHara je pasnuka HHI
3a aBuje nocmarpane rogune (Cauxa 3). [Ipema
IOOMjeHNM pe3ylTaTHMa MOTY C€ YTBPIUTH
MpaBIyU pa3Boja MPOMjeHa MPUBPETHE CTPYKType
0 ONUITHHAMAa Yy MOCMaTpPaHOM IIEPUOLY.
OnmTuHe ca HETaTHBHUM BpHUjEIHOCTHMA Y
MOCMAaTpPaHOM TIEPHOly WMasle Cy TCHICHIHU]Y
ypaBHOTEXaBamka MPUBPEAHE CTPYKTYpE,
TEHJICHIIM]Y KOja UJe y TIpaBIly AuBep3uduKarmje
NpUBpeHE CTPYKType. [loK ¢y 00pHYTO, OMIITHHE
ca MO3UTHBHUM BPHjETHOCTUMA PA3JINKE UMaJe
TEHJICHIIN]Y KOHIIEHTpaIije Opoja 3amocieHux y
MameM Opojy Toapydja IjeTaTHOCTH, TCHICHITH]Y
crenujanuzanuje. CamMo je mMecCT ONIITHHA Y
Peny6nmuiin Cprickoj y mocMaTpaHOM TEPUOTY
MMaJI0 TO3UTHUBHE pe3yiTare pasiiuke, Tj.
UMajo TEHIEHLHW]y Ka creunujanu3anuju. U3
HABEJCHOT CE€ MOXKE M3LECTH 3aKJby4ak Ja je
npeMa KapakTepy pernoHaHe CIICIHjain3aliije
cTpykrypa npuspene y Penmy6numu Cprckoj, y
MOCMaTpPaHOM TEPHOAY, UMasla TPEH yCMjepeH
Ka nuBep3udpukanuju (yjeaHadaBame Opoja
3aM0CJIEHHX Y MOAPYYjUMa JIjeTTaTHOCTH).

3AKJbYYHAK

HcTpaxkuBama MPOCTOPHUX U PETHOHATHUX
obuibexkja mTpuUBpene cy OUTaH CErMeHT
€KOHOMCKHX, €KOHOMCKO-reorpackux u
MPOCTOPHO-TUIAHEPCKUX cTyauja. [lmanupame
pa3Boja U MPOCTOPHE OpPraHHU3alldje MPUBPEIC Y
3HauajHOj MjepU TEMEJbH C€ Ha WACHTUDHUKAIIN]U
HCHUX MIPOCTOPHO-CTPYKTYPHHUX KapaKTEPUCTHKA.
AHanu3zom NPOCTOPHO-CTPYKTYPHUX
KapaKTepUCTUKA TIPUBPENIC MOXKE CE OATOBOPUTH
Ha TUTama Be3aHa 3a ()EHOMEHE MPOCTOpPHE
KOHIICHTpAIMje ¥ PETHOHAIHE CIEIHjaIh3aIlyje.
Y MeTomonoruju Be3aHO] 3a HMCTPaKMBarba
MPOCTOPHUX OOWJbEXKja MPUBPEJE TMOCTOJU
BEJIMKU OpOj KBAaHTUTATUBHUX Mjepa Mmomohy
KOjUX C€ Ha €r3aKTaH HauuH MOTY JISTEPMHUHUCATH
IEeHA MPOCTOPHO-CTPYKTYpHA oOMIbeKja. JemHa
0]l KBaHTUTATHUBHUX Mjepa Momohy Kkoje ce
UAEHTU(UKY]Y IPOCTOPHO-CTPYKTypHA OOMIbEXK]a

In our example, a HHI calculation for
2012 and 2013 was performed and the
HHI difference between the two years was
calculated (Figure 3). On the basis of results,
it is possible to estimate the directions
of changes in commercial structure per
municipalities within an observed period.
Municipalities with negative values within
the observed period showed a tendency to
harmonize the commercial structure, i.e. a
tendency aiming at the diversified commercial
structure. On the other hand, municipalities
with positive values showed a tendency to
concentrate the number of employees within
a smaller number of trade areas, i.e. tendency
of specialization. There were only six
municipalities in Republic of Srpska that had
the positive results of differences, i.e. they
displayed tendency for specialization. Hence,
we may infer that according to the type of
regional specialization in Republic of Srpska
within the observed period, the commercial
structures focused on diversification
(harmonization of number of employees
within trade areas).

CONCLUSION

Studies of spatial and regional features
of commerce may be relevant to other
economic, economic-geographic, and spatial
planning studies. Planning the development
and spatial organization of commerce is
largely based upon the identification of
its spatial-structural characteristics. The
analysis of spatial-structural characteristics
of commerce may provide an answer to many
questions referring to phenomena of spatial
concentration and regional specialization.
Methodology of studies on spatial features
of commerce comprises many quantitative
measures that may accurately determine the
spatial-structural characteristics. Herfindahl—
Hirschman Index, which is described in this
paper, is one such quantitative measure.

The application of quantitative measures,
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npuspeze je 1 Xephunaan-XupiumaHoB HHICKC
pEervoHanHe Crelyjanau3alyje, Koju je Omiucan y
OBOM pay.

Pa3BojeM wuH(MOpMalIMOHUX TEXHOJIOTH]a
NpUMjeHa KBAaHTHUTATUBHUX Mjepa KOjuMa Ce
OCJIMKaBajy MPOCTOPHA OOMJBbEKja TIPUBPEIHUX
CTPYKTYpa, y BEJIMKO] MjepH je onakmaHa. Panuje
je Om10 MoTPeOHO JI0CTa BpEMEHA U MaTEMaTHIKOT
3Hama J]a C€ N3BPIIH U3PAYyH IMOjeTUHNX HHJIEKCA
uin kKoeduumjeHaTa W3 JIOMEHa MPOCTOPHE
KOHIIEHTPAITH]€ WJIN PETUOHATHE CTICIH]aJTU3alli]je
npuspene. [lororoBo je 610 MykoTpHaH mocao
KapTorpacke HWHTEpIpeTannje pe3yiTara
HaBeneHuX u3padyHa. [lojasom I'MIC texnomnoruja
U Kaprorpadcka MHTEpIIpeTaluja je y BEeIHKO]
MjepH OJaKIlaHa.

I'MIC texnonoruje omoryhapajy na ce yHyTap
nocrojehux I'MC codTBepckux ammkanuja
Kpeupajy ajaTrh 3a TeONpOCTOpHE aHaJu3e,
MOTIYHO npuiaroheHn morpebama KOPUCHHKA.
YnorpeboM HporpaMcKuxX je3uka Kao HITO CY
Python, C#, u .NET, Te moceOHO KpenpaHHUX
Moxyna 3a pa3oj [ MC annukanuja yHyTap HHX,
MIPOTPaMEePCKUM MOCTyNIMMa Moryhe je pa3BuTu
I'MC anare moceOHe HaMjeHE KOjU HE TOCTOjE Y
aktyenHuM [MIC codTBepckuM amukaiyjama.
Jenan on nmocrynaka passoja 'MIC anara onucan
j€ y OBOM pajy, OJHOCHO NpPHKa3aH je MOCTYIaK
pas3Boja ['MIC anara 3a ayTomaTuzaiujy u3padyHa
Xephungan-XupMaHOBOT HHIEKCA PETHOHAIIHE
crelyjanu3aiyje.

[Topen 3Ha4aja koju OBaj paj MOXKE UMATH Y
CMUCITY TIPMjEHE Pa3BHjEHOT ajiaTa y MPOCTOPHUM
Y PETHOHAITHIM UCTPKUBABMMA, MOXKE ce uctahu
W 3Hauaj paja y CMHUCIY IPUMjEHE HETOBUX
pe3yaTara Kao cMmjepHulia 3a pa3oj HoBux ['MC
ayara, Kako y oOJIaCTH MPOCTOPHE €KOHOMH])E,
Tako u 'y octasiuM oomactuma rije ['MMC uma cBojy
MIPUM]CHY.

118

which depict the spatial features of commercial
structures, has been largely facilitated by the
rise of information technology. It used to
consume a lot of time and mathematical skills
to calculate specific indices or coefficients
within the domains of spatial concentration
or regional specialization of commerce.
The most difficult part was the mapping
interpretation of results of earlier calculations.
It was precisely GIS technology that largely
facilitated the mapping interpretation.

GIS technology makes it possible to
create tools for geospatial analyses within
the existing GIS software application and
adjust them to the users’ needs. Using the
programming languages such as Python, C#,
and. NET and the specially designed modules
for new GIS application development, it is
possible to program GIS tools for special
purposes, which do not exist within the
current GIS software applications. One
such procedure of developing a GIS tool is
addressed to in this paper, i.e. we described
the design of a GIS tool for an automated
calculation of Herfindahl-Hirschman Index
of regional specialization.

The results of our design may be relevant
for the application in both spatial and
regional studies but they may also benefit
the development of new GIS tools within the
field of spatial economy or in some other field
where GIS is applicable.
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