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2025, at the Faculty of Geodesy, University of Zagreb, titled
Development of a Geospatial Data Model for Global Land Cover
Data Storage and Handling. The dissertation was written un-
der the supervision of Assoc. Prof. Mateo GaSparovi¢, PhD,
from the Faculty of Geodesy, University of Zagreb, and was
defended before a committee composed of Prof. Robert
Zupan, PhD, and Assoc. Prof. Mario Miler, PhD from the
Faculty of Geodesy, University of Zagreb, and Assist. Prof.
Ivan Medved, PhD, from the Faculty of Mining, Geology
and Petroleum Engineering, University of Zagreb. The
same committee was also appointed as doctoral thesis
evaluation committee.

Frane Gili¢ was born on September 22, 1994, in Split,
Croatia, where he finished primary school and Construc-
tion and Geodetic Technical School. He obtained his uni-
versity bachelor’s degree in Geodesy and Geoinformatics in
2016 from the Faculty of Civil Engineering, Architecture
and Geodesy, University of Split, and his master’s degree in
Geodesy and Geoinformatics in 2019 from the Faculty of
Geodesy, University of Zagreb, upon defending his mas-
ter’s thesis Implementation of a System for Visualizing Large
Point Clouds in a Web Browser, written under the supervision
of Assoc. Prof, Mario Miler, PhD. Upon completing his mas-
ter’s studies, he earned the academic title of Master of En-
gineering in Geodesy and Geoinformatics. In the same
year, he enrolled in the doctoral program in Geodesy and
Geoinformatics at the Faculty of Geodesy, University of
Zagreb, and was employed as a teaching and research as-
sistant at the Department of Geodesy and Geoinformatics
of the Faculty of Civil Engineering, Architecture and
Geodesy, University of Split. In this position, he has parti-
cipated in conducting exercises in several undergraduate
courses. He has presented at several international scientif-
ic conferences and authored or co-authored several papers
in international scientific journals and conference pro-
ceedings. He has also participated in several international
scientific and professional projects.

The doctoral thesis was written in English and has a
total of 147 pages, including 56 figures, 14 tables, a biblio-
graphy with 160 references, abstracts and keywords in
both Croatian and English, and a brief autobiography.

The first chapter provides an overview of the most re-
cent sources of global land cover data, with emphasis on
the form in which these data are delivered to users -
without exception, in a raster geospatial data model. This
chapter also identifies some of the key challenges that
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The dissertation is divided into six chapters:

1 Introduction

2 Overview of global grids

3 Development of an enhanced DGGS for land
cover mapping

4 Discussion

5 Application of DGGS on land cover data

6 Conclusion and scientific contribution
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Frane Gili¢ obranio je 6. listopada 2025. na Geodetskom
fakultetu Sveucilista u Zagrebu doktorski rad pod naslo-
vom Razvoj geoprostornog modela podataka za pohranu i ruko-
vanje globalnim podatcima o pokrovu zemljiSta  (engl.
Development of a Geospatial Data Model for Global Land Cover
Data Storage and Handling). Doktorski rad izraden je pod
mentorstvom izv. prof. dr. sc. Matea GaSparovica s Geodet-
skog fakulteta Sveucilista u Zagrebu i obranjen pred povje-
renstvom u sastavu: prof. dr. sc. Robert Zupan i izv. prof. dr.
sc. Mario Miler s Geodetskog fakulteta SveudiliSta u Zagre-
bu i doc. dr. sc. Ivan Medved s Rudarsko-geolosko-naftnog
fakulteta SveuliliSta u Zagrebu. Povjerenstvo za ocjenu
doktorskog rada bilo je u istom sastavu.

Frane Gili¢ roden je 22. rujna 1994. u Splitu, gdje je za-
vrsio osnovnu Skolu i Graditeljsko-geodetsku tehnicku
Skolu. Sveudilisni prijediplomski studij Geodezije i geoin-
formatike zavrSava 2016. na Fakultetu gradevinarstva, ar-
hitekture i geodezije Sveulilista u Splitu, a sveu(ilisni
diplomski studij Geodezije i geoinformatike 2019. godine
na Geodetskom fakultetu Sveucilista u Zagrebu, obranom
diplomskog rada pod naslovom Implementacija sustava za
prikaz velikih oblaka tocaka u internetskom pregledniku, koji je
izraden pod mentorstvom izv. prof. dr. sc. Marija Milera.
Zavr$etkom diplomskog studija stjeCe akademski naziv
sveudilisnog magistra inZenjera geodezije i geoinformati-
ke. Iste godine upisuje doktorski studij Geodezijea i geoin-
formatike na Geodetskom fakultetu SveudiliSta u Zagrebu i
zapoSljava se kao asistent na Katedri za geodeziju i geoin-
formatiku Fakulteta gradevinarstva, arhitekture i geodezi-
je SveuliliSta u Splitu. Na radnom mjestu sudjeluje u
izvodenju vjezbi iz viSe kolegija na sveulilisnim prijedi-
plomskim studijima. Izlagao je na viSe medunarodnih
znanstvenih konferencija i kao autor ili koautor objavio
nekoliko radova u medunarodnim znanstvenim casopisi-
ma i zbornicima medunarodnih i domaédih konferencija.
Sudjelovao je u nekoliko medunarodnih znanstvenih i
stru¢nih projekata.

Doktorski rad napisan je na engleskom jeziku, sadrzi
147 stranica formata A4, 56 slika, 14 tablica, popis literature
sa 160 referenci, saZetak i klju¢ne rijeci na hrvatskom i en-
gleskom jeziku i kratki Zivotopis autora.

U prvom poglavlju dan je pregled trenutaino najnovi-
jih izvora globalnih podataka o pokrovu zemljista, s nagla-
skom na oblik u kojem se oni isporucuju korisnicima - bez
iznimke u obliku rasterskog geoprostornog modela poda-
taka. U tom poglavlju identificirani su i neki od osnovnih
izazova koji se javljaju kod rukovanja globalnim rasterskim
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Doktorski rad podijeljen je u Sest poglavlja:

1. Uvod

2. Pregled globalnih mreza
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arise when handling global raster land cover data geore-
ferenced in 2D geographic or plane coordinate reference
systems. Furthermore, it introduces the concept of the
Discrete Global Grid System (DGGS) as a geospatial data
model and georeferencing framework that can eliminate
or at least mitigate some of the mentioned challenges.

The second chapter presents a classification of diffe-
rent approaches to defining global grids, i.e., grids that ful-
ly and without overlap define a tessellation of a sphere or
ellipsoid used as a proxy models of the Earth’s surface. Two
basic types of grids are distinguished: those defined by di-
rect tessellation of the sphere or ellipsoid and those defi-
ned through the application of map projections. In the
latter case, the grid is first defined in a plane and then pro-
jected onto the sphere or ellipsoid. The grid can also be de-
fined on the faces of a polyhedron and then projected,
which implies that multiple planes are involved. This
chapter also elaborates on the DGGS concept in more deta-
il, and since the most common method for defining global
grids in DGGS implementations is based on projection from
polyhedral faces, the main terms and elements that define
such DGGSs are described.

At the beginning of the third chapter, the issues associ-
ated with handling global raster land cover data georefe-
renced in plane or 2D geographic coordinate reference
systems are analyzed in detail. In both cases, the raster de-
fines a tessellation based on a two-dimensional domain
that is not topologically equivalent to a sphere or ellipsoid,
which is the main source of the analyzed issues. Subsequ-
ently, the requirements that a DGGS must meet to be suita-
ble for land cover data are defined, based on which the
rHEALPix DGGS was identified as the most appropriate
currently available implementation. The rHEALPix DGGS is
an equal-area DGGS, meaning that all cells at the same hi-
erarchical level have equal area. It supports defining grids
on spheres and ellipsoids, and most cells have quadrangu-
lar shape. Two modifications to the rHEALPix DGGS were
introduced. The first increases the accuracy of the equal-
area mapping between an ellipsoid of revolution and a sp-
here by converting ellipsoidal latitude into authalic latitu-
de while maintaining longitude. The improvement
reduced round-off errors that are related to floating-point
calculations and truncation errors in power series ap-
proximations. The second modification introduces a diffe-
rent approach for defining hierarchical grids on ellipsoids
and spheres so that all grid cells are quadrangles and which
results in grids that have cells with higher overall shape

stability. The results presented in this chapter demonstra-
te that the desired goals were achieved.

Chapter four provides discussion and interpretation of
results. Alongside the analysis of errors in the conversion
between ellipsoidal and authalic latitudes on sphere, it also
presents a detailed comparison between the rHEALPix DG-
GS and its modified version, named QPix DGGS. The compa-
rison showed that QPix DGGS performs equally or better
than rHEALPix DGGS under all comparison criteria except
for the criteria that requires simple relationship between
grid and grid defined by meridians and parallels. This chap-
ter concludes with a comparison between the tessellations
defined by QPix DGGS and those defined by rasters georefe-
renced in plane or 2D geographic coordinate systems,
showing that among the three analyzed grids, the QPix DG-
GS defines the most geometrically uniform tessellation.

Chapter five demonstrates the application of DGGS to
land cover data. Specifically, it presents the procedure for
calculating land cover change based on the GLC_FCS30D
land cover dataset using four methods. The first method
used the original GLC_FCS30D raster data georeferenced in
a 2D geographic coordinate system, in the second, original
raster was reprojected into a plane using an equal-area
projection before change calculation, while in the third
and fourth methods original raster was reprojected into
rHEALPix and QPix DGGS, respectively. The results of land
cover change calculations showed no statistically signifi-
cant deviations, indicating that existing raster data can be
converted into DGGS structures with minimal information
loss and that DGGS structure is suitable for storing and
handling land cover data. The end of this chapter also dis-
cusses the relationship between DGGSs and vector and
raster geospatial data models and positions DGGS within
the broader context of geoinformation system develop-
ment.

The sixth chapter summarizes the main conclusions of
the dissertation, outlines the scientific contributions, and
confirms that the proposed hypotheses were successfully
validated.

The evaluation committee concluded that the doctoral
thesis meets the criteria of original scientific research and
represents a significant contribution to the field of geodesy
and geoinformatics, particularly concerning the incre-
asingly prominent challenges related to effective manage-
ment of large spatiotemporal datasets.

Mateo Gasparovi¢ B
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podatcima o pokrovu zemljiSta kad su oni georeferencirani
u 2D geografskom ili projekcijskom koordinatnom refe-
rentnom sustavu. Uveden je i koncept sustava diskretnih
globalnih mreZa (engl. Discrete Global Grid System, skra-
¢eno DGGS) kao geoprostornog modela podataka i okvira
za georeferenciranje Cijom je primjenom moguée elimini-
rati ili barem reducirati neke od spomenutih izazova.

U drugom poglavlju je dana klasifikacija razlicitih
pristupa u definiranju globalnih mreZa, tj. mreza koje pot-
puno i bez preklapanja definiraju teselaciju sfere ili elipso-
ida koji se koriste kao pojednostavljeni model za Zemljinu
fizicku povrsinu. Dvije su osnovne vrste mreza: one koje su
definirane direktnom teselacijom sfere ili elipsoida i one
koje su definirane primjenom kartografskih projekcija.
Kod druge vrste mreZa, mreZa se najprije definira u ravni-
ni i zatim projicira na sferu ili elipsoid. Pritom je mrezu
moguce definirati na stranicama poliedra, a zatim je proji-
cirati, pa se u tom slucaju ne radi jednoj, ve¢ o vise ravnina.
U ovom je poglavlju detaljnije opisan koncept DGGS-a i,
kako je najces¢i nacin definiranja globalnih mreza u DGGS-
ovima baziran na projekciji mreZa s ploha poliedra, nave-
deni su osnovni pojmovi i elementi koji definiraju takve
DGGS-ove.

Na pocetku treceg poglavlja detaljno su analizirani iza-
zovi koji su vezani uz rukovanje globalnim rasterskim po-
datcima o pokrovu zemljista koji su georeferencirani u
projekcijskom ili 2D geografskom koordinatnom referent-
nom sustavu. U oba slu¢aja raster definira teselaciju koja se
zasniva na dvodimenzionalnoj domeni, a koja nije topoloski
ekvivalentna sferi ili elipsoidu, $to je i glavni uzrok analizi-
ranih izazova. Zatim su postavljeni uvjeti koje DGGS treba
ispunjavati kako bi bio prikladan za podatke o pokrovu
zemljiSta, a na temelju kojih je rHEALPix DGGS identificiran
kao trenutatno najprikladnija primjena DGGS-a. rHEALPix
DGGS je DGGS u kojem sve Celije u mreZi na istoj hijerarhij-
skoj razini imaju istu povr§inu (tzv. ekvivalentan DGGS),
podrZava definiranje mreZa na sferi i elipsoidu i veéina éeli-
ja su Cetverokutnog oblika. U ovom su poglavlju uvedene i
dvije izmjene u rHEALPix DGGS. Prva se odnosi na poveca-
nje toCnosti ekvivalentnog preslikavanja rotacijskog elip-
soida na sferu i obrnuto, $to se postiZe preratunavanjem
elipsoidne Sirine u ekvivalentnu $irinu, uz zadrZavanje du-
Zine. Povecanje to¢nosti se postiglo smanjenjem pogreske
zaokruzivanja koja je karakteristi¢na za izvodenje ratun-
skih operacija s pomi¢nim zarezom i smanjenjem pogreske
odbacivanja koja se javlja kod aproksimacije razvojem u
red. Druga izmjena se odnosi na primjenu drugacijeg pris-
tupa u definiranju rHEALPix DGGS hijerarhijskih mreza na
elipsoidima i sferama tako da sve ¢elije u mreZi budu cetve-
rokuti i da se poveda sveukupna stabilnost oblika Celija u
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mreZi. U ovom poglavlju su izneseni i rezultati iz kojih je
vidljivo da su se uvedenim izmjenama postigli Zeljeni ciljevi.

Cetvrto poglavlje sadrzi diskusiju i interpretaciju re-
zultata. U njemu, osim $to su analizirani uzroci pogre$akau
preraCunavanju elipsoidne u ekvivalentnu $irinu na sferi i
obrnuto, provedena je i detaljna usporedba rHEALPix DG-
GS-a i njegove modificirane verzije koja je dobivena uve-
denim izmjenama i koja je nazvana QPix DGGS. Usporedba
je pokazala da je po svim kriterijima za usporedbu global-
nih mreZa QPix DGGS jednak ili bolji od rHEALPix DGGS-a,
osim po kriteriju po kojem bi mreZa trebala biti u jednos-
tavnom odnosu s mreZzom meridijana i paralela. Na kraju
ovog poglavlja usporedena je teselacija definirana QPix
DGGS-om 1i teselacija definirana rasterom koji je georefe-
renciran u projekcijskom ili 2D geografskom koordinat-
nom referentnom sustavu. Usporedba je pokazala da od tri
analizirane mreZe QPix DGGS mreZa definira teselaciju s
najveom geometrijskom pravilno$¢u.

U petom poglavlju je demonstrirana primjena DGGS-a
na podatke o pokrovu zemljiSta. Konkretno, prikazan je
postupak racunanja promjena u pokrovu zemlji$ta na te-
melju podataka GLC_FCS30D primjenom Cetiri metode. U
prvoj metodi su koriSteni izvorni rasterski podatci GLC_F-
CS30D koji su georeferencirani u 2D geografskom koordi-
natnom referentnom sustavu, u drugoj je izvorni raster
prije raCunanja promjena projiciran u ravninu primjenom
ekvivalentne projekcije, a u trecoj i Cetvrtoj metodi je iz-
vorni raster projiciran u rHEALPix i QPix DGGS. Rezultati
raunanja promjena u zemljiSnom pokrovu nisu pokazali
statisti¢ki znacajna odstupanja ¢ime je pokazano da se
postojeli rasterski podatci bez znacajnijih gubitaka mogu
prevesti u DGGS strukturu i da je takva struktura pogodna
za pohranu i rukovanje podatcima o pokrovu zemljista. Na
kraju ovog poglavlja diskutira se i veza izmedu DGGS-a i
vektorskog i rasterskog geoprostornog modela podataka te
se DGGS stavlja u kontekst cjelokupnog razvoja geoinfor-
macijskih sustava.

U Sestom poglavlju objedinjeni su glavni zakljucci dok-
torskog rada, navedeni su znanstveni doprinosi i zakljuce-
no je da su postavljene istraZivacke hipoteze ispunjene.

Povjerenstvo za ocjenu doktorskog rada ocijenilo je da
doktorski rad udovoljava kriterijima izvornog znanstve-
nog istrazivanja i da predstavlja zna¢ajan doprinos podru-
gu geodezije i geoinformatike, posebno u smjeru
rjeSavanja sve izraZenijih izazova vezanih uz ucinkovito
upravljanje velikim skupovima prostorno-vremenskih po-

dataka.

Mateo Gasparovi¢c B

— KiG Br. 44, Vol. 24, 2025






