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existing geodynamic points enable further geodynamic research
using all data processed so far.

On the basis of reviewing and evaluating the PhD thesis by
MSc Marijan Marjanovi¢, graduate engineer of geodesy, mem-
bers of the committee concluded that he gave several valuable
contributions in the area of state survey, satellite and physical
geodesy and especially geodynamics, specifically in defining
the first Croatian absolute kinematical model for the area of the
Adriatic microplate. This primarily refers to the establishment
of a functional database of all available GPS surveys during
the period 1994-2005 for the area of the Republic of Croatia
(and abroad) and producing a special software application for
its efficient use, realized optimal solutions to annual values of

coordinates of monitored points, as well as the final combined
solution, calculation of reliable values of horizontal point move-
ment and their comparison with current global models for the
Eurasian lithospheric plate and the obtained vertical movements
of the same points and their comparison with long-time mean
sea level change of tide gauges, an original calculation of the
Euler rotation vector and the Euler pole for the Adriatic micro-
plate and defining for the first time in Croatia the kinematical
model for Croatia, and finally an independent confirmation that
the Adriatic microplate is most probably an independent plate
divided by the Gargano-Dubrovnik line.

Prepared by M. Lapaine

Almin Bapo, PhD in Technical Sciences

Almin Dapo defended his dissertation titled Correlation of
the Geodetic and Geologic Model of Tectonic Movement on
the Example of the Wider Area of the City of Zagreb at the
Faculty of Geodesy of the University of Zagreb on May 8, 2009.
The thesis was defended in the presence of the evaluation com-
mittee: Prof. Dr. Damir Medak, Prof. Dr. BoSko Pribicevi¢ (co-
mentor) and Prof. Dr. lvan Dragievi¢ (co-mentor) from the Fac-
ulty of Mining, Geology and Petroleum Engineering of the Uni-
versity of Zagreb.

Almin Bapo was born on August 17, 1974 in Dubrovnik,
where he finished elementary and high school, mathematics
and informatics orientation. In 1993, he enrolled the Faculty of
Geodesy of the University of Zagreb. He graduated at the be-
ginning of 2000, mentored by academician Petar Kresimir Coli¢
and with the thesis Integration of the Republic of Croatia in the
World Absolute Gravimetric Grid — The UNIGRACE Project. In
2002, he enrolled the postgraduate studies at the Faculty of
Geodesy. In 2005, he defended his Master’s thesis Processing
and Interpretation of Geodetic Surveys of the Geodynamic
Network of the City of Zagreb at the Faculty of Geodesy in 2005.

Since 2000, he has worked as an external collaborator on
the project Establishment of New Geoid Points on the Territory
of the Republic of Croatia, and in October of the same year, he
became a junior researcher on the project Satellite and Physi-
cal Geodesy in the Republic of Croatia headed by Prof. Dr. D.
Medak. In November of 2000, he became a junior assistant at
the Institute for Higher Geodesy, which is currently called the
Institute for Geomatics of the Faculty of Geodesy of the Univer-
sity of Zagreb. He currently works as an assistant at the Chair
of Hydrography at the same Faculty. He published several sci-
entific and professional papers, and presented papers at sev-
eral international conferences. He is a member of the Croatian
Chamber of Chartered Engineers of Geodesy. He was award-

ed the Rector’s Award for best student papers of the University
of Zagreb for the paper titled Three-Dimensional Geodetic Model
of the Plitvice Lakes.

The report by the evaluation committee reads as follows.

The PhD thesis contains 191 A4 pages with text, 118 fig-
ures, 20 tables, a list of references with 101 title, 26 figures and
8 tables in the appendix, summaries in Croatian and English,
and a CD with a digital version of the thesis. The thesis is divid-
ed into eight chapters:

1. Introduction

. Geodetic-geodynamic observations

. Geodynamic network of the city of Zagreb

. Performed GPS surveys

. Computer processing of GPS surveys

. Recent geological structural relations and tectonic activity

. Comparison of geodetic and geologic data results
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. Conclusion

Since 1997, the Faculty of Geodesy of the University of
Zagreb has been conducting scientific work and research re-
lated to the application of precise satellite position determina-
tion for geodynamic purposes on specially stabilized points in
the area of the city of Zagreb. Although the primary goal of the
GPS campaign conducted in 1997 was to establish the Base
GPS Network of the City of Zagreb as a basis for establishing
the homogeneous field of GPS points for the City of Zagreb,
repeated surveys in 2001 and 2004 on the entire network ac-
complished the second planned purpose of the network, i.e.
the Geodynamic Network of the City of Zagreb was realized.
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u geodinamicka bi se istrazivanja osim to¢aka mjerenih u GPS
kampanjama mogle ukljuiti i referentne stanice permanentne
mreze. CROPOS omoguc¢ava GNSS mjerenja tijekom 24 sata
svakoga dana $to bi uz ponavljanje mjerenja na postojec¢im
geodinamickim to¢kama omogucéilo nastavak geodinamickih
istrazivanja uz upotrebu svih do sada obradenih podataka
mjerenja i njihovih rezultata.

Na temelju pregleda i vrednovanja doktorske disertacije mr.
sc. Marijana Marjanovica, dipl. ing. geod., ¢lanovi Povjerenstva
zaklju€ili su da je pristupnik u svojem radu dao vise vrijednih
prinosa u podrugju drzavne izmjere, satelitske i fizikalne geode-
zZije te posebno geodinamike, naro€ito pri definiranju prvoga
hrvatskog apsolutnog kinemati¢kog modela za podrucje Jadran-
ske mikroploCe. To se ponajprije odnosi na: uspostavu funkcio-
nalne baze podataka svih raspolozivih GPS mjerenja u razdoblju

1994.-2005. godina za podrucje Republike Hrvatske (i Sire) te
izradu vlastite softverske aplikacije za njezinu u€inkovitu upotre-
bu, ostvarena optimalna rjeSenja za godi$nje vrijednosti koordi-
nata pracenih to¢aka kao i konacno kombinirano rjeSenje, zatim
raCunanje pouzdanih vrijednosti horizontalnih gibanja to¢aka i
njihova usporedba s aktualnim globalnim modelima za Euroazij-
sku litosfernu plocu kao i dobivenih vertikalnih gibanja istih toca-
ka i njihovu usporedbu s dugogodi$njim pracenjima promjene
srednje razine mora na mareografima, zatim originalno racuna-
nje Eulerovog vektora rotacije i Eulerovog pola za Jadransku
mikroploCu te na taj nacin zapravo definiranje po prvi puta u
Hrvatskoj kinemati¢koga modela za Hrvatsku, te kona¢no vlasti-
tu nezavisnu potvrdu da je Jadranska mikroplo€a vrlo vjerojatno
nezavisna plo¢a podijeljena na liniji Gargano-Dubrovnik.

Pripremio M. Lapaine

Almin Papo, doktor tehnickih znanosti

Almin Bapo obranio je 8. svibnja 2009. na
Geodetskom fakultetu Sveucilista u Zagrebu di-
sertaciju Korelacija geodetskog i geolo§kog mo-
dela tektonskih pomaka na primjeru Sireg podru-
¢ja Grada Zagreba. Doktorski rad obranjene je
pred povjerenstvom u sastavu prof. dr. sc. Damir
Medak, prof. dr. sc. Bo§ko Pribi¢evi¢ (komentor)
i prof. dr. sc. lvan Dragicevi¢ (komentor) s Rudar-
sko-geolosko-naftnog fakulteta Sveucilista u Za-
grebu.

Almin Bapo roden je 17. kolovoza 1974. u
Dubrovniku, gdje je zavrSio osnovnu $kolu i gi-
mnaziju, matemati¢ko-informaticki smjer. Godine 1993. upisao
se na Geodetski fakultet SveuciliSta u Zagrebu. Diplomirao je
pocetkom 2000. pod mentorstvom akademika Petra KreSimira
Coliéa na temi Prikljuéenje Republike Hrvatske u svjetsku apso-
lutnu gravimetrijsku mrezu — Projekt UNIGRACE. Godine 2002.
upisao je poslijediplomski studij na Geodetskom fakultetu. Godi-
ne 2005. na Geodetskom fakultetu Sveucilista u Zagrebu obra-
nio je magistarski rad Obrada i interpretacija geodetskih mjere-
nja na Geodinamickoj mreZi Grada Zagreba.

Od 2000. radi kao vanjski suradnik na projektu Usposta-
vljanje novih geoidnih to¢aka na teritoriju Republike Hrvatske,
aulistopadu iste godine izabran je u zvanje znanstvenog novaka
na projektu Satelitska i fizikalna geodezija u Republici Hrvatskoj
kojeg je voditelj bio prof. dr. sc. D. Medak. U studenome 2000.
izabran je u zvanje mladi asistent u Zavodu za viSu geodeziju,
danas Zavodu za geomatiku, Geodetskog fakulteta Sveucilista
u Zagrebu. Danas radi kao asistent u Katedri za hidrografiju.
Kao autor i koautor objavio je nekoliko znanstvenih i struénih
radova. Prezentirao je radove na viS§e medunarodnih simpozija.
Clan je Hrvatske komore ovlastenih inzenjera geodezije. Dobi-
tnik je Rektorove nagrade za najbolje pisane studentske radove

Sveucilista u Zagrebu za rad pod nazivom Trodi-
menzionalni geodetski model Plitvickih jezera.

U izvjeStaju Povjerenstva za ocjenu diserta-
cije mozemo procitati sliedece.

Doktorski rad sadrzi 191 stranicu teksta for-
mata A4, 118 slika, 20 tablica, popis literature
sa 101 naslovom, 26 slika i 8 tablica u prilogu,
sazetak na hrvatskom i engleskom jeziku te CD
s digitalnom verzijom doktorskog rada. Rad je
podijeljen u 8 poglavlja:

1. Uvod
. Geodetsko-geodinamicka opazanja
. Geodinami¢ka mreza Grada Zagreba

. lzvedena GPS-mjerenja

. Recentni geolo$ki strukturni odnosi i tektonska aktivnost

2

3

4

5. RaCunalna obrada GPS-mjerenja

6

7. Usporedba rezultata geodetskih i geoloskih podataka
8

. Zaklju¢ak

Geodetski fakultet SveuciliSta u Zagrebu od 1997. godine
provodi sustavan znanstvenoistrazivacki rad vezan uz primjenu
preciznog satelitskog odredivanja poloZaja za geodinamicke
svrhe na specijalno stabiliziranim tockama na podrucju Grada
Zagreba. lako je prvi i osnovni cilj GPS-kampanje izvedene
1997. godine bila uspostava Temeljne GPS-mreze Grada Zagre-
ba kao osnove za uspostavu homogenog polja GPS-toCaka za
Grad Zagreb, ostvarenjem ponovljenih mjerenja 2001. i 2004.
godine na cjelovitoj mrezZi, ispunjena je i druga planirana svrha
te mreze, tj. ostvarena je GeodinamiCka mreza Grada Zagreba.
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Making scientifically based conclusions about tectonic
movements in an area is only possible on the basis of multiple
repeated precise surveys. Considering a series of geological
surveys that were conducted during a period of time in the re-
searched area, there was a need for a scientific comparison of
two models realized by independent scientific procedures: the
geodetic model, founded on precise satellite positioning, and
the geologic model, founded on long-term geologic research.

The main goals of the dissertation were to determine move-
ment of points of the Geodynamic Network of the City of Za-
greb 1997-2008 and a comparison between the geodetic and
geologic model of tectonic movements in the researched area.

The first chapter of the dissertation presents the author’s
motivation: following global and local geodynamics as one of
the most important scientific applications of precise satellite
positioning. Furthermore, the hypothesis is established. This is
followed by descriptions of previous research related to geody-
namic research of the Adriatic microplate and the area of Za-
greb. The author primarily used high quality and recent refer-
ences. The chapter ends with the thesis layout.

The second chapter describes the Earth as a dynamic plan-
et, which is seen from the tectonic plate movement. There are
basic principles of tectonic plate movement, as well as contem-
porary surveys of geodynamic movement with emphasis on
global navigation satellite systems (GNSS) and satellite radar
interferometry.

Correlation of the Geodetic
and Geologic Model of
Tectonic Movement on the
Example of the Wider Area
of the City of Zagreb

The third chapter describes in detail the origin of the Geo-
dynamic Network of the City of Zagreb which was used to real-
ize the practical part of the thesis. The chapter also explains
the interdisciplinary character of the researched network and
all geodynamic research in which precise geodetic surveys play
and important role. The network creation project is described,
as well as special subterranean and superterranean point sta-
bilization unique in the Republic of Croatia.

The fourth chapter describes all conducted GPS surveys
on the Geodynamic Grid of the City of Zagreb. Each campaign
description includes a graphical and tabular representation of
points according to survey periods, along with instruments used.

The fifth chapter is especially significant because it con-
tains the author’s contribution to research on the geodetic and
geodynamic network. A unique approach was applied for
processing GPS surveys: all GPS campaigns were processed
with the scientific GAMIT/GLOBK software developed at the
Massachusetts Institute of Technology. The author demonstrated

comprehensive knowledge in application of the software and
described in detail the methodology of Kalman filtering, which
is used to consolidate discrete campaigns. Freeware programs
are usually used in scientific institutions to process and visual-
ize results. Their advantages are proven in this thesis as well.

The results are velocity models of points of the Geodynam-
ic Network for the periods 1997-2001, 2001-2004, 2004-2006,
2006-2007, 2007-2008, 2006-2007-2008 and cumulatively for
the whole period from 1997 to 2008. The maximum absolute
value of movement for the whole arrangement in the horizontal
direction is 4.3 mm/year, and in vertical direction 17.5 mm/year.
The highest absolute values of movement were obtained for
the period 2006-2007 and they amount to 19.4 mm/year in the
horizontal and 50.3 mm/year in the vertical direction, which
makes it clear that they are geodynamically significant move-
ments. However, it should be emphasized that mean values of
movement are 3 mm/year. The dissertation proves that apply-
ing the multipoint method in various temporal periods, it is pos-
sible to derive a reliable geodetic model of tectonic movement
of the Earth’s crust in the researched area which can be con-
sidered between a local and a regional one. Existing research
for similar purposes mostly used the extremely expensive meth-
od of setting up a dense network of permanent GPS stations.

The sixth chapter represents results of long-term neotec-
tonic research in the area of Medvednica Mountain. Using more
than 40 graphical representations and figures, all important
faults and fault outcrops are described, as well as the effects of
tectonic activity on the surface of the Earth: cracks in houses,
public objects, and roads. A reliable geologic movement model
was created and compared with the obtained geodetic model.

The seventh, most important chapter compares the geo-
detic and geologic model, supported by geostatistical analysis
of vector data. Spearman’s statistical test confirmed the hypoth-
esis of the significant correlation between the two movement
models. The coefficient of 0.94 (level of significance 1 %) indi-
cates a high degree of correlation between geodetic and geo-
logic movement in the area. Also created was the model of a
spatial-temporal base of all survey and movement data by us-
ing state-of-the-art object-relation database PostgreSQL, which
also represents scientific contribution of the dissertation.

The comprehensive interdisciplinary analysis of acquired
results provided a unique interdisciplinary model of movement
of near-surface layers of the Earth’s crust in the area of the city
of Zagreb. It is a significant scientific contribution to the under-
standing of geodynamic activities in the area of the city of Za-
greb.

On the basis of review and evaluation of the thesis, mem-
bers of the evaluation committee concluded that the applicant
MSc Almin Dapo, graduate engineer of geodesy mastered the
methods of scientific work and research by collecting sources,
reading them, analyzing them, making conclusions and pre-
senting them. The committee concluded that the applicant’s
work, especially the independent processing of all GPS sur-
veys, original comparison of geodetic and geologic movement
models, application of geostatistical correlation analysis be-
tween models, and advanced use of spatial-temporal models
of object-relation databases, made a valuable contribution to
the application of geodesy in geodynamics.

Prepared by M. Lapaine
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Donosenje znanstveno utemeljenih zaklju€aka o tektonskim
pomacima na nekom je podru¢ju moguce tek na temelju vise-
struko ponavljanih preciznih mjerenja. Kako je u jos duljem vre-
menskom razdoblju na podrudju istrazivanja proveden i cijeli
niz geolokih mjerenja, javlja se potreba za znanstvenom uspo-
redbom dvaju modela realiziranih neovisnim znanstvenim po-
stupcima: geodetskog modela, utemeljenim na preciznom sate-
litskom pozicioniranju, te geoloskog modela, utemeljenog na
dugotrajnim geoloskim istrazivanjima.

Glavni ciljevi disetacije bili su odredivanje pomaka na tocka-
ma Geodinamicke mreze Grada Zagreba 1997-2008 te uspo-
redba geodetskog i geoloskog modela tektonski uvjetovanih
pomaka na podrugju istrazivanja.

U prvom poglavlju disertacije izlaze se motivacija rada: pra-
¢enje globalne i lokalne geodinamike kao jedne od najvaznijih
znanstvenih primjena preciznog satelitskog pozicioniranja. Za-
tim se postavlja hipoteza u kojoj se jasno postavljaju pitanja na
koja doktorski rad treba dati odgovor. Potom se opisuju prethod-
na istrazivanja vezana uz geodinamicka istrazivanja Jadranske
mikroploCe i zagrebackog podrucja. Autor se ovdje pretezno
sluzi navodenjem kvalitetnih, aktualnih referenci. Na kraju pogla-
vlja izloZena je struktura doktorskog rada.

Drugo poglavlje opisuje Zemlju kao dinami¢ni planet, to je
vidljivo iz pomaka tektonskih ploca. Prikazani su osnovni principi
pomicanja tektonskih ploca, te suvremeni postupci mjerenja
geodinamickih pomaka s posebnim naglaskom na globalne na-
vigacijske satelitske sustave (GNSS) i satelitsku radarsku
interferometriju.

U tre¢em poglavlju detaljno se opisuje nastanak Geodina-
micke mreze Grada Zagreba koja je posluzila za realizaciju
praktinog dijela doktorskog rada. Objasnjava se interdiscipli-
narni karakter kako mreze koja se istrazuje tako i svih geodina-
mickih istrazivanja u kojima precizna geodetska mjerenja imaju
sve vazniju ulogu. Opisan je projekt izrade mreze, te specijalna
podzemna i nadzemna stabilizacija to¢aka jedinstvena u Repub-
lici Hrvatskoj.

U Cetvrtom poglavlju opisuju se sva izvedena GPS-mjerenja
na GeodinamiCkoj mrezi Grada Zagreba. Za svaku kampanju
graficki je i tabli¢no prikazan raspored to¢aka prema razdobljima
mjerenja zajedno s upotrijebljenim instrumentarijem.

Peto poglavlje posebno je zna€ajno jer je u njemu izrazen
autorov doprinos istraZzivatkom radu na geodetsko-geodinami-
¢koj mrezi. Za obradu GPS-mjerenja primijenjen je jedinstveni
pristup: sve GPS-kampanje obradene su s pomocéu znanstve-
nog softvera za obradu GPS-mjerenja GAMIT/GLOBK razvije-
nog na Massachusetts Institute of Technology. Autor je u radu
demonstrirao cjelovito znanje u primjeni tog softvera i detaljno
objasnio metodologiju Kalmanova filtriranja koja se koristi pri
objedinjavanju vremenski odvojenih kampanja. Slobodni softveri
uobicajeno se rabe na znanstvenim institucijama kako za obradu
tako i za vizualizaciju rezultata. Njihove prednosti dokazane su
i u ovom doktorskom radu.

Rezultat sumodeli brzina na tockama Geodinamicke mreze
dobiveni za razdoblja 1997-2001, 2001-2004, 2004-2006, 2006-
2007, 2007-2008, 2006-2007-2008. te kumulativno za cijelo raz-
doblje od 1997. do 2008. Maksimalna apsolutna vrijednost po-
maka za ukupno rjeSenje u horizonalnom smjeru iznosi 4,3 mm/
god, au vertikalnom 17,5 mm/god. Najvece apsolutne vrijednosti
pomaka dobivene su u razdoblju 2006-2007. i iznose 19,4mm/
god. u horizontalnom i 50,3 mm/god u vertikalnom smjeru iz

¢ega je vidljivo da se radi o geodinamicki signifikantnim poma-
cima. No, ipak treba naglasiti da su srednje vrijednosti brzina 3
mm/god. Disertacija dokazuje da je metodom istodobne obrade
svih mjernih to¢aka (multipoint) u razli¢itim vremenskim epoha-
ma moguce izvesti vjerodostojan geodetski model tektonskih
pomaka Zemljine kore na podrudju istraZivanja koje se po svo-
jem protezanju moZe ocijeniti granicom izmedu lokalnog i regio-
nalnog. Dosadasnja istraZivanja za sline su svrhe uglavnom
upotrebljavala iznimno skupu metodu postavljanja guste mreze
permanentnih GPS postaja.

Sesto poglavlje daje prikaz rezultata dugogodi§njih neotek-
tonskih istrazivanja na podru¢ju Medvednice. Uz pomoc vise
od 40 grafickih prikaza i slika opisani su svi najvazniji rasjedi i
njihovi izdanci, kao i posljedice tektonske aktivnosti na povrsini
Zemlje: pukotine na kucama, javnim objektima, cestama. Izra-
den je vjerodostojni geolodki model pomaka koji je usporeden
s dobivenim geodetskim modelom.

U sedmom, najznacajnijem poglavlju prikazuje se uspored-
ba geodetskog i geoloskom modela potkrijepliena geostatisti-
¢kom analizom vektorskih podataka. Spearmenov statisticki test
potvrdio je hipotezu o signifikantnoj korelaciji izmedu dva modela
pomaka. Dobivena vrijednost od 0.94 (uz razinu signifikantnosti
1%) ukazuje na visoki stupanj korelacije izmedu geodetskih i
geoloskih pomaka na tom podrucju. Takoder je izraden model
prostorno-vremenske baze podataka svih mjerenja i pomaka
upotrebom najsuvremenije objektno-relacijske baze podataka
PostgreSQL, Sto takoder predstavlja znanstveni doprinos ove
disertacije.
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Korelacija geodetskog i
geoloskog modela tektonskih
pomaka na primjeru Sireg
podrucja Grada Zagreba

Provedena iscrpna interdisciplinarna analiza dobivenih re-
zultata dala je jedinstveni interdisciplinarni model gibanja pri-
povrsinskih slojeva Zemljine kore na podrucju Grada Zagreba.
On predstavlja znacajan znanstveni doprinos poznavanju geodi-
namickih aktivnosti na podrucju Grada Zagreba.

Na temelju pregleda i vrednovanja pojedinih dijelova doktor-
skog rada ¢lanovi povjerenstva zakljucili su da je pristupnik mr.
sc. Almin Dapo, dipl. ing. geod., ovladao metodikom znanstveno-
istrazivackog rada: prikupljanjem izvornika, njihovim &itanjem,
analiziranjem, stvaranjem zaklju€aka i njihovom prezentacijom.
Ocijenili su da je pristupnik svojim radom, posebno samostalno
izvedenom obradom svih GPS-mjerenja, originalnom uspored-
bom geodetskog i geoloskog modela pomaka, primjenom geo-
statisticke analize korelacije izmedu modela, te naprednom upo-
trebom prostornovremenskih modela objektno-relacijskih baza
podataka dao vrijedan doprinos podrucju primjene geodezije u
geodinamici.

Pripremio M. Lapaine




