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ABSTRACT

The purpose of the paper & present the entire procedure which was daoypt¢he State Geodetic Administratiomda

the Faculty of Geodesy University of Zagtiehast decale, in order to introduce and implement the newadern

geodetic reference system in the Republic of Croatia. Beside the new positional datum, based on European Spatial
Reference Systene introduction of new vertical and gravimetric datunas well as new cartographic project®n

are described tooProblems connected with the transformation between the old and the new,detumedl asthe

implementation of the new reference system aretmswconsidered
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1 INTRODUCTION

I n the paper éProposal for the geodetic datum of the
1999) the necessity afitroducing anew geodetic reference systémCroatiawas discussed for the first timmn

synoptic waythere is ahistorical overview of the inherited datums (positignadrtical and gravimetricyiven,

including thereview of fundamental geodetic works realized lwithe use of modern technologies since the
beginning of 1994dies andthe discussion of transformation problem between the old (local) and the new (global)
datum. This papezonsiderssome basic principles which should be fulfilled in such situatiitb, the compromise
between the international and national requirembeteg particularly emphasized among themnd he possible

future steps announced

1.1 Historical datums

The inherited geodetic datums are connected tetieghatCroatiaused to konly a partof in the pastibid.):

e Pasition datum:genuine AustréHungarian solution from 1901, slightly modifyed in-¥ugoslavia (local

datum, Bessel elipsoid, Gadissueger projection)



e Vertical datum tide gauge in Trieste on pier Sartorio, epd875 (registration only one year, normal
orthometric hegihts)

e Gravimetric datum: MGI(Military-Geographic Institute irBelgrad@ - activities between 1952 and1974,
Potsdam angartly IGSN71.

They are not well documenteghdare ofinsufficient accuracypossessing gross errors too), none or purely adoptive

and usable to the new technologies and not able to respond to the user dameredsre, the main reasons for
introduction of new datums are: introducimgique Croatian official geodetic datums andp projections based on
modern achievement of scien@and according t&uropean recomendations and trends; removing testing
obstacles toward more efficient use of modern measuring and GIS technologies and in that way offer the state,
economy andhe citizensa uniform, rational and simply applied referent system and frame;part that relates to
spatialdata to create prerequisites for development of information society in Crogtivgmment, ...); to make

further development of geodesy asttier geeprofessions possible.

1.2 Procedure of the new reference system introduction

According to the Croatian Law on State Survey and-Estdte Cadasti@N 128/99) State geodetic administration
of the Republic of Croati§dSGA) requestedn the yea 2000 three expert studieBom the Faculty of Geodesy
University of Zagreb:

e Prof.dr. Tomish v BiaStudyionhorizontaland gravimetricdatutr Ba gi | et al ., 2000)

e Prof. dr. Ladislav Feil Study on height daturi-eil et al., 200Q)

e Prof.dr. Miljenko Lapainei Study on map projectioritapaine, 2000)
Delivered studies were reviewed in 200yt Groatianand internationalexperts In (Brockman et al., 2001fhe
international expertBom Norway, Switzerlandand Germanygoncluded (quotation):
AfWe | i ke to emphasize that the Croatian col $pojeggues hav
This includes the geodetic work in Croatia itself as well as the preparation of documents for the consultants, where
basic information was given for the history, the current geodetic situation and ideas of the new system. These
documents were B& for many fruitful discussions we had in Croatia, and also for discussions between the
consultants themselves. Detailed recommendations are given in the different chapters, taken into account that Croatia
as the other European countries, have very dighiesources available for geodesy. So our main conclusions are:
Croatia is in a good position to achieve geodetic networdspaable for European standgrthe geodesists we have
met in the project are well educated compared to other European coanttiteey are weprepared for the tasks to
do; we recommend Croatia to change to the new geodetic reference system described in this report, and to soon start
the preparations. Even if celsénefit computations are not carried out, it is quite clearGhadtia in the long run
will benefit on the changepriority should be given to finish the GPS densification netwdrks important to
measure gravity develingbench marks with a higher density than tgdagparations for even better geoid should
be started lgvelingconnection to GPS points and measure with GR&vilingbench marks) .

In 2003 $3A requested additionally tHellowing threestudies



e Preparation oflocumentation necessary for the adoptiothebfficial positional and gravimetric tiams of the
Republic of CroatiaBa gi | e}, al ., 200

e Preparation of documentation necessary for the adoptitire official height datum of the Republic of Croatia
(Feil et al., 208@), and

e Preparation of documentation necessary for the adoptitreafficial cartographic projectionsf the Republic
of Croatia [apaineet al.,2004).

On the basis oprepared documentation ISGA andthe Faculty of geodesyand Article 9 of the Law on
State Survey and Real Estate Cada$iie {28/99, the Government of the Republic of Croatiade at & meeting
on August the %2004 theDecree on establishing new official geodetic datums and map projections of the Republic
of Croatia NN 110/04). Tls Decreewill be discussed in more details in thext chapter.

2 NEW DATUMS AND ITS REALIZATIONS

2.1 Horizontal datum

1) European Terrestrial Reference System 1989.0 (abbreviated as ETRS89), is defined to be the official inalterable
and time independent positional reference coordinate system for the Republic of Croatia.

2) GRS80 ellipsoid with the size of larghalfaxis a=6378130.0 m and the fl attening €=
determined to be the official mathematical model for

3) Positional network that consists of 78 permanently stabilized geodetic control points having the coordinates
detemined by ETRS89 is determined to be the bémisthe positional reference coordinate system of the
Republic of Croatia (Fig. 1).

4) Positional reference coordinate system of the Republic of Croatia containing the coordinates of 78 geodetic
control points deermined in the year 1996, is given the name Croatian Terrestrial Reference system for the
Epoch 1995.55 abbreviated as HTRS96.

2.2 Vertical datum

1) Geoidsurface, defined on the basis of the mean sea level at five tide gauges in Dubrovnik, SpliR®akar,
andKoper (Slovenia) is defined as the reference surface used for the computation of heights in the Republic of
Croatia.

2) Vertical network consisting of permanently stabilized benchmarks of theetise levelingthe heights (Fig. 2)
of which ae determined in the system of (normal) Earth's gravity fisldefined to be the basis of the vertical
reference system of the Republic of Croatia.

3) Vertical reference system of the Republic of Croatia that is determined on the basis of the mean sea leve

given the namé Croatian Vertical Reference System for the Epoch 197dbbreviated as HVRS71
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Fig. 1: HTRS96 frame based on basic GPS network (78 points) and 10km GPS network (1054 points).

2.3 Gravimetric datum

1

2)

3)

The reference system for thdetermination of gravity the basis of which is th#ernational Gravity
Standardization Network 1971 (abbreviated as IGSNgldetermined by gravimetrieference system of the
Republic of Croatia.

GRS80 ellipsoid with the belonging physical parame&iv=398600.5x1®m>s? and with the angular velocity

of the Earth r o€?radstiondefinedasthe2efetericd |Batifsoid for the determination of
normal gravity field in the Republic of Croatia.

Basic gravimetric network that consists6 permanently stabilized points of absolute gravimetric network and
36 permanently stabilized gravimetric points of the I. order gravimetric network on which the gravity is
determined in IGSN71 (Fig. 3), is being determined as the basis of the gravimétrence system of the
Republic of Croatia.



4) Gravimetric reference system in which the gravity was determined at 42 points of the basic gravimetric network

in 2003, is given the name Croatian Gravimetric Reference System 2bBb8viated as HGRSO03.

Fig. 2: Five benchmarks andl. preciselevelingastherealization of new vertical datum of the Republic of Croati?

2.4 Plane map projections

1) Coordinate system of the transverse aspect of Mercator's projectidmeviated HTRS96/TM, with the mean
meridian 16A 30 and the Iinear scale on that meri di
of the Republic of Croatia for the field of cadastre and detailed state topographical cartography.

2) Coordinate system of the normal aspect ahbart conformal conical projecticrabbreviated as HTRS96/LCC,
with standard parallels 43A 05' and 45A 55', is defi
Croatia for the field of general state cartography.

3) Coordinate systems of mapojections are based on Croatian terrestrial reference system defined in the item I. of
this Decree.

4) To serve the needs of the Armed Forces of the Republic of Croatia, the projection coordinate system of
Universal Transverse Mercator projectiolJTM is adopted, pursuant to the Standardization Agreement
ASTANAG 22110, f1 1991hoftkedNATQ neember sthtes. y 1 5

The remaining articles in this Decree (NN 110/04) say that the new official geodetic datums and plane map
projection will be implenented into the official use gradually. The director of the State Geodetic Administration is
entrusted with the task of developing a program for implementing new official geodetic datums and map projections
into the official use, within 6 months period uppublishing this Decree. State Geodetic Administration is entrusted



