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Abstract 
As  part  of  former  Yugoslavia,  from 30’s of last century, the coordinate reference system locally known as  
FRYREF30  and internationally as  MGI/Balkan zones 7 (EPSG 3906), was in official use until year 2001. 

The  state  coordinate  reference system (CRS)  of  the  Republic  of  Kosova  (KOSOVAREF01) as independent country  
was  defined  on year 2001. It is the legal and technical base for all official spatial data in Kosova.  
Even though it was established on year 2001, until July 2019 it was not internationaly coded as formal state CRS in 
EPSG. Upon initiative to register it as official state CRS in EPSG database (http://www.epsg-registry.org/), request 
EPSG 2019.042 was accepted, and Kosova’s CRS was registered with nine EPSG codes: 9140 (geographic 2d), 9138 
(geocentric), 9139 (geographic 3d), 9141 (projectedCRS), 9144 (coordinate transformation from Kosovaref01 to 
WGS84), 9143 (coordinate transformation from MGI 1901 to WGS84), 9142 (coordinate transformation from MGI 
1901 to Kosovaref01), 4542 (area) and 1251 (geodetic datum).  

Keywords: EPSG, Kosovaref01, Kosovo, CRS, Balkans zone 7, MGI 1901, geodetic datum, map projection.  

INTRODUCTION 

Coordinate reference systems (CRS) represents the mathematical model for location defining of spatial entities within 
the particular referent frame, which contain geodetic datum, and may contain map projection as well additional 
parameters. In practice it is knows as spatial reference system (SRS) also, which is synonym of CRS. Geographic and 
projected coordinate systems are two types of CRS’s that are used in practice, and coded for standardized usage in GI 
software.   

Coordinate reference systems are defined by the OGC (1) simple feature access using well-known text representation of 
coordinate reference systems, and support has been implemented by several standards-based geographic information 
systems  (OGC 2018), which can be referred to using EPSG codes (2) defined by the International Association of Oil 
and Gas Producers (3). CRS’s are specified in ISO 19111:2019 “Geographic information — Referencing by 
coordinates”, prepared under the technical committee ISO/TC 211, which defines the conceptual schema for the 
description of referencing by coordinates, and describes the minimum data required to define the CRS’s (4). ISO 19111 
was not made for geodetic experts, it was made for producers and users of GIS, therefore the structure shall be clear and 
easy – but correct on a common level of abstraction (Ihde etAll 2000).  

The geographic information contains both, spatial and attribute data. The spatial component relates the features 
represented in geographic data to position in the real world, while the attribute data relates to alphanumerical 
description in attribute table/s as non-spatial parameter. Spatial references of geographic information fall into two 
categories: referencing by coordinates and referencing based on geographic identifier. In bellow figure 1, context of 
referencing by coordinates is shown, defined in ISO 19111 as Coordinate Referent System (CRS), derived from spatial 
schema defined in ISO 19107 and temporal schema defined in ISO 19108.  
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Figure 1. Context of referencing by coordinates (ISO 19111:2019) 

Each CRS is associated with a local or global datum, and should support an operation that exposes the domain of 
validity of that system. Only for places within the domain of validity, the relationship between places and co-ordinates 
can be trusted. Outside the domain of validity, the reference system cannot be used (Staudinger 1999). Various CRS’s 
were defined and implemented by authoritative bodies and organizations, which have a specific datum based on their 
definition (initialization). National mapping agencies decides for a map projection together with its underlying geodetic 
reference system (Voser 1999). The horizontal and vertical components of the description of a position in the space may 
sometimes come from different CRS’s. This shall be handled through a compound coordinate reference systems 
(CCRS), which describes the position through two independent CRS’s (Dunkley etAll 2001).  

The European Terrestrial Reference System 1989 (ETRS89) is the geodetic datum for pan-European spatial data 
collection, storage and analyses. It is consistent with ITRS (IERS Terrestrial Reference System), defined with 1cm 
accuracy, and recognized as the most appropriate European geodetic datum to be adopted, which is now available due 
to creation of EUREF permanent GPS station network and validated EUREF observations. It is based on the GRS80 
ellipsoid (5) and is the basis for the coordinate reference system using ellipsoidal coordinates. The projecting of 
ellipsoidal coordinates to cartesian coordinates cannot be performed without distortion in plan coordinate system, which 
can be controlled but cannot be avoided. Almost all European countries have adopted ETRS89 geodetic datum as base 
for their CRS’s, while map projections are used based on the choice of National Mapping Agencies.  

The Republic of Kosova as country located in the South-East Europe, has adopted its national CRS entitled 
“KOSOVAREF01” on year 2001, which is based on the ETRS89 geodetic datum. Before year 2001, the territory of 
Kosova as a part of former Yugoslavia’s federation have been used the coordinate system locally known as “FryRef30” 
(internationally recognized as “MGI/Balkan zones 7”), adopted on year 1924 (Idrizi etAll 2018). The differences 
between the new and former CRS’s are in utilized datum and ellipsoid, which can be seen in table 5, where it is 
recognizable that in the process of defining of parameters of the new CRS “Kosovaref01”, in a period from 1999 to 
2001, referent map projection followed by all its parameters has been obtained from older coordinate system 
“FryRef30” (Idrizi etAll 2009). Even though KOSOVAREF01 CRS was established on year 2001, until April 2019 it 
was not internationally coded as state CRS in EPSG database. By the acceptance of change request “EPSG 2019.042” 
from EPSG geodetic parameter registry, Kosova’s CRS “Kosovaref01” was registered with nine EPSG codes (2).  

The Kosovaref01 CRS first was materialized in field with geodetic network of first order called as “KosovaRef01 
geodetic network”, which later have been followed with establishment of geodetic network of second and third orders, 
as well height connection to existing height network.  

GEODETIC NETWORK KOSOVAREF01 

Geodetic network “KosovaRef01” has been established on year 2001 by the Kosova Cadastral Agency with 
professional and technical support of Swiss federal office of topography. Measurements were conducted with static 
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method of GPS measurements in period between March 20th to April 12th 2001, by including the EUREF permanent 
network (EPN) stations of Graz in Austria, Matera in Italy, Sofia in Bulgaria, and Zimmerwald in Switzerland in order 
to integrate the observations into the ETRF (European Terrestrial Reference Frame) and ETRS89 (KCA 2001).  

The network was established homogenously over the whole area with general baseline lengths of < 50km. It consists in 
total 32 points (22 existing points from older network of former Yugoslavia and 10 new established points), with 
distance between 15 to 25 km, which cover entire national area of the Republic of Kosova. The Root Mean Square 
errors and maximal values of geodetic network Kosovaref01 on orthogonal coordinates and ellipsoidal heights of point 
are shown in bellow table 1:  

Table 1. Statistics of the GPS-measured 1st order reference Network KOSOVAREF01 (Kohli 2002) 

Component RMS Maximum values 
Easting  ±2.5mm  ±12.5mm 
Northing  ±4.4mm ±40.2mm 
Ellipsoidal height  ±8.7mm ±41.0mm 

 

Aimed for performing observations campaign separately, network of 1st order (figure 2) is divided in eight sectors 
(figure 3) (Krasniqi 2004). All points were observed about 2 to 6 hours per session within one sector, which were 
connected between them by using the neighboring main and secondary station. Because of the reliability reason, second 
observation campaign was conducted 10 days later (Idrizi and Kabashi 2010).  

                       

Figure 2. Kosovaref01 pints of 1st order (Krasniqi 2004)    Figure 3. Sectors for network measurements (Krasniqi 2004) 

The 2nd order of geodetic network Kosovaref01 contain 397 points, which started with measurements immediately after 
the 1st network was formalized, on June 2001, and have been completed on November 2002. Observations were 
performed with two sessions per day, in different period of day, in duration of 1 hour, by using two or three point of 
first order as referent stations (Idrizi and Kabashi 2010). Standard deviation of points of 2nd order is ±15mm (KCA 
2013).  

The 3rd order of Kosovaref01 network is treated as local network to be established in each city and settlement. The 
standard deviation of points of 3rd order is ±2cm (KCA 2013).  

Height system 

The official leveling network in former Yugoslavia was established on the beginning of 20th century as precise leveling, 
with the point of origin at the tide gauge in Trieste (Molo Sartorio) referring to mean sea level. I (first) Leveling of 
Height Accuracy (INVT) was revised by the Austrian precise levelling in period 1946-1960 on the territory of 
Yugoslavia. In a period from year 1970 to 1973, has been developed leveling network II (second) Leveling of Height 
Accuracy (IINVT) based on average sea levels over the period of 18.6 years at five tide gauges along the east coast of 
the Adriatic Sea (in Kopar, Rovinj, Bakar, Split and Dubrovnik), which was supposed to be used for the establishment 
of a new height system (KCA 2003), however IINVT has never been formalized in former Yugoslavia. After the phase 
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of IINVT there was no other organized levelling of high precision in the Serbian influenced areas of Vojvodina, 
Montenegro, Serbia and Kosovo. Unfortunately, the leveling alignments of IINVT mostly do not correspond with the 
alignments of the previous leveling, the Austrian precise leveling and with INVT, which makes better comparison of the 
benchmark’s heights between these leveling impossible (Kohli 2002).  

Height observations for 1st order geodetic network Kosovaref01 was performed in 23 out of 32 points, aimed to connect 
to orthometric heights from 12 points of leveling network IINVT of former Yugoslavia. As output of measurements, the 
orthometric heights for all 32 points of 1st order geodetic network have been calculated. Differences between ellipsoidal 
and orthometric heights lay in range from 44.19 to 45.62m, which theoretically should correspond with the geoid 
heights in each point. In absence of national geoid, calculated differences between ellipsoidal and orthometric heights 
have been compared with geoid heights extracted from EGG97 (European Gravimetric Geoid 1997), that are up to 
46.5cm, with RMS=25.26cm (Kohli 2002), shown in figure 4. Due to the geoid anomalies, offset and/or slight tilt which 
might not be specific enough for these local studies, or due to errors in the levelled heights, in the eastern part generally 
a negative difference were detected, while in the western part it is the opposite, which means that some systematic 
behavior of the residuals exists.  

Table 2. Height differences between GPS (ellipsoidal), levelling and EGG97 

 

Figure 4. Geoid heights in EGG97 (8) and residuals differences of 1st order points of Kosovaref01 geodetic network  

Transformation of coordinates between old and new coordinate system  

Transformation of coordinates between previous into new coordinate referent system, i.e. between “FryRef30” into 
“Kosovaref01”, has been realized by using Finite elements method, which is an appropriate method for homogenous 
and reversible transformations without gaps and/or distortions (Kohli and Jenni 2008). As final version of triangle 
network, in total 113 triangles (figure 5) were constructed and transformation parameters have been calculated for each 
triangle (KCA 2004). This methodology is fully automated in software under the KCA, and used for transformation of 
spatial data from old to new coordinate reference system. In figure 5 it is so clear that transformation accuracy of spatial 
data out from network area cannot reach the accuracy of spatial data based on the map scale as it is defined in bylaw 
regulations.  

Beside the process of transformation with finite elements method, transformation parameters based on Helmert and 
Afine transformation have been calculated for entire area of Kosova, which are shown in next table 3.  
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Table 3. Transformation parameters between old and new CRS in Kosova 

 

 

 

 

 

 

Figure 5. Map used for the planning of measurement campaign with provisional triangles 

Kosovo Positioning System (KOPOS)  

From November 2012, position defining of spatial entities in the state CRS “KOSOVAREF01” within the area of the 
Republic of Kosova is available via Kosovo Positioning System (KOPOS), as GNSS (Global Navigation Satellite 
System) network of 8 (eight) virtual referent stations (figure 6 and table 4). It can collect data from GPS, GLONASS 
and GALILEO satellite systems, in order to enable to user’s calculation of the position/coordinates of spatial entities by 
offering services such as DGNSS, RTK and RINEX. Designing, establishment and maintenance of KOPOS is under the 
responsibilities of KCA, in according to Law on Cadastre of the Republic of Kosova (7).  

Table 4. List of KOPOS stations and their geographical coordinates and ellipsoidal heights (7) 

    

CODE  LATITUDE  LONGITUDE  ELL. H.  
DRAG  42° 03' 43.85977"  20° 39' 16.32320"  1094.351  
KAME  42° 34' 52.73833"  21° 34' 42.92311"  662.296  
MITR  42° 53' 19.55551"  20° 51' 57.04548"  566.531  
PEJA  42° 39' 41.30482"  20° 17' 18.50231"  581.464  
KCAP  42° 38' 46.64737"  21° 10' 06.01842"  581.464  
PRIS  42° 40' 12.72243"  21° 11' 30.61312"  709.004  
RAHO  42° 23' 50.58087"  20° 39' 26.29440"  475.610  
SHTI  42° 26' 3.003179"  21° 02' 18.65896"  623.998  

Figure 6. Location of referent stations of KOPOS (7) 

COORDINATE REFERENT SYSTEM (CRS) “KOSOVAREF01” 

As part of former Yugoslavia, from 30’s of last century the coordinate system established based on ellipsoid Bessel1841 
and Gauss-Krüger projection with Central Meridian 21°, Scale factor at the central meridian 0.9999, False easting 
7500000m, and False northing: 0m, locally known as FRYREF30 and internationally as MGI/Balkan zones 7 (EPSG 
3906), was in official use until year 2001 (Idrizi etAll 2018).  

In order to establish mathematical model as precondition for supporting the coordinate system of new geodetic network 
of 1st order Kosovaref01, the state coordinate referent system (CRS) of the Republic of Kosova (KOSOVAREF01) was 
defined on year 2001, based on ETRS89 datum and Gauss-Krüger projection with -1dm/km distortion (scale factor 
0.9999) along the central meridian (21°E), equator as origin of latitude, Greenwich as origin of longitudes, as well 
7500000m false easting and 0m false northing values (Idrizi etAll 2009). CRS “KOSOVAREF01” is the legal and 
technical base for all official geodetic, topographic, cartographic and cadastral data in Kosova (7).  

The differences between the new and former CRS’s are in utilized datum and ellipsoid, which can be seen in table 5, 
where it is recognizable that in the process of defining of parameters of new CRS “Kosovaref01”, in a period from 1999 
to 2001, referent map projection followed by all its parameters has been obtained from older coordinate system 
“FryRef30”, probably without any sustainable scientific analyses (Idrizi etAll 2009), which resulted with projecting of 

Helmert transformation (7) 
DX 628.54052 m λ -13.79189” 
DY 192.25380 m β -.81467” 
DZ 498.43507 m γ 41.21533” 
Scale -17.40368 ppm  

Affine transformation (Bajrami 2012) 
a 0.99998270 c 6999435.08 
b 0.00002853 d 603.036046 
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entire area of the Republic of Kosova with negative distortions (Idrizi etAll 2012). The range of map distortions is from 
-10cm/km along the central meridian up to -2.1cm/km at the western point (figure 7) and mean distortion is -8.7cm/km 
(Bajrami 2008), while horizontal lengths of 1km from topography surface are reducing their lengths (figure 8) with 
average value of -22.13cm/km, and range from -50.25 to -12.86cm/km (Idrizi etAll 2018). In next table 5 are shown 
parameters of both CRS’s which have been in official use from 1924.  

a)                      b)    

Figure 7. Map distortions in KOSOVAREF01 (Bajrami 2008)       Figure 8. Length differences between topography and 
      map projection in KOSOVAREF01 (Idrizi etAll 2018) 

Table 5. Coordinate systems of the Republic of Kosova from year 1924 up to day (Idrizi etAll 2009) 

Name:  FryRef 30  KOSOVAREF01  
Year of adopting:  1924  2001  
Period of utilization:  1924-2001  2001-ongoing  
Datum:  Harmannskögel  ETRS89  
Ellipsoid:  Bessel 1841  GRS 80  
Map projection  Gauss–Krüger  Gauss–Krüger  
Projecting zone:  7th  7th  
Width of the zone:  3°  3° 
Prime meridian:  Greenwich  Greenwich  
Central meridian:  21°  21°  
Origin of latitude:  Equator  Equator  
False easting:  7.500.000m  7.500.000m  
False northing:  0m  0m  
Scale factor:  0.9999  0.9999  
Length units:  Meter  Meter  

 

INTERNATIONAL “EPS” CODING OF CRS “KOSOVAREF01” 

EPSG Geodetic Parameter Dataset, also EPSG registry, is a public registry of spatial reference systems, Earth 
ellipsoids, coordinate transformations and related units of measurement. Each entity is assigned an EPSG code between 
1024-32767, along with a standard machine-readable well-known text (WKT) representation. The dataset is actively 
maintained by the IOGP Geomatics Committee. Most geographic information systems (GIS) and GIS libraries use 
EPSG codes as Spatial Reference System Identifiers (SRIDs) and EPSG definition data for identifying projections and 
performing transformations between these systems, while some also support SRIDs issued by other organizations such 
as Esri (9).  

The dataset was originally created by European Petroleum Survey Group (EPSG) in 1985 and was made public in 1993. 
In 2005, the EPSG organization was merged into International Association of Oil & Gas Producers (IOGP), and became 
the Geomatics Committee. However, the name of the EPSG registry was kept to avoid confusion. Since then, the 
acronym "EPSG" has become increasingly synonymous with the dataset or registry itself. Beginning with Version 5.3 
and Version 6.1 on February 2002, all versions of the Database are remaining publicly available and downloadable in 
MS Access 2000 (Access 97 for v6.18 and earlier) format, while SQL scripts are available from version 6.4. (3).  
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The state CRS of Kosova “KOSOVAREF01” was officially recognized and registered in EPSG database with its own 
codes on 17th of July 2019, based on the change request EPSG:2019.042 submitted on 27th of May 2019, which resulted 
with international EPSG coding of KOSOVAREF01 as national CRS of the Republic of Kosova, and by removing 
Kosovo territory from Serbian international EPSG codes SREF98, SRB_ETRS89 and SRB_VRS12 (figure 9).  

  

 

Figure 9. Change request EPSG:2019.042 for including KOSOVAREF01 in EPSG dataset (2) 

KOSOVAREF01 is published and available by version “EPSG v9.7”, published on July 2019 and free downloadable in 
Access, MySQL, Oracle, and PostgreSQL formats via web page http://www.epsg.org/EPSGDataset/Archives.aspx. It 
consist of seven EPSG codes for the coordinate system (9138  for geocentric, 9139 for geographic 3d, 9140 for 
geographic 2d, 9141 for projectedCRS, 9142 for coordinate transformation from MGI 1901 to Kosovaref01, 9143 for 
coordinate transformation from MGI 1901 to WGS84, 9144 for coordinate transformation from Kosovaref01 to 
WGS84), one (1251) for datum, and one (4542) for the area. In bellow table 6 are given all EPSG codes that belongs to 
KOSOVAREF01, followed by WKT (well-known text) coding.  

Table 6. International EPSG codes of the state CRS “KOSOVAREF01” of the Republic of Kosova 

CODE Type  WKT (Well-Know Text)  
EPSG 9138 Geocentric GEODCRS["KOSOVAREF01", 

  DATUM["Kosovo Reference System 2001", 
    ELLIPSOID["GRS 1980",6378137,298.257222101,LENGTHUNIT["metre",1.0]]], 
  CS[cartesian,3], 
    AXIS["(X)",geocentricX,ORDER[1]], 
    AXIS["(Y)",geocentricY,ORDER[2]], 
    AXIS["(Z)",geocentricZ,ORDER[3]], 
    LENGTHUNIT["metre",1.0], 
  ID["EPSG",9138]] 

EPSG 9139 Geographic 3d GEODCRS["KOSOVAREF01", 
  DATUM["Kosovo Reference System 2001", 
    ELLIPSOID["GRS 1980",6378137,298.257222101,LENGTHUNIT["metre",1.0]]], 
  CS[ellipsoidal,3], 
    AXIS["latitude",north,ORDER[1],ANGLEUNIT["degree",0.01745329252]], 
    AXIS["longitude",east,ORDER[2],ANGLEUNIT["degree",0.01745329252]], 
    AXIS["ellipsoidal height",up,ORDER[3],LENGTHUNIT["metre",1.0]], 
  ID["EPSG",9139]] 

EPSG 9140 Geographic 2d GEODCRS["KOSOVAREF01", 
  DATUM["Kosovo Reference System 2001", 
    ELLIPSOID["GRS 1980",6378137,298.257222101,LENGTHUNIT["metre",1.0]]], 
  CS[ellipsoidal,2], 
    AXIS["latitude",north,ORDER[1]], 
    AXIS["longitude",east,ORDER[2]], 
    ANGLEUNIT["degree",0.01745329252], 
  ID["EPSG",9140]] 

EPSG 9141 Projected CRS PROJCRS["KOSOVAREF01 / Balkans zone 7", 
  BASEGEODCRS["KOSOVAREF01", 
    DATUM["Kosovo Reference System 2001", 
      ELLIPSOID["GRS 1980",6378137,298.257222101,LENGTHUNIT["metre",1.0]]]], 
  CONVERSION["Balkans zone 7", 
    METHOD["Transverse Mercator",ID["EPSG",9807]], 
    PARAMETER["Latitude of natural origin",0,ANGLEUNIT["degree",0.01745329252]], 
    PARAMETER["Longitude of natural origin",21,ANGLEUNIT["degree",0.01745329252]], 
    PARAMETER["Scale factor at natural origin",0.9999,SCALEUNIT["unity",1.0]], 
    PARAMETER["False easting",7500000,LENGTHUNIT["metre",1.0]], 

Proceedings Vol. 1, 8th International Conference on Cartography and GIS, 2020, Nessebar, Bulgaria 
ISSN: 1314-0604, Eds: Bandrova T., Konečný M., Marinova S.

457



    PARAMETER["False northing",0,LENGTHUNIT["metre",1.0]]], 
  CS[cartesian,2], 
    AXIS["easting (E)",east,ORDER[1]], 
    AXIS["northing (N)",north,ORDER[2]], 
    LENGTHUNIT["metre",1.0], 
  ID["EPSG",9141]] 

EPSG 9142 Coordinate 
transformation from 
MGI 1901 to 
Kosovaref01 

COORDINATEOPERATION["MGI 1901 to KOSOVAREF01 (1)", 
  SOURCECRS[ 
    GEODCRS["MGI 1901", 
      DATUM["MGI 1901", 
        ELLIPSOID["Bessel 1841",6377397.155,299.1528128,LENGTHUNIT["metre",1.0]]], 
      CS[ellipsoidal,2], 
        AXIS["latitude",north,ORDER[1]], 
        AXIS["longitude",east,ORDER[2]], 
        ANGLEUNIT["degree",0.01745329252], 
      ID["EPSG",3906]]], 
  TARGETCRS[ 
    GEODCRS["KOSOVAREF01", 
      DATUM["Kosovo Reference System 2001", 
        ELLIPSOID["GRS 1980",6378137,298.257222101,LENGTHUNIT["metre",1.0]]], 
      CS[ellipsoidal,2], 
        AXIS["latitude",north,ORDER[1]], 
        AXIS["longitude",east,ORDER[2]], 
        ANGLEUNIT["degree",0.01745329252], 
      ID["EPSG",9140]]], 
  METHOD["Position Vector transformation (geog2D domain)",ID["EPSG",9606]], 
  PARAMETER["X-axis translation",628.54052,LENGTHUNIT["metre",1.0]], 
  PARAMETER["Y-axis translation",192.25380,LENGTHUNIT["metre",1.0]], 
  PARAMETER["Z-axis translation",498.43507,LENGTHUNIT["metre",1.0]], 
  PARAMETER["X-axis rotation",-13.79189,ANGLEUNIT["arc-second",0.000004848137]], 
  PARAMETER["Y-axis rotation",-0.81467,ANGLEUNIT["arc-second",0.000004848137]], 
  PARAMETER["Z-axis rotation",41.21533,ANGLEUNIT["arc-second",0.000004848137]], 
  PARAMETER["Scale difference",-17.40368,SCALEUNIT["parts per million",0.000001]], 
  ID["EPSG",9142]] 

EPSG 9143 Coordinate 
transformation from 
MGI 1901 to 
WGS84  

COORDINATEOPERATION["MGI 1901 to WGS 84 (14)", 
  SOURCECRS[ 
    GEODCRS["MGI 1901", 
      DATUM["MGI 1901", 
        ELLIPSOID["Bessel 1841",6377397.155,299.1528128,LENGTHUNIT["metre",1.0]]], 
      CS[ellipsoidal,2], 
        AXIS["latitude",north,ORDER[1]], 
        AXIS["longitude",east,ORDER[2]], 
        ANGLEUNIT["degree",0.01745329252], 
      ID["EPSG",3906]]], 
  TARGETCRS[ 
    GEODCRS["WGS 84", 
      DATUM["World Geodetic System 1984", 
        ELLIPSOID["WGS 84",6378137,298.257223563,LENGTHUNIT["metre",1.0]]], 
      CS[ellipsoidal,2], 
        AXIS["latitude",north,ORDER[1]], 
        AXIS["longitude",east,ORDER[2]], 
        ANGLEUNIT["degree",0.01745329252], 
      ID["EPSG",4326]]], 
  METHOD["Position Vector transformation (geog2D domain)",ID["EPSG",9606]], 
  PARAMETER["X-axis translation",628.54052,LENGTHUNIT["metre",1.0]], 
  PARAMETER["Y-axis translation",192.25380,LENGTHUNIT["metre",1.0]], 
  PARAMETER["Z-axis translation",498.43507,LENGTHUNIT["metre",1.0]], 
  PARAMETER["X-axis rotation",-13.79189,ANGLEUNIT["arc-second",0.000004848137]], 
  PARAMETER["Y-axis rotation",-0.81467,ANGLEUNIT["arc-second",0.000004848137]], 
  PARAMETER["Z-axis rotation",41.21533,ANGLEUNIT["arc-second",0.000004848137]], 
  PARAMETER["Scale difference",-17.40368,SCALEUNIT["parts per million",0.000001]], 
  ID["EPSG",9143]] 
 

EPSG 9144 Coordinate 
transformation from 
Kosovaref01 to 
WGS84 

COORDINATEOPERATION["KOSOVAREF01 to WGS 84 (1)", 
  SOURCECRS[ 
    GEODCRS["KOSOVAREF01", 
      DATUM["Kosovo Reference System 2001", 
        ELLIPSOID["GRS 1980",6378137,298.257222101,LENGTHUNIT["metre",1.0]]], 
      CS[ellipsoidal,2], 
        AXIS["latitude",north,ORDER[1]], 
        AXIS["longitude",east,ORDER[2]], 
        ANGLEUNIT["degree",0.01745329252], 
      ID["EPSG",9140]]], 
  TARGETCRS[ 
    GEODCRS["WGS 84", 
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      DATUM["World Geodetic System 1984", 
        ELLIPSOID["WGS 84",6378137,298.257223563,LENGTHUNIT["metre",1.0]]], 
      CS[ellipsoidal,2], 
        AXIS["latitude",north,ORDER[1]], 
        AXIS["longitude",east,ORDER[2]], 
        ANGLEUNIT["degree",0.01745329252], 
      ID["EPSG",4326]]], 
  METHOD["Geocentric translations (geog2D domain)",ID["EPSG",9603]], 
  PARAMETER["X-axis translation",0,LENGTHUNIT["metre",1.0]], 
  PARAMETER["Y-axis translation",0,LENGTHUNIT["metre",1.0]], 
  PARAMETER["Z-axis translation",0,LENGTHUNIT["metre",1.0]], 
  ID["EPSG",9144]] 

EPSG 1251 Geodetic datum NO WKT available.  
GML is available.  

EPSG 4542 Area  NO WKT available.  
GML, polygon, area+polygon and map view are available.  

EPSG 
2019.042 

Add Kosovo data NO WKT available.  
Description: Change of area code, removes Kosovo from SREF98, SRB_ETRS89 and 
SRB_VRS12 systems.  
Entity Types: Area; Datum; Coordinate Reference System; Coordinate Operation  
Added areas 4542-43, datum 1251, CRSs 9138-41 and transformations 9142-44. For areas 1298, 
1321, 1711, 2066, 2370, 2830 and 2881, added Kosovo to description. For area 3534 changed 
name and description. For datums 1034, 1214 and 1216, CRSs 4073-75, 8682-85 and 8691 and 
transformations 4076-77, 7676 and 8893-94, changed area code from 3534 to 4543. For 
transformation 7675, added alias and changed area code from 3534 to 4543.  
Report Date: 2019-05-27 
Closed Date: 2019-07-17  

 

CONCLUSIONS    

As  part  of  former  Yugoslavia,  from  30’s  of the last century, the coordinate reference system was established based 
on the earth referent ellipsoid Bessel1841 and Gauss-Krüger projection with Central Meridian 21°, scale factor at the 
central meridian 0.9999, false easting 7500000m, and  false  northing:  0m, locally known  as  FRYREF30  and 
internationally recognized as  MGI/Balkan zones 7 (EPSG 3906), was in official use until year 2001.   

The  state  coordinate  reference system (CRS)  of  the  Republic  of  Kosova  (KOSOVAREF01) as independent 
country  was  defined  on year  2001,  based  on  ETRS89  datum  and  Gauss-Krüger  projection  with -1dm/km  
distortion (scale  factor  0.9999)  along  the  central  meridian  (21°E),  equator  as  origin  of  latitude, Greenwich  as  
origin  of  longitudes,  as  well  7500000m  false  easting  and  0m  false  northing. This coordinate system is the legal 
and technical base for  all  official  spatial data in Kosova.  

Even though it was established on year 2001, until July 2019 it was not internationaly coded as state CRS, in order to be 
used as standardized CRS for the Republic of Kosova. Upon the initiative to register it as official state CRS in EPSG 
database (http://www.epsg-registry.org/), change request with code “EPSG::2019.042” was accepted by the EPSG 
geodetic parameter registry, and Kosova’s CRS was registered with 9 (nine) EPSG codes: 9140 (geographic 2d), 9138 
(geocentric), 9139 (geographic 3d), 9141 (projectedCRS), 9144 (coordinate transformation from Kosovaref01 to 
WGS84), 9142 (coordinate transformation from MGI 1901 to Kosovaref01), 9143 (coordinate transformation from 
MGI 1901 to WGS84), 1251 (geodetic datum), and 4542 (area).  

KOSOVAREF01 CRS is published and available by version “EPSG v9.7” from July 2019 as free downloadable 
database in Access, MySQL, Oracle, and PostgreSQL formats. It is now usable in all software which are using EPSG 
database for defining CRS of spatial data. In bellow figure 10, an example of latest version of QGIS software is given 
with Kosovaref01 as available CRS for utilization by users, which changed the previous state when users had to create 
Kosovaref01 as custom coordinate reference system definition.  

Including KOSOVAREF01 as state CRS of the Republic of Kosova, affected to Serbian international EPSG codes 
SREF98, SRB_ETRS89 and SRB_VRS12 by removing Kosovo territory from them, as well to EPSG codes 1298, 
1321, 1711, 2066, 2370, 2830, 2881, 3534, 1034, 1214, 1216, 4073, 8682, 8691, 4076, 7675, and 8893, recognizable in 
figure 9 (2), which in past period contained the area of Kosovo because of historical development of CRS’s and 
geodetic networks in this area in the last century.  
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Figure 10. Example of QGIS software with 4 EPSG codes of KOSOVAREF01 (10) 

International coding of KOSOVAREF01 by EPSG with separate codes for geographic 2d, geocentric, geographic 3d, 
and projected coordinate systems, geodetic datum, as well CRS’s for coordinate transformation from Kosovaref01 to 
wgs84, coordinate transformation from mgi 1901 to Kosovaref01, and coordinate transformation from MGI 1901 to 
WGS84, gives an opportunity for standardized usage as CRS by institutions, organizations, researchers, business sector, 
academia, NGO and educational institutions, which will contribute to the wider standardized and easier usage of spatial 
data based on the geodetic network Kosovaref01 and KOPOS network developed in the Republic of Kosova, as well as 
mathematical base for spatial relation with spatial data developed in other CRS’s for the territory of Kosova or 
neighboring areas. It will support the usage of state CRS within geodetic equipment for field measurements and post 
processing calculations software, as well for integrating georeferenced spatial data to other (non-geodetic) equipment 
for field data collection.  
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