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SUMMARY

The practice in a field of geospatial data in Kagasalculation of areas makes automatically
by using computer software directly in flat surfdo®ap projection). This method is also used
in cases of large areas calculations, as the atate bypassing the distortions came from the
process of map projecting. Based on this methogolbg value of the territory of the
Republic of Kosova in the state coordinates systesovarefO1 is 10905k

The methodology used for calculating in our redeaestimates based on the reference
ellipsoid GRS80. The calculation is performed bplging three methods, the first of which

Is characterized as the most accurate, while theretwere used as control methods for
comparing with the first one.

Calculations were performed based on the Kosovddbdine, produced by the Kosova
Cadastral Agency as National Mapping Organizatioikasova, and published under the
Global Map (www.iscgm.org).

In the beginning of research, some analyzes weferpged on the test and calculation model
to be used in our research. Analysis to deternfiaertodel test was carried out by creating
three trapezoid networks, from which the trapezmtivork with ribsA$¢=2'30" andAA=3'30"
was accepted as a test model for calculating dte atea of Kosova.

As the first method of calculating was used the iegd calculating of the area on full
ellipsoid trapezoids, while incomplete trapezoidas along the border were initially
estimated in the state coordinate system and tasedbon the centroids they were reduced to
referent ellipsoid. The state area of Kosova catead with first method was
10907.101996kf

The second method was realized by using of Arc@fvare, where were calculated
automatically the area of trapezoids and thosegatloa state border, as well as the
coordinates of their centroids. Then with the mathgcal formulas, all areas were reduced in
ellipsoid GRS80. Under the second method, the vaflilee state area of Kosova was
10907.077975kf

The third method was carried out as the secondwitte the only difference that the division
of Kosova's territory was under the interval 1lcmidmsograms. The state area calculated
with third method was 10907.088855km

Based on three applied methods, it can be concltidgdhe value of area of the territory of
the Republic of Kosova in GRS80 ellipsoid is 10907ki.e. 2knt bigger than the area
calculated at the flat surface of the state mapeption.
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PERMBLEDHJE

Praktika Kosovare né fushén e té dhénave gjeohapésilogaritjen e sipérfageve e bén né ményré
automatike duke pérdorur softuerat kompjuterikpegsivisht duke llogaritur sipérfaget né rrafshin e
projeksionit hartografik. Kjo metodé pérdoret ediéerastet e llogaritjeve té sipérfageve té médha, s
sipérfagja e téré shtetit, duke i anashkaluar stifoet té cilat viné si rezultat i projektimit té
sipérfages prej elipsoidit né rrafshin e projekgibartografik, pikérisht né sistemin e koordinaav
shtetérore. Né bazé té késaj metodologjie, vleesrgorit té Republikés sé Kosovés e llogaritur me
softuerat kompjuterik né sistemin e koordinatavtetsiore Kosovaref01 éshté 10905km
Metodologjia e pérdorur né hulumtimin toné bazatéetlogaritjen e sipérfages shtetérore né
elipsoidin referent shtetéror, respektivisht ngssidin GRS80. Llogaritja &shté realizuar duke
aplikuar tre metoda, prej té cilave e para karédaeet si mé e sakta, ndérsa dy té tjerat shérlpgné
kontrolle té llogaritjes sé metodés sé paré.

Llogaritjet u realizuan mbi kufirin e Kosovés tégtikuar né kuadér t& HGB-sé, e punuar nga
Agjencia Kadastrale e Kosovés si institucion sheetBartografik i Kosovés dhe publikuar né ueb
fagen www.iscgm.org.

Né fillim, u realizuan disa analiza mbi pércaktineimest modelit gé do té pérdorej pér llogaritjet e
sipérfages. Analiza pér pércaktimin e test modetealizua duke krijuar tre rrjete trapezash, pFej
ciléve rrjeti i trapezave me brinfgp=2'30" dheAA=3'30" u pranua si test model mbi té cilin do té
béhet llogaritja e sipérfages sé Kosovés.

Metoda e paré nénkuptonte llogaritjen empirikertgtgérdrejté té sipérfages me ndihmén e formulave
pér llogaritien e sipérfages sé trapezit né elghsuilérsa sipérfaget e paplota pérgjaté kufiriténor
fillimisht u llogaritén né rrafsh dhe pastaj né &&& pikés gendrore té sipérfages ata u redukign p
rrafshit té projeksionit né sipérfagen e elipsoiBituma e té gjitha sipérfageve té llogaritura dha
vlerén pérfundimtare té sipérfages sé Kosovésii@)7.101996kmm

Metoda e dyté u realizua me ndihmén e softueriGAE; né té cilin u llogaritén automatikisht
sipérfaget e trapezave dhe sipérfageve pérgjatétkaé rrafshin e projeksionit hartografik, si dhe
koordinatat e pikave gendrore té tyre (centroidegé)pastaj me ndihmén e formulave adekuate té
béhet reduktimi i tyre né elipsoidin referent GRSBipas metodés sé dyté, vlera e sipérfages ishte p
ashtu 10907.077975Km

Metoda e treté u realizua né ményré identike shatdén e dyté, me té vetmin dallim gé ndarja e
territorit t& Kosovés u bé né bazeé té izokoleveskgdistancé 1cm/km. Sipas késaj metode, vlera e
sipérfages té Kosovés ishte po ashtu 10907.088855km

Né bazé té tre metodave té aplikuara, mund té kdoklet se sipérfagja pérfundimtare e territorit té
Republikés sé& Kosovés né elispoidin GRS80 ésht@7kb§, pér 2kri mé e madhe se ajo né rrafshin
e projeksionit hartografik shtetéror.
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CALCULATION OF THE NATIONAL AREA OF THE REPUBLIC OF
KOSOVA

Bashkim IDRIZI, Macedonia (FYRoM)
Murat MEHA and Fisnik ISMAILI, Kosova
Pal NIKOLLI, Albania

1. INTRODUCTION

Calculation of the national area of territory o tRepublic of Kosova became as a result

of different values for its surface that we enceuad in Kosovo literature,

and various web site pages. Not recognizing the

accounting methodologies of existing values, inregearch are not

analyzed existing values, but values are quotectdied their source.

Nowadays when we have technology that enablesredtion of random errors and errors
coming from human factor, is a sin that values witfh national interest not to be unique.

In the Republic of Kosova, calculation of areascpeals automatically by using computer
software directly in flat surface (map projectionhis method is also utilized in cases of large
area calculations, as the state area, bypassirdjsteetions which come from the process of
map projecting. Based on this methodology, theevalithe territory of the Republic of
Kosova in the state coordinates system Kosovarief@0905km.

Because the entire territory of Kosovo lies wittlie area of a secant cylinder,

all deformation values throughout Kosovo are withus values, which means that

the Kosovo area decreases during its projecting gbipsoid in to map projection, which
means that real area of Kosovo in referent ellgpgogreater than calculated area in the flat
surface of state map projection.

Research for calculation of the national area efRepublic of Kosova has been realized
within the diploma thesis of Fisnik Ismaili undeating of prof.dr. Bashkim Idrizi, at the
Faculty of Civil Engineering and Architecture oetliniversity

of Prishtina. Calculations were performed basetherofficial Kosovo border,

published from the Kosova Cadastral Agency as natimapping agency of Kosova, which

is available and free downloadable at the ISCGMgb wage www.iscgm.org.

The calculation of the national area in referelpsbid, i.e. in ellipsoid GRS80, was used as
the methodology for calculation of national arele Talculation is performed by

three methods, of which the first is characteriasdhe most accurate, while the other

two methods were used as control methods. As tsienfiethod of calculating was used the
empirical calculating of the area on full ellipsardpezoids, while incomplete trapezoid areas
along the border were initially estimated in thetstcoordinate system and then based on the
centroids they were reduced to referent ellipsbite second method was realized by using of
ArcGIS software, where were calculated automatjdhke area of trapezoids and those along
the state border in map projection, and then viiéhrhathematical formulas to be reduced in
ellipsoid GRS80. The third method was carried auth@ second one, with the only difference
that the division of Kosova's territory was unde interval 1cm/km of isograms.
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2. CALCULATION METHODOLOGY AND TEST MODEL
2.1 Mathematical model for calculation of national area

Calculations of national areas have to be doneetiyaing the flat surface of state map
projection in to national reference ellipsoid. Maurpose of this calculation methodology is
getting the homogenous values of national areaalffeountries entire world. Otherwise, the
sum of all countries and regions will not correspavith the total area of reference ellipsoid.
Because there is no any mathematical model foctdoaculation of all national area in to
ellipsoid based on geographical coordinates of éxdide, calculation has to be combined
with two calculation steps. First step is diredtatation of full trapezoid areas in ellipsoid,
and the second step contains two sub steps: éilstlation of incomplete trapezoids inside
the state border line in map projection, and tlweretduce them in to reference ellipsoid
surface.

Final national area arises as sum of all calculatguezoids and reduced incomplete
trapezoids (figure 1.).

Fig. 1. Scheme of calculation methodology (IdriziZ®06)

2.1.1 Calculation of trapezoid areas in reference eliihso

The formula for calculation of trapezoid areas teddetween two meridians and two
parallels, bases on the differences between thgrgpbical coordinates (longitude and
latitude) between them, and the reference ellippardmeters, is (Idrizi B., 2010):
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2.1.2 Calculation of incomplete trapezoid areas in refeecellipsoid

The methodology for calculation of incomplete tragds inside the state border line follows
two separate sub-steps: first calculation of amedise flat surface of map projection, and then
reducing of calculated areas from map projectiotoireference ellipsoid.

First sub-step, calculation of areas for incomptedpezoids inside the state border line,
performs by using bellow formula (Idrizi B., 2006):

5= %E?:lxe *(¥igr + ¥ic1) .. (2)

The following second sub-step is reduction of claliad areas from flat surface of map
projection in the reference ellipsoid surface bygsext formulas (Idrizi B., 2010):

— — 2
2 4
p:l'né{l+ Y Y J

+
2R?  24R*
.. (3)
d,p =p-—-1 ... (4)
S=S-Sd, ...(5)

2.2 Source data

Because the type of our research touch directte sti@a, the state border line as source data
has to be obtained from the official national magpauthority. In a case of the Republic of
Kosova, the Kosova Cadastral Agency as respongddernmental institution has already
published the state border line within the Kosovalsbal Map dataset, which is free
downloadable from the ISCGM’s web page www.iscgip@eptember, 2011). This border
line has been used for performing all calculatiathin the research.

2.3 Creating model for calculation of national area ofKosova

At the beginning, some test models were creatgubesntial models to be used for calculation
process. Analyses to determine the final model wesibzed by creating three trapeze
networks which covered whole area of Kosovo, witls 1km, 5km and 10km. For all
options, reduction values were calculated, fromclvlais more estimated the trapezoid net
with ribs A¢=2'30" andAA=3'30" has been selected as final model for caliculglsmaili F.,
2011). All divided territory in ribs with mentionetimensions can be seen in next figure 1.
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Fig. 1. a) Dividing of territory of Kosova in trapeids with1$=2'30" and41=3'30" (Ismaili F., 2011)
b) full trapezoids inside state border; and mjomplete trapezoids inside the state border line

3. CALCULATION OF NATIONAL AREA

Prerequisite for calculation the national area of#va is defining the state coordinate system
parameters, in which the source data (border Was) developed. The parameters of the state
coordinate system of Kosova, known as Kosovaref@gaven in the next table (Idrizi B., et

all 2009).

Table 1; Parameters of KosovarefO1

Datum ETRS89

Ellipsoid GRS80

Map projection Gaus-Kryger

Prime meridian Greenwich

Central meridian 21°E

Scale factor 0.9999

False easting 7500000m

Prime parallel Equator

False northing Om

Origin of heights Trieste — Molo Sartorio

Based on upper given details of state coordinateszof Kosova, it is so clear that the
national area will be calculated in to ellipsoid &® (Moritz H, 1992).

In continuation of this paper, three explained radghin previous chapter will be used for the
area of the Republic of Kosova.
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3.1 Trapezoids and area of incomplete trapezoids insidihe state border line

3.1.1 Empirical calculation

Calculation of the area with this method repres#dmanost reliable mathematical model with
the higher accuracy in comparing with the otherss Thethod implied direct empirical
calculation of area of trapezoids in the surfacellgbsoid, while incomplete trapezoids inside
the state border line initially have to be estirdateflat surface of map projection and then to
be reduced in to the referent ellipsoid surfacenftbas which should be used within this
method were given in point 2.1 second chapter.

Based on established model for calculation in sequamt of chapter two, for 416 complete
trapezoids in 32 separate rows were calculated avith formula 1. It is important to

mention that trapezoids along the same row have sahe of areas. Total area of 416
trapezoids is 9220.057636km

Second set of data, which contains 156 areas ofmptete trapezoids inside the state border
line were calculated by combination of software antpirical method by using formulas 3-5.
Firstly, by using software, areas of incompletegh&zoids in flat surface of map projection
were obtained automatically, as well the coordisatietheir centroid points were exported as
a list of orthogonal coordinates followed by théueaof area. Then, by using formulas 3-5, all
156 areas were reduced from flat area into theasardf ellipsoid GRS80. Total value of all
reduced 156 areas in ellipsoid is 1687.044360km

Final national area of Kosova based on first meisdtsmaili F., 2011):

St = S+Sny = 9220.057636 + 1687.044360 = 10 907.101996km

3.1.2 Semiautomatic calculation by using ArcGIS

The second method was implemented in a similaragathe second step of the first method.
With aim to have values for comparing with the tesaf first method, another random
network with trapezoids has been created. Trapezergions were preserved to be identical
as those in first method$=2'30" andAA=3'30"), with the only difference that the origih o
the trapeze network was changed. As a result afgihg of origin point, in total 574
polygons were created, two more then the numb&apézoids in first method.

In this case, for all 574 polygons, initially tHatfareas and orthogonal coordinates of their
centroids were obtained from the map projectiotpmatically by using ArcGIS software.
Then, all polygons areas were reduced by usingenadltical model determined in second
chapter with formulas 3-5 and exported values fARGIS.

Because of combination between the software andrieacalculation methods, the second
method was entitled as semiautomatic calculationdiyg ArcGIS.

Total sum of calculated area for all 574 polygansaference ellipsoid GRS80 for the
national area of Kosova, by using second (semiaaticjrmethod was 10907.077975km
(Ismaili F., 2011).
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3.2 Dividing national area under interval of 1.cm/km ofisograms

The third method was used mainly for rough contfddoth upper calculated values with the
previous methods. Calculation methodology was idahés the second one, with the only
difference that the division of the territory of &mva in this case was based on isograms with
interval 1.cm/km. As a result of division of therttary of Kosova based on isograms, in total
26 polygons were formed, with large differencethigir area values, from 0.017kio

3665knf. Big differences between the polygon areas diyaaffect the accuracy of the
calculated values.

% Vija kufitare dhe trapezat jo té ploté rreth saj E
MIEZRE 8gm T 8tm E
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Fig. 2. Dividing of territory of Kosova under inteal 1cm/km of isograms (Ismaili F., 2011)

Same as in the second method, for all 26 polygait&glly the flat areas and orthogonal
coordinates of their centroids were obtained framrhap projection, automatically by using
ArcGIS software. Then, all polygons areas were cediby using mathematical model
determined in second chapter with formulas 3-5expbrted values from ArcGIS.

As result of this method, which because of inhomegels areas treats as a control method,
the total sum of calculated area for all 26 polygonreference ellipsoid GRS80 for the
national area of Kosova was 10907.088855Ksmaili F., 2011).

4. CONCLUSIONS

Based on three applied methods, it can be concliidgdhe value of national area of the
territory of the Republic of Kosova in GRS80 elbjibis 10907k, for 2knt larger than the
area calculated at the flat surface of the state pnajection (Ismaili F., 2011).

State map projection of Kosovo has non-proportiaissttibution of distortions across its
territory. All distortions have negative prefix, iwsh means that the territory of Kosova
reduces its dimensions in all territory during necess of projecting from ellipsoid into flat
surface of map projection. This comes as a resuitilization the scale factor (0.9999) which
doesn’t match the characteristics and dimensiotiseoKosova territory.

Because of reduction of the national area of Koghwing the projecting process, its national
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area is smaller in surface of map projection comgavith the area in referent ellipsoid. In
our research, it was recognized that the differdretereen two areasi@kn?, i.e. 0.18%o.
Despite the fact that the basis of on which catcus were performed are prepared by the
official mapping authority of Kosova, the calculd@rea 10907kfin paper cannot be taken
as final for Kosova, because Kosova has not yatége process of demarcation of its
border with neighboring countries, except Macedonia
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