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IF'EOI'PA®OCKHU UH®OPMALIMOHU
CUCTEMMU O BOOJAMA CPBUJE
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Caxerak: Y CpOuju nocroje pasujeHu reorpadcko unpopmarnponn cucremu (I'MC) cepBucu u MHpOpMaNMOHU
CHCTEMHU O BOjIaMa KOjH Cy Y BJIACHHIITBY pa3lIMuUTHX JApKaBHUX cyOjexkara. OBu mHpopmaimonn cucremu u [MC
cepBUCH (PyHKIIMOHHIIY O/IBOjEHO jelaH O]l IpyTor, Te CE TAaKBO CTame Mopa npeBa3uhi jep He IONMPUHOCH KBaJIUTETHOM
MOHUTOPHMHI'Y BOJHHX pecypca Ha HauuoHaimHoMm HuBOY. Murterpanmja paszmmuntux ['MC cepBuca u xuaporpadckux
nHpopmanmonnx cucrema Cpbuje y jemMHCTBEH MH(POPMAIMOHU CHCTEM 3a MoTpebe MOHUTOpPHHIa Boja Hamehe ce
Kao MMIIEPATHB y JIAaHAIIBUM CJIOKEHUM KIMMATOJIONIKMM U KOJIOIIKMM YCIOBHMA Y Ap)KaBu. Y pajay ce Jaje mperiesn
no cana passujenux ['MC cepBuca n MHQOPMAIMOHMX CHCTEMa O BOAaMa M M3HOCH NPEIUIOr OPraHM3alfjCKuX U
TEXHOJIOLIKHMX peliea HHTErpaltje THX cepBruca U MH(POPMAIIMOHUX CHCTEMa Y jeTMHCTBEH MH(OPMAIIMOHN CHCTEM 32
noTpede ynpasibamka BOAHUM pecypcuMa Ha mpoctopy Cpouje.

Kibyune peun: CpOuja, ynpasbame Bojgama, MOHUTOPHHT Boja, [ MIC, BogHM MHQOpPMALMOHN CHUCTEM, MHTErpalyja
MHPOPMAIMOHUX CUCTEMA.
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YBOA

Y Cp6wuju niocroje pazsujenu ' MIC cepBucu
u UH(OOPMAIIMOHH CHCTEMH O BoOAaMma KOjH
CY y BIACHUIITBY Pa3JIMYUTUX WHCTUTYLH]A.
Tu undpopmanmonn cucrtemu u ['MC cepBucu
(YHKIIMOHHMIITY O/IBOjEHO jefaH of apyror. TakBo
CTamke Mopa ce MpeBa3uhu jep He TOMPUHOCU
KBaJIUTETHOM YIIPaBJbalby BOJAHUM pecypcruma Ha
HAIIMOHATTHOM HHBOY.

Wuterpanuja pazmuuntux ['MC cepBuca u
xuaporpapckux MHPOPMAIMOHUX CUCTEMA Y
JEAMHCTBEH MH(OPMAIIMOHH CUCTEM 3a MoTpede
ra3jzioBama BojamMa Hamehe ce Kao MMIIepaTHB
y JAHAIlIlbUM CJIOKEHUM KIUMATCKUM H
EKOJIOIIKMM YCIIOBHMa y Haiioj 3emsbu. Ha T1aj
HAUWH KOHIMIHMPAH CHCTEM Y CBOj OPTaHCKH
cacTaB yKJby4yHO OM MOAATKE O MOBPUIMHCKHM
¥ TIOJ3¢MHUM BoJaMa, O00jeKTe Ha Bojama H
xuaporexunuke oOjekre (Green et al., 2011;
Jakovljevi¢ et al., 2019; Wada et al., 2010). To
j€ Tpe cBera, HEOMXOAHO jep je xuapocdepa
WHTErpajaH CUCTEM, LITO TOBOPH O TOME Ja
Ha CTamke U MCHPABHOCT MOBPIIMHCKUX BOJA Y
Jp>KaBU yTHUE U CTAFbE M UCTIPABHOCT TOJI3EMHUX
Bo/a, o0jekara Ha BoJama, XUAPOTEXHHUYKHUX
u npuBpennux objekara (Bovolo et al., 2009;
Dettinger & Earman, 2007; Holman, 2006; Klove
et al., 2014).

AHAJIN3A NTHOOPMAIIMOHNX
CUCTEMA O BOZIAMA V CPBUIN

['moGaHOM aHAM30M CTamba HHPOPMAITMOHHX
cuctema o Bomama y CpOwuju, yrtBpheno
je ma mocrtoje pasBujenu ['MIC cepBucu u
MH()OPMAIIMOHU CHUCTEMHU O BoJaMma KOjH Cy Y
BJIACHUIITBY PAa3IMYUTHUX jaBHUX Mpeays3eha
U HMHCTUTYUHja. 3AKOHOM O HAYUOHATIHO]
uHgpacmpykmypu 2eonpocmopHux nooamaxa
(HUT'TI) (3akoH 0 HaIMOHAITHO] HHDPACTPYKTYpH
reonpoCTOpHUX nonaraka, 2018) mpakTudHo je
tpancnioHoBaHa INSPIRE nupexktuBa y Haiue
3aKOHOJ]aBCTBO U HHMME je NMPOMHMCAHO Jla ce
kao npeo HUI'TI ycrioctaBu Temarcku cioj (1eo
nHpOpMaLMOHOT cucteMa) Xuopepaguja. [lopen
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INTRODUCTION

In Serbia, there are developed GIS services
and water information systems owned by
different institutions. These information
systems and GIS services operate separately
from one another. This situation must be
overcome because it does not contribute to the
quality management of water resources at the
national level.

The integration of various GIS services
and hydrographic information systems into a
single water management information system
is becoming imperative in today’s complex
climate and ecological conditions in our
country. In this way, the conceptualized system
would include in its organic composition data
on surface and groundwater, on-water facilities
and hydro-technical facilities (Green et al.,
2011; Jakovljevi¢ et al., 2019; Wada et al.,
2010). This is, first of all, necessary because
the hydrosphere is an integral system, which
indicates that the state and correctness of
surface water in the country is affected by
the condition and soundness of groundwater,
water facilities, hydrotechnical and economical
facilities (Bovolo et al., 2009; Dettinger &
Earman, 2007; Holman, 2006; Klove et al.,
2014).

ANALYSIS OF WATER INFORMATION
SYSTEMS IN SERBIA

By a global analysis of the state of water
information systems in Serbia, it is established
that there are developed GIS services and water
information systems owned by various public
companies and institutions. The Law on National
Spatial Data Infrastructure (NSDI) (3akoH 0
HAIMOHAJIHO] MHPPACTPYKTYPH T€OMPOCTOPHUX
nonaraka, 2018) practically transposed the
INSPIRE directive into our legislation and
stipulates the establishment of a thematic layer
(part of the information system) Hydrography
as part of the NSDI. In addition, the Law on
Waters (3axon o Bonama, 2010) prescribed the
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tora, 3axon o sodama (3akoH o Bojgama, 2010)
je mpormucao o0aBe3y ycIOCTaBJbama U Bohema
BoxHor uH(popManmuoHOr cucTeMa y OKBHPY
MunucrapcTBa noJjbonpuBpene u PenmyOmuuxe
nupeknyje 3a Boze. Ha ocHoBy 3akona o 6ooama
(3akoH o Bomama, 2010) u Vpeobu o ymephusarsy
200ULUUX NPOSPAMA MOHUMOPUH2A CMAmMyca
600a y ATeHLIUjH 3a 3aIUTUTY KUBOTHE CPEIUHE
ycrnocTaBjbeH je HWHpopMannoHU CcHCTEM
kBanurera Boga Cpowuje.

[Topen oBUX MH(POPMAIIMOHUX CUCTEMA Y
Bojuoreorpagckom nactutyty y beorpany (BI'N1),
y OKBHUpY Tpojexta uspazie [ eonpocmopne 6aze
nooamaxa (I'BIT) xoja je cangprkajHO eKBUBAJIEHTHA
Tonorpadckoj xapru 1:25000, uspabhyjy ce
MOCEOHU TEMATCKH CojeBH Xuopoepaghuje. Ocum
XUIAPOrpad)cKor cajipikaja KOjUu je MHTETPUCAH Y
I'BIT y BI'U-y je Ha ocaoBy Kapre Bomoo6jexara
1:50000 (KBOS50) u3pahena u baza mogaraka
Bonoobjekara (BIIKBO) Pemmybmuke CpoOwuje.

HAITMOHAJIHA UHOPACTPYKTYPA
I'EOITPOCTOPHUX ITOJATAKA (HUI'TI) —
TEMATCKU CJIOJ XUIPOI'PAOUITA

PeryGmiuky reoIeTCKH 3aBO/I j€ Y IPETXOTHOM
nepuoay pazsuo WEB amnmukarjy HUT'TL koja ce
HaJIa3u Ha ropraiy: www//geostbija.rs. CTpykTypa
nojaraka Teme “Xuaporpaduja’ Ha mopTamy
nsrpahena je npema amnukannonoj UML memu
naroj y nokymenty D2.8.1.8 Data Specification
on Hydrography — Technical Guidelines (Data
content and structure) (INSPIRE Thematic
Working Group Hydrography, 2014), kao jeanom
on ocHoBHUX JokymeHara INSPIRE nupexrtuse.
AnanuzoMm Teme “Xuaporpaduja’ Moxe ce
YTBPAUTU Jla Cy MOJAIM O XHUIPOrpadCKUM
00jeKTuMa, CIIMBOBUMA U BOAOTOLIMMA ITPEY3ETH OJF
pEJIeBaHTHUX HAJICKHUX HHCTUTYIH]a. M3pahena
Jj€ ¥ aJieKBaTHa TOMOJIOTHja MPOCTOPHHUX MOAATaKa
(Ha mpuMjep, BOAOTOIM CaAAPIKE TOIOJOILIKE
JMHHje), ITo 00e30ehyje NOTIyHy aHAJIMTHKY HaJ|
MIPOCTOPHUM Tojanuma teme “Xupaporpaguja’.
Xunporpadeku nogamy y arukanuju HULTT va
nopraimy www//geosrbija.rs, JOCTYIHH Cy ITyTeM
WHTEPHETa CBUM KOPUCHHUIIMMA, KaKO IMyTeM

obligation to establish and maintain a Water
Information System within the Ministry of
Agriculture and Republic Water Directorate. On
the basis of the Law on Waters (3akon o Bogama,
2010) and the Decree on the establishment of
annual programs for monitoring the status of
water at the Environmental Protection Agency,
the Water Quality Information System of Serbia
was established.

In addition to these information systems at
the Military Geographical Institute in Belgrade
(MGI), special thematic layers of Hydrography are
created within the project of development of the
Geospatial Database (GDB) that is substantially
equivalent to the Topographic map 1: 25.000. In
addition to the hydrographic content, which is
integrated into the GDB in the MGI, on the basis
of the Water Objects Map 1:50.000 (WOMS50),
the Database of Water Objects (DBWOM) of the
Republic of Serbia was also created.

NATIONAL SPATIAL DATA
INFRASTRUCTURE (NSDI) - THEMATIC
LAYER HYDROGRAPHY

In the previous period, the Republic
Geodetic Authority developed the WEB
application NSDI, which is available on the
portal: www//geosrbija.rs. The “Hydrography”
topic data structure on the portal was built
according to the application UML scheme given
in D2.8.1.8 Data Specification on Hydrography
— Technical Guidelines (Data Content and
Structure) (INSPIRE Thematic Working
Group Hydrography, 2014), as one of the basic
documents of the INSPIRE Directive. By
analyzing the thematic layer “Hydrography”, it
can be established that data on hydrographic
objects, basins and watercourses have been
taken from the relevant competent institutions.
Adequate topology of spatial data has also
been developed (e.g. watercourses contain
topological lines), which provides complete
analysis of the spatial data of the thematic
layer “Hydrography”. Hydrographic data in
the NSDI application at www//geosrbija.rs,
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JIECKTOI aIUTUKallyja, Tako ¥ IMyTeM CaBPEMEHUX
aHJIPOU/I ATUTUKALIH]a.

[Topen OBUX MO3UTUBHUX KapaKTepUCTHKA,
Kao TJIaBHU HEJOCTaTaK MOJKE C€ HaBECTH
pe3oiyiyja TeonpoCTOPHUX IMoJaTaka TeMe
“Xunporpaduja”. Xuaporpadcku MpOCTOPHU
MoJlalld MPUKYIJbEHU CY W MpHKa3aHU MpeMa
EuroRegionalMap npoctopHOM MoJieTy roaTaKka
U TeXHMYKO] crienudukanuju. M3 Tor pasmnora
OHM Cy HHMBOa JieTaJbHOCTH (pazmepa) 1:250000
(Cn. 1). 3a notpebe KBAIUTETHOI MHTETPUCAHOT
yopaBjbakba BOJHUM pecypcuma y CpOuju
HEOIXOJHU Cy MOJalH KOju Mory omoryhutu
JieTajbHE TEOIPOCTOPHE aHAIM3E, a TO CY MOIAIH
HHMBOA JeTajbHOCTH (pa3zmepa) 1:25000, mTo
3HaYu Ja ce TeMarcku cioj “Xwuuporpadwuja”
MOpa M3TPaJUTH Yy MOTIYHOCTH JO TOT HUBOA
JIeTaJbHOCTH.

are available online to all users, both through
desktop applications and through modern
android applications.

In addition to these positive characteristics,
the main weakness is the resolution of the spatial
data of the thematic layer “Hydrography”.
Hydrographic spatial data were collected and
displayed according to the EuroRegionalMap
spatial data model and technical specification.
For this reason, they have a level of detail (scale)
of 1:250,000 (Fig. 1). For the needs of quality
integrated water resources management in
Serbia, data that can enable detailed geospatial
analyzes is required, namely data of the level
of detail (scale) 1:25,000, which means that the
thematic layer “Hydrography” must be fully
built up to that level of detail.

Ca. 1. Ilpukas teme “Xuaporpaduja” Ha nopraisy www.geosrbija.rs
Fig. 1. View of “Hydrography” topic at www.geosrbija.rs portal

BOIHU UHOOPMAILIMOHU CUCTEM
(BUC) PEITYBJIMKE CPEMIJE

Ha ocHoBy 3axora 0 so0ama (3akoH 0 Bojama,
2010), MuHHCTapCTBO MOJHONPUBPEIE, IITyMapCTBA
u BojonpuBpene Penybmmke CpOuje moHE0
je Ilpasunnuk o cadpocunu u HauyuHy 6oherva
Boonoe ungpopmayuoroe cucmema, memooonocuju,
CMpYyKmypu, Kamezopujama U HUBOUMA
CaKyn/mara nooamaxd, Kao u 0 CAOPHCUHU
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WATER INFORMATION SYSTEM (WIS) OF
THE REPUBLIC OF SERBIA

Pursuant to the Law on Water (3akoH o
Bomama, 2010), the Ministry of Agriculture,
Forestry and Water Management of the Republic
of Serbia adopted the Rulebook on the Content
and Manner of Maintaining the Water Information
System, methodology, structure, categories and
levels of data collection. as well as the content
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nooamaxa o Kojuma ce 06ageuimasa jagHocm
(ITpaBuiHUK O CaJp>KUHU U HAYMHY Bolema
BOJTHOT MH()OPMAITMOHOT CHCTEMA, METOIOJIOTH]H,
CTPYKTYpH, KaTeroprjaMa 1 HIBOMMa CaKyTlJbarba
MojIaTaKa, Kao U O CaJapKUHH To/araka o0 Kojuma
ce obasemrasa jaBHoct, 2011). ObaBe3a Bohemwa
Boanor nadopmanmonor cuctema (BUC) nata je
y HQJISKHOCT MHHHUCTApCTBa MOJHOTPUBPE/IE,
OJIHOCHO jaBHOT BOJIOTpUBpENHOT Tpenyseha
(JBII) “CpbujaBozne” u PenmyOnuuke aupexiuje
3a BoJie. BotHM MH(OpMAIIMOHY CHUCTEM, CallPKH
TIO/IATKE O CTarby KBAJIUTETA BOJIA, KilacaMa BOTHHUX
Tella TIOBPIIMHCKUX M MOJ3EMHHUX BOJa, BOJIHO]
JIOKYMEHTAI1]JH, 3aKOHOJABHUM, OPTraHU3aIMOHNM,
CTpaTeNIKUM W IUIAHCKMM Mepama y 00JacTu
yIpaBJbamkba BOJaMa, Ka0 U HAyYHO-TEXHHUKE H
JpyTe MoJIaTKe 3Ha4ajHe 3a yIpaBJbambe Boama.
BoaHn mHpOpMalMOHN CUCTEM, TEXHHUYKU
je peanmms3oBaH y okBupy Oracle 6aze mogaraxa.
Kao mmardopma 3a xoMyHuKanujy ca 0azom
noxataka oxabpan je codrBep ArcGIS. Kao
IJIaBHU KOMYHHUKaIMOHU cerMeHT u3mely Oracle
06aze momaraka u ['MC mmardopme ArcGIS,
kopuctu ce ArcSDE 3a Oracle 0a3y nogaraka, koju
oMmoryhasa Be3y m3Mel)y KOpUCHUUKHX aruIiKaliuyja
u Oaze nmonataka BUC-a. Bbume je omoryheno
TPAHCIAPEHTHO CKJIAIUIITEHE MPOCTOPHUX
nojiataka y jenuHcteHy 6azy BMC-a n 06e30ehena
JOCTYITHOCT TI0JIaTaKa CBUM aruIMKalldjaMa Koje
Te nojarke kopucre myreM WEB noprama: www.
srbijavode.rs/web/web-gis-portal.html (Co. 2).

of the information being notified to the public
(ITpaBWJIHMK O caJIpXWMHU W HaYMHY Bolema
BOJTHOT MH(OPMAITHOHOT CHCTEMa, METOIOTIOTH]H,
CTPYKTYpH, KaTeroprjamMa i HIBOMMa CaKyTJbarba
nojaTaka, Kao u O CaJip>KUHH MojaTaka 0 Kojuma
ce obasemrasa jaBHocT, 2011). The obligation to
maintain the Water Information System (WIS)
is vested in the competence of the Ministry of
Agriculture, that is, the public water company
(PWC) of “Srbijavode” and the Republic Water
Directorate. Water Information system, contains
data on the state of water quality, classes of
water bodies of surface and groundwater, water
documentation, legislative, organizational,
strategic and planning activities in the field of
water management, as well as scientific, technical
and other data for water management.

Water Information System, technically
implemented within the Oracle database.
ArcGIS software has been selected as the
database communication platform. As the main
communication segment between the Oracle
database and the ArcGIS platform, ArcSDE for
the Oracle database is used, which provides a
link between the user applications and the WIS
database. It enables transparent storage of spatial
data in a unique WIS database and ensures the
availability of data to all applications that use that
data through the WEB portal: www.srbijavode.rs/
web/web-gis-portal.html (Fig. 2).

Ca. 2. [Ipuka3 npoctopaux napopmanuja'y BUC
Fig. 2. View of spatial information in the WIS
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Amnamiom 1o cazia uzpahenor BUC u nparehix
JIOKyMEHaTa KOjiMa je MpOoIMcaHa Hheroa M3paja,
MOXKEMO YTBP/IUTH J1a FbeTOBA KOMILIETHA 3IPA/IEha
MOJKe J1a TIOAPYKU KOHIIENT UHTETPATTHOT YIIPaBJbarba
BoJIama Ha ripoctopy Pemyomuke Cpouje. Konnenr
ycnoctaBibatba BMC y Cpbuju ycarnamieH je
y Benukoj mepu ca [dupextuBom 2000/60/EC
EBponckor napiaamenTa u Beha o ycrnocraBibamy
OKBUpa 3a JeloBame 3ajeqHuiie y obmactu
nonutuke Boga (Water Framework Directive —
WEFD). Ilopamm y oxsupy BUC npeyzetu cy on
PEJEBAaHTHUX HAUIOKHUX JP>KAaBHUX HHCTUTYLIHM]A.
Kao HeraTuBHa cTpaHa y TOCTYIKY M3TPajihe
BUC moxe ce HaBeCTH M30CTAaHAK CTpaTeruje u
YCHOCTaBJHEHUX MPOLIEIypa 32 pa3MeHy HojaTaka
0 BOjIama ca JPyTUM MH(POPMAIIMOHUM CUCTEMUMA
Ha HAIJMOHAJTHOM HHUBOY.

NHOOPMAIIMOHU CUCTEM
KBAJIMTETA BOJA CPEUIJE

Ha ocnoBy 3akona o 6odama (3akoH o
Bonama, 2010) y OKBUPY TOOULIBUX ypeadu
MUHHCTApCTBO MOJHONPUBpPEE, HIyMapCcTBa
u BogomnpuBpene Penmybnauke CpOuje o
yTBphuBamy mporpama MOHUTOPHHIA CTaTyca
BOJIa, ToceOHO ce paspal)yjy mepe yHampehema
MOHHUTOPUHTAa KBaJIUTETa MOBPIIMHCKUX H
noa3emMHux Boaa Cpbuje. Pa3Boj onepatuBHOT
MOHHUTOPHHIA KBaJIUTETa BOJIa YCMEpPEH je
Ha QopMmHupame U onpemame PernmonamHux
nenrtapa (PI'L]) Ha HMBOY BOIHUX MoApydja H
noBesuBame PI'Ll y Uudopmanuonu cucrem
kBasuTeTa Boaa (Ci. 3).

Nudopmanuonu cucteM KBaJIMTeTa BOJAA
Cpbuje pa3BUjeH je Kao aKTHUBAaH CHCTEM
06a3upaH Ha MHPOPMALMOHUM TEXHOJIOTHjaMa
U yCMEpeH Ha NpPUKYyIJbake MoJaraka H
uHpopManuja 0 KBAJTUTETYy HMOBPIIMHCKHUX H
noa3eMHuX Boja CpOuje y uiby npeay3umarma
Mepa Ha yHarpelhemy kBanuTeTa Boja. Pa3Bujen
je y ATeHUMjH 3a 3aIlITHTY XUBOTHE CpEAHHE
(Onesmewe 3a MOHUTOPUHI KBaJUTETa BOJA
u cequMenata u Opesbeme 3a HALMOHAIHY
nabopaTtopujy), a y CKIaay ca 3aXTeBUMa
crannapaa SRPS ISO 17025:2006. OcHoBHY
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By analyzing the WIS made so far and
the accompanying documents prescribing its
preparation, we can conclude that its complete
construction can support the concept of
integrated water management in the territory
of the Republic of Serbia. The concept of
establishing a WIS in Serbia is largely in line
with Directive 2000/60 / EC of the European
Parliament and of the Council establishing a
framework for Community action in the field
of water policy — WFD (Water Framework
Directive). The data within the WIS was taken
from the relevant competent state institutions.
The downside to the WIS construction process
is the lack of a strategy and established
procedures for exchanging water data with
other information systems at national level.

SERBIA WATER QUALITY
INFORMATION SYSTEM

Pursuant to the Law on Waters (3akon
o Bogama, 2010), within the framework of
the annual regulations of the Ministry of
Agriculture, Forestry and Water Management
of the Republic of Serbia on the establishment
of water status monitoring programs, activities
for improving the monitoring of surface and
groundwater quality of Serbia are elaborated.
The development of operational monitoring
of water quality is aimed at: formation and
equipping of Regional Centers (RGCs) at the
level of river basin districts and integration
of RGCs into the Water Quality Information
System (Fig. 3).

The Water Quality Information System of
Serbia was developed as an active system based
on information technologies and aimed at
collecting data and information on the quality
of surface and groundwater of Serbia in order
to take activities to improve water quality.
It has been developed by the Environmental
Protection Agency (Department for Water and
Sediment Quality Monitoring and Department
for National Laboratory) and in accordance
with the requirements of the standard SRPS
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Cn. 3. leo mpesxe PI'L] cratyca Boga y PemyOmuin Cpouju
Fig. 3. Part of the RGCs network of waters status in the Republic of Serbia

KOMIIOHEHTY MH(POPMALUOHOT CHCTEMA
KBaJIUTETA BOJIa YMHU MHTErpanHa basa moxaraka
KBaJUTETA MOBPUIMHCKUX M MOA3EMHHX BOJAA
Cpbuje. baza nmonaraka pasBujena je Ha Oracle
Database 11g XE mardpopmu u ¢pyHKIIMOHHUIIIE
Ha IEHTPAJIHOM CEpBEpy Yy MpEKHOM
OKpYXEHY MOBE3aHUX PAUyHAPCKUX CHUCTEMa
kojuMm ce oOe30ehyje mpeHoc mHPoOpManuja
nyreM HMHrtepHera. Pesynratu onepaTHBHOT
cupoBoherba MOHHUTOpPHUHIra CTaTyca
MOBPLIMHCKUX U MOA3€MHHUX BOJA HAa IPOCTOPY
Cpbuje (mepue cranuie u PI'Ll), noxpamyjy ce
y ba3y nonaraxa.

baza momaTtaka KBanuTeTa MOBPUIMHCKHUX
u mnonzemHux Boma CpOuje o006e36ehyje
MHTETpaIyjy NpUKyIJbeHux nojgataka y WISE-
EIONET (Water Information System for Europe)
Y TeHepucarhe HAIIUX TOJUIIHUX HAIIMOHATHUX
M3BEIlTaja O KBAIUTETY Boje nmpema EBporickoj
areHIuju 3a *XUBOTHY cpeauny. [Topen Tora,
pasBojeM XML cepBuca 3a pasmeHy mnojaTaka
ca JIpyruM HH(POPMAIMOHHM CHCTEMHUMA,
obe30ehena je pazmena mogataka ca Bognum
uHpopmanmonnm cuctemom (BUC) PenyOnuke
Cpobuje.

ISO 17025:2006. The basic component of the
water quality information system is integral
Database of surface and groundwater quality
in Serbia. The database is developed on
the Oracle Database 11g XE platform and
functions on a central server in a networked
environment of connected computer systems
that provide information transmission over
the Internet. The results of operational
monitoring of surface and groundwater status
in the territory of Serbia (measuring stations
and RGC) are stored in the Database.

Database of surface and groundwater
quality in Serbia ensures the integration of
the collected data into the WISE-EIONET
(Water Information System for Europe) and
the generation of our annual national water
quality reports by the European Environment
Agency (EEA). In addition, the development
of XML data sharing services with other
information systems has provided data
exchange with the Water Information System
(WIS) of the Republic of Serbia.
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I'EOITPOCTOPHA BA3A IIOJATAKA
BOJHOT'EOI'PA®CKOI' THCTUTYTA
(I'bI125) — CJIOJ XUAPOI'PAD®UIA

[Iparehu pas3Boj crtannmapaa y oOnactu
NpUKyIlJbakha, OpraHusamnuje, obpange u
Mpe3eHTaluje TMNPOCTOPHUX IMoOJaTaka,
BojHoreorpadcku MHCTHTYT j€ OpraHHW30Bao
CBE€ IPOCTOpPHE TMOJaTKe Yy LEHTPAJHO]
['eonmpoctopHo] 6a3um momaraka y pasMepu
1:25000 (I'BI125) (CexynoBuh et al., 2014). Ona
MIPeICTaB/ba OCHOBY 33 TEHEPHUCAHHE CBUX OCTAIINX
KapaTa pa3MepHOTr HH3a KOjU c€ MPOU3BOJAC Y
BI'U-y, a mpBeHcTBeHO Tomorpad)CKUX Kapara
y pasmepu 1:50000 (TK50), 1:100000 (TK100)
u 1:250000 (TK250) (CekynoBuh & JIpoOmak,
2011, 2013; Tatomirovic et al., 2007).

Texnonomku mnpouec wuszpane ['BII25
3aCHOBAH je Ha KapTUpamy cajpikaja MeToJama
TUTUTATHE (POTOTPAMETPHU]CKE PECTUTYIH]E U
Kaprorpadckoj oOpaau MPOCTOPHHUX MOJaTaKa
y I'IC okpyxemy. 3a uzpany I'bI125 y BI'HU-y
onabpana je codrBepcka miaarpopma ArcGIS,
Koja y ce0u caIpXu JeAWHCTBEH MPUCTYII
y Tpollecy Kpeupama IeonpoCTOpHUX Oaza
nogataka (Cekymnouh & JIpoOmak, 2011).

MonenoBamem nogaraka [ BI125 nepunncan
je mocebaH cnoj xunporpaduje. ['enepanHo, y
CKJIaJly C TIOTMUKUM Mojenom noaataka ['BI125
TEMATCKU cJIoj xuaporpaduje odyxBaTa TpH
TEeMaTCcKe LenuHe: cmajahe ode, mexyhe 6ooe
U 0Ojekme 3a cHaboesarbe 8000M.

OU3NIKUM MOJIETIOM TMojaTaka AeGpuHUCAH
je m3rmen 6ase mojaraka OJHOCHO “TpocTop”
3a MoXpamHUBame elieMeHaTa Ae(uHHCaHUX
JOTUYKUM MoOJeJioM TmojaTtaka. HM3rien
KOMILUIETHO ypal)eHOT W BH3yeJIM30BaHOT Jeia
I'bI125 nmpuxka3zan je Ha Ciu. 4 (CekynoBuh &
HpoOmak, 2013).
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GEOGRAPHICAL DATABASE OF THE
MILITARY GEOGRAPHICAL INSTITUTE
(GDB25) - LAYER HYDROGRAPHY

Following the development of standards
in the field of spatial data collection,
organization, processing and presentation, the
Military Geographical Institute organized all
spatial data in the Central Geospatial Database
at a scale of 1:25,000 (GDB25) (CexymnoBuh
et al., 2014). It is the basis for the generation
of all other scale maps produced in the MGI,
primarily Topographic maps at the scale
1:50,000 (TM50), 1:100,000 (TM100) and
1:250,000 (TM250) (CekynoBuh & JIpoomax,
2011, 2013; Tatomirovi¢ et al., 2007).

The GDB25 technology development
process is based on content mapping using
digital photogrammetric restitution methods
and processing of spatial data in a GIS
environment. ArcGIS software platform was
selected to create GDB25 in MGI, which
contains a unique approach in the process of
creating geospatial databases (CekynoBuh &
Hpobmak, 2011).

GDB25 data modelling has defined a
separate layer of Hydrography. Generally,
according to the logical data model GDB25,
the thematic layer of hydrography comprises
three thematic units: standing water, running
water and water supply facilities.

The physical data model defines the
layout of the database, or “space” for storing
elements defined by the logical data model.
The layout of the fully completed and
visualized GDB25 piece is shown in Fig. 4
(Cexynosuh & JIpo6mak, 2013).
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Cn. 4. Usrnen ypahenor u BusyenuzoBasor jaena ['bI125 na I'eomopray BI'U
Fig. 4. Layout of the GBP25 rendered and visualized part of the MGI Geoportal

Temarcka nienuHa crtajahux Boga oOyxBara:
Mopa, je3epa, 6ape, TokBe U pruoOmake. O Tekyhux
Boja y I'BII25 cagpkanu cy mojmanu o pekama,
noronuma U kaHaimma. Op obOjekara 3a BOAY y
I'BII25 natu cy 00jexTu U3 Kojux ce 100uja Boja 3a
nhe (13BOpH, uecMme, OyHapH), 00JEKTH y KOjuMa ce
CKyTIJba MOBPIIMHCKA BOA (LIUCTEPHE, PE3EPBOAPH,
0a3eHn) 1 00jeKTH KOjrMa ce TIPESHOCH BOia Ha Behe
WIN Mame JaJbuHe (I10J1aru, IpIKe, BOJOBOJH,
TYHEJH 32 BOJIY, IEBH 32 BOJLy M aKBaJIyKTH).

I'eonmpocTtopna 6a3a mnonaraka BI'U-a
(I'BIN125) 3anouera je MHTEH3UBHO Aa ce uspalyje
2014. ronuHe W 3a caja je 3aBplIeHa 3a OKO 35
% Tteputopuje Pemybmuke CpOwuje. Peamno ce
Moyke ouekuBatu jaa he komruretna ['BI125 Outn
3aBpuieHa 70 2025. ronune. HbeHnm 3aBprieTkomM
00e30eamhe ce axxypHa OCHOBA BHCOKOT KBJIUTETA
3a MHTErpalujy TeMaTCKOr cjoja Xuaporpaduje
y jenuHcTBeHH Bonuu uH(pOpManMoHU cuCTeM
Cpb6uje. Ilopen xunporpadcekux mnojaraka ona he
00e30eTMTH TeONpPOCTOPHE MOAATKE HEOIMXOIHE
3a KBAJMTETHO YIPaBJbale BOJHUM pecypcruma
(dururaman moxen tepena — JIMT, dururanau
oprodoto — JIOD u npyru cinojeBn).

The thematic layer of standing waters
includes: seas, lakes, ponds, puddles and ponds.
Of the running waters, GDB25 contains data on
rivers, streams and canals. Of the water facilities
in GDB25, facilities are provided for drinking
water (springs, fountains, wells), facilities for
collecting surface water (tanks, reservoirs,
pools) and facilities for transporting water over
greater or smaller distances (sewers, pumps,
water mains, water tunnels, water pipes and
aqueducts).

The MGI geospatial database (GDB2Y) it
was started intensely to be made in 2014 and has
been completed for about 35 % of the territory
of the Republic of Serbia. It is realistic to expect
that the complete GDB25 will be completed
by 2025. Its completion will provide an up-to-
date basis of high quality for the integration of
the hydrographic thematic layer into Serbia’s
unique Water Information System. In addition
to hydrographic data, it will provide geospatial
data necessary for quality management of water
resources (Digital Terrain Model — DTM, Digital
Orthophoto — DOP and other layers).
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BA3ZATIOJATAKA KAPTE BO/IOOBJEKATA
Y PASMEPH 1:50000 (BIIKBO50)

Kapra Bomoo6jekata 1:50000 (KBOS50)
u3pahena je y mepuoay ox 1977. mo 1993.
roguHe. Ha u3paam oBe kapTe aHrakxoBaHe Cy
BOJIONIPUBPEIHE MHCTUTYIMj€ ¥ MUHUCTApPCTBA
3a OnOpany u Ilosmomnpuspeny. Kopumrhenu
Cy peJIeBaHTHHM M3BOpPHU MOAATaKa Kao IITO CY:
KaTacTpU M3BOPHUINTA; JETaJbHE XUAPOTEOJIOIIKE
U Tororpadcke KapTe KpyImHHUX pa3Mepa; MOIHCH,
Nperiean, eBUACHIU]je, NMPOJEeKTHU eadopaTH
U JIpYyTH MaTepujald O BOAOOOjeKTUMa, Kao H
nojany TepeHckor mipuhama u nomuca. Kapra
BOJI000jeKaTa je jeaiHa oj1 Kapara koja je y BI'U-y
y TO BpeMe n3paljuBaHa MpuMeHOM HH(POPMATHUKE
TEXHOJIOTHje. YIPaBoO TH MOAAIM Y JUTHTATHOM
o0nuky Omim cy OcHOBa cy 3a pa3Boj base
rojiaTaka kapre Bojoo0jekara y pazmepu 1:50000
(BITIKBOS50).

Hurutanau temarcku noaamu KBOSO cy
y nepuoay ox 2002. no 2004. roguHe A0JaTHO
oOpal)eHH Ha BEKTOPCKOM HUBOY U HM3BPILEHO
j€ TeOMEeTpHjCKO, TEMAaTCKO M TOIOJOIIKO
MOJIETIOBALE, KA0 M KOPEKTypa MojaTaKa y CKJIaLy
ca 3axTeBuMa uarpaame (ynkuunonannor ['MC.
HaxoH mMozenoBama 1 KOPEKType TeOMETPH])CKUX
nojaTtaka JOOHjeH je CKyHn TIeOMETPHjCKUX
rojlataka o0 BOJJ000jeKTUMa Y BEKTOpcKoM (*.shp)
¢dopmary.

Andpanymepuuku (HEreOMETPHUjCKHU)
nogan o BonobOjektuma KBOS0 noOujenu
Cy Ha OCHOBY mojaTaka ca b cTpane nucrtoBa
KBOS50 (tabenapHu mperie] KapakTepUCTUKA U
HYMEpPHUUKHUX TOKa3arejba 0 Bojoodjekruma). Ha
Taj HAUYMH JI0OMjeHa je eKcTepHa 0asa mojaTaka o
BOJI000jEKTUMA.

[ToBe3uBame reOMETPHU]CKUX 1 HET€OMETPH]CKHIX
NojlaTaka M Kpeupame KOHayHe 0ase rojaraka,
CIIpoBelIeHO je y copTBepckoM makety ArcGiS.
['eomeTpujcku mogamd o BOJOOOjeKTUMA Y
*shp gopmaty konBeproBanu cy y ArcGiS 6a3zy
nojiaTaka e je ypaheHo U BUXOBO MOBE3UBALE C
TabenaMa HEreOMETPH]CKHX I0/IaTaKa eKCTepHe
6aze nonaraka. HakoH renepucarma jeIMHCTBEHE
ArcGiS 6a3ze mojaraka CIpoBe/CHA je KOHTpoJa
u3BeNieHUX paaoBa. KoHTposa u3BeeHUX pagoBa

164

WATER FACILITIES MAP DATABASE AT
THE SCALE 1:50,000 (WFMDB50)

The Map of the water facilities 1:50,000
(WFM50) was made in the period from 1977
to 1993. The development of this map involves
water management institutions and ministries
of defense and agriculture. Relevant sources
of data were used such as: cadastral data;
detailed large-scale hydrogeological and
topographic maps; lists, surveys, records,
project studies and other materials on water
bodies, as well as field survey and census
data. The Map of the water facilities is one of
the maps created at that time by MGI with the
using of information technology. This digital
data was the basis for the development of the
Water Facilities Map Database at the scale of
1:50,000 (WFMDBS50).

The WFM50 digital thematic data were
further refined at the vector level from
2002 to 2004 and geometric, thematic and
topological modelling were performed, as
well as data correction in accordance with
the requirements of building a functional GIS.
After modelling and correction of geometric
data, a set of geometric data on water objects
in vector (*.shp) format was obtained.

Alphanumeric (non-geometric) data on
WFMS50 water bodies were obtained from
the B-side data of the WFMS50 sheets (tabular
overview of characteristics and numerical
indicators of water objects). In this way,
an external database of water bodies was
obtained.

The connection of geometric and non-
geometric data and creation of the final
database was carried out in ArcGis software
package. Geometric data on water objects
in *shp format were converted to ArcGis
database where they were also linked to
tables of non-geometric data of external
database. After the generation of the unique
ArcGis database, the control of the performed
works was carried out. The control of the
performed works included the correction of
non-geometric data and included the control
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oOyxBarajia je KOPEKTypy HETreOMEeTpHjCKUX
nojaTaka u TmojpasyMmeBala je KOHTPOJy yHOca
nojiataka y 6asy nojaraka ¥ HaKHaJJHy KOHTPOIY
yHetux nopataka (Drobnjak et al., 2016).

Konauna ba3a nogartaka KBO50 obyxBatuia
j€ cBe TofIaTKe capkaHe Ha cBux 203 ommrammnana
mucra KBOS50. Mcewak nucra KBOS0 npukasan
je Ha Cn. 5. basza momaraka KBOS50 campxu
MOJIaTKE O U3BOpPHMA (CTAJIHUM M INOBPEMEHUM),
KalTUPaHUM U3BOpHUMa (CTATHUM U TIOBPEMEHHM),
Oynapuma (kKomaHu, OyIIeHH, apTEILIKH,
cyOapremiku, peHu), nehuHama, MOHOpUMA U
jamama ca BOJIOM, Kao U TOJIaTKe O BOJ03aXBaTUMA,
LPIHO-NIOTUCHUM CTaHUIlaMa, pe3epBoapuma,
[UCTepHaMa, TPABUTALMOHUM BOJIOBOJHHUM
MpeKama 1 MOKPUBEHOCTH IIPOCTOPA CEKYHIAPHOM
BOJIOBOZHOM MPEXKOM.

of data entry into the database and subsequent
control of the entered data (Drobnjak et al.,
2016).

The final WFMS50 Database included all
the data contained on all 203 WFMS50 printed
map sheets. A section of the WFMS50 sheet
is shown in Fig. 5. The WFM50 database
contains data on springs (permanent and non-
permanent), captive springs (permanent and
non-permanent), wells (dug, drilled, artesian,
subartesian, ren), caves, sinks and pits with
water, as well as information on water intakes,
pumping stations, reservoirs, tanks, gravity
water supply networks and coverage of space
by secondary water supply network.

Cn. 5. Uceuak Kapre Bogoobjekara y pazmepu 1:50000
Fig. 5. Part of Water Facilities Map 1:50,000

Kpajem 2018. u mouetkom 2019. ronune
JBIT “Cp6ujaBone” u BI'U, 3amouenu cy
3ajelHMYKU TpOjeKaT axkypupama U OOHOBE
baze momaraka KBOS50. Peanusamojom Tor
IIPOjeKTa, MapajesHo ca 3aBpLUIETKOM pajioBa Ha
I'BI125 naBenene uHCTUTYLH]jE qahe jour jenan
3HayajaH JONPHUHOC Pa3BOjy JEAUHCTBEHOT

At the end of 2018 and the beginning of
2019 PWC “Srbijavode” and MGI, started a
joint project of updating WFMS50 Database.
With the realization of this project, in parallel
with the completion of the works on GDB25,
the mentioned institutions will make another
significant contribution to the development of
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BoaHor uHGpOpMaIMOHOT CUCTEMA U JJOCTU3AbY
u/beBa MpokiIamMoBaHUX y Cmpameeuju
ynpasmara eodama Ha npocmopy Penybonuxe
Cpouje 0o 2034. cooune (Bnaga PemyOnuke
Cpouje, 2016).

3AKJBYUAK

Amnanusa crama u3palheHux HHPOPMAIIMOHUX
cucrema o Bojgama y CpOwuju, mokasana je
Ja IocToje JNo0pe OCHOBE 3a JOCTH3aHmE
MPOKJIAMOBAHOT LMJba U3PAJ€ jeJUHCTBEHOT
Bonnor nHpopmarmonor cucrema PemyOnmke
Cpo6uje. lo cana paszsujenu 'C cepBucu u
MH(QOPMAIIMOHN CUCTEMH O BOJaMa KOju Cy Y
BIIACHUINTBY Pa3IUYUTUX jaBHUX mpenyseha
U MHCTUTYIHU]a, MOCEAYjy BEIUKO OOraTrcTBO
mojaTtaka o BOJamMa U BOJHUM pecypcuma
Cpbuje, mehyTuM HUjeaH O] THX CEpBHUCA HE
MO/Ip’KaBa KOHIIENT MHTErPAJHOT yIpaBJbamba
Bojgama Ha mpoctopy CpbOuje. MuTerpamuja
mojaTtaka o BOJaMa U BOJHUM pecypcuma
Hamehe ce Kao HeoUI0XkKaH 3a/1aTakK.

Taj 3amaTak je y CcKJaay ca 3aKOHCKOM
perynaTuBoM NOTPEOHO MOBEPUTH TEXHUUKHM
HocuonMMa u3paae BonHor mHdopmanuoHor
cucreMa — MUHHCTApCTBY MNOJbONPUBpPENE,
OJHOCHO, PemyOnuukoj Aupexuuju 3a BoAE U
JBII “Cp6ujaBoe”.

VY npouecy uspane uHTerpanHor Boanor
WHDOPMAIIMOHOT CcHUCTEMa NOTpeOHO je Y
NOTIYHOCTH NPUMEHHUTH CTaHIaplae Koje
npomnucyjy aokymeHTH EBporcke yHuje;
HupextuBa 2000/60/EC o ycmocraBibamy
OKBHpa 3a JelioBame 3ajefHuIe y olnactu
MOJINTUKE BOJAA U APYyre AUPEKTUBE y 0OJIacCTH
Boja c jenne crpane, INSPIRE nupexTuny, kao
U TeXHUUYKE cnenuukanyje Koje mpousnuiase
n3 INSPIRE nupexruse. Ilopen tora, y uumpy
u3paje uHTerpaiHor Bognor unpopmanmonor
CHCTEMa Ha JAPKaBHOM HHUBOY MOTPEOHO je
dbopMupaT MOCEOHO KOOPIAMHAIIMOHO TEJO
CacCTaBJbEHO O] MpEJCTaBHUKA PEICBAHTHHUX
uHctuTyuuja. Caapkaj U CTpPyKTypy IojaTaka
y Boaaom nndopmarimonom cuctemy norpedHo
je nmorpagutu npema INSPIRE nupexTtusw,
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a unique Water Information System and the
achievement of the goals proclaimed in the
Water Management Strategy for the Republic
of Serbia by 2034 (Bnana Penybnuxe Cpbuje,
2016).

CONCLUSION

Analysis of the state of developed water
information systems in Serbia has shown
that there are good grounds for achieving the
proclaimed goal of creating a unique Water
Information System of the Republic of Serbia.
The GIS services and water information
systems developed so far, which are owned
by various public companies and institutions,
possess a large wealth of data on water and
water resources of Serbia, however, no one
of these services supports the concept of
integrated water management in the territory
of Serbia. Integration of water and water
resource data is imposed as an urgent task.

In accordance with the legislation, this
task should be entrusted to the technical
bodies responsible for the preparation of the
Water Information System — the Ministry of
Agriculture, that is, the Republic Directorate
for Water and PWC “Srbijavode”.

In the process of developing an integrated
Water Information System, the standards
laid down in European Union documents
should be fully applied; Directive 2000/60/
EC establishing a framework for Community
action in the field of water policy — WFD
(Water Framework Directive) and other
directives in the field of water, on the one
hand, the INSPIRE Directive, as well as the
technical specifications resulting from the
INSPIRE Directive. In addition, in order
to develop an integrated Water Information
System at the state level, it is necessary to set
up a special coordination body composed of
representatives of relevant institutions. The
content and structure of the data in the Water
Information System should be upgraded
according to the INSPIRE directive, that
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oaHOCHO mnpeMma nokymenty D2.8.1.8 Data
Specification on Hydrography — Technical
Guidelines (Data content and structure).
[Topen Tora, moTpeOGHO je pa3BUTH U HANpEIHE
XML cepBuce 3a pa3meHy mnojataka umely
aHAJIM3UPAHUX UH()OPMALIMOHUX CUCTEMA.

PazBojem HUI'TI, Undopmanmonor cucrema
kBanutera Boma CpOuje, ['eompocTopHe
6aze momaraka (I'BII25) m baze momaraka
KBOS50 u wuHTerpauujoM THX MoJaTaka y
Boanu undopmanmonu cucrtem npo 2025.
ronune, obOe3zbeaumhe ce ycmocraBlbame
KOHIIENITa MHTETPAJHOT yIpaBJbakba BoJama Ha
reonpoctropy Cpouje. Peanuzaiiujom TUX IIIbEBa
cTBOpuhie ce yCJIOBH Ja ce MOXKE aJeKBATHO
YTHULIATH HA CTAIE U UCTIPABHOCT MOBPIIMHCKUX
Boja y CpOuju. CX0QHO OBAKO MOCTAB/BEHUM
[IMJbEBUMA y HAPEIHOM MEPHOTY HEOMXOaH je
MYATHAACUUIUTMHAPAH, MYJITUCEKTOPCKH U TIpe
CBETa MHTErpaTUBAaH NMPHUCTYN peleBAaHTHHUX
OpraHu3alirja BOJONPUBPETHOT, HHIYCTPH)CKOT
U EKOJOUIKOT CEeKTopa C jeaHE CTpaHe H
re0CeKTopa ¢ Apyre CTpaHe.

is, according to document D2.8.1.8 Data
Specification on Hydrography — Technical
Guidelines (Data content and structure). In
addition, advanced XML services for data
exchange between analyzed information
systems need to be developed.

The development of the NSDI, the Water
Quality Information System of Serbia,
the Geospatial Database (GDB25) and the
WFMS50 Database and the integration of these
data into the Water Information System until
2025 will ensure the establishment of the
concept of integrated water management in
the geospatial area of Serbia. By realization
of these goals will create conditions that can
adequately influence the condition and safety
of surface waters in Serbia. Pursuant to such
goals, a multidisciplinary, multisectoral and,
above all, integrative approach of relevant
organizations of the water, industrial and
ecological sectors on the one hand and
geosectors on the other is necessary in the
forthcoming period.
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