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CIHENUOUYHOCTU U N3A30BU Y U3YUABABY YPBAHUX BYJUIIA
SPECIFICITIES AND CHALLENGES IN THE STUDY OD URBAN FLASH
FLOODS

Henan Wypjanan'', Henan Januk?, Cowa Bpaynosuh', Haramuja MomupoBuh',
JoBana IlBeTkoBuh'

"MHucTUTyT 32 mrymapcTBo, beorpan
2JII Beorpan Boxe, beorpan

H3Box: Ypbane Oyjurie npeacTaBibajy jeaH O HajCIIOKESHUJUX 00JIMKa ITOTIaBHOT PU3UKA Y
CaBPEMEHUM TPaJIOBUMa, jep HACTajy Kao IMOcIeInlia MHTEPAKIIHje HHTCH3UBHUX M1aaBHHA,
HETIPOITyCHUX IOBPIIMHA W OrpaHMYEHUX KallalUuTeTa OABOAHMX cucTeMa. EcdukacHo
YIpaBJbalkbe OBHUM pPHU3MKOM 3aXTe€Ba MHTErPalfjy BHCOKOPE3OJyTUBHHX IIPOCTOPHUX
rojaTaka, aXypHUX HH(oOpManMja O KaHAIU3AHOHO-IPEHAXKHO] MpPEXH U IpHMenu
cuperaytux 1D-2D xuapayauukux Mojena KOji peaJMCTHYHO MPEICTaBIbajy MOBPIINHCKO
U TO/3eMHO cTpyjame Boje. [Tokazano je ma netaspHa Tonorpadwuja, ykipydyjyhn Mukpo-
pemed ynuma, MBHYMKAKa, IparoBa M YJIMYHUX JAENpecHja, 3HAYajHO yTHYE Ha MyTame
oTnnaja U GpopMuUpame JIOKAIHUX 30HA 3a]pKaBarma Boje. MICTOBpeMeHO, TaYHOCT Mojesia
Yy BEJIHKO] MEpH 3aBHCH O] KBAJIUTETa M reopedepeHInpaHoCTH IM0JaTaka O OJBOIHOM
CHCTEMY, IOCEOHO O MOJIOKAjy M KalauTeTy CIMBHUKA U IIaXTOBa, KOju oapelyjy pasmeny
IIpoTOKa u3Mel)y MoBpIInHe u IEBOBOJIA.

VY caBpemenom npuctymy, LiDAR moganm, UAV-doTorpamerpuja u qajbMHCKA AETEKIN]a
omoryhaBajy 6p3o u noy3uano reaepucarse DEM/DSM wmozgena u LULC knacudukamnmja,
IITO je MOCeOHO Ba)KHO Y JUHAMHYHUM ypOaHuM cpenuHama. Dy3mja OBHX IOjaTaka ca
XUpayJIHdKUM MojelnMa omoryhaBa mpenusHHje cuMmyianuje CIeHapuja eKCTPEeMHHX
NajaBuHa, paHO YIO30paBame M JIOHOUIEHEe WH(MOOPMHUCAHUX OJJIyKa. 3aKJbydHO,
yCIIeIllHA aHaJn3a M yIpaBJbamke ypOaHUM OyjullaMa 3aXTeBajy ycarjiamleHe IIPOCTOpHE U
NHPPACTPYKTYypHE INMOAATKE BHCOKE PE30JIyIHje, CTATHO aKypupame Mojella U IPUMEHY
naTerpucanux 1D-2D npuctyna koju 06e30elyjy peanucTudyan npuka3 XuapoJuHaMHIKOT
TIOHAIAba y TPAJICKOM OKPYIKEIbY.

Kibyune peun: ypOane Oyjuie, OecrinIoTHH CUCTEMH, ITOJanK BUCOKe pe3onynnje, LIDAR,
Object Based Image Analyses, 1ajpiHCKa IeTEKIHja.

Abstract: Urban flash floods represent one of the most complex forms of flood risk in modern
cities, arising from the interaction of intense rainfall, impervious surfaces, and the limited
capacity of drainage infrastructure. Effective management of this risk requires the integration
of high-resolution spatial data, up-to-date information on drainage networks, and the application
of coupled 1D-2D hydraulic models capable of realistically representing both surface and
subsurface water flows. Detailed topography—including micro-relief features such as street
curbs, thresholds, and depressions—significantly influences flow paths and the formation of
localized water accumulation zones. At the same time, model accuracy greatly depends on the
quality and georeferencing of drainage system data, particularly the position and capacity of
inlets and manholes, which govern the exchange of flow between the surface and pipe networks.
In modern practice, LIDAR data, UAV photogrammetry, and remote sensing enable rapid

1 e-mail: surjanacn@gmail.com
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and reliable generation of DEM/DSM surfaces and LULC classifications, which is especially
important in dynamic urban environments. The fusion of these datasets with hydraulic
models allows for more accurate simulations of extreme rainfall scenarios, early warning,
and informed decision-making. In conclusion, successful analysis and management of
urban flash floods require harmonized, high-resolution spatial and infrastructural datasets,
continuous model updates, and the use of integrated 1D—-2D approaches that provide a realistic
representation of hydrodynamic behavior in urban settings.

Keywords: urban flash floods, unmanned aerials systems, LiDAR, Object Based Image
Analyses, remote sensing

1. YBOJ

VYpbane Oyjure (urban flash floods) mpencrasspajy kpaTkoTpajHe, aiu BpJio MHTEH3UBHE ITOTITaBHE
norahaje m3a3BaHe BHCOKO-WHTCH3WBHHM, Y€CTO KPAaTKOTPAjHUM IaaBHHAMA KOje Ce jaBJhajy
HaJl TPETEXHO H3rpal)eHNM ¥ HENPOITyCHUM MOBPLIMHAMA, [TPH YEMY Ce BOAA 3a]piKaBa H/HIIH
Tede 110 MOBPIINHY jep je KamanuTeT HHmiTpannje u ogBoame orpanndeH (Guo, Guan, & Yu,
2021, Rosenzweig et al, 2021, Skougaard Kaspersen et al., 2017). 3a paznuky oz mormasa Koje ce
jaBJpajy y IPHPOIHUM CIIMBOBHMA, ypOaHe OyjuIie mMajy 3HaTHO Kpahe Bpeme peakinje CInBa.
Bpeme peakmmje cnuBa (eHr. Catchement response time, runoff response time), wecto
moBe3aHo ca ,time of concentration— Tc) mpeacrtaBiba WHTEpBal u3Mely modeTka
WHTECH3UBHHX NaJaBHHA M TPEHYTKa KaJa BOoJa ca HajylaJbeHUjUX Tadaka CIMBa JOCTHUTHE
M3NIa3Hy Ta4uKy (TocMaTpaHu mpodui, YIUIHN KaHaJl, CIMBHUK WU Je0 peke). Y ypObaHnum
cpeamHaMa BpeMe peakiffje je 0OMYHO M3pa3uTO KPaTKo, M Kpehe ce o7 HEeKOJTWKO MUHYTa
JI0 HEKOJIMKO JeCeTHHa MHHYTa, 300 BEIMKOT ylela HENPOIyCHUX HMOBPIIMHA M BHCOKE
Op3MHE NOBPIINHCKOT OTHIAba, OAHOCHO IPOCTOPHHUX KapaKTEPUCTHKA yPOAHUX CIMBOBA U @
enemeHara ypbane nadpacTpykrype. (Berne et al., 2005; Ogden et al., 2000).

VY xunpponoruju OyjudHUX TOIUIaBa BpEMe peakIlyje CIMBA je KJBYYHU MHIUKATOP KOJIHKO
Op30 cTMB OATOBapa Ha MAaTaBUHCKH HHITYT, M TUPEKTHO onpehyje:

. BpeMe JI0 M0jaBe BPIIHOT IPOTOKA,

. WHTEH3UTET U JMHAMUKY OyjUYHOT TaJjaca,

. MIPOCTOP U BpeMe NOoTpeOHe HHTEPBEHIIN]E,

. CTEIICH PaHOT yII030Perha H IPUIIPEMIbEHOCTH.

Bpojuu ayropu HaBone Ja je 3a ypOaHe OyjuuHe IMOIJIaBe KAPaKTEPUCTHYHO EKCTPEMHO
KpaTKO BpeMe peakiiuje, uecTo kpahe oz 15 MuHyTa, jep HeNnpoIrycHe MOBPIIMHE SIMMUHUIIY
nHUITpaNnjy, a MUKpo-Tonorpaduja yauia yop3asa koHBeprenujy oruuaja (Smith et al.,
2007; Ochoa-Rodriguez et al., 2015).

Berne et al. (2005) moka3yjy 1a KOj jaKiuX KOHBEKTHBHHUX 0JIyja, BpEME PEaKIlfje MOXe OUTH
kpahe o1 TOMHMHAHTHOT Tpajara KUITHUX hesirja, NITo JOBOIH J0 BPJIO HATIIOT pacTa MpoToKa
U OTeXaHe Mporuosze. Y ypOaHUM CIMBOBUMA, YaK U MaJld IOPACT HEIPOITYCHHUX IOBPIINHA
(anp. 10-20%) moxe cMamuTH BpeMme peakuuje 3a 30—-50%, mro apactuuno nosehasa pusnk
oz Oyjuunux norutasa (Miller & Hutchins, 2017).

Ogden et al. (2000) nHarnamaBajy ga BpeMe peakije y OyjUYHHM CHCTEMHMa HH]E
camMo XuJpayiauuku mapamerap Beh u nuHamuuka ¢yskuuja kume, LULC-a, naru0a,
WHQUITPAIIMOHOT KamaluTeTa, KaHAJTH3alMOHE MpPEXe W MHKpo-pesbeda. Y ypdaHuM
noapyyjumMa, uMHTepakiuja usMelhy 2D moBpmuHCKOr oTHmama u 1D KaHaIM3amHoOHOT
CHCTEMa MOXeE JIOJATHO yOP3aTH MM YCIOPUTH PEAKIIN]y 3aBHCHO Ol TOTA J1a JIH CE CHCTEM
nynu win npenuBa (Leandro et al., 2009). [Ipyrum peunma, kpahe Bpeme peakiiuje — Opxa
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Oyjuria — MamH MPOCTOP 3a HHTEPBEHIIH]Y U YIIO30PEHE, MITO je KJBYYHHU pasior 300T KOT
ce ypbane Oyjurie cMaTpajy HajoOITaCHUjIM O0OJMKOM KPaTKOTPajHUX MOTUIaBHUX jAoralaja.
[o3HaBame BpeMeHa peakiije CIrBa HAKOH KHITHUX eIH30/1a IPEICTaBIba CPXK IPUMEHEHE
XHUJPOJIOTHjE, IPU YEMY Cy BpeMe Kallllbera M BpeMe KOHIEHTpALHje JBe I0BEe3aHe Mepe
3a oppehuBame KOJTMKO Op30 BOAOTOLH pearyjy Ha magaBruHe Koje (opMupajy MOBPITHHCKHI
oTuiaj y causy (Allnutt et al., 2020, McEnroe et al., 2016,).

Ilopen oBora, ypbane Oyjulle ce OMIMKYjy W H3Pa3UTO MPOCTOPHO HEyjeTHAYCHUM
MHTEH3UTETOM U BEOMa Cy OCETJbHBE Ha JIOKAJHY MHKPO-TONOrpadujy, THI 3eMJBUIIHOT
MOKpHBava M CTamke KaHanm3aruoHo-apeHaxHe mpexe (Leitdo et al., 2010). 30or Tora ce y
JUTEPaTypH UCTHYE OTpeda 3a yIa3HUM HoJalMa BUCOKE Pe30IIyLHje, KAKO O 3¢MJBUIITHOM
MOKPUBAYy, TAKO M 0 AUTUTATHOM Moziery TepeHa ( Digital terrain Model -DTM) i surutanaom
Mmozeny noBpmuHa ( Digital Surface Model - DSM) jep renepann3oBanu Mogany J0BOJE 10
moTIeHkUBamka JyOnHa, Op3uHa u nmpaBana Teuema (Fewtrell et al., 2011).

2. MATEPUJAJI U METO/] PAJTIA

ns panaje mampukaxe: CieinpUIHOCTH y pOaHUX OyjHIIa y OMHOCY Ha TIOTIIaBe Y TPUPOTHIM
CITMBOBHMA; 1a ToKaxe 3amTo je netajbad LULC (land use/land cover — 3eMJbHUIITHY TOKpHBAY
1 Ha9WH KopuIhema 3eMJBUIITA) IPeCcyIaH 3a MPopadyH MOBPIIMHCKOT OTHIIaja Y Tpady; Aa
aHAJTU3Mpa 3aXTeBe y morieny pesonymuje u taunoctu DTM/DSM y ypb6aHOM OKpYKEHY;
Jla TIpIKaXke Kako HHOUATpanuja, GopMHIpame MOBPUTHHCKOT OTHIIaja U TPAHCTIOPT HaHOCA
yTUYy Ha TOK Oyjuma; u na objacHH MehyaejcTBO ca KaHaITHM3aIlMOHOM MPEXOM H Pas3jore
300r kojux je HeomxoxHo 1D-2D cnpesame mozpena (Carr & Smith, 2006; Chen, Djordjevic,
Leandro, & Savi¢, 2007; Simdes et al., 2011).

OBaj pax mpencTaBiba CTYIN]y YHjU IIUJB j€ 1a CHCTEMAaTH3Yje CaBpeMeHe H3a30Be U IIPUCTYTIC
MoJenupamy ypoaHux Oyjulia ca MOCEOHUM HATrJIaCKOM Ha Ba)KHOCT MIPOCTOPHE PE30TyIIHje
yma3zaux mnoxataka (LULC, DTM/DSM) u wuHTerpanuje MOBPIIMHCKOT ¥ MOA3EMHOT
OZBOJHOT cHcTeMa. MeTonoJIorja je 3acHOBaHa Ha MIPUHIUIIMA CUCTEMATCKUX MPErIeAHNX
HUCTpakuBama kako ux omucyjy Tranfield, Denyer m Smart (2003) u Petticrew u Roberts
(2006), y3 mpmtarolaBame cienn(GUIHOCTHMA XUIPOJIOMIKIM aHATH3aMa U MOJeIpamkIMa.

2.1. M3Bopu moxaTaka u 6udauorpadceke 6asze

IIpeTpara nureparype cupoBeneHa je y cieaehum HaydHUM Oa3ama mojaraxa:

* Web of Science Core Collection,

* Scopus,

* ScienceDirect (Elsevier),

* Taylor & Francis Online,

* SpringerLink,

* Google Scholar (momynckw, 32 uACHTH(GUKAIN]Y IUTATa ¥ HAJHOBHJUX PaJ0Ba).

OcuM Tora, I0IaTHO j€ U3BPIICHO ycariamlaBambe ca JOCTYTHIM PEJICBAHTHUM CTaHIapANMa,
CMEpHHIIaMa ¥ TEXHHYKUM JOKyMEHTHMa y 001acTi ypOaHOT ynpaBibamba BoJaMa.

3. PE3VJITATU 1 JUCKYCHJA

3.1. ConeuuduyHocTd ypoaHux Oyjuna
VY ypbanum cpenuHama omgHOC m3Mel)y KOMWYWHE MajaBUHA U OTHIAja QyHIAMEHTAIHO je
M3MEH-EH y OTHOCY Ha MPUPOIHE (pypaliHe) UIu Mame ni3rpaljeHe cImBoBe, pe cBera 300T
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BHCOKOT yuemrha HempomycHHUX NoBpmnHA (achant, 6eTOH, KPOBOBH, MAPKUHT MPOCTOPH)
KOje UMajy 3aHeMapJbUB KallauTeT HHPIITPALHje U OIMaxX TeHepUITy TOBPIIHHCKH OTHUIIA]
(Berndtsson, 2010; Salvadore, Bronders, & Batelaan, 2015).

UctpaxkuBama y EBponn m Asuju mokasyjy na moBehame HENMpOIyCHUX MOBPIIHHA Ca
npubinnxHO 30% Ha 50—60% pe3ynryje HenmnHeapHUM noBehambeM MaKCHMAaJIHOT TPOTHIIAja
TOKOM MHTEH3UBHUX mamaBuHa (Skougaard Kaspersen et al., 2017; Yin et al., 2016; Yang et
al., 2017). Y TakBUM OKpy’XeHHMa BpeMe KOHIIEHTpPAIHje jé BeoMa KpaTKo, Ila c€ y HmHUMa
YaK M PEeNaTUBHO KPaTKe M JIOKAJIHM30BaHE ONyje ITUPEKTHO NMPECIUKaBajy y MOBPIIHHCKO
otuname (Ochoa-Rodriguez et al., 2015). Ypbane Oyjurie HacTajy U pas3BHjajy ce yHyTap
caMor T'PaJICKOT MoApyyYja, Hajuemhe y poKy O HEKOIMKO MUHYTa J0 CaTH HaKOH MTOYEeTKa
magasuHe (Ochoa-Rodriguez et al., 2015).

Cnuka 1. u 2. Ypbana 6yjuya beoepaod, Bawescka ynuya (uzeop: YouTube)
Figure 1. and 2. Urban Flash Flood in Belgrade, Valjevska Street (source: YouTube)

Jlo moruiaBa M3a3BaHMX KHIIHUM €MM30[aMa Hajuemhe Joia3u Kao MOCIEANIA JOKaTHUX
olryja, KOje ce ycien OrpaHWYeHOT CIMBHOT IMOApydYja IO0jaBJbyjy HArjo M BeoMma Op30
ce WHTEH3MBHpajy. PesynraT oBora je HENPONOPLUMOHAIHO YIpOXKaBame KHUBOTA U
NHPPACTPYKType y OAHOCY Ha KOIMYMHY MaJaBUHA yCled CHeUU(pUYHOCTH OKPYXKEma
onHocHO ypbane cpenune (Falconer et al., 2009). Cauke 1. u 2. mpukasyjy ypOany Oyjumy y
Beorpany, y rpaackoj onmtuan YyKapumna.

VYpOanuszamuja Mema IPUPOIHN 3eMJBUIIHN OKPHBAY HEMPOITYCHUM MaTepHjaInMa MomyT
acanTta m OeTOHA, KOjH Ce TOped HENPONMYCHOCTH OMIHNKYj]y W (OpMHUpameM ypOaHHX
TOIUTOTHUX ocTpBa. OBa mojaBa J0BOIM 10 ToBehama TeMIlepaType y OIHOCY Ha OKPYIKEHE
Koja y3 moBehaHy pamaBOCT CTPyKTypa y ypOaHHM cpenrHaMa Mema IpaBIe BETPOBA
YHyTap ¥ oKkojio ypbaHux cpeauHa. [locimenuna oBora cy mojadyaHo GopMHpame onyja U
Iy’kKe 3apikaBame o0aKa M3HA[ BEIMKHX TPaJoBa Koje Y KOMOMHAIH]H ca HEMPOITYCHUM
MOBpIIHAMA PE3yITYyjy y TojadaBamy AMPEKTHOT OTHIIAja, moBehamy Bpxa W BOIyMEHa
MIOTIJIABHOT TaJlaca y3 cMamemhe BpeMeHa kammkema (Liu & Niyogi, 2019).

[Ipomec ypOaHM3ammje 3HA4YajHO MeHa JOKAaHE KIMMAaTCKe YCIOBE Yy TpaloBHMa H
BUXOBY MHTEPAKIHUjy ca aTMOc(epcKkuM mpouecuma. V3rpaama BEINKUX MOBPIINHA TI0[
6eToHOM, acanToM M APYTHM MaTephjaJuMa KOjH MMajy HHCKY peQIIEKTaHIly M BHUCOKY
aKyMYyJalujy TOIJIOTE CTBapa T3B. ypOaHa TomuioTHa ocTpa (Ypban Xear Ucmang — VXN),
IIpU 4eMy TeMIlepaTypa Ba3lyxa y TPaJcKMM 30HaMa 4ecTo M3HOcH oko -5 °II Buime
HEro y OoKoJIHUM pypamauM nonpydjuma (Oke, 1982). Taj TemnepaTypHH IpaJHjeHT MemHa
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JIOKaJIHY IMPKYJIAIHjy Ba3lyXa, BIa)KHOCT U MUKPOKJIMMATCKE MPOIIECe, IITO MOKE JIOBECTH
JI0 TI0ja4aHOI KOHBEKTHBHOI pa3Boja O0Jlaka M yYecTaJHjuX KpPaTKOTPajHUX, alH BPIO
WHTEH3UBHHUX TJbyckoBa (Bornstein & Lin, 2000; Shepherd, 2005).

Bpojue emmnupujcke crynuje mokasaje cy Ja ypOaHa moApydja MOry YTHIATH Ha
penuctpudynnjy nanasuHa. Ha mpumep, cTyamja 3a BHINE BEIUKHX I'pajoBa IOKasyje jaa
a/laBuHe HaJl WUIM HU3-BeTap ypOaHUX 30Ha MOTY OUTH NpUOIMKHO 5% wiu Buie Behe Hero
y OKOJIHUM pypaiHuM nojpydjuma (Shepherd et al., 2002). [llupu npernen ctynuja nokasyje
na moBehama ox ~10-20 % Hucy HeyobOuuajena (Liu et al., 2019).

MexaHn3aM yTHIaja Ha TaJaBUHE yKJbydyje KOMOWHAIM]y TEepMaJHOT y3[IU3ama Ba3ayxa
y3pokosanor UHI edekrom, mosehany KOHIIEHTpalKjy aepocoiia ¥ YeCTHIa IIpallnHe Koje
Jienyjy Kao Tauke KOHJEeH3allyje, Kao U IpoMeHe y Op3MHHM M MpaBIly BETPOBA KOje HACTAjy
300r 3rpajaa u ypoanor pesbeta (Rosenfeld et al., 2008; Han et al., 2014).

[loBehame WHTEH3WTETa W YUYECTAJOCTH IIJBYCKOBAa JOJATHO j€ II0jadyaHO TIJIOOAaJHUM
KJIMMAaTCKUM IpOMEHaMa, KOje Memajy pacrojeny eHepruje y Ttpomochepu. Mozaenun
MIPOjeKIIHja MMoKa3yjy Aa rpaJoBU MOCTajy )KapuIITa eKCTPEMHUX T1aJIJaBUHA jep Ce JIOKaJTH!
mukpoksinMmarcku edexkrn (UHI, aepoconm, TypOyneHnuja) mpexiamnajy ca II00alTHUM
nopactoM BozieHe mape y armocdepu (Trenberth etal., 2015; Allan & Soden, 2008). 360r Tora ce
y TIOCJIE/IR-0] ICIIeHUjH CBE BHILIE KOPUCTH TEPMUH ,,y pOaHU MJbYCKOBU BUCOKE yUECTAIOCTH
(High-Frequency Urban Rainstorms — HFURs) kao HOBa kaTeropuja MeT€OpOJIOIIKHX MOjaBa
(Yang et al., 2019, Yang et al., 2014, Westra et al., 2014, Zhang et al., 2014).

45.5N 1

44.5N 1

43.5N 1

42.5N 1

42N

19E 1956 20E 2056 21E 215 22E 22.5E 23

Cnuxa 3. Omumune y Penyonuyu Cpouju koje cy nocohene nonnasama, oyjuyama u niasmserem yauya 00
17. maja 0o 17. jyna 2023. cooune (https:/klimalOl.rs/srbija-poplave-maj-jun-2023/)
Figure 3. Municipalities in the Republic of Serbia Affected by Floods, Flash Floods, and Urban Street
Inundation from May 17 to June 17, 2023 (https.//klimal0l.rs/srbija-poplave-maj-jun-2023/)
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VYV XUAPOIOLIIKOM CMHCIY, OBa II0jayaHa Y4YeCTaJOCT KPaTKOTPAjHUX, all HHTEH3HMBHHUX
malaBuHa AUPeKTHO noBehaBa pusnk ox ypbanux Oyjuna. byayhu na Behnna kaHaTH3aIMOHNX
cHcTeMa y CTapyuM I'paJoBUMa HHje TIPOjeKTOBaHA 3a TaKBE EKCTPEMe, BOJa ce OpP30 aKyMymnupa
Ha TIOBPIIMHH W CTBapa JoKaiHe momaBe. OBaj mpoOieM I0ZaTHO MOTOPIIABajy CMameHa
HHQUITpAINja U TOIIOTHO 3pavethe MOBPIIMHA Koje yOp3aBa NCyInBame Tiia n3Mel)y magaBuHa,
nosehaBajyhn mannujanay vemporrycHocT (Fletcher et al., 2013; Alves et al., 2018). Cnuka 3.
MpHUKa3yje OMIITHHE Morof)eHe moriaBamMa y Ieproy of Mecen AaHa y Pemyomwmm Cpouju.

VY ypOaHUM cpequHaMa KallalUTeT 3a CKIAJUIITeHE BOJE je CMAmeH 10 3aHeMapJbHBHX
konmmurHa (071 1-2 mm) Ha KPOBOBHMMA, TyTEBUMA M TPTrOBHMAa, IITO JAOTIPUHOCH T€HEPAITHO
HEJJOBOJbHUM KallallUTeTUMa 33 CKJIAAHIITEeHhe aTMOC(HEPCKUX BOAA y CHCTEMY KaHaIH3aLuje
(Todini, 2025). YommreHo, ypbaHu3anija He yTHYE CaMO Ha XHAPOJIOTH]y, Beh aKTHBHO
Mema JIOKaJIHe KIIMMaTCKe Mpoliece KOji TeHepHIly IagaBuHe. TuMe ce 3aTBapa IoBpaTHa
crpera m3Mmel)y KiImMaToJOTHje T'paja, MOBPIIMHCKE MOAU(HKAIMjEe TiIa W HHTCH3UTETa
atMocthepckux norahaja, unHehm ypOaHe cpeawmHE CBE TOMJIOKHUJUM EKCTPEMHHM
XUIAPOKINMATCKUM TojaBama. Cimka 4. mpuKasyje MPOCTOPHU pacmopern Opoja TPOICKUX
Hohu y yp6aoj cpenunu Ha mpumepy beorpana.

Cauxa 4. Mana mponckux nohu bBeoepaoa. (HU3zsop:Filipovic & Djurdjevic,2023)
Figure 4. Map of tropical nights in Belgrade. (Source: Filipovi¢ & Djurdjevié, 2023)

3.2. 3em/pbHIIHM MOKpHBaY W HauyuH Kopuinhewa 3emsbumra (LULC), Jururananu
mozes Tepena (DTM) u Iururtaanu monesa noppuune (DSM)

Hurnranan mogen tepena (Digital Terrain Model) - DTM npukasyje ,,roxu’ TepeH, OMHOCHO
MOBPIIMHY 0e3 o0jexaTa W BereTamyje, JoK JuruTarHu Monen mospmmuHa (Digital Surface
Model) omgrocro DSM mpukasyje TepeH 3ajeqHO ca CBUM HAJI3eMHHM CTPYKTypama, Kao
mTo Cy 3rpazne, apeehe, orpamne, MOCTOBH U ypOaHH €IeMEHTH MHKpOTOmorpaduje, mro je
MpUKa3aHo Ha cnukama 5. 1 6. Y KoHTeKcTy ypbaHux Oyjuna DSM je gecTo jeqHako BaXkaH,
a y MHOTUM CIly4ajeBUMa M XUAPAyIHUKH JOMHHAHTHUjU y ogHOocy Ha DTM, jep ympaso
00jeKkTH 1 MUKpO-peJbed yInIa ycMepaBajy u 3aapaBajy Tok nmoBpurnHcke Boge (Fewtrell et
al., 2011; Schubert & Sanders, 2012). Axo ce kopuctu camo DTM, 6e3 mpukasa 3rpaja ¥ HBHAIA
KOJIOBO3a, 2D Mopen ,,Buan‘ ypbaHy MOBPIINHY Kao BUIIIE WIH Make PaBHY TONOTpadHjy, u
BOJIa c€ MMPH HEpeasHo Au(y3HO, yMECTO J1a ce BOAM yIHIlaMa, KaHaJnuMa u y1yOsbemruMa
(Chen et al., 2010; Jamali, Lowe, Bach & Arnbjerg-Nielsen, 2018).
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. Digital Surface Model

.Digital Terrain Model

Cauxa 5. Jueumannu mooen nospwune (DSM) u JJueumannu mooen mepena (DTM)
(H360p: www.Geoimage.com.au)
Figure 5. Digital Surface Model (DSM) and Digital Terrain Model (DTM)
(source: www.Geoimage.com.au)

Cauxa 6. Pacmepcku npukas /[ueumannu mooen mepena (DTM)
Jueumannu mooen nospuune (DSM (ussop: www.theotop.ro)
Figure 6. Raster Representation of the Digital Terrain Model (DTM)
and the Digital Surface Model (DSM)

(source: www.theotop.ro)

VY onmHocy Ha OyjudHe IOIJIaBe y NMPUPOJHHUM CIHBOBHMA, ypbaHe Oyjulie cy mox Behmm
yTulajeM tonorpaduje Maaux pasmepa u nHGpacTpykTrype (YIule, NBHUBALH, IPAToOBH,
MOJBOKIAIIM, PEIIeTKE CIMBHUKA), IITO 3HAYM Ja jeé MOIEIHpame Moryhe caMo axo je
Ta Tomorpaduja ekcrmuuTHO mpucytHa y DTM/DSM (Fewtrell et al., 2011; Schubert &
Sanders, 2012). ¥ cnydajy nmpumene rpyoor Digitalnog monena sucuaa — DEM (amp. 10-30
m), yIHLe ¥ OJBOIHU KaHAJHM ,,HECTajy", BOJa c€ IINPHU 110 IIOrPEIIHUM MTPaBIUMa U MOJEI
MpHKasyje JaKHe miaBJbeHe moBpmuHe (Jamali, Lowe, Bach, & Arnbjerg-Nielsen, 2018).

Emnupujcke cTynuje y ypOaHUM cpenHaMa IoKasaie Cy na 0e3 Mpenn3HOT MpHUKa3uBamba
o0jekaTa Kao IITO Cy JIOKaJHE NeNpecHje, MBHYmbALH, IPArOBH U YCKH YIMYHO KamOHCKH
IpoJia3y MOXKe 3HAYajHO HAPYIIMTH Ta4HOCT CHUMYJAlMja TyOMHA BOJE U MyTama Teuema.
Ha npumep, y HEKMM CcTyaujaMa W MOAEIHMMA I'pellke mpeiBuljeHe MakcUMaiHe TyOnHe U
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pa3Maka IOIUIAaBHHMX 30HA Cy yOUeHE Kao 3HaTHE (HIIp. pa3linke u3Mel)y mMpeka BHCOKE U
Hucke pesorynuje (Neal et al. 2013, Ozdemir et al., 2013, Shen et al., 2018).

PeanucTnyHO mpencTaBibame 3rpaja, MBUYKAKA M APYIHX JIOKAJTHHX Ipenpeka y 2D
MonennMa ypOaHOT TMiaBjbeHha NPECYAHO yTHYe Ha MpenBulleHe myTame u ayOuHe:
3aHeMapHuBamk-e OBUX eJIeMEHATa CHCTEMAaTCKU UCKPHUBJIBYje TOKOBE U AyOuHe, 10K ,,building-
blockage n cneunjanuzoBanu ,,building treatments* 3Ha9ajHO TOOOJBIIABA]Y TPEAUKTUBHY
TtagHOCT. [lopen Tora, 0oceTJbMBOCT Ha MPOCTOPHY PE30TYIHjy MpeXKe je BeTuka - GUHHUje
pe3onynunje 60Jpe IeTEKTYjy U NeUHUITY MUKpopesbed 1 kaHanmncame Tokosa. (Chen et al.,
2012; Schubert & Sanders, 2012; Yu & Lane, 2006a, 2006b).

Schubert & Sanders (2012) momaTHO Cy yTBPAWIH Jja TAYHOCT IpenBrul)ama ypOaHOT M1aBJbemha
3aBHCH HE CaMO OJf XOPHU30HTAJHE PEe30IIyIrje pacTepa, Beh 1a je KpUTHYIHO U MPHCYCTBO
peaTuCTHYHHUX Tpenpeka u kaHama y DSM-y, npu demy ce, 6e3 mux, ryom mMoryhHOCT
penpoayKOoBama CTBAPHUX ITyTamka U 3aApKaBama OyjudHe BOJE y MUKPO-IEIpecrjaMa.
Haxne, DTM je nyxaH 3a majg TepeHa, ainu DSM je mpecynaH 3a myTamy U KOHIIGHTPAIHjy
ToKa. Y Tmpakch, Mozenu ypbanux Oyjuna HajooJbe pe3yiTare Aajy Kajaa ce KOpUCTH (pUHO
obpahen u nepuancan LiDAR DSM (< 1 m) wmm UAV-doTorpamerpujcku DSM, xoju caapxe
IpaBe reoMeTpHje 3rpajaa, Bereranuje u caodpahajue nappacrpykrype (Gallien, Schubert &
Sanders, 2011; Neal et al., 2011).

[Ipenasax ca pactepa pezonynunje 5S—10 m vHa 1-2 m 3HayajHO MOGOJBIIaBa MOTyhHOCT MOzIETa
Ja yXBaTH MHKpoTomnorpadujy yimia, ycke KaHaje, Aerpecuje W mBHIle caoOpahajuura,
LITO AWPEKTHO yTH4Ye Ha (HOpPMHUpame IPOTOYHHMX IyTeBa M 30HA 3aIpikaBama BOAE y
ypbaraum cpexmaama (Neal et al., 2011). ¥V cryamjama tectupama ypbanux 2D mozena
Hag LiDAR momammma BHCOKe pe3orylninje, MOKa3aHo je Ja MOAETH ca pe3onynujoM 1-2 m
00Jpe ozpakaBajy JIOKaJTHE BapHjannje AyOWHa, IMUPUHY MPOTOYHUX (PPOHTOBA M TOJ0XKA] @
»HIeTpecHja’ y3 3rpajie ¥ HBHUBbaKe, oK pezonynnje 5—10 m ,,ry6e’ oBe aetasbe, mITo TOBOAH

JI0 BEMITAYKOT muperma miaBHux nospmuHa (Fewtrell et al., 2011; Jamali et al., 2018).

Pixel based VS Object Based
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Cauxa 7. Object Based Image Analyses (M36op: Pandiwijaya et al, 2013)
Figure 7. Object Based Image Analyses (Source: Pandiwijaya et al, 2013)

3a mpakTUYHY NMPHMEHY IpH Mojaeiupamy Oyjuna y ypOaHUM moapydjuma Tpeda HMaTH
HoJaTke O 3eMJBHUIIHOM IIOKpHBady ¥ HAYWHY KopHIIhemba 3eMJBUILITA KOjH Pa3InKyjy THIIOBE
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MOBpIIMHA KAa0 IITO Cy: KPOBOBH, ac(ajTHE KOJIOBO3E, TPOTOApE, MapKOBHE MOBPIINHE,
Hem3rpal)eHa 3eMJpHINTA, 3eTICHE KPOBHE MOBPIIMHE U MOBPIIHHCKE Boxe. OMHOCHO, TOTpeOHa
je dpmHmja kracuduKanmja THIOBA 3eMJBHUITHOT MOKpHBada. be3 TakBor pa3aBajama Mozen he
CHCTEMATCKH MOTIEHUTH WTH IperieHnTH otriaj (Walsh et al., 2012; Miller & Hutchins, 2017).
VY ypbanuM cpenrHaMa XUIpayIHIKo MMOHAMIAKkE MJBYCKa oapeljyjy BeoMa CHTHE TIPOCTOpHE
KapaKTepUCTHUKE: IIMPHUHE KOJIOBO3a M TPOTOApa, BUCHHE WBUYMHAKA, YIAa3U y CIMBHHKE,
MpeNnBH, Ka0 W (QHUHO ,.CHajale’ MO3amKa IOBpIIMHA (KPOBOBH, acdaiT, MOIIodyama,
TpaBmanun). Ako LULC cioj HemMa 10BOJFHO (pHHY pe30NyInjy Aa pa3iuKyje oBe 00jeKTe 1
BUXOBE pyOOBEe, XUIPOIMHAMUYKY MOJIETH MTOTPEIIHO pacropelyjy koeduiujenTe oTuiaja/
nHOWITpannje U Jo0ujajy HeTauHe My Tamke U 1yOnHe Teuema. [Ipernenna ctyauja o ypbanom
IJIaBJbEIbY EKCITUIIUTHO HCTHYE /14 KBAIMTET U PE30IyLHja yIa3HUX ITOJaTaKka O MOBPIIUHI
(yxspyayjyhu LULC) npecynno ytudy Ha neppopmance 2D mozena y rpagosuma (Gou et
al., 2021).

I'pyba mpocropna pesomymuja (Hmp. 10-30 m) m remepamna LULC kmacudukanuja y
ypOaHUM TOApYyYjHUMa CIIajajy BHIIE PA3IMYUTHX KAaTETOpHja 3€MJBHUINTHOT MOKpHUBa4da y
jeIaH TMHKCeN, MITO Y3POKYje CHCTEMAaTCKe T'pelIke y MOAeINMa OTHIama, MoceOHOo 300T
ryonTka nHpOpMaIFja 0 MaJTUM 00jeKTHMa Kao IITO Cy YCKU TPaBHATH T10jaCeBH, HBUIHAITI
u acdanTHe moBpIIrHe. VMcTpaxuBama oka3yjy Aa ynorpeda mogaTaka BUCOKE PE30TyIIHje
(1-2 m u Mame) MOXKe 3HAYajHO M3MEHHUTH PACHOAeTy CHMYJIHPAHUX NyOWHA W JIOKAIlHje
3apXKaBama Bojie y ypOaHUM cpeAmHaMa, ajli camMo Y3 J0BOJbHO AeTasbHy u Tauny LULC
kimacupukannjy (Su et al., 2022; Andualem et al., 2023; Ozdemir et al., 2013).

3a moy3maHo pa3IMKOBAE ,,XUAPAYINIKH PEIEBAHTHHUX * Kiaca (KPOBOBH IO MaTepujaiy,
achanT vs. TOMJIOYamke, HUCKH/BIUCOKH TPABHANH, 3eMJBHINTE Y PaJOBHMa, BETETAaIlH]a)
HajOoJBe pesynTare najy cHUMIH Bpio Bucoke pezomynnje (VHR — very high resolution) u/
nunu LiDAR ckenosu y kombunaanuju ca OBIA (Object-Based Image Analysis). Bumre pagosa
notephyje ma OBIA max VHR caumnuma y3 momoh LiDAR-a moBehaBa ykymHy TagHOCT
ypbarnnx LULC mama m omoryhaBa yBoheme ¢uneca (Hmp. kinacupuxamnujy objexaTta mo
BucuHU/NnDEM), mTOo je mpecyaHo 3a xugpaynuuke npopagyne (Wiliams et al., 2018; Li &
Shao, 2014; Zou et al., 2016). IIpumena OBIA mpuctyma cmamyje MOTYhHOCT T'penike mpu
KITacuUKANHjd TOjefUHAYHUX IHKCEeNla M IIYM KOjH JOJIa3W off oOpaae TOjelnHaTHHIX
NHKCeNna NMpU CHUMIMMa BHCcoke pesonymuje (Surjanac et al., 2022). Cimka 7. npukasyje
pesynrare kKiacu]uKaiije Ha OCHOBY 00jeKkaTa M IIKCea.

Kao mro je moMeHyTO MHOra MCTpa)kMBama HUCTHUY YTHUIA] PE30IyLIHje W AUTUTATHOT
enesanroHor Monena (DEM) Ha xuaponomka Mmonenupama (Vaze et al., 2010; Li and Wong,
2010; Saksena and Marwade, 2015). Hexu ayTopu HaBojie 1a AUTHTAIHA €ICBAIIOHN MOJIEI
(DEM) BucoOKe pe3onylnje NMa 3Ha4ajHUjH yTUIA] Ha TPOICHY IITeTe Of MOIUIaBa HETo Ha
MPOIIEHY PHU3MKa O MOIUIaBa, ycien 0oJber mpeAcTaBibama HHPpacTpykType. Ha mpumep,
Jang et al. (2021) cy yrBpamiu na moBehame pesorynuje DEM 3naTHO moBehaBa mpemu3HocT
Mara pu3uKa Of] MOIUIABa U CMamyje I'PEHIKy y aHalu3aMa pH3HKa M0 CTAaHOBHHIITBO 3a
npubamxHO 53% (Su et al., 2022), Jang et al., 2021).

VY ypbanum cryaujama je mokazano na nosehame mpoctopue pesonynuje DSM/DTM (amp.
ca 10 m xa 2 m u puHHUje) MOXKe 3HAYajHO YTULIATH Ha pe3ynTaTe 2D MozmenoBama mormiaBa —
MIPOMEHY pacIojeNe CUMYITUCAHIX AyOnHa, MOApYydja HHYHIAIM]e U IEeTEKIH]y JTOKATHIX
JeTpecrja/yIndHuX ,,[IenoBa‘; eexar je moceOHO M3pa)keH y 30HaMa MajuxX Haruba um y
,Street-canyon® mopdomnoruju. OBo je JOKYMEHTOBAHO Yy BHIIE pajoBa KOjH €KCILTUIIUTHO
npoy4aBajy pesoxyunjy DEM-a, 3a pa3nmuky oxg Ochoa-Rodriguez et al. (2015) xoju ce 6aBu
pe30NIyIjoM TaJaBHHA.
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VY crynuju Muthusamy et al., (2021) moka3zano je ga ynorpe6a kBanutetHujer DEM-a cmamyje
IPelIKy y mpocednoj nyounu nomiase ca ~90 % Ha ~4 % u RMSE ca 2.6 M Ha 0.9 M. Jom
jemna crynmja (Jiang et al., 2022) motBplhyje na mobosemame pesonynuje DEM-a 3HauajHO
yTHYE Ha pacroiery 1yOHHa U rpelike cuMyJIaluja MorJiaBsa.

VYrumaj mpoctopre pesomynuje DEM-a Ha cumymanmje ypOaHMX momiaBa mo0po je
JOKYMEHTOBaH y BHIIE cTyauja. VcTpaxkuBama mokasyjy na rpyom DEM (10-30 m) moxe
JIOBECTH 10 BEIUKUX Ipellaka y CUMyJIHpaHHM NyOMHamMa M LIMPHHU IOIUIABJEHE 30HE
jep He pemponaykyje ypbane MUKpoToIorpadcke CTpyKType Kao IITO Cy HBUYHAIH, PaMIIE,
JoKaTHe aenpecuje u kanaiau. Hacynpot tome, DEM Bucoke pe3onymuje (1-2 m nnu GuHujm)
3Ha4YajHO yHampelyje penpe3eHTanjy MOBPIIMHCKUX TOKOBA, YKJbYdyjyhm TOKOBE Iy
WBHIIa KOJIOBO3a M 3rpaza. Y3 To, BHCOKA pe3oirynrja omoryhaBa TadHuje MO3HITHOHUPATHE
yIa3HUX Tadaka KaHalW3amuje (CIMBHUIM, IIaXTOBH), mTO mobosemasa 1D/2D copesy u
cMmamyje xuapaynnuky rpemky (Leandro et al., 2009; Chen et al., 2010; Jiang et al., 2022;
Muthusamy et al., 2021).

Cryamje y ypbanum noapydjuma y EBponn mokasyjy Aa qeTajbHHja IPOCTOPHA PE30IyLHja
OUTUTATHUX MOJeNa TepeHa (WM TIoxaTaka Tororpaduje) IONMPHHOCH MPEenH3HHUjeM
MojenoBamy ypbanux moriaBa. Ha mpumep, Jamali et al. (2018) pasBujajy Op3m momen
ypbaHe WHYHAaNMje M yKa3yjy Ha 3Ha4aj pe3oxynuje mogaraka, a Skougaard Kaspersen et
al. (2017) yxa3zyjy Ha yiory ypbane mopdonornje y uinaramy IUTYBHjaJIHIM TIOTUIaBaMa.
OBo cy mozmanu Koju yka3yjy aa Beha pe3onymuja (HIp. HCIoA ~5 m) Moke OMTH KpUTHYIHA 32
yodaBame MOP(OIOMIKIX AeTajba U OOOJBIIAEKE Pe3yITaTa MOea.

Bucoka pe3omynuja DEM-a je oq HapoduTOr 3Hadaja 3a M3paxy TOMOrpadCKUX HWHIEKCA.
Tomorpadcku HHAEKC MPEACTaBIba XHUIPOIOMIKO KBAHTH(PUKOBAHE KOj€ OMHCYje TPUPOTHY
TEHICHITN]Y 3eMJBUIITA Ha onpel)eHnM Taukama rej3aka 3a 3acuherme BOIOM Kao pe3ynTaT @
tonorpapcke mosmmmje (Marthews et al., 2015). Hajuemrhe wxopurmhenu Ttomorpadceku

nnnekcu ¢y TPI — Topographic Position Index, u TWI — Topographic Water Index.

MeTton Topographic Position Index (TPI) kmacudukyje momokaj cBakor mMUKCeNa y OTHOCY

Ha OKOJNMHY Ha ocHOBy BucuHe. MHaexc Topographic Wetness Index (TWI) mporemyje

MMOTEHIIN]aJI aKyMyJallije BoAe Ha OCHOBY Je(HHUCAHOT MOBPIIMHCKOT MOpyYja U Haruoa.

[Ipu Tome, 3a ypbaHO MOAeTMpamke MOIIaBa, HeKe CTyIMje YKa3yjy Ja je Kopumheme Moiena

ca IPOCTOPHOM PE30TYIHjoM OOJHOM O ~5 m TO MHUKCETy 3Ha4ajHO MOOOJbIIaBa pe3yiaTare

(Yang et al., 2014; Su et al., 2022).

Cryamja y rpaxy Guangzhou-y (Huang et al., 2019) xopuctuna je LIDAR DEM pe3omyumje

0.5 m ma 6u ce mcnuTana yiaora Tornorpaduje y ypoaHUM IUTYBHjalTHUM TIOTIaBaMa. YBOAH

nagexc TCI (Topographic Control Index) xoju mokasyje rae ce Boga MOXKE 3aIpiKaThH y

ypb6anom pessedy. Pesynratn nokasyjy na DEM Bucoke pesomyumje u TCI ananuza mory

mo0OospIIaTH MACHTU(HUKANN]Y 30Ha aKyMmyJalije BOAE W MOAPIIKY MOAEIOBamY, Maia

OpojuaHe BpeqHOCTH (HIIp. rycThHA Tadaka, npar TCI, nogynapame %) HuCy crenuduaHo

HaBeIeHE Y TOM pasuy.

VY HajHoBujuM cryamjama, UAV (apoH) ¢ortorpamerpuja u UAV-LiDAR mocTtajy KibydHH

mBopu 32 LULC m DSM/DTM Bucoke ryctusae y rpagoBuMa. IlpuMeHe ca pe3omynujom

oko 1 m (mm puHHje) moKa3yjy Aa yIpaBo TaKBH MONAIH [1ajy CTAOMITHHUjE U peaTUCTHIHI]C

CHUMYyJaIyje MIaBJbekha Ha PAaBHUM W KOMIUIEKCHUM YpOaHHM TEpEeHHMa, jep KOMOWHY]Y

TagHe pyOoBe o0jexaTa ca moy3ganumM BucuHama (Trepekli et al., 2022; Emrah, 2018). Cmke

8. m 9. mpuKasyjy pa3iuKy y pe3onynuju u3mely catenuckor cHuMKa pesonyuuje 10 m/pix,

1 CHEMKa O6ecriuioTHUM cucteMoM — ipoHoM (UAV) pesomymmje 1,5 cm/pix.
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Cnuxa 8. Tpe Huxone Iawuha y Beozpaoy, Cnuka 9. Tpe Huxone Iawuha y Beoepaoy,
pezonyyuja 10m/pix (useop: Sentinel 2) pezonyyuja 1,5cm/pix (uzeop.: npusamna apxusa)

Figure 8. Nikola Pasi¢ Square in Belgrade, Figure 9. Nikola Pasic¢ Square in Belgrade,
resolution 10 m/pixel (source: Sentinel-2) resolution 1.5 cm/pixel (source: private archive)

3a ypOane Oyjule ,,KpuTH4HA™ je Xuapayindku edukacHa ernporyctHa nospinHa (EIA) koja
IpencTaBba 1eo n3rpah)eHuX NOBPIIMHA KOJH je 3aiCTa XUAPAYITNYKH [IOBE3aH ca CIIMBHULIMA/
kaHanmzanujoM. Ako LULC Hema J0BOJbHY pe30JIyLHjy W/WIIM METOHY Ja pasihKyje
eexTuBHE 011 Hee(eKTUBHUX ,,impervious” MoBpirHa (MOBPIIMHE ca KOJUX CE MOBPUIMHCKH
OTHIIAjN HE CIMBA]y Y CIMBHUK), MOJCIN 3HAYAJHO TPEIIe Y BPITHUM MIPOTUIAjUMa U BPEMEHY
KOHIeHTpalje. Metononoruje koje nonase ox ¢uHo kinacudpuxosanor VHR LULC-a najy
6osbe mporiere EIA u cmamyjy HecurypHocTH y ypOanom ortunamwy (Wiliam & Jack, 1983;
Gulliver, 2015).

[Moganm BuCOKe MpOCTOpHE pe3odyIuje, kao mTo cy LiDAR Momenu mnm apyru u3BOpH
ca BEJIMKHUM JieTaJbeM, 3Ha4dajHo 1moOoJbliaBajy ypbaHe mojelne noruiaBa jep omoryhasajy
0oy penpeseHTannjy MUKpornH(pacTpykType u Mukportonorpaduje (Meesuk et al., 2015).
MehyTum, ctyauje uctudy jaa y Op3o memajyhum ypObaHum cpeauHama BaKHOCT MMa U
QXYPHOCT M OOHaBJbAIHE IMOJATaKa, jep HOBE IMOBPIIMHE, IPAJIUIUIITA U PEKOHCTPYKIIH]jE
MOTy yOp30 yYHHHUTH CTapOM MOZEJE HealeKBaTHUM.

VY nutepaTypu ce UCTUYE Aa MOAETHU TepeHa Bucoke pesonymuje (npr. LIDAR) najy 3nauajuy
MPEIHOCT y perpe3eHTaIiji MUKPO-UH(PPACTPYKType U Tonorpadckux aetajpa y ypbanum
Mozenuma norutaBa. Ilpu ToMe, HeKe cTynuje HCTHYY jAa Op3u TeMno ypOaHUX MpoMeHa
(rpaheBUHCKH pa/ioBH, HOBH Iy TEBU/MIAPKUH3M) 3aXTE€Ba YE€CTO OOHOBJBUBE TOJIATKE KAKO O1
Mozenu octanu peiaesanTHU. (Meesuk et al., 2015; Leandro et al., 2009)

Jeman on BaKHHMX aclieKata aHaju3e ypOaHuX OyjuLa IpeacTaB/ba M JUHAMHKA ITPOMEHa
KapaKTepUCTHKA TepeHa KOju ce mocMmarpa. [Ipomene y HaunHy kopumhema 3eMJbHIITA Y
ypOaHUM cpeHaMa — Ha IPHUMEp PeTBapambe 3eJICHUX IOBPLIMHA Y HHTEH3UBHO U3rpaljene
30HE — UMAjy IWPEKTaH YTUIj Ha XuApojorujy otunama. Cryamje y Ilekunry u llanrajy
HOKa3yjy JAa IOpacT yAesJa HENpoNyCHUX IMOBpPIIMHA 3HAYajHO INoBehaBa MaKCHMalHH
MOBPIIMHCKH 0TH1A] U ckpahyje Bpeme HacTtaHka Oyjure (Yang et al., 2019; Yin et al., 2016).
Ha mpumepy beorpana, sunnmo a je 3a neprog ox 1990. mo 2018. roquHe 101110 10 cMambemha
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3eneHnX ypOaHux nospuinHa 3a 13%, MoK cy ce Hacesba M MH(pAacTpyKTypa mnosehanu 3a
33% (www.klimalOl.rs) mrTo je mpuka3zano Ha ciaunu 10.

HoBuju npernenn o ypOaHMM NoOIIaBaMa H3a3BaHMM KHIIHMM [aJaBUHAMA HCTHYY Ja
cy ympaBo HetauHu win 3actapenu LULC mopmanu jeman onx HajBehmx WM3BOpa rpemaka y
Monenuma ypoanux Oyjuna (Islam et al, 2025;).

Namena zemljista:
. Naselje i infrastruktura
= Urbane zelene povrsine i sume
= Livade | bunje
Poljoprivredne povrdine sa znatajnim

Namena zemljista:

= Naselje i infrastruktura A

= Urbane zelene povrine i Sume

m Livade i Zbunje
Poljoprivredne povrsine sa znagajnim
udelom prirode vegetacije
Poljoprivredne povrsine

= Vodene povrSine

udelom prirode vegetacije
Poljoprivredne povriine
= Vodene povrdine

10015 20 2km 0 5 10 15 2 25km
-

Cauxka 10. [Ipomena 3emmwuinoz nokpusava/navuna kopuuhersa semmwuwma na mepumopuju beoepada
(useop: www.klimal0l.rs)
Figure 10. Land cover/land use change in the territory of Belgrade (source: www.klimal0l.rs)

[Mpomene y HaunHy kopuirhema 3eMJbUILITa Y yPOAHUM CpequHaMa, Kao IITO Cy IPETBapambe
3eJeHUX U IMOJYNPONYCHUX IOBPLIMHA y 30HE BHCOKE M3rpal)eHOCTH, 3aMeHa TpaBHATHX @
WU 3EMJBHIMTHUX TOBPIIHHA OETOHOM, ac(alToM W KpPOBOBHMA, WMajy AUPEKTaH H
KBaHTUTATUBHO MEpJbUB YTHUId] HAa XUAPOJIOTHjy OTHLAMma. TakBe NMpPOMEHE yTHYy Ha
cMamemhe NHOWITpanuje, moehame Op3nHE MOBPIIMHCKOT OTHIAka U ckpaheme BpeMeHa
KOHIICHTpaIlMje, YUMe Ce T0jayaBa MHTEH3UTET M yOp3aBa opmupame ypbaHux Oyjuma
(Fletcher et al., 2013; Miller & Hutchins, 2017).

[Mpomene y HaunHy Kopumherma 3eMJBHINTA Y ypOaHUM HOAPYYjHMA YTHUY Ha XHIPOJIOIIKH
OJI3MB YHTABOI CIIMBA, HE CaMO Kpo3 oBehame HelpOoITyCHUX IOBPIIMHA, Beh U KPO3 IIPOMEHY
MIPOCTOPHE KOH(HUTy paIrje ypoaHuX OJI0KOBA, IPEHAKHUX KaHATIa 1 3eICHHX 30Ha. YpOaHm3anuja
JI0BOZIU 10 (pparMeHTaluje IPUPOJHIX MOBPIIHHA, YKIIabhabha BEreTalllje i CTBapama II0Be3aHUX
MOBPLIMHA Ca HUCKUM MH()UITPALMOHMM KaranuTeToM, ITO noBehaBa MOBPIIMHCKO OTHLAKE
Y JIOBOZIM JIO HATJIAMIeHHUjer BPIITHOT MpOTHIajaa U Beher pusmka o HacTaHka ypOaHux Oyjura
(Fletcher et al., 2013). OBu mpomecu cy moceOHO H3paskeH! y TPaICKAM 30HaMa Koje Ipostase Kpo3
MHTEH3MBHE PEKOHCTPYKIIHje U MINPEEe TPAHCIOPTHE HHPPACTPYKTYpE, IITO JOBOIH IO Op3uX
MHUKpPO-TOrorpad)cKuX IMpOMeHa U W3MeHa IyTeBa oTulama (Zolch et al., 2017).

VYpbarmzamnuja y [lekunry godap je mpumep oBOT TpeHaa. AHaiau3e Ha ocHOBY Landsat crieHa
U IPOCTOPHOT MOJENHparba MoKas3ale Cy Ja je IOCTEIeH! pacT HeIPONYCHUX ITOBPIIMHA y
LEHTPAJIHUM JeJOBHMa Ipajia TOKOM HOCIEIbUX JeLeHrja JOBeO 10 MPHUMETHOr IToBehama
MOBPIIMHCKOT OTUIaka TOKOM MHTEH3MBHUX MaJlaBUHA U IIPOMEHE THHAMUKE OZIBOJA BOJE
y gokanauM cauBoBuMa (Hu et al., 2020). Aytopu nuctudy n1a je mpu MoIeIupamy ypOaHux
CIIMBOBATIOTPEOHO y3eTH y 0031p BpEMEHCKE CepHje TpoMeHa HauHa KOpHIINerha 3eMJIBHUIITA,
jep 4ak u ymepeHa ypoaHmu3aiija Moke 3Ha4ajHO YTUIIATH HA YKYTTHU XUIPOJIOIIKH OMITaHC.
SWMM (Storm Water Management Model), pa3sujer on ctpane EPA-e (Environmental
Protection Agency), mpencraBiba jegaH o HajpISKCHOMIHUUX W Hajuemhe KopuirheHux
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Mojielia3a aHaInu3y ypOaHor oTHIamka. MoJie MoXKe 1a HHTET PUILE pa3InYMTe BPCTe ToAaTaKa:
tonorpadcke monene, LULC xnacudukaiyje, magaBuHe, CTPyKTYpY KaHAIH3AIIHOHE MPEKe,
HHOUITPANHOHE TapaMeTpe U XUApayIndke KapakTepucTuke Marepujana (Rossman, 2015).
Cumynanmonu okBup SWMM-a omoryhaBa KOPHCHHKY Na aHaJdu3upa Kako MPOMEHE Y
MOBpIIMHAMA (HIIP. 3aMEHa MPOITYCHUX IMOBPIIMHA HEMPONyCHUM), peKoH(pHUTypammja
Mpeske KaHana i uMmiieMentanuja LID/SuDS mepa yTudy Ha THHAMUKY OTHIIaEha TOKOM
pa3IUYUTHX MMaJaBUHCKUX aorabaja.

SWMM ce y auTepaTypH ONMHCYyje Kao MOJAET KOjH Jaje Ooy3AaHe pe3yiTare y aHajan3aMa
ypbanux Oyjuma, moceOHO 3aTO IITO TOApXKAaBa TWHAMHUYKO Monenupame 1D mpoToka y
[IEBOBOJMMA, NPEIHBAy y IIAXTOBUMAa M II0jaBH JIOKAJHUX IOBPLIIMHCKUX IUIaBJbEHA Y
ycrmoBuMa mpeonrtepehema cuctema. Y KOMOMHANIM]H ca aKyPHUM IPOCTOPHUM ToJarmma,
0Baj Mozen oMmoryhaBa mporeHy edekara ypbaHnu3ammje, KIMMATCKIX ClieHapHja, H3MeHa y
Ha4YMHY KopHuIrhema 3eMJBHINTA U IPIMeHe 3e1eHe nHppacTpykType (Hamel et al., 2020).
VYpbanuszanuja — HAPOYUTO PACT HEMPOITYCHUX MOBpIIMHA (acdanT, OETOH, KPOBOBH)
(hparmMeHTanrja 3eJCHUX 30Ha — JTOBOAH JI0 CMamkemha HHPHUITpaIyje, mopehama 3ampemMmHe
n Op3uHE TMOBPIIMHCKOT OTHIIAja, Op:ker (QopMmupama BPIIHUX MPOTOKa M ckpahmBama
BpeMeHa om3uBa ypOaHmx cinBoBa. OBO je KOH3MCTEHTHO MOKAa3aHO y CHHTETHYKAM
mperiequMa ypOaHe XUAPONIOTHje M MOJAeNHcama (HIp. CHCTeMAaTH30BaH Mperiiel CTama
obnactn) (Fletcher et al., 2013).

Crynawnja 3a IlexkuHT moKa3yje 1a ce mpoMeHa HaduHa kopunihema 3emspummta (LULC) Tokom
JIETICHja MOXe TIoy3aaHo nmpaTuTu Landsat crierama (1984-2019) u 1a je pacT HEMPOMyCHUX
NOBPIIMHA Y LEHTPAJIHUM AEJIOBHMA I'pajia MoBe3aH ca moBehameM ITOBPIIMHCKOT OTHIIaja
(pagynaro SCS-CN mMeTomom), mto moTBphyje Be3y ypOaHu3amuje 1 HHTCH3UBHHU]ET 0J13UBa
cnuBa Ha magasuue (Hu et al., 2020).

SWMM owmoryhaBa cmajame XHAPOJIOUIKMX Tporeca (majaBWHA, WHOUITPANH]a,
eBaloTpaHCIUpallja, aKyMyJal¥ja Ha NOBPIIHHH) ca |D XuapayaTudkuM TOKOM Y
KaHAJIM3aIMOHO] MPEKHU (IIEBOBOMH, IIAXTOBU, IPEIUBHU, ITYMIIe, pe3epBOapH) M MOAPKaBa
anamuzy LID/SuDS mepa, cuenapuja ypoanmszamnuje u knume (EPA, 2025).

TagHoCT ypOaHUX CHMYJIaIlHja MOIJaBa OCETIBHBA je Ha IPOCTOPHY PE30NYIN]y U KBAIUTET
tonorpadcknx u LULC ynaza. [Tokazano je ma npemna3ak ca rpyossnx DEM-oBa Ha duHHje
(amp. ox 10-30 m xa 1-2 m) Mema pacnofeny CUMYJIHpPAHUX TyOWHA B MPOCTOP TOIUIABE;
HCTpakMBarba Takole HarjamaBajy na TPETMaH 3rpafa U Apyre ypdane HHPpPacTPyKType
(Mpeska ynuIa/MBHYBALN/IPETIBH) 3HATHO YTUUY Ha pe3ynTaTe. JlomaTHo, mopehema puHe
(0,5 m) mrpy6sne (5—20 m) Tomorpaduje y ypoaHIM yCIOBHMa ITOKA3Y]y MOTOPIIamka MeTPUKa
TIOTIIaBe TIPH AeTrpananuju pezomynnje (Muthusamy et al, 2021).

Y koHTEeKCTY MUKpoTotnorpadwuje, 3a rpag I'yanroy je mpeanoxker TCI (Topographic Control
Index) xoju, 3acHoBan Ha LiDAR DEM-y pesomynuje 0,5 m, kBaHTHTYje Tomorpadcky
KOHTPOIIy HaJl IUTYBHjalITHUM IOIUIaBaMa M 00Jbe KOPECIIOHAMPA ca UCTOPUjCKUM 3allucuma
morIaBJbuBama Hero kimacuaan TWI y rycro m3rpalhennm 3onama. OBO HarniamaBa 3Ha4aj
BPJIO BHCOKHX PE30JIyLIHja 3a IPENo3HaBambe JIOKAJTHHUX JIeIPEecHja U ,,[IeTioBa’ 3aJpKaBamba
Boze y ypbanom TkuBy (Huang et al., 2019).

[apasenno, HemaBHe CHHTe3¢ YpOaHOr NOIUIABHOI MOJEIHpama HCTHYY MOTpedy
yckiaahuBama TMPOCTOpPHHUX  pe3odymuja ymasHux ciojeea (DEM/DTM, LULC,
nHppacTPyKTypa) jep Heclarama y pe30NyNHjd U KBAIUTETY YHOCE CTPYKTYPHE TPEIIKe Y
pacmozeny nyouHa/Op3uHa U Y UACHTH(DUKAIN]Y KPUTHYHUX JIOKalrja (HIIp. yIa3He Tadke,
MIPENINBH, YCKE YIUTHE ACTIPECH]e).

LiDAR Bucoke ryctuHe (> 8 Tagaka/m?) TpeHYTHO Ce CMaTpa HajIoy3JaHUjUM H3BOPOM
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3a m3rpaasy DTM u DSM Bucokor kBamurera y ypOaHUM HOApydYjuMa, jep oMoryhasa
MIPEIN3HO pa3Bajamke BUCHHA 00jekaTa, KPOBHIITA, BETETAIlN]je H KOJIOBO3HHUX TIOBPIINHA, H
THME J10aje XUAPAyIHIKH peleBaHTHe Oapujepe u kanane y 2D mozgene (Gallien, Schubert
& Sanders, 2011). MehyTum, BucoKa IIeHa U OTpaHUYEHA JOCTYIMHOCT YMHE OBAKBE MOAATKE
YeCcTO HEJOCTYITHUM, HAPOUUTO y CpenrHaMa Koje Hemajy penoHe LiDAR kammame.

300r Tora ce y HajHOBHjUM paJOBIMa Pa3BHjajy XUOPHIHH IPUCTYTIH, Tie ce rpy0ssn DEM (Hp.
Copernicus 5 m, ALOS, SRTM) kom6uHyje ca MammuHCKAM yaemeMm, LULC knacuduxanmjom
1 MOp(OMeTpHjCKIM MapaMeTpruMa Kako O1 ce KOpUTOBaJIe TPeIIKe BUCHHE Y ypOaHUM 30HaMa,
moceOHO AyK pyOoBa 3rpana, maaHux JuHuja yiuma u Hacuma (Okolie, Mills, Adeleke & Smit,
2023). OBakBe TEXHHMKE AEMOHCTpUpale ¢y cMameme RMS rpemike Bucune 3a 30—40%, mro
3HAYajHO NMOO0JBIIIABA YCMEPaBakhE TOKA Y XUAPAYIHIKIM MOJCITIMA.

OBu HaBOOM TOKa3yjy Oa HHUje mpecynHa camo kommumHa (TIA), Beh xmapaymmuka
moBe3aHocT Tj. EIA, jep ympaBo oHa KOHTpOJIHIIE KOJUKO TIa/JlaBHHA 3aMCTa MOMEHTAIIHO
yna3u y Mpexy U (popMupa OTHIIA)/BpITHE MPOTHUIIAje. 3aTO BUCOKA MPOCTOPHA PEe30TyIHja
u ¢uHo KnacupukoBan LULC (VHR + LiDAR/UAV) omoryhaBajy na 60ipe pa3nukyjeMo
MIOBPIIIIHE KOj€ 3aKCTa TeKe CIUBHUIIMMA O OHUX KOje He TeXe (HIIp. IBOPHUIIITA, IEPHBOjH,
MIPOITYCHH IIJIATOM), Ka0 U Ja yBEIEMO ,,TeKUHCKO MTOBE3MBamk-e’ (HITP. yAaJbEHOCT /10 HajOImKe
LIEBU/CIIMBHAUKA) YMECTO TpyOor TpeTMmaHa ,.cBe je MCTO . Pesynrar oBora cy pearHHjH

KOS(UIMjeHTH OTHUIIaja M Mamke TPEIIKe Y BPITHUM NMPOTOKMMA U BPEMEHY KOHIIEHTPAIIH]je
(Wiliam & Jack, 1983; Gulliver, 2015).

3.3. Uupuarpanmja noBpIIHHCKO OTHIAK€ M HAHOC

Ypbaru3amnuja TOKOM IOCIEAmUX MCIEeHHja Y BEIHUKO] MEpH je M3MEHWIAa XHIIPOJIOIIKO
¢byHKIHOHWCAame ypOaHUX cnmBoBa. lloBehame HENMpPOMYCHUX MOBPIIMHA JOBOIH [0 @
3HAYajHOT CMamemha WHOUITpaIuje, pacTa MOBPIIMHCKOT OTHIAja W OpXKer IOCTH3ama
BPIIHUX TPOTHIAja, IITO jeé Y MOTIYHOCTH MOTBPHEHO y TMperiIeqHUM paJoBuMa ypOaHe
xunponoruje (Fletcher, Andrieu & Hamel, 2013). HenpomycHu martepujanum Kao IITO Cy
acgant, 0eTOH M 30MjeHe IemrayKe MOBPIIMHE CTBAPajy YCIOBE y KOjUMa je MHPMITpannja
MHUHHMMAaJIHA, a IOBPIIMHCKU BoaeHH (uiM Qopmupa ce TOTOBO OJMax HAaKOH IOYeTKa
nmajjaBuHe, YMMe ce reHepuiie TpeHyTHH noBprmrmHcku otunaj (Fletcher et al., 2013).

HNako ce "ecTo mpeTmocTaBiba 1a Cy ,,3eleHe’ ypOaHe MOBPIIMHE CIIOCOOHE 3a epHUKaCHY
nHOUATpanwjy, OpojHe CTYyAMje MOoKa3yjy Ia Cy TPaBHallH U TAPKOBH y TPAJCKUM YCIOBHIMA
YecTO MOABPTHYTH jaKkoM 30HMjarmy 3eMJBHINTA ycieq Temadkor caoOpahaja, ompikaBama,
WU HelocTaTka AeOJber BEeTeTalMOHOT CJioja, IITO MOXKE 3HA4ajHO YMAWUTH HUXOBY
nHpunTpanuony crmocobnoct (Gregory, Dukes, Jones & Miller, 2006). HaBeneno 3naum
Ja Kaprorpadcky 3eJieHa 30Ha He Mopa XUAPAayIHdYkH Ja (yHKIHOHHUIIE Kao IMPOITyCHa
MOBPIIIMHA, IITO jeé YeCT y3POK Tpellaka y MOAEINMa KOji KOPUCTE jeaH FIIH HEKOIHKO
,»[IPOCETHIX " MHOUATPAIHMOHUX TapameTapa 3a 1eno ypoano noapydje (Elliott & Trowsdale,
2007).

[Mopen Tora, y ypOaHUM yCJIIOBUMA TOKOM HHTEH3MBHUX I1JBYCKOBa OJIA3U IO MOOMIIH3aLHje
(uHOT U cpexrme KPyITHOT HaHOCA ca yIuIa, TPaliInIITa U TOBpIInHa 6e3 Beretanuje. OBaj
Marepujall MOXe Jia ce aKyMyJIHpa y CIMBHULMMA U YJIAa3HUM pelieTkamMa, CMambyjyhn BHXoB
IPOTOYHHM KanmanuTeT. EKcreprMeHTanHe CTyAMje MOKasyjy Ia ASIMMHYHO 3a4eIJberhe
PEIIETKN MOKE CMAmbUTH BUXOB XUAPAYINIKH KaaluTeT U 10 55%, MTo n3a3uBa JOKaTHA
3aJpKaBamba BOAE M I0jaBy MOBPIIMHCKHX IJIaBJbEHha YaK M KaJa je KalaluTeT LEeBOBOJA
¢dopmamHo noBospaH (Hao, Mu & Shi, 2021). OBo ce uecTo jaBiba y CTapHjuM ypOaHUM 30HaMa
ca T'yCTOM HH(PacTpPyKTypOM, Ilie MOACIHCAE IIONJIaBa 3aXTeBa yBOheme HapaMeTapa
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BE3aHMX 3a CTame cIuBHUKA U HaHoca (Lowe & Arnbjerg-Nielsen, 2020).

300r HaBEeJCHUX OTpaHUYCHHA, CABPEMEHHU MPHUCTYIN YIpaBJbaly ypOaHUM OTHIAjeM CBE
BHUILE YKJby4yjy KOMOMHOBame TpaIulMOHAIHE ,,CHBE MHPPACTPYKType ca CHCTEeMHMa
3eneHe W maBe uHGpacTpykrype (LID/SuDS mepe), kao mTO Cy TPOMYCHH KOJOBO3H,
HHOQWITpAIMOHE jame, KumrHe Oamre W Omocsejn-cuctemu (Bioswale). Cucremartckn
Iperjiein MoKasyjy Aa OBaKBe Mepe MOTY 3Ha4ajHO YMambUTH BPIIHHU IIPOTOK H YKYITHH O0MM
oTuuaja, Ipu 4eMy e(peKTH 3aBHCE O THIIA Mepe H Y/esa TPeTUPaHe HEIPOIyCHE TOBPLIMHE
(Ahiablame, Engel & Chaubey, 2012). MeTa-aHann3a MOICICKHX HCTPakKUBamba Ha HUBOY
CJINBOBA IOKa3yje Aa CBaKM JOJATHH IPOLEHTHH IOCH TPETHPAaHE HENPOIYCHE MOBPLIMHE
LID/SuDS mepama y mpoceky noBoau a0 oko 0,60% cmamema BpurHor npotoka u oxo 0,43%
cMamema yKymHor otunaja (Bell et al., 2020).

3.4. UuTepakuuja ypoanux Oyjuna u KaHAJIM3aMHOHUX/IPEHAKHUX CHCTEMA

Ypbanu cIMBOBH MPEACTABIbA]y KOMIUIEKCHO XHIPOIOIMIKO-XHIPAYINIKO OKPYKEHE Y KOME
ce crmpe3ajy MpoIecH MOBPIIMHCKOT oTHnaja (2D) m moa3eMHe ApeHaKHO-KaHAIN3AIHOHEe
mpexxe (1D). Kako maBogm Guo m capamgaumu (2021), ,,IpeHa)kHa Mpeka HTpa KIBYIHY
yJIOTy y 0fiBOl)erby MOBPIIMHCKOT OTHIIaja Y ypOaHUM cpequHaMa; 3aHEMaPHBAbE MITH JIOIIA
MPOIIEHa MOXE IOBECTH JI0 MOTPEUTHUX CUMYJIallija AyOHHA MOBPIINHCKOT IIPOTHIAja, 30HE
MJIaBJbeba, U Tpajama’. To 3HAUM 1a MOJIEITH KOjU ocMaTpajy camo 2D Tok 6e3 yKIbydnBama
1D mperke gecTo mpenemyjy 00UM IMOBPITHHCKOT IJIaBJbEka, jep HeMa peaTHOT 0JBOIa BOAC
kpo3 nesu (Guo et al., 2021).

Cympotro Tome, cryauje monyT Leandro, Chen, Djordjevi¢ n Savi¢ (2009) mopene moxene
ID/1D u 1D/2D u moka3yjy ha cupe3ame MOBPIIWHCKOT W ITOI3EMHOT TOKa JOBOIH [0
3HAYajHO PEANIMCTUYHUJUX pe3yiTaTa: ,, crperaytu 1D/2D monen mokasao je aa HMOIIaBHI
Taac Moke CTHhM 10 IIEHTpa rpajia YeTHPH caTa paHHje y OMHOCY Ha MOJIEN KOjU He CaIpKHI
1D xommonenty.” (Leandro et al., 2009). OBo yka3yje 1a UCKJbYYHBamE MOI3EMHE MPEXKE
MOX€ JOBECTH [0 3HAYajHOT 3aKallikbermha y NMpeABulamy IMOIIaBa WM YaK MOTHCHUBAKbA
pH3HKa.

Mogenupame cliBa y MpaKkCH 3aXTeBa aJeKBaTHE MOJATKE O MOBPIIMHCKO] TOmOTpaduju,
MpEXH YIWIA M KaHala, Kao W JAYOMHCKHM M TEOMETPUJCKUM KapaKTepHCTHKaMa
JIpeHaKHe/KaHanmn3annoHe mpexke. Mctpaxkusame Bertsch, Glenis u Kilsby (2017) ykasyje
Ja ,,HeJOCTaTaK MojaTaka O yJIa3HWM Tadkama (CIMBHHUIMMA) CIIpedaBa KOPHUCHHKE JAa Y
MOTITYHOCTH MCKOPHCTE MOTYNHOCTH OBHX ayiaTa 3a mMozaenupame”. To je moceOHO BaKHO
y rycTo m3rpalleHuM ypOaHuUM cpeauHamMa Iie ,.yJIudHE ACMpecHje, MAaxXTOBU U NPEINBU
MpenCcTaBbajy KJbydHE Tauke pazmeHe n3mely 2D u 1D nomena“.

Y TOM KOHTEKCTY, HOBHjH MOJAETH HWHTEIPHUCAHOI KapakTepa MpelacTaBbajy GasupaHy
apxuTeKkTypy: 2D Momynm 3a HOBPIIMHCKHM TOK, MOAYJI 3a pa3MEeHy IpoToKa wusMmehy
MOBPLUKHE U IIaxToBa, U 1D Moy 3a TpancniopToBame BoAe Kpo3 mpexy. Ha npumep, Dong
u capagauny (2022) waBoze: ,,KomruietaH XuApOIWHAMUYKHE MOJEN 3a ypOaHe TOIIaBe
cactoju ce ox 2D Moxymna MOBPITMHCKOT OTHIAja, MOAYJA 3a pa3MEHy IPOTOKA, M MOAYJIa
KaHaJIM3aIoHe Mpexe”.

OBakaB WHTETPHCAHW MPHCTYNn oMoryhaBa peamucTH4aH IpUKa3 AMHAMUKE YpPOAHUX
Oyjumia: on popmMupama Op3UX TOKOBA YIIMIIaMa U MOABOKH-ALIMMa, TIPEKO ylia3a y IIaXTOBE
U KaHAJIN3alHjy, 10 EBEHTYAJHOT NPEINBambha [IEBH U TOBPATHOT My HkEHa yauna. Mehytnm,
6e3 TaYHMX M aXXypHUX MOAATaKa O yJazuMa y MPEXy, MPEUHUIMMA LIEBH, KOTaMa JHA U
KpyHa, cTamy QWITpHpama W 3aderjberha, 9ak U ciaokeHn moxmenu 2D/1D He mory matm
noy3nane pesynrate (Bertsch et al., 2017).
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VY mpakcu, 300r u3a3oBa y 100Hjamy JeTaJbHUX MOAaTaKa Mpexe, pernopyuyje ce dpazHu
npuctym: npso 1D/2D mozmen ca ,,io0pom” TomorpadujoM M MOBPIIMHCKUM ITOJAIMMA,
a 3aTUM MOCTYIHO aXypHpame Mpexe Kaaa cy nomauu goctymau. Cryamja Beceiro-a
(2016) narmanraBa ja ,,rpaguiuoHanHu 1D mMonenu ypOaHe KaHaJIM3allMOHE Mpexe Tpeda
KOPUCTHTH KaJia je KalauTeT IIeBOBO/IA aJIeKBaTaH MIIM PaJy CIIPOBOlerha IIoueTHE aHaIn3e
3a UACHTU(HKAIIN]Y 30HA TOTEHIIMjaJTHOT TUIABJbEHha .

3.5. IlpucTynu pemiaBamy H CMambemby PU3HKA
CaBpeMeHHN HpUCTYNH yOllaxkaBamwy pH3MKa o ypOaHMX Oyjulia ociamajy ce Ha CKyI
KOMIIJIEMEHTapHUX Mepa Koje JieNyjy ol ,,M3Bopa™ OTHIaja J0 JAPEHAKHO-KaHAIN3aIHNOHE
MpeKe W OINepaTHUBHOT yIpaBibama. Y JTOMEHY ,,M3BOPHIIHOT yrpasieama™ (LID/SuDS),
3ejeHa MHQpacTPyKTypa Kao IITO Cy 3€JeHH KPOBOBH, NEPMEAOHMIIHU KOJIOBO3H, KHUIIHE
OamTe ¥ OMOCBEjI-CHCTEMH MOKa3aHO CMambyje BpIIHE MPOTHIAje M YKYITHHA OTHIQj, TIPU
YeMy je BelIMuYMHa e(eKTa KOHTEKCTYaJTHO 3aBHCHA (KIMMa, TMMEH3HOHHCAE, Paclope]
Mepa). MeTa-aHanu3a MOJICJICKMX HCTpaKMBamba Ha HHUBOY CIIMBOBA IOKa3yje Ja CBAaKH
JIOJJTATHU TIPOLIEHTHH MOEH TPEeTUpaHe HEMPOIyCHE MOBPIIMHE Y Tpoceky noBoau 10 ~0,60%
CMamema BpIIHOT IpoToka u ~0,43% cMmamema ykymnHor otunaja (Bell et al., 2020), mox
MIPETJICIHNA PaJIOBH CHCTEMAaTCKH JOKYMEHTY]y (DyHKIMOHAJIHE MEXaHu3Me (3a]p’KaBambe,
nHOMITpanuja, eBOIoTpaHCIIupanuja) 1 mupoky npumeny LID mepa y npakcu (Ahiablame,
Engel & Chaubey, 2012).

[MapanenHo ca ,,3eneHUM" MepaMa, KJbYUHO je yHarpeheme n ogpxaBame KaHaIU3aI[HOHO-
JpEeHa)XHUX CHCTeMa: NmoBehame KamanurTeTra, yBoheme peTeHIMOHUX/0alaHCHHX Oa3eHa
U PEIOBHO OAp)KaBame yia3a (CIIMBHUKA, penieTkH). ExcriepuMenTanHa cryanja nokasyje
Jla JIeNMMAYHO 3a4elJberhe YJIa3HUX PEHIeTKH MepJbuBO moBehaBa HUBOE BOJE Y3 yia3 U @
CMamyje TPOTOYHM KamaruTeT, MITO JMPEKTHO mNoBehaBa JokajdHe MyOMHE M Tpajame
massbewa (Hao, Mu & Shi, 2021). Kana Henoctajy mity ¢y Hemoy3JaHH MOAALH O yiaazuma/
CIIMBHUIIMMa, Moryhe je mpuOerHyT MerojamMa CHHTETHYKOI KapTHpama yJIa3HUX Tadaka
paau cupoBolema y nmoTnyHoctH cnperaytux 1D/2D cumynanuja; mokasaHo je ga 1o00po
KaJlnOprcaHe CHHTETUYKE MpPEeXe MOTy IPUOIMKHUTH I0Jbe CTpYjara (IIOBPIIMHA + 3aXBaT
yllaza) pesyjiraruMma JOoOMjeHHM ca CTBapHOM, CHUMJbeHOM MpexkoMm (Bertsch, Glenis &
Kilsby, 2017).

Cge Behy ynory uma unrerpucano 1D-2D mopenupame, y KoMe ¢y HOBPUIMHCKH TOK (2D)
U ToJ3eMHa Mpexka Lesu/maxrosa (1D) xuapaynuuku noseszanu. [Iperien HajcaBpeMeHUjUX
MojieJia HarjamaBa Jja U30CTaBJbabe WM T0jeJHOCTaB/bUBAE JAPCHAKHE MPEKEe BOIU Ka
MIOT'PEIIHO] CHUMYJIAlUju J1yOnHa, oOMMa M Tpajama WHYHJAlWje, HAPOUUTO Ha JIOKATTHOM
HuBoy (Guo, Guan & Yu, 2021). Ynopenne cryauje nokasyjy na 1D/2D cnpesame y ogHOCy
Ha HECIIPErHyTe MPUCTYTIE Aaje PeaTHCTUIHH]E BPEMEHCKO-ITPOCTOPHE 00pacIie MJIaBbebha U
MOXX€ 3HauajHO MPOMEHUTH MPOLIEHY BPEMEHa JIoJlacKa MOIUIABHOT Tajlaca y KJby4YHe JeJI0Be
rpana (Leandro, Chen, Djordjevi¢ & Savié, 2009).

3a1oy3/1aH0 MOJIETTMPAS-E U OTIEPAaTHBHO yTIPaBJbathe IIOTPEOHH Cy Ky PHH H JI0BOJHHO A€ TaJbHU
IIPOCTOPHU ¥ MHPPACTPYKTYPHHU Nojganu. Y ypOoaHOM OKpYXKEmy IJie ce TIOBPUIMHE U 00jeKTH
0p30 Memajy, cBe yemihie ce koMOuHYjy mopamy Bucoke pezonyimje (DEM/DSM, LULC) ca
palapcKuM/IuTy BHOIpa)CKHUM TaJlaBHHAMa U MOHHTOPHUHIOM y PEasiHOM BpeMeHy (real-time).
Hasuacka nerekiyja y3 nmomoh UAV (1poHOBa) KopucTy ce 3a u3paay opTodoTo-CHUMAKa,
nerasbHux DSM-oBa m LULC xnacudpukanuja, aium M 3a BaJduJalujy pesylrara MoAena
ynopehuBameM ca CTBapHUM 3amucuMa joralaja; HOBM paj HOKasyje yHnpaBo BaJIHIALUjy
Mozenckux pesynarara UAV mpoumsBoguMa M 3amucuMma o crBapHuM mnoruraBama (Clasing,
{ 11 )
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Mufioz & Arumi, 2023). Ha cTparenmkom HUBOY, IPUCTY ,,sponge city” y KuHM eKCrmuuTHO
CTaBJba MPHOPUTET Ha KOHTPOJY OTHIIAja Ha U3BOPY, KA0 Mepy Koja CMambyje yKyNaH OTHIa] U
onrepeheme 11eBoBona, y3 nonaTHe ko-o6eHedure (Yin et al., 2022; Yin et al., 2021).

4. 3AK/JbYUYAK

VYopaBjpamkbe pU3MKOM O ypOaHUX Oyjulla 3axTeBa MHOIO BHUIIE OJ KIJIACHYHOT
JIMMEH3HOHHNCamka 0/1BoHe nHPpacTpykType. CaBpeMeHa HCTpa)kMBama I0Ka3yjy Ja KJbyd
ycrexa JIe)KH y HHTETpalijy IPOCTOPHUX MO/IaTaKka BUCOKE PE30iylinje, IeTaJbHUX Ho/aTaka
0 KaHaJIN3aI[MOHO-IPEHAKHO] MPEXKH, Ka0 U y ynoTpeOu cupernytux 1D-2D xunpayanaknx
mozena. McrpaxuBame Fewtrell n capagnuka (2008) ykasyje na mozen ypOaHHX IOIUIaBa
MOpa Jia caip>ku MUKpOTONorpadcke eJIeMeHTe, jep rpyda pe3oiyIuja JOBOAU 10 3HAYJHUX
rpeliaka y mporeHu AyOnHa U TMHaMuKe IuiaBibema. Ciimuno Tome, Dottori, Di Baldassarre
& Todini (2013) Harnamasajy Ja Mojany BUCOKE PE30IyIHje jecy HEOIXOHH, alli 1a MOpajy
Outn KopuimheHH ,,ca Orpe3oM™, jep BUCOKa MPEHU3HOCT 0e3 BaJHIHUX yJa3HHX II0oJaTaKa
MOXKE JIOBECTH JI0 ,,JTa)KHE CUTYPHOCTH Y pPe3yJaTaTUMa MOJeJa.

Iopen MOBPIIMHCKUX TOJIaTaKa, KBAJUTET U aXYPHOCT I0fIaTaKa O KaHAIM3ALHUOHO] MPEXHU
nuMajy rpecyaas 3Hauaj. Marerpanuja 2D noBprnHckor Toka U 1D nog3zeMHe Mpeke NoKazaHo
yHarpelyje peaJMCTHYHOCT MoJielia, JIOK 3aHeMapuBambe KaHAJIU3alMOHE MPEXe J0BOIH JI0
CHCTeMaTCKHX rpenraka y npouenn unynaanuje (Leandro et al., 2009). OBaj 3akJpydak 101aTHO
notBphyje cBeoOyxBaTHU mperien Guo, Guan & Yu (2021), xoju uctuue na komOuHanuja 1D—
2D npucrtyna HajooJbe PENpOAYKYje MEXaHHU3ME MPETHBaba, HHTEPAKIIH]y MOBPIIMHCKOT U
TIO/I3EMHOT TOKa M JIOKAJTHE XUApayJIHUIKe I0jaBe.

VY noMmMeHy NpHKyIUbama MojaTaka, 3HauyajaH Halpeaak MOCTHTHYT je ynorpedom LiDAR
TexHonoruje, nocebHo y ypbanum cpenunama. LiDAR o6e36elhyje nerassbne DEM/DSM
Mojielie ca jaCHMM NpPUKa30M 3rpajia, yiaulna W MHUKpopesbeda, KOju Cy OJ CYIITHHCKE
BR)XHOCTH 3a CUMYJIaIfje IMOBPIIMHCKOT ToKa (Zhang et al., 2019). ¥ xombunanmju ca UAV-
(ororpamerpujoM, koja omoryhasa 6p30 u (IIEKCHOMITHO @)Ky pUparbe MojiaTaka y 30HaMa T/1e
ce HH(PACTPyKTypa IMHAMUYIHO Mea, Moryhe je ToOUTH BUCOKOKBAJIMTETHE OPTOIIPOU3BO/IE
n DSM-oBe Koju citysKe Kao roy3aana ocHoBa 3a Mogenupame (Clasing, Mufioz & Arumi, 2023).
Jaspuncka nerekiuja (Remote Sensing - RS), ykibyuyjyhu catenurcke ceH30pe BUCOKE pe3onynuje,
urpa cBe 3HadajHujy yiaory y ayromarmsoBanoj LULC knacuduxanmju, mpahemy mpomeHa u
JIETEKIMjH y3poKa U nocieauna ypoanux Oyjuna (Tian et al., 2022). Kana ce moganm u3 LiDAR-a,
UAV-a n catelInTcKux rmiatgopMu YHAKpCHO KOMOMHY]Y, o0uja ce (y3Hja Koja 3HauajHO TOJIKe
TMI0Y3/JIaHOCT YJIa3HHX CJIOj€Ba, IITO je HEOITXOHO 32 CIIOYKEHE XU [pay InIKe MOJIEIIE.

VY3umajyhu y 003up HaBeneHo, Oyayhu passoj ypbane xuaposoruje Tpeda na ce kpehe ka:

1. cranpapauzanyju MUHAIMaTHUX pe3orynunja 3a DEM/DSM u LULC y ypbanum 30Hama,
2. onepanuonanuzanuju ayromaruzosane LIDAR/UAV/RS ¢ysuje,

3. yBohemy peamHo-BpeMeHckHX 1| D—-2D mopena 3a paHo ymo3opaBame,

4. KOHTHHYHPaHOM pPa3Bojy MH(pacTpyKTypHHUX Oa3a moparaxa.

TaxBu Momenu He caMmo Ja noBehaBajy Hay4HY TagyHOCT cuMynandja, Beh m omoryhasajy

NOY3JaHO JOHOIICH:E OUTyKa, NMPAaBOBPEMEHY HHTEPBEHIH]y M €(PHKACHO YyIPaBJbamke
ypOaHUM pH3HIIMA.

3axBaanuua: Vcrpaxupame je moapxkaio MUHHCTApCTBO 3a HAYKy, TEXHOJIOIIKH Pa3Boj U
nHoBanwje Pemmyommke Cp6wuje (Op. yrosopa 451-03-136/2025-03/ 200027, natym 04.02.2025.
TOJTMHE).
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