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Caxerak: Cuctem ynpapbarba ONACHHUM OTIHAJOM Kao IMocedaH CerMeHT o0yXBaTa TPAHCIOPT OMACHOT OTMAja,
KOjH KOHKPETHO MOZIpa3syMeBa HeroB IMPEeBo3 O MECTa HACTAHKA [0 MECTa CKIIAAUIITEha, TPETMaHa WK (QHHAITHOT
omnarama. OBa (QyHKIHja OpasyMeBa CBE BUAOBE TPAHCIIOPTA, all Cy MCKYCTBa MOKa3ajia Ja je HajIpUCyTHHjU
IpyMcKu caoOpahaj, koju yjeqHo ca co0OM HOCH HM3Y3€THO BHMCOK PH3HMK O Moryhe mojaBe akiMIeHTa H
yrpojkaBara JIOKaJHOT CTAHOBHMINTBA, MATCpPUjallHMX H00apa M KHBOTHE CPEeAWHE. YIPaBO M3 TOT pa3iiora,
HEOIIXO/IHO j€ yCIIOCTaBUTH KOHTPOJY HaJl TPAHCHOPTOM, a CAMMM TUM M PH3HKOM, IIITO C€ MOCTUKE CIPOBOhEHEM
MPOLICHE PU3HKA, a HOTOM U 01a0UPOM ONTHUMAJIHUX TPAHCIIOPTHUX MapuIpyTa. ¥ cBakoj ox nomeHytux ¢aza ['MC
je Hamao CBOjy 3Ha4ajHy NMPHMEHY, 4uMe je oMoryheH paj ca pasiIMYuTHM BpCTama [OJaTaka, [10jeAHOCTABILEH
[OCTYIaK BUILIEKPUTEPH]YMCKE aHATIH3e U JaCHO BU3YEIHO MPE/ICTaB/babe JOOHjEeHUX Pe3yiTara.

KibyuyHe peun: omacaH oTIaj, TpaHCIOPT, IPOLEHA PU3HKA, onTHManHe Mapupyte, [TIC

YBoa

Jexna ox mocnenuna nocrojama U QyHKIMOHNCAKHA CABPEMEHOT IPYIITBA OrJiesia ce
y TEHepucamy 3HAa4YajHHX KOJMYHMHA OMACHOT OTIaJa, KOjH CBOjUM KapaKTepHUCTHKaMa
(3amasbUBOCT, KOPO3UBHOCT, PEAKTHBHOCT, TOKCHYHOCT H Jp.) MOXXE O30MJBHO YIPO3HUTH
JbYACKO 31paBJbe, OJHOCHO, LICJIOKYIIHY JKMBOTHY cpeauHy. [la 6u ce u3berna moryhHoct
HEOJrOBOPHOT OJHOCA MpeMa OBaKBOj BPCTH OTMAga M EHETOBO HEKOHTPOJIHCAHO
ocnobahame, y pa3BUjeHUM HWHIYCTPUjCKAM 3eMJbaMa YCIIOCTaBJBCHH Cy aIeKBATHU
HALMOHAIHH CHCTEMH YIIPaBJbarka OMACHUM OTMAIOM, YUME Cy TAYHO JAe(uHHCaHe CBe (a3e
ETOBOT JKMBOTHOT IMKJIyca, y3 OAroBapajyhu 3aKOHOJABHH U MHCTUTYLHMOHAJIHU OKBHD
KOju ycMepaBajy 1 omoryhasajy meroso gynkunonucame (ITanuh, Jojuh-I'maBomuh, 2009).

Jenan oj cerMeHaTa MOMEHYTOT CHCTEMa IOJpa3syMeBa TPAHCIIOPT OIACHOT OTHaja,
KOjH TIpeCTaB/ba KapUKy Koja MOBe3yje MECTO IeHepHCama OIMAacHOr OTHaga ca MECTOM
IErOBOT CKIIANWINTCHa, TPETMaHa WM (UHATHOT oOlarama. Y jako MaloM Opojy
ClIydajeBa IOjelMHAYHN TEHEePaTOpH, ONHOCHO, BEIMKAa HHIYCTPHjCKA IIOCTPOjeHa MOTY
HUMaTH COIICTBEHE KallalluTeTe 3a CKIAIMIITCHE WIM TPETMaH OIACHOT OTIaja, Tako Ja je
jacHO na 3HaYajHe KOJMYHMHE OIACHOT OTHaja T'eHEPUCAHOT W3 JIPYTMX HWHIYCTPH]jCKUX
MOCTPOjeHba, 3APABCTBA, KOMEPIIUjaJIHOT CEKTOPa, TOJHOIIPUBpEe U JoMaiHCTBA 3aXTEBajy
opranmzanujy u yuerthe tpancroptHe ¢pynkuuje (La Grega et al., 2001; [Tanuh, 2009).

Hako je eBHACHTHA HEOMXOAHOCT TPAHCIOPTA OMACHOT OTMAA, YaK M Y Pa3BHjeHUM
WHIIyCTPUjCKMUM 3€MJbaMa, HEMy C€ IPHUCTYNa Kao BUCOKO PHU3UYHOj, MHOJUTHYKH |
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COLIMjaTHO HemoITyJapHoj W Beoma ckymoj ommumju (McGlinn, 2000). Kako craructrka
NoKasyje, Haj3HA4YajHHUjy MNPaKTHYHY I[PUMEHY HAIUIM CYy JPYMCKH H IKEIe3HHYKH
cao0Opahaj, 10k ce BojieHu U aBHo caobpahaj roroBo He kopucte (Jaksic, Ili¢, 2000), Tako na
ce Ha Ttepuropuju CAJl-a mapymckumM caobOpahajem mpesese 98,6% onx ykymHor Opoja
MOINIbKH, 0AHOCHO, 80% o7 yKyIHEe KOJMYMHE OMAacHOT OTMaja, a xkenesHuroMm 1,4% ox
YKyIHOT Opoja nomusbku, oqHocHo 20% of yKynHe koinuduHe onacHor otnaaa (Blackman,
2001).

CacBuM je curypHo Ja nIpyMcku caoOpahaj, koju he 6utu y gokycy oBor pana, Hocu
ca coOoM MHOTOOpOjHE MPETHOCTH y CMHUCITY Jakohe H300pa MOYETHE M KPajibe Tadyke
KpeTama, U3MEHE MaplIpyTe U TOME CIMYHO, ali MCTOBPEMEHO 3aXTe€Ba CTPOTY KOHTPOILY
yCJIeA BHCOKO HM3PaXXCHOT PH3MKa IMojaBe MOryhux akiuIeHata KOjH je KOHCTaHTHO
npucytan Hocehw ca coOOM MIMPOK oOrcer MOryhux mmocienuna Kako I10 JIOKAJTHO
CTaHOBHHUILTBO, TAKO U 10 XMBOTHY CPEAUHY y LEMHU. YIIPABO U3 TEXKHIE U NOTpede 1a ce
MOMEHyTe CHTyallHje IOTIYHO H30erHy WIM IaK CBeAy Ha MHHHUMYM Y4YeCTaJOCTH,
(GOpMHUpPaHH Cy CIOXKCHH 3aKOHCKH OKBHUPH KOjH PETYNHIIY HMHTake TPAHCIIOpPTa OIMACHOT
oTIaja W MPONHCYjy oaroBapajyliec Mepe MpEeBEHIWje, 3alITHTE W CaHAlWje Yy CIydajy
akiunenta (Chakraborty, Armstrong, 1996). Takohe, kao jenHo on OUTHUX pelleba
IOMEHyTe CHUTyalHje IOoApasyMeBa ce YTBphuBame cTpaTeruja WIM OKBHpa 3a
UACHTU(DHUKAIM]Y ONTHMATHUX MaplIpyTa, Koje MPUMapHO MOpPajy Ja y3My y pa3MaTparmbe
PamUBOCT OKOJHOT IPOCTOPA, OJHOCHO, CBUX elieMEHaTa IPUCYTHUX Y IPOCTOPY (BEJIUKH
ypOaHH IEHTPH, TOjSANHU 00jeKTH y ypOaHUM 30HaMa, CTAHOBHHIITBO E-CTOB pacropes U
TYCTHHA HaceJbeHOCTH, 30HE BOJOCHA0JeBakba U CIMYHO) U Y OJHOCY Ha TO M3pajJe CKay
IUXOBE MOTEHIUjaJJHE YI'POXKEHOCTH M IIOCTOjakbeé MOTYNHOCTH 3a HHXOBO IIOTITYHO
M30CTaBJbatbe WM JISTUMUYHO Kopumtheme npwimkoM TtpaHcnopra (Lovet, Parfitt,
Brainard, 1997; Batta, Chiu, 1988; Panwhar, Pitt, Anderson, 2000). KonmenT xoju je
omoryhno pobujarme OBAaKBUX IOJaTaka IoOJpasyMeBa IIPOLECHY pH3UKAa U FHETOBO
MOJIEJIOBabe, OJHOCHO, KAJKyJHCama BepoBaTHONE IOjaBe aKIMICHTA 3a CBAKH CETMEHT
IMyTa ¥ HU3a MOTYNHX IOCIIeANIIa KOje Ce MOTY jaBUTH, IITO j€ 3HA4ajHO M0jeTHOCTABIbEHO U
yHanpehero yxpyunBamem ['MC-a y moMmeHyTH mocTymak, yjemHo najyhm moryhHoct u
00Jper BU3YEITHOT MPEICTaBJbamkha JOOUjeHIX pe3ynTara.

Kao nocnenuua hopmupama 0AroBOPHOT OJHOCA IPEMa BUCOKO M3PAKEHOM PU3UKY
O]l TI0jaBe aKIMJeHaTa U HBUXOBUM IOCIeq1IamMa, Biajle NOjeIMHUX 3eMajba OJpeiuie Cy
CTaJIHE MapuUIpyTe 3a TPAHCIOPT pa3IMYUTHX BpCTa OIMACHOI OTHaJNa, a BEIUKH Opoj
HCTpaKMBaya NPHUCTYIIWIO je YTBphUBamy METOJOJOTHje W H3paad CTpaTervja 3a
nuAeHTH(UKALN]Y ONTUMAIHUX MaplHIpyTa ca TeXHOM Ka CMambeby PU3HKa O] yIpoKaBarba
xuBoTtHe cpenune (Lovett, Parfitt, Brainard, 1997).

3nauyaj I'MC-a u m-eroBa npuMeHa 3a norpede
TPAHCIOPTA OMACHOT OTNA/A

Kaxko je Beh mo3nato, 6ypan pa3Boj HHPOPMAaTHUKAX TEXHOJIOTHja, KApaKTePUCTHIAH
3a MOCIEOHUX HEKOJIHMKO JCleHHja, OBEO je N0 HHUXOBOI KOMIUIEKCHOT IOBE3MBama H
IpeIUINTamka Ca CBHM CETMEHTHMAa JKMBOTa W pajxa Jeynackor npymTsa (JoBuumh, 1997).
OwmoryheH je mpOTOK M JOCTYIMHOCT BENHKE KOJIMYMHE IT0aTaka KOjH Cy HAILIN IIHPOKY
NpaKTHYHY NPUMEHY Y MHOTUM Hay4HHM 00JacTHMa, ajii je BeoMa Op30 MOCTajo jacHo Aa
mpolec NpUKyIJbalka M TOMHJIAmba IoAaTaka Oe3 yHamped IOCTaB/bEHHX LUJbEBA H
cMepHuIla 3a (opMupamke WHPOPMAIMOHUX CHCTEMa, KOjU YjeOHO IpECTaBbajy H
MOJIPIIKY TPOLECY JIOHOIICHAa OJUTyKa, HeMajy HHKakaB 3Hadaj. [loMeHyTH mpucTyn
JIONIPUHEO je yOp3amy ITOCTYIKa HBUXOBOT (hOpMHpama U TEXKIHH Ka CTATHOM yHarpehemy,
ITO je y jJeJHOM CBOM CErMEHTY pe3yJTHpaio GopMupameM reorpadckor HHGOPMAIHOHOT
cuCTeMa YHje CTalHa HaJorpaama Tpaje W JaHac. ['eorpadcku WHOPMALMOHH CHUCTEM
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(TUC), xao KOMITjyTepH30BaHM CHCTEM OMOTYhyje NpHKyIUbamke, aHaam3y H oOpamy
IPOCTOPHUX IIOAaTaKa, jEOHOCTABHO IIOBE3WBAWmE Ca JpPYyrMM BpCTaMa IOJaTaxa
OpraHM30BaHHX y 0a3ze momaraka, a MOTOM M KapTorpad)cko MpHKa3HBame TOOHjCHHX
pe3ynTaTta Ha MepJbHB, jacaH W mpenu3aH HaunH (Radovi¢ et al., 2008; Cmuspanuh, 2005;
Manuh, 2009; Herzog, 2000). Ynpaso ymorpebom I'MC-a nanac je moryha jeqHocTaBHa,
rOTOBO PYTUHCKA MPUMEHA JIOTUYKUX U HYMCPUYKUX MOJCIA, KA0 U CTATUCTUYKUX METOJa
Ha npocropHuM nojanuma (Burrough, McDonnell, 2006).

Kpajem ocamaecerux ronuna 20. Beka, €KCIEPTH y 00JaCTH TPAHCIIOPTA ITOYUY Ja
cariefaBajy TpaHCIOPTHY (QYHKIMjy W caMme IIyTeBe Kao Treorpad)ck JeTepMHUHHCaHE
Tojase, IITO je JI0BeJO 70 (opMupama CTaBoOBa Ja e 3a HBUXOBY aHAIN3Y BEOMa YCIIEIIHO
Moxke kopuctutu ['IC (O'Neill, Harper, 2000). HapasHo, moueTHa (asa je moapazymenaia
3HaYajHy CIIOPOCT W 3a0CTajalbe 33 MHOTHM IPYTUM alaThMa KOjH CYy Ce KOPHCTHIN Y
MIOMEHYTOj obnacTH, ImTO je Op3o mpeBasuheHo, Tako ma ce gaHac [MIC u merose
BUILECTPYKE MOTYNHOCTH KOPUCTE MyHHM KamalUTEeTOM 3a Pa3IMYMTe BPCTE MOJEIOBAha
KOje Cy oA KpyIHjajJHe Ba)XHOCTH 3a aJCKBATHO IUIAHWPAkE W OJBHjar-e TPAHCIIOpTa
yomre, a TOCeOHO TpaHCIIOpTa OMACHOT OTHaxa Koja ca coOOM HOCH BHCOK PH3UK O]
mojase akiuaeHata (Souleyrette, Strauss, 2000).

Ananu3upajyhul MCKJ/bYYHMBO TPOOJIEMATHKY TPAHCIOpPTA OMACHOr OTMaja, JIAKO Ce
youasa aa je ['MIC namao 3HauajHy IpHUMEHY YIIpaBO Y OHUM CErMEHTHUMa IUIaHUpama KOju
M3UCKY]y YKJbyuuBame M 00pajy BEIUKOr Opoja mapaMeTapa, Hpelu3He IMpojeKiuje |
BU3YEJIHO jacHy CIMKYy Moryher crama, 4ak W y CHUTyalMjaMa Kaja IOjelUHH IIOoJAalH
Henoctajy. Ilpe cBera, Ty ce m3/Baja MOCTyNak CrpoBolhjema aHajlu3e PU3NKa MPHIMKOM
TN0jaBe aKIUACHTa, Ka0 OCHOBE 32 OAPKUBO IUIAHUPALE, 8 TIOTOM M afeKBaTHY peayii3anujy
TpaHcropTHe GyHKIHM]je, y okBupY Kora 'MC moxenn omoryhyjy kBanTH(MKanujy moryher
pusrka M Behy NMpenu3HOCT NPHIMKOM HEroBe Jajbe aHajM3€ y OJHOCY Ha IOCTaBJbEHE
kputepujyme (Panwhar, Pitt, Anderson, 2000). Kao mnormyam HacTaBak MTOMEHYTOT
MOCTyNKa KOju Takolhe monpasymeBa mnpumeny ['MC-a, HanoBesyje ce BpEeIHOBAmC
IOOMjeHNX pellemha, Yhja OpOJHOCT Bapwpa OJ YHAIpeI IOCTaBJhEHUX KPHUTEpHjyMa, a
moToM cienu u ofnabup Hajobosser (Cvusparmh, Byphuh, 2006), anme je IT'UC aupexTHO
HWHKOPIIOPHpPaH y NpOLEeC JOHOLICHa OUIyKa, OXHOCHO, Y CHCTEM 3a MOJPILIKY OJUTyYHBamY
(Burrough, McDonnell, 2006; Manuh, 2006).

IIpumena I'MC-a npUIMKOM NpOLIEHEe PU3HUKA

Kako je Beh momeHyTO, TpaHCIIOPT ONACHOT OTIaja ca COOOM HOCH M3y3€TaH PH3HK
oxn Moryhe mojaBe akimeHaTa 4Mje pa3Mepe IO MUTAlky yrpo’kaBamka CTAaHOBHMIITBA U
JKUBOTHE CpEJMHE MOTry OuTH BeoMa o030WJpHE, Hajuyemiie ocTaBJbajyhu ayropouse
TocieanIe, 4nja HEyTpaln3aldja 3axTeBa MYJTHIMCLHUILIMHAPHA 3HAba, EKCIIePTCKa
pelema, YKJbYUHBamkEe CIENHjaIM30BaHUX CIYXOM ¥ 3Ha4yajHa (UHAHCHjCKA CPEJCTBA.
VYnpaBo w3 TOr pasyora, TOKOM ocamjeceTux roiuHa 20. Beka, HaKOH BEJIMKOT Opoja
HETaTUBHUX MCKYCTaBa, y pa3BUjEeHIM 3eMJbaMa, IONLIO je 1o Oylerma CBECTH 0 TIOMEHYTOM
mpolOlieMy W TEXHe Ka CMamelhy MOryhHxX NOocienuna, MTO jé W3UCKHUBAIO yBOheHme
MOCTYIKA TPOIICHE PU3HKa, Ca IJBEM Jla Ce YHaIpe] yKake Ha Moryhe HexelbeHe edekTe
TPaHCIOpPTa ONACHOI' OTMaja Ha Jbyle M >KUBOTHY CpeauHy y okpyxkemy (Verter, Kara,
2001; Erkut, Verter, 1998). BpemeHoM, MOMEHyTH IOCTyIaK je J00MO Ha Hay4HO]
yTEMEJbEHOCTH, LITO j€ 3HaUajHO YTUIAJIO U Ha HEroBy MIMPOKY NPaKTUYHY PUMEHY, YNME
je mpolieHa pHU3KKa M3JBOjeHa Kao HEONXOJlaH CErMEHT NPHIMKOM KacHHjer BpeJHOBamba U
yTBphHBamka onTHMaNHUX MapupyTa 3a TPAHCHOPT ONACHOT OTHAa/a.

Y 3aBUCHOCTH O pacrojIOKHMBUX IM0JIaTaka M JKEJBEHUX pe3ynTara, y MPUMEHHU Cy
K6AIUMAMUeHa U KeaHmMumamuera TIpolieHa pu3uKa. KBamuTaTHBHA IpOIEHA PH3HKA
oMoryhyje TmocTaBbathe W WICHTU(HKAIM]y HajBEpPOBaTHHjUX CIleHapHja Moryhux
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aKIuAeHaTa W Jaje TMPOIeHYy HHXOBHX HEXEJhCHUX Iocienuia, jep y Hajehem Opojy
Clly4ajeBa, yciel HeJocTaTKa MOY3[aHWX IHojaTaka Huje Moryhe yTBpamTu BepoBaTHOhy
I0jaBe aKkLUJeHaTa M JaTh TadyaH oOuM mocienuia. KBaHTuTaTHBHA MpolleHa pU3MKa Jaje
naneko onpelheHnje u npernu3Hnje pe3ynrare, Kpo3 HyMEpUIKH H3paXeHy NPOIeHy pU3NKa,
aNy Kao yna3 1ojpa3yMeBa MPHUKYIUbAkEe U IPYNUCAke KOHKPETHUX IoaTaka Kpo3 TpH
OCHOBHA KoOpaka: WJICHTU(HKALHU]Yy OMACHOCTH M H3JIO0XKEHOI pEUENTopa; aHaIu3y
YYeCTaJIOCTH M MOJICIIOBam-E MOCIeIuIa U npopauys pusuka (Erkut et al. 2007).

VY cymITHHH, MPOLICHA PU3KKa MPENCTaB/ba KaNKyJallljy BepoBaTHOle mojaBe HEKor
aKIMJIeHTa, KOja ce TMOjeIMHaYHO carjielaBa 3a CBAaKM CETMEHT Iocrojehe Mpeke MyTHHX
npaBalia, ca jeJiHe ¥ MpoleHy oOnMa OuYeKMBaHUX MOCIEANIA KOje Ce carjieiaBajy y CKiamy
ca M30paHUM KpHUTEpHjyMUMa, ca Jpyre cTpaHe. KpuTepHjyMH KOjU CE€ TOM HPHIHKOM
y3uUMajy y o03up cy MHOTOOpPOjHH, a HHXOB H300p M yjeJHAYE€HO aHAIM3HUPABE KPO3
MTOCTYTIAK TPOIIEHEe pU3MKa MPEICTaBIba KOMITICKCAH MpobieM. Y Hay9dHOj JIUTEpaTypH Koja
oOpal)yje mpobimeMaThKy MOJENIOBarkba pHU3MKAa O TII0jaBe AaKIUACHATa IPHUINKOM
TPaHCIOPTa OMACHOT OTIIA/Ia, JIAKO je YOUJFMBO Heclarama Mel)y ayropuma o jeJHHCTBEHOM
IPHUCTYILy MOZAEJIOBabY OMEHYTOT pH3HKa, Beh je MPUCYTHO HEKOJIUKO KPUTEpHjyMa KOjH
ce Hajuemnihie y3umajy y pa3MaTpame 1 Ha Taj HauuH (GopMupaHu oJroapajyhu Mojenu Koju
ce cTaiHo yHanpelyjy u nopahyjy.

Onpehenn Opoj Mozena 3a MPOIICHY PU3MKA, KOjU CE YjeHO W Hajuernhe KOpHUCTe,
NPUMapHO TpeTupa mnpo0JieM U3JIOKEHOCTH JIOKAJTHOT  CTaHOBHUINTBA Moryhum
nocieAMiaMa akiuJeHaTa yciea TpaHcnopra omacHor otnaza. OCHOBHO TOJA3UINTE
npelcTaBba aHanu3a Moctojehe TpaHCMOPTHE Mpeke, O] MOYETHE J0 Kpajie Tauke
KpeTama TOMIMIbKE, KPO3 H3/Bajalbe¢ MamHX CerMeHaTa kao MehycoOHO KOHTHHYHPAaHO
MOBE3aHUX 3aceOHUX eleMeHaTa 3a Koje ce BpIle MNoje[MHa4YHe MpoleHe pusuka. Tom
TIPIJINKOM yTBphyje ce 30Ha yTHuIaja, Koja 3axTeBa oApeleHHW CTEemeH ampoKchMaIyje, a
Tpeba ma omoryhu u3aBajame mojaca onpeleHe MHMpHWHE, OJHOCHO, ofpehuBame TauyHHUX
rpaHdna ca o0e CTpaHe IyTa, Y OKBHUPY KOjUX he ce mocieaune akIHICHTa OIpPa3HTH
MOJjjeJHaKO Ha JIOKAaJTHO CTAaHOBHUINTBO, a BaH MCTHUX Hehe yommre nohm no m3paxkaja
(Zhang, Hodgson, Erkut, 2000).

Taxo cy Erkut u Verter (1998) moctaBunum cBoj meton ,,kpyra omacHocti (Crmka 1)
YHjUM TIOBJIAUEHHEM JIyXK MMyTamhe KpeTarma OJ] MecTa IoJyiacka /0 (HHAIHE JeCTHHAIM]E je
JIAKO U3BPUIMTH H3/[Bajalbe NMOMEHYTE 30HE, a HeH NMPOCTOpHH 00yxBar ce onpehyje Ha
OCHOBY BpCTE OINACHE MaTepHje Koja ce TpPaHCIOPTYje M HEHUX KapaKTepHCTHKa
(3amaspMBOCT, EKCINIO3UBHOCT, TOKCHYHOCT H JIPYTO).

buTHO je HamoMeHyTHM Ja ce OrpaHuYer¢ IIOMEHYTOI MoJeia Orjefajio y
HEOMXOTHOCTH MoJene noctojehe Mpexxe MyTeBa Ha Mamke CErMEHTE KOjU Cy MPEICTAaBIbEHN
Kao IyXd Te HUje Omno Moryhe cariefatd CTBapHy AYXKHHY W3/BOjEHE MapIIpyTe HUTH je
TPETUPATH Kao LIEIUHY.

Ciauka 1. M3aBajame 30He YIPOKEHOCTH Cimuka 2. M3aBajame 30He YTPOKEHOCTH
noMohy Kpyra onacHocTH nomohy 'MC-a
(U3Bop: Erkut, Verter, 1998) (U3Bop: Verter, Kara, 2001)
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Kaga cy y momenytm wmogmen 3a mpomeHy pusmka Verter m Kara (2001)
uakoprniopupamn ['MIC, xao OCHOBY cy TpeTHpanu HacejbeHa MecTa, IyTHY MpEeKy H
MOYETHY U KPajiby TauKy KpeTama MOMMIBKU onacHor ornana. C 003upoM 11a ce y mpakcu
0OMYHO HE BOAM €BUICHIIM]ja O TAYHUM MapIIpyTama KOjuMa ce BPIIH TPaHCIOPT, Beh camo
0 MOYETHOj M KPaji0j TauKH TpaHcnopra, aytopu cy y ['MC-y caMocTanHO U3ABOjUIH CBE
Moryhe mpaBiie, a IOTOM U3BPUIMIN TPOLEC eTMMUHALIM]je HAa OCHOBY IPETIIOCTABKE Jia Cy
Oupane yriaBHoM Hajkpahe moryhe Bapujante. Tume ce hopmupaHa azekBaTHa OCHOBA 3a
NPOLIEHY PH3HMKa YIPOKEHOCTH JIOKAJIHOI CTAaHOBHHMINTBA, @ CaM IMOCTYIAK IIpopavyyHa
TYCTHHE HACEJFCHOCTH CTAHOBHHMINTBA JYX MyTamke KpeTama je 3HauajHo yHampeleH jep je
6ui10 Moryhe y3etu y 003up M NPETHOCTaBKY O HEHOj NPOMEHJBUBOCTH, YUME CY JOOHjeHH
pe3ynTath OWIM Tpenu3HWju W TadHUju. [loToM je yciemuo moctymak oapehuBama u
W3/1Bajama 30HE YTUIaja JyXK MOTCHIUjaTHUX MapLIpyTa KpeTama, Koje Cy y OBOM CIIy4ajy
MpeCTaBJbeHE TIOIH JHMHUjOM, YMMe je oMoryheHo carienaBame n3adpaHe MapmipyTe Kao
[IeIMHE Y CMHCITY pacliojiarama NoJanrMa 0 leHOj pealtHoj Ay KUHU npyxama (Cinka 2).

HapasHno, kako je Beh moMeHyTO, IIOCTYIaK W3[Bajamka 30HE yTHIaja HEMHHOBHO Ca
coboM HOCH oaroBapajyhid CTemeH ampoKCHMAIlMje, ajld 3apaj INTO YCICIIHUje YKYITHE
NPOLICHE PH3HKa, Tpebda TEKHUTH YKJbYUHBamy INTO BHINE KPUTEPHjyMa KOjH MOTY OHTH
peanno 3actymbenu (Erkut, Verter, 1998). ¥ KOHKpeTHOM clly4ajy MpOICHE PU3UKA IO
JIOKJIHO CT@HOBHHINTBO Kaja TPIJIMKOM akIHMJeHTa Joia3u 1o emucHje 3arahyjyhmx
MaTepHja, y3uMajy ce y pasmaTparme U JOoJaTHU (pakTOpH Ipe CBera yTuilaj Berpa (Tmpasaif
JyBawba U Op3uHa) Ha mupeme 3arahyjyhux marepuja, Kao u carjeaBame IPOMEHE BUXOBE
KOHIIEHTpalMje ca MpoMeHOM yaasbeHoctu of u3Bopa (Lovett, Parfitt, Brainard, 1997). Kao
pe3yiITaT MOMEHYTOI' 0JIHOCA, JaCHO je Jla IpaHMIle 30HE YTHIAja HE MOTY OUTH CUMETpUYHE
1 00MYHO 3HATHO NOOMjajy Ha IIMPHHH Yy MPABIly JyBamba BETPa, T¢ HUCY UYBPCTO yTBpheHe.
Taxole, ¢ 003upoM Ha TpaBHIIa KOja BaKe 3a pacmpocTupame 3araljyjyhux matepuja, Tpeba
UMaTH Ha yMy Ja yHyTap 30HE YIPOXKCHOCTH HUXOBA KOHIICHTpalyja He MOXe OUTH
yjenHaveHa, Beh monmasu 1o W3/Bajama MojaceBa pa3IMunTe KOHIICHTpAIHje, Koja Hajuenthe
MOKa3yjy TeHACHLH]Y Olajama ca yAabaBambeM OJ U3BOpA, LITO ce AUPEKTHO OJpakaBa Ha
OYeKHBaHy O30MJBHOCT W BEIMYMHY IIOCIEIHIa IO IMPUCYTHO CTaHOBHHUIUTBO. M3 TOT
pasziora je 6uTHO m3AM(EpEeHINpPATH Pa3INYNTe BEPOBAaTHONE OYEKMBAHMX IOCIIEAWIA Ha
pa3MuUTUM JIOKallMjaMa M I0Be3aTH HX ca OpojeM CTaHOBHHKA KOjU Cy H3JI0XKEHH
IUXOBOM JIesioBamy. Kao ommiuHo peremne 3a moMenyTy mpobiem Zhang, Hodgson, Erkut
(2000) nmpumenwnn cy nenumudHOo MoaudukoBaH ["ayco "plume" Momen M pactepcku
I'NC, unme cy noOWjeHM MpopadyyHHW IIMpema o0Jaka W TPOMEHE KOHIIEHTpaluje
saraljyjyhiux Matepuja U MOTyHHOCT BU3YETHOT MNPUKA3HBAKA YIPOKCHOCTH JIOKATHOT
CTaHOBHUINTBA M CTelEeHa OYEKMBAHUX Tocienuna. Kako cy ayTopu HCTakiM pacTepcKH
I'MC um je omoryhmo nuckperusanujy KOHTHHYHPAHOT IPOCTOpa Ha IHKCENE KOjuMa Cy
KacHHje JOIeJpUBAIM OroBapajyhe BpeAHOCTH, T€ je HJOOMjEeH jacaH MPOCTOPHHU Pacropen
AQHATM3UPAHUX II0jaBa W HHUXOBHX KapakTepucTHKa. [IpuMapHO Cy yTBpIOHIM TadHe
BPEAHOCTH U NPOMEHE y TYCTHHH HAceJhEHOCTH CTAHOBHHIUTBA Y OKPYKEHY Tauke KOjy Cy
W3/IBOjWIIM Kao Moryhe MecTo akuuAeHTa, a IIOTOM U IpaBall pyXKamba, LIUPUHY 00Jlaka u
BPEIHOCTH KOHICHTpAllMje YHyTap IoMeHyTor obOnaka. Ha Ttaj HaumH omoryheHo je
MpeKyaname JOOMjeHNX KapaTa W BH3YENHO NPHUKA3WBamkEe YKYHMHOT OOMMa yrposKeHOT
CTaHOBHHUILTBA Pa3IM4YMTHM HUBOMMA KOHIEHTpauuje 3aral)yjyhux marepuja (Cnuka 3) u
0YECKHMBAHUX MOCIIEINLA 10 CTAHOBHUIITBO PAHTMPAHUX MPEMA PACIPOCTUPALY ITOMEHYTHUX
KOHIICHTpAIIHja.
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Canka 3. YIposKeHOCT CTAHOBHHINTBA PA3JIMYNTHM HHBOMMA KOHIIEHTPALHje
3arahyjyhux marepuja
M3Bop: Zhang, Hodgson and Erkut (2000)

Ipumena I'NC-a 3a u3nBajamke ONTHMAJHAX MAPIIPYyTa 3a
TPAHCIOPT ONACHOT OTIAajAa

OuHanu3npame MOCTyNKa IUIaHWpamka (yHKLIUje TPaHCIIOPTa OIMAcHOr OTMajaa
moJpasyMeBa 0oJa0up ONTHMAaIHEe MapIIpyTe Koja Tpeba 1a 3aJ0BOJBHM JBa OCHOBHA
KpHUTEpHjyMa Koja MopasyMeBajy MUHUMAIHH PU3UK 1 MHHUMAJTHE TPOLIKOBE TPAHCIOPTa
(Alamur, Kara, 2007; Sadjadi. 2007; Zografos, Androutsopouos, 2008). Crtpykrypy
MIOMEHYTOT Ipoueca uuHEe Mel)ycoOHO TmoBe3aHM M  YCIOBJBEHH €JIEMEHTH, KOjH
nojpasymMmeBajy nocrojehy IyTHy Mpexy Koja IOBe3yje IOYeTHY M Kpajiby TauKy
TpaHCHOpPTa, pe3yNTare MPETXOAHO CIPOBEACHE MNPOLCHE pH3WKa KOju H00ujajy yJory
yIa3HOI IIOJaTKa M KPHUTEpHjyMa 3a Trpajalyjy WIM [aK eIMMUHALHjy TPUIHKOM
eBaiTyalyje MpeIoKeHNX IpaBala v H3/1Bajamke jeHOT HiIM BUIIE KPUTEPHjyMa Mo KojuMa
ce BpIIM KOHAaYHAa eBalyalllja aHATW3UpaHUX MpaBana. [loMeHyTH mporec 3HadajHO je
MojeqHOCTaB/beH M yOp3aH yBohemem I['MC amara, umme je onakmaHo ypeheme u
MaHUMyJaKja BEJIUMKUM OpojeM yJa3HHX T0/iaTaka, IOTOM MPOBOhEHE Mpoleca aHaN3e Y
OJTHOCY Ha jeJlaH WM BUILE TIOCTAaBJbEHUX KPUTEpHjyMa, uuje pesynrare je moryhe jacHo
BU3YeIHO npencTaBuTH. OBakaB MPUCTYI KapaKTEpHUIIe H3Bajambe HEKOJIUKO OTHHMAIHUX
peleba TNPUXBAT/BUBHX Ca pA3NUYMTHX acmekaTa y CKIaay ca KopuInheHHM
KPUTEPUjyMHUMa, IITO CE MO3UTHBHO OJpakaBa Ha KACHHjU IOCTYIAK JIOHOIICHHe KOHAYHE
OJUUTYKEe O MapIIpyTH koja he 3aucra outu kopuiiheHa.

[TornyHo je jacHO na je Hemoryhe oyekuBaTH M3[Bajare TaKBEe MaplIpyTe Koja ca
coboM Hehe HOCHTH HEeKH OOJIMK M CTEICH PU3HKa, alli Ce YIPABO MOCTYIKOM YTBphHBarmba
je/IHE WITH BUILEC ONTUMATHUX, TEXKH HErOBOM YMamkelhy U J0BOleHmY Ha PUXBATIBUB HUBO,
KOjH ce oAroBapajyhuM mpucTynoM MoOKe Op)KaTd MOJ CTATHOM KoHTpoioM. Ilo mpaemiy,
aKo ce carjieJaBa UCKJbYYHBO PH3HK, TPOIIKOBU TPAHCIIOPTA 3HAYajHO PAcTy, Tako 1a je
HEOITXOTHO aHAIN3UPATH 00a IIOMEHYTa KPUTEPHjyMa HCTOBPEMEHO.

CarnenaBajyhin paHHMja MCKyCTBa Ba3aHa 3a yTBphHUBame MapiipyTa TPaHCIOPTa
OTIacHOT OTIMaja, JOMHHHPAO j€ KpUTepHujyM Hajkpahe Moryhe myrame, Koja je CyIITHHCKH
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moapasyMeBana ckpaheme Tpajamha W CMAameHke TPOIITKOBA KOjH CY MPHUCYTHU TPHUINKOM
obaBbama nomeHyte Gynkuuje (Souleyrette, Strauss, 2000). Meljytum, ucrocraBuiio ce aa
jé UCIymeme NOMEHYTOr KpHuTepHjymMa Hajuemhe Mmoapa3yMeBalo KpeTame OIacHUX
NOIIMJBKM KpO3 HaceJbeHa IIOJpYyYja NPH HYeMy je PH3HUK IO JIOKaJHO CTaHOBHHILITBO
M3Pa3nuTO BHCOK IITO C€ cMarpa HempumepeHuM. Takolje, MOMEHYTy CUTyalujy JOJATHO
KOMIUIHKY]€ U CYKOO MHTepeca jep Cy TPaHCIOPTEPH TH KOjU TEXKE UCIYHEhY KpUTepHjyMa
MHHUMAaJHAX TPAaHCIOPTHUX TPOIIKOBA, JIOK Cy JIOKAJHE BJIACTU JyXKHE Jia 3aroBapajy
Kopumhele MUHUMATHO PU3HYHAX MaplIpyTa U Ha Taj HAYMH CMame PU3HK IO JIOKATHO
cranoBHUIITBO 1ipe csera (Erkut, Alp, 2007; Beroggi, Wallace, 1994).

Tume je mocrano jacHO Aa YCBOJUHHM KPUTEPHjyM MUHHUMAJHE IyKHHE MapIIpyTe
Hajuenthe He TOApa3yMeBa WCIyHaBakba MHOTHUX YyHampen yTBpheHuX 0e30em0HOCHIX
yCJIOBa, T€ Ja HE MOXKE MpPEeCcTaB/baTh NPHOPHUTET, Beh je akueHaT npedayeH Ha MOTYhHOCT
YKJbYyUYHBarbha JPYTHX aITCPHATHBHHUX KpUTEpHjyma. BpemeHoOM, GOpMHUpaHH Cy pa3IMduTH
MOZICNN 33 W3/Bajab¢ ONTHMAIHHX MaplpyTa KOjH Cy C€ 3aCHUBAJIM Ha aHAIM3H BHIIE
pa3IMYNTO KOMOWHOBAHHX KpHUTEpPHjyMa KOjUMa ce TEXWIO A00Wjamy HajpearHujux
pesyatara. Saccomanno & Chan cy mocTtaBuiId MOJAET KOjH je TPETHUPAO 3 KPHUTEpUjyma:
MHUHUMQJIHH pHU3HK, MHUHHMalHa BepoBaTHOha IojaBe aKOUICHTa ¥ MHHHMAJHE
TpaHcnopTHe TpolnkoBe; Zografos & Davis cy y cBOj Mozen ykby4mnu 4 KpUTepujyma:
PHU3HK 10 CTaHOBHHIITBO, yIpOKaBame MaTepHjalHUX J00apa, TPOLIKOBE TPAHCHOPTa M
yjenHaueHy AMCTpUOYIUjy pU3MKa 1o AejoBuMa moctojehe mytHe mpexe. Mehytum, kako
cy HaBesu aytopu Batta & Chiu (1988) momMeHyTH MOJIeNN Cy UMaji OTPaHUYEHE Y CMUCITY
npuxBaheHe NpeTnocTaBke Ja je PU3UK I0jaBe aKIMACHTA, carjieflaH Kpo3 YIPOKEHOCT
CTAHOBHHILTBA, YBEK UCTH 0€3 pa3jiMke Ha CHEHU(UYHOCT HEKe JIOKAallWje, ITO Cy OHU
CBOJUM MOJIEJIOM OCIIOpPHJIHM, TTOCEOHO M31Bajajyhul Tauke yKpIITama BUILIE MapHIpyTa Koje
Cy O3Ha4YeHe Kao Jajeko PU3MYHHUje O APYTUX cerMeHara IMyTHE MpPEXe.

Orvieto

"“'-I---.; ..Jlr

Canka 4. OgHoc Hajkpahe ¥ ONTHMAJIHO 03HAYEHUX MAPLIPYTa
32 TPAHCMOPT ONACHOT 0THAJA
(U3Bop: Carotenuto, Giordani, Ricciardelli 2007)

U nanac ce mpuIIMKOM MOJIENOBaka ONTUMAIHUX MapLIpyTa 3a TPAHCIOPT OMacHOT
OTIaJia BUIIEKPUTEPHjYMCKOM aHAIN30M TPETHPajy paHHje IOMEHYTH KPUTEPHjyMH, C TUM,
mro npumeHoM ['MC-a mocrymak naieko NOjelHOCTaBJbeH Npyxkajyhm moryhnoct 3a
YKJbYUHBaWke M JOAATHUX LMJbeBa KOju omoryhaBajy noOujambe KBUINTETHHX pE3yJiTara.
OO6uuHO ce mona3u of W3IBajama Hajkpahe moryhe mapmpyre, koja kacHuje Hehe Outn
BpEIHOBaHA Kao ONTUMANIHA, ajld CIIy)KH Kao OCHOBa 3a mopeleme ca IpyruM NOOHjeHUM
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NpeUIo3uMa H CarjielaBakbe CTENeHa IbHXOBOT OJCTYIamka, ITO Ce AUPEKTHO OJpakaBa Ha
noBehame TpomkoBa TpaHncnopra. Kako cy Carotenuto, Giordani, Ricciardelli (2007)
MPUKa3aId MOJETIOBakEeM ONTHMATHUX MapLIpyTa Ha IpUMepy peruoHa y okoiauHu PuMa, y
Wramuju, xopumheHn cy paHHje HMOMEHYTH KPHTEPHjyMH, ca MOCEOHMM aKIEHTOM Ha
MPpOCTOPHU pacnope€a CTaHOBHUIITBA U MI/IHI/IMI/I3aHI/ij PpU3HUKa KaKO MO CTAHOBHUIITBO Ha
MECTY TJIC C€ MOJKE JOTOJUTU aKIMICHT, TAKO U [0 CTAHOBHHUIITBO KOj€ j€ Y HEMOCPEIHOM
okpyxewy u ynorpedbwnmn 'MC anar 3a HH3 pa3iMUUTHX MPOpavyHa KOJU CY YCIEAWIN
YKJbYUHBAKbEM H JICTMMHUYHAM KOPEKIMjaMa JOAAaTHUX Kpurepujyma. [loctaBmin cy Buie
pa3IMUUTHX CIIEHapHja y OKBUPY KOjUX Cy Y3UMald y OO3Up pa3inuuTe BPEAHOCTH
KopuIIheHUX KpUTEepHjymMa 3a aHajiu3y pazIMYMTHX MaplipyTa: MakCHMajHa BpEIHOCT
pH3MKa, NpPOCeYHa BPEIHOCT pU3KMKa, BepoBaTHoha M OOHMM MOCIEAWIa, Pa3IHYHTE
BEJINYMHE 30HE YTHIAaja U CIIMYHO.

Ha Taj HaumH cy mpuMapHO HM3ABOJWIM MapUIpyTy KoOja HCIyHaBa KPUTEPHjyM
MHUHHUMAIIHE Iy)KUHE ajH YjeIHO Iojapa3yMeBa Kopuuiheme aena KpyKHOT IyTa OKO rpaja
Puma, unme ce pu3HK 10 CTAHOBHHINTBO y CIIy4ajy akIHMIeHTa 3Ha4ajHO yBehaBa Te ce Hehe
KacHHje yBPCTUTH Y IPUXBATJbUBE OMIMjE M JBE ONTHMAJIHE MapUIpyTe Koje y MOTIyHOCTH
3a00mia3e rpajcko nojpydyje Puma, ma camMuM THM 3HAa4YajHO yMamyjy MOMEHYTH PH3HK
(Cnuka 4). Takole, nako je yousbMBO NENMMHUYHO IMpEKJaname ONTHMAIHUX MaplipyTa,
KOje Y KOHKPETHOM CJIy4ajy yKa3yjy Ha HpemHOCT Kopuiihema ayToryTa, ajld U HBHXOBO
OllBajalbe y IMOjEJUHUM CErMEHTHMa KOjeé j€ YCJOB/EHO pa3IMYUTHM BPEIHOCTUMA
KopuIIheHUX KpUTEepHjyMa, MOCeOHO BEIMYMHE 30HE YTHIAja W pPU3UKA 110 JIOKAIHO
CTaHOBHUILTBO.

3akpyuak

Jeman on mpoaykara mocrojama ¥ GYHKIHOHHCARka MOACPHOT APYIITBA jeCTE ONacaH
OTHaJ] KOjU CBOJUM CHEHU(DUIHIM KapaKTepUCTHKaMa MOXKE 3HaYajHO YIPO3UTHU )KUBH CBET
Y KBAJIMTET )XKUBOTHE CPEAMHE YOIIITE. YIIPABO U3 TOT pas3iiora HEOMXOJHO j€ YCIIOCTABUTH
aJIeKBaTaH CHCTEM YIPaBJbama OMACHUM OTMAJOM KOjH MOAPa3yMeBa OJTOBOPAH OIHOC,
npaheme 1 KOHTPOITy KpeTama OTIIaa O MecTa BEeroBOI TeHepHcama 10 MecTa 00aBbamba
TpeTMaHa WK (pUHAIHOT oayarama. Kao KOMIIOHEHTa MOMEHYTOT CHCTeMa Koja omoryhyje
HEroBO KOHTHHYHpaHO (YyHKIMOHUCAE IOBe3yjylin CBE CErMEHTE >XMBOTHOI LIMKIyca
OIMacHOr OTIaJa M3/Baja Ce TPAHCIOPT omacHor ormaza. CaMHUM THM jacHO je Ha3HAuCHA
EroBa HEONXOAHOCT, aJld je M3y3€THO Ba)KHO carjielaTh M PHU3HMK KOjU HOCH ca COOOM
ycaen Moryhe nojaBe akIMeHaTa 1 MoCieaAnIa Koje ce MOTy jaBUTH.

VYnpaBo u3 Tor pasiora, MocieJmbHX HEKOJIUKO JeleHH]ja, IOMEHyTa IpodiieMaTHKa
NPUBIAYM BENIUKY MaXKby HAayYHHKA M UCTPaKHBaya KOjU Cy MOKyLIANd Aa (OpMHPajy
oarosapajyhe HayuHe mpHCTyIle M METOJE Y HAMEPH J1a yCIIOCTaBe KOHTPOIY HaJl PU3UKOM
KOjH Ce jaBJba, YUME CE Yj€HO MOTY NPEJOYNTH U OOMM U BPCTa OYEKUBAHUX MOCIIEANIIA.

Kao jeman cermeHT pemaBama ITOMEHYTOT Tpo0OjeMa yCIOCTaBJbEHA €
METOJIOJIOTHja 3a M3paay IPOIEHe PU3HKa, KOjoM ce No0OHjajy pesynraTu o BepoBaTHOhM
IojaBe akIUIeHTa M OOMMY IIOCIieAWIla, Hajuemhe MpencTaBbeHE KPO3 YTPOKEHOCT
JIOKaJHOT' CTaHOBHHMINTBA Jy»X MapLIpyTa KOjlUMa Ce€ TPAHCIIOPT OIACHOr OTHajga OJBHja.
BpemeHOM je yCHoCTaB/beH HU3 PA3NUYUTHUX MOJEA MPOIEHE PU3UKA, KOJH Cy Y BEJIHKO]
Mepu yHampehenu noBesuBameM ca [MIC okpykemeM Koje je HCTpakKMBadMMa IPY>KHIO0
MoryhHOCT aHajM3e pa3IMuMTHX BpPCTa IOJATaka, OJAKIIaJlo HUXOBY 00paay, a MOTOM
oMoryhmiio ¥ BH3yelTHO jacHO MpeJcTaBibame pesynrara. CyIITHHCKH pe3ysiTaTtu Tpeda aa
NpUKaXXy BepoBaTHONY MojaBe aKLWAEHATA M TPaHMIIC 30HE YTHIAja Iy’ MaplIpyTe Koja ce
MOX€E KOPHCTHTH 32 TPAHCIOPT OMACHOT OTMaja, ca IPOLEHOM CTeleHa O30MJBHOCTH
mocJeIuIa Koje MOTY HMaTH Ha IOMyJIalijy Koja ce Hajla3u YHyTap U3IBOjEHE 30HE.

Jlobujenn pe3ynraTH ce IMOTOM KOPHCTE Y HapeIHOM IPOIecy KOju IoJpa3yMeBa
W3/IBajakbe ONTHMAJHE MapIIPyTe 32 00aBJbambe TPAHCIIOPTA OMACHOT OTIaa, KOju Tpeba na
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YCKJIaJM OCTBAapeHE ABa OMTHA, alil JEIMMUYHO OTPEYHAa KPUTEPHjyMa KOjH MOIpa3yMeBajy
CMameHhe PU3HMKA U MOCIEAUNA O]l II0jaBe aKLHUICHATa U CMABEHe eKOHOMCKUX TPOLIKOBA
onBHjama TpancnoptHe QyHkuuje. Ynorpedom ['MC-a, uctpaxuBaunma je omoryheHo
YKIJbYyYUBAkE U BEIIMKOT Opoja JOAATHUX KPUTEPHjyMa dHje je KOMOMHOBAmkE M BPEIHOBAME
3HAYajHO M0jeTHOCTABJBCHO, Y3 rpad)uKo MPHKA3UBake CBake no0ujeHe Mapiipyte. Ha Taj
HauuH Moryhe je 70OWTH BUIlle Pa3IMuUTHX CICHApHja ca ONTUMAJIHUAM pellehuMa, YuMe
ce J0JaTHO Tpyka MOryhHOCT JOHOIIEHha KBAIMTETHE (UHAIHE OIUIyKE O
HajIPUXBATIFMBH]0] MapIIPyTH 3a OJIBHja-e TPAHCIIOPTA OMACcHOT OTIa/a.
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THE POSSIBILITY OF GISAPPLICATION FOR THE NEEDS OF PLANNING
TRANSPORT OF HAZARDOUSWASTE
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Abstract: Hazardous waste management system as a separate segment includes the transportation of hazardous
waste, which specifically includes transportation from the place of its origin to the place of storage, treatment or
final disposal. This function includes all forms of transport, but experience has shown that the most used one is a
road traffic, which also carries an extremely high risk of possible occurrence of accident and endangering the local
community, material resources and environment. Therefore, it is necessary to establish control over transport
option, and the risk too, which is achieved by conducting risk assessments and then selecting the optimal transport
routes. In each of these phases GIS has found its major application, enabling operation with different types of data,
a simplified procedure of multi-criteria analysis and a clear visual representation of the received results.

Key wor ds: hazardous waste, transportation, risk assessment, optimal transportation routes, GIS.

Introduction

One of the consequences of the existence and functioning of modern society can be
seen in the generation of significant quantity of hazardous waste which with its
characteristics (inflammable, corrosive, reactive, toxic and other) can seriously endanger
human health, and the whole environment. In order to avoid the possibility of such
irresponsible relation towards this kind of waste and its uncontrolled release, adequate
national systems of hazardous water management have been established, and therefore all
phases of its life cycle are clearly defined with appropriate legislative and institutional
framework which direct and enable its functioning ( Panié, Joji¢- Glavonji¢, 2009).

One of the segments of the aforementioned system means transport of hazardous
waste which represents a link that connects the place of hazardous waste origin with the
place of its storage, treatment or final release. In very small number of cases individual
generators or big industrial plants can have their own capacities for storage or treatment of
hazardous waste. Therefore, it is obvious that significant quantity of hazardous waste
generated from other industrial plants, health care, commercial sector, agriculture and
households demand organization and participation of transport function (La Grega et al.,
2001; Pani¢, 2009).

Although the necessity for hazardous waste transport is evident, even in the
developed industrial countries this option is considered as higly risky, politically and
socially unpopular and very expansive (McGlinn, 2000). According to the statistics, the
most important practical application have road and railroad traffic, while water and air
traffic are almost not used at all. Therefore, on the territory of the USA 98,6 % of the total
number of shipments are transported by road traffic, (Jaksi¢, Ili¢, 2000), or 80 % of total
quantity of hazardous waste, and by railroad 1,4 % of the total number of shipments or 20%
of the total quantity of hazardous waste (Blackman, 2001).
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It is completely certain that road traffic, which will be in the focus of this paper, has
numerous advantages in terms of easy selection of the origin and destination point of
transport, the change of route and similar. But, at the same time, it demands strict control
because of the high risk of occurrence of possible accidents which is constantly present
carrying with itself wide span of possible consequences on both local population and the
whole environment. Exactly for this intention and the need to avoid the aforementioned
situations or even put them to minimum, complex legal frameworks have been formed
regulating the question of hazardous waste transport and issuing appropriate measures for
prevention, protection and recovery in the case of accident (Chakraborty, Armstrong, 1996).
Also, one of the important solutions for the aforementioned situation is strategy making or
frameworks for identification of optimal routes which primary have to consider the
vulnerability of the surroundings, or, all the elements present in the space (large urban
centres, some objects in urban zones, population-their organization and population density,
water-supply zones and similar) and according to it make a scale of their potential exposure
to the risk and possibilities for their complete exclusion or partial use during the transport
(Lovet, Parfitt, Brainard, 1997; Batta, Chiu, 1988; Panwhar, Pitt, Anderson, 2000). The
concept which enables these data means assessment of risk and its modeling, or in other
words, calculating possibilities of accident occurrence for each segment of the route and the
series of possible consequences that can occur, all of which is significantly simplified and
improved by involvement of GIS in the aforementioned approach, giving at the same time
possibility for better visual representation of the received results.

As the consequence of formation of responsible relation towards highly expressed
risk for the occurrence of accident and their consequences, the government of some
countries established constant routes for transport of different types of hazardous waste and
large number of researchers set on creating methodology and strategies for identification of
optimal transport routes in order to lessen the risk imposed on the environment (Lovett,
Parfitt, Brainard, 1997).

Theimportance of Gl Sand its application for the needs
of hazardous waste transport

As it is already known, hasty development of information technologies, characteristic
for the recent decades, has brought to their complex connection and interaction with all
segments of life and work of human society (Jovi¢i¢, 1997). The flow and accessibility of
large quantity of data which have found practical application in numerous scientific fields
was made possible. However, very soon it became clear that the process of collecting and
gathering data without setting objectives and directives for formation of informational
systems in advance, which at the same time represent the support to the process of decision
making, does not have any importance at all. The aforementioned approach hastened the
process of their formation and tendency for constant improvement which in one segment
resulted in formation of the Geographic Informational System whose constant upgrading has
lasted till today. The Geographic Informational System (GIS) as a computerized system
enables gathering, analysis and procession of spatial data, simple connection with other
types of data organized in data base, and then cartographical presentation of the received
results in measurable, clear and precise way (Radovi¢ et al., 2008; Smiljani¢, 2005; Mani¢,
2009; Herzog, 2000). Exactly with the use of GIS today it is possible to have simple, almost
routine application of logic and numeric models, as well as statistic models on spatial data
(Burrough, McDonnell, 2006).

At the end of the eighties of the 20™ century the experts in the field of transport
started to consider transport function and the roads themselves as geographically determined
occurrences, which formed the attitudes that GIS could be very successfully used for their
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analysis (O'Neill, Harper, 2000). Surely, the beginning phase was considerably slow and
lagged behind many other tools used in the mentioned field. However, this was soon
overcome so today GIS and its multiply possibilities have been used with full capacity for
different type of modeling which are of crucial importance for adequate planning and
development of transport in general, especially for hazardous waste transport with high risk
for the occurrence of accident (Souleyrette, Strauss, 2000).

Analyzing exclusively the problems of hazardous waste transport it can be easily
noticed that GIS has found significant application exactly in those segments of planning
which demand involvement and processing of large number of parameters, precise
projections and visually clear picture of possible state, even in the situations when some data
are lacking. Primary, the process of conducting the risk analysis during the accident
occurrence stands out as a base for sustainable planning and then for the adequate
realization of transport function, in the scope of which GIS models enable quantification of
the possible risk and better precision in its further analysis comparing to the established
criteria (Panwhar, Pitt, Anderson, 2000). The evaluation of the received results, whose
quantity varies depending on the already established criteria, is a logic continuation of the
mentioned approach which also supposes GIS application, and after it comes the selection of
the best one (Smiljani¢, Djurdji¢, 2006) with which GIS is directly incorporated in the
process of decision making, in other words, in the system of the decision support (Burrough,
McDonnell, 2006; Mani¢, 2006).

Gl Sapplication in therisk assessment

As it has already been mentioned, hazardous waste transport carries extremely high
risk of the occurrence of accidents which can seriously endanger population and the
environment, most often leaving long-lasting consequences whose neutralization demands
multidisciplinary knowledge, expert solutions, involvement of specialized services and
considerable financial means. Exactly for this reason, after large number of negative
experience during eighties of the 20™ century in the developed countries the conscience was
aroused on the aforementioned problem as well as the tendency to decrease possible
consequences which demanded introduction of the process of risk assessment with the
objective to indicate in advance on the possible unwanted effects of the hazardous waste
transport on people and living environment in the surroundings (Verter, Kara, 2001; Erkut,
Verter, 1998). In time, the mentioned approach gained scientific foundation which
considerably influenced its wide practical application and singled out the risk assessment as
a necessary segment in further evaluation as well as for selecting optimal routes for
hazardous waste transport.

Depending on the available data and wanted results, qualitative and quantitative risk
assessments are in use. Qualitative risk assessment enables setting and identification of the
most probable scenarios of possible accidents and gives assessment of their unwanted
consequences since in the large number of cases, because of the lack of reliable data, it is
not possible to establish the probability of the occurrence of accidents and give precise
scope of consequences. Quantitative risk assessment gives a lot more certain and more
precise results through numerically expressed risk assessment, but as the entry it supposes
gathering and grouping of concrete data through three basic steps: identification of danger
and the exposed receptor; the analysis of frequency and modeling of consequences and risk
assessment (Erkut et al. 2007).

Basically, risk assessment represents calculation of probability of the occurrence of
some accident, which is individually observed for each segment of the existing network of
traveling directions on the one hand, and the assessment of the scope of the expected
consequences which are observed in the accordance with the chosen criteria on the other
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hand. The criteria which are taken into consideration in that case are numerous and their
selection and equal analyzing through the process of the risk assessment is a complex
problem. The disagreement among the authors on the question of the unique approach to
modeling of the aforementioned risk can easily be noticed in the scientific literature which
studies the problems of modeling the risk of the accident occurrence during the transport of
hazardous waste. Therefore, there are several criteria which are mostly taken into
consideration and in that way formed certain models which have constantly been improved
and finished off.

Some of the risk assessment models, which are at the same time most often used,
treat primary the problem of the exposure of local population to possible consequences of
accidents in hazardous waste transport. The basic standpoint is the analysis of the existing
transportation network, from the origin to the destination point of the shipment movement,
by singling out smaller segments as separate elements continually connected among
themselves for which separate risk assessment are made. In that way the impact area is
established demanding certain degree of approximation. Also, it should enable singling out
of the area of certain width, or in other words, determine precise borders from both side of
the road in the scope of which the accident consequences will reflect equally on local
population, while out of these borders they will not come to the effect at all (Zhang,
Hodgson, Erkut, 2000). Similarly, Erkut and Verter (1998) set their “danger circle” method
(Figure 1) in which it is easy to single out the aforementioned zone by drawing a line along
the movement route from the origin to the destination point, while its spatial scope is
established according to the type of hazardous material which is transported and its
characteristics (inflammable, explosive, toxic and other). It is important to emphasize that
the limitation of the aforementioned model was in the necessity to divide the existing road
network on smaller segments which were represented as straight lines so the real length of
the singled out route could not be seen or treated as a whole.

Figure 1. Singling out of the zone at risk using  Figure 2. Singling out of the zone at risk using
the danger circle GIS
(Source: Erkut, Verter, 1998) (Source: Verter, Kara, 2001)

When Verter and Kara (2001) incorporated GIS in the mentioned risk assessment
model they treated inhabited places, road network and the origin and destination point of the
movement of hazardous waste shipments as a base. Considering the fact that usually there is
no record on the exact transport routes in practice but only on the origin and destination
point of transport, the authors singled out all possible directions in GIS on their own, and
then they carried out the process of elimination on the basis of assumption that mostly the
shortest possible options were selected. In such way the adequate base for the risk
assessment imposed on the local population was formed, and the procedure of the
assessment of population density along the movement line was significantly improved since
it was also possible to take into consideration the assumption on its changeability, by which
the received results were more precise and accurate. After it, the procedure of establishing
and singling out the area of influence along potential transport routes followed which were
in this case represented with polyline. This enabled the observation of the chosen transport
route as a whole in terms of availability of data on its real length of spreading (Figure 2).

Naturally, as it has already been mentioned, the procedure of singling out the impact
area unavoidably carries with itself the degree of approximation, but in order to have more
successful total risk assessment there should be as many criteria as possible involved which
can be really present (Erkut, Verter, 1998). In concrete case of the risk assessment imposed
on the local population when contaminants are emitted during the accident, additional
factors are also considered. Primary, there is the influence of wind (the direction of blowing
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and its velocity) on dispersion of contaminants, as well as observation of the change of their
concentration with the change of distance from the source. As the result of the
aforementioned relation it is clear that the borders of influence zone cannot be symmetrical
and they often become wider in the direction of the wind blowing, so they are not firmly
established (Zhang, et al. 2000). Also, considering the rules of dispersion of contaminants
we should have in mind that inside the impact area their concentration cannot be even but
the zones of different concentration single out. Therefore, decreasing tendency of
contaminant concentration is most often shown while moving from the source, which
directly reflects on the expected seriousness and the size of consequences on the present
population. That is why it is important to distinguish different probabilities of expected
consequences on different locations and connect them with the number of population who
are disposed to their activity. As an excellent solution for the mentioned problem Zhang,
Hodgson, Erkut (2000) applied partly modified Gaussian plume model and GIS
environemnt, which enabled calculations of spreading clouds and the change of
concentration of contaminants and possibility of visual representation of the risk imposed on
local population as well as the degree of expected consequences. As the authors emphasized
raster GIS enabled them to give to every pixel appropriate value, so clear spatial
organization of the analyzed occurrences and their characteristics was achieved. Primary,
they established exact values and changes in the population density in the surroundings of
the point they singled out as possible location of accident, and then the direction of
spreading, the width of cloud and value of the concentration inside the mentioned cloud. In
this way overlapping of the received maps was enabled, as well as the visual representation
of total scope of population at risk by different levels of concentration of contaminants
(Figure 3). The expected consequences for population ranged according to the distribution
of the aforementioned concentration.

Figure 3. Therisk imposed on population by different levels of contaminant concentration
Source: Zhang, Hodgson and Erkut (2000)

The application of GISfor singling out optimal routesfor
hazardous waste transport

Finalizing the procedure of planning the hazardous waste transport function means
selection of optimal route which has to satisfy two basic criteria of minimal risk and
minimal transport expanses (Alamur, Kara, 2007; Sadjadi. 2007; Zografos, Androutsopouos,
2008). The structure of the aforementioned process consists of mutually connected and
conditioned elements supposing the existing road network that connects origin and
destination point of transport, the results of the previously conducted risk assessment which
receive the role of entry datum and criteria for gradation or even elimination during
evaluation of the suggested directions as well as singling out of one or more criteria
according to which final evaluation of the analyzed direction is performed. The
aforementioned process is significantly simplified and hastened by introduction of GIS tools
which facilitated organization and manipulation of large number of entry data as well as
carrying out the process of analysis in relation to one or more adopted criteria with clear
visualization of the results. This approach characterizes singling out of several optimal
solutions acceptable from different aspects in accordance with the used criteria which
positively reflect on the later procedure of final decision making on route which will be
really used.

It is completely obvious that it is impossible to expect to find such a route which will
not carry some form and degree of risk. However, exactly this procedure of establishing one
or more optimal routes shows the tendency to decrease risk and bring it to the acceptable
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level which can constantly be kept under control using the appropriate approach. According
to the rule if we only observe the risk transport expanses will significantly grow. Therefore,
it is necessary to analyze both of the aforementioned criteria at the same time.

Observing previous experience connected to establishing the hazardous waste
transport routes, the criterion of the shortest possible route dominated, which basically
meant shortening of duration and lessening expenses present in carrying out the
aforementioned function (Souleyrette, Strauss, 2000). However, it turned out that realization
of the mentioned criterion mostly supposed transport of hazardous shipments through
inhabited areas where the risk imposed on local population is extremely high, which is
considered inappropriate. Also, the mentioned situation is additionally complicated by the
conflict of interest since the transporters are those who tend to realize the criterion of
minimal transport expanses while local government are obliged to recommend the use of
minimally risky routes and in that way lessen the risk on local population in the first place
(Erkut, Alp, 2007; Beroggi, Wallace, 1994).

Therefore, it became obvious that the adopted criterion of the shortest route length
mostly did not mean realization of numerous previously established safety conditions, so it
could not be a priority, but the emphasis was placed on the possibility of involvement of
other alternative criteria. In time different models for selecting optimal routes were formed
which were based on the analysis of several differently combined criteria with the tendency
to achieve the most reasonable results. Saccomanno & Chan set a model which treated 3
criteria: minimal risk, minimal probability of the accident occurrence and minimal transport
expanses; Zografos & Davis introduced 4 criteria in their model: the risk imposed on
population, endangering of material resources, transport expanses and even risk distribution
over the parts of existing road network. However, as authors Batta & Chiu (1988) stated the
aforementioned models had limitation in terms of accepting the assumption that the risk of
accident occurrence, observed through the risk imposed on population, was always the same
without any difference in distinction of some location. They disputed this with their model
specially singling out points of intersection of several routes which were marked by far
more risky than other segments of road network.

Even today the aforementioned criteria have been also treated during modeling of
optimal routes for transport of hazardous waste using multi criteria analysis. However, with
the application of GIS this procedure is considerably simplified providing possibilities for
involvement of additional objectives which enable qualitative results. Singling out of the
shortest route is usually the starting point which later will not be valued as optimal, but it is
used as a base for comparison with other received suggestions and for the observation of the
degree of their exception, which directly reflects on the increase of transport expanses. As
Carotenuto, Giordani, Ricciardelli (2007) represented, modeling optimal routes on the
example of the regions in the surroundings of Rome in Italy, the previously mentioned
criteria were used with special emphasis on the spatial organization of population and
lessening the risk for both population at the location where accident can occur and for
population in close surroundings. Also, they used GIS tools for a series of different
calculations which appeared with the involvement and partial corrections of additional
criteria. They set several different scenarios in which they took into consideration different
values of the used criteria for the analysis of different routes: maximal risk value, average
risk value, probability and the scope of consequences, different sizes of influence zones and
similar.

Figure4. Thereationship between the shortest and optimally marked routes for transport of hazardous
waste (Source: Carotenuto, Giordani, Ricciardelli 2007)

In that way they primary singled out the route which realized the criterion of minimal
length but at the same time meant the use of circular road around Rome, by which the risk
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imposed on population in the case of accident significantly increased so it would not be later
classified into acceptable options, and two optimal routes which bypassed urban area of
Rome and therefore significantly lessened the aforementioned risk (Figure 4). Additionally,
partial intersection of optimal routes is obvious which in the concrete case indicates the
advantage of using highway. Also, the separation of optimal routes is apparent in some
segments, conditioned by different values of used criteria, especially the size of impact arca
and the risk imposed on local population.

Conclusion

One of the products of existence and functioning of modern society is hazardous
waste which with its specific characteristics can significantly harm living world and the
quality of living environment in general. That is why it is necessary to establish adequate
system for hazardous waste management which means responsible relationship, monitoring
and controlling the transport of waste from the place of its origin to the place of treatment or
final disposal. Hazardous waste transport stands out as a component of the aforementioned
system which enables its continuous functioning, connecting all segments of hazardous
waste life cycle. Therefore, its necessity is clearly emphasized but it is extremely important
to observe the risk it carries in the case of possible occurrence of accident and consequences
that may happen.

For this reason the mentioned problem has drawn attention of scientists and
researchers in last several decades who have tried to form appropriate scientific approaches
and methods with the attention to establish control over the risk that occur, by which the
scope and the type of the expected consequences can also be predicted at the same time.

The methodology for risk assessment has been established as one segment in solving
the aforementioned problem and it provides results about the probability of the accident
occurrence and the scope of consequences, mostly presented through the risk imposed on
local population living along the routes where hazardous waste is transported. In time a
series of different risk assessment models were established. They were at great extent
improved by connection with GIS surroundings which enabled researchers to analyze
different type of data, simplified their processing, and enabled clear visualization of results.
Basically, the results should show the probability for the occurrence of accident and the
borders of influence zone along the route which can be used for transport of hazardous
waste with assessment of the seriousness of consequences which they can cause to
population inside the singled out zone.

The received results are then used in the following process of singling out the
optimal route for hazardous waste transport which should harmonize two important, but
partially opposed criteria- lessening the risk and consequences of the occurrence of accident
and decreasing economic expanses of transport function. Using GIS, researchers are also
enabled to involve large number of additional criteria and their combining and valuing has
been significantly simplified with graphical representation of each of the received route.
Therefore, it is possible to achieve more different scenarios with optimal solutions, giving
additional opportunity for final decision making on the most acceptable route for hazardous
waste transport.
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