['N'TACHUK CPIICKOI I'EOTPA®CKOI' JPYIITBA
BULLETIN OF THE SERBIAN GEOGRAPHICAL SOCIETY

TOJIMHA 2012. CBECKA XCII - Bp. 1
YEAR 2012. TOME XCII - N° 1
OpuruHangaH Hay4HHU paj UDC: 911.2:551.053

DOI: 10.2298/GSGD1201011T

HNHOBUPAILE METO/JIOJIOTHUJE 3A OJAPEBUBAIBE
KOE®UIINJEHTA EPO3MJE (Z)

PAJIUCJIAB TOLINR"!, CJIABOJbYE JIPATUREBUR?

'Yuusepsumem y Barnoj Jyyu- [IM®, M. Cmojanosuha 2, 78000 Barwa Jlyka, Peny6nuxa Cpncka.
*Vuusepzumem y Beoepady - [eoepagpcku paxynmem, Cmydenmexu mpe 3/3, 11000 Beozpad, Cpéuja

Casxerak: VcTpaxuBama 1 KapTHpama WHTEH3NTETa MEXaHNUKE BOJHE €pO3Hje 3arodyeTa eMIIMPHjCKOM METOJI0-
aorujom C. I'aBpuioBuha cpenvHOM NPOLUIOr BHjeKa, TPajy Pa3iIUYUTUM HHETCH3UTETOM CBE JO JaHAIlHber
BpeMeHa. JleleHujCKU pajl Ha HMCTPaXUBalby OBE NpoOJIEMAaTHKE yKa3ao je Ha HEeKe HeJocTaTke mocrojehe
METOZIOJIOTHje, a CAaMUM THM M Ha HOTpeOy 3a E-CHOM HHOBalHjoM. Y ToM cmuciy, P. Jlazapesuh je u3Bpruo
onpehene kopekuuje emnupujcke merogonoruje C. IaBpunosuha kpo3 usMjeny taberna 3a oapehuBame Koehu-
umjenara O, X, i Y, oqHocHO Tabene 3a onpehuBame cpeame BpujenHocTu koeduimjenta eposuje (Z). OcHOBHU
Wb OBOT paja je WHOBHpame nocrojehe meromonoruje oxpehuBama koeduimjeHra eposuje (Z) eMIHPHjCKOM
meroznoiorujom C. ['aBpuioBuha u n3mjenama u gomyHnama koje je gao P. Jlazapesuh (1985), anu ca 6op0M mpuia-
rohenomhy MHGOPMALMOHUM TEXHOJOrWjaMa M moTpedama caBpeMEHOr IpymTBa. [IpeanokeHu MOCTymak, Tj.
Mozen oxpehuBama KoedumjeHTa eposuje (Z) y oBOM pamy, HAacTao je Kao pe3yiTaT JeCEeTOTOJHUIIET HAyqHO-
HCTPaXMUBAYKOT U IPOjEKTHOr pajga y O0OJacTH KapTHpamba HHTCH3WTETa MEXaHHYKEe BOJHE €pO3Hje M HEHOT
MOJIEJIOBaka IPHUMJEHOM pa3IMYUTUX EpPO3MOHMX Mojena Ha Tteputopuju Pemybmuke Cprcke u CpOuje.
Ananusupajyhn KOperaTHBHOCT pe3yiTaTa JOOMjeHUX PErpeCMOHUM MOJAECIMMA M Pe3ysiTaTa Koju Cy JOOHjeHH Y
TOKY KapTHpama epo3uje Ha Teputopuju Pemybiike Cpricke, yTBpheH je Bucok crenen nosezanocts (R? = 0,9963),
LITO Y CYIUTHHH NPEJICTaB/ba 100pY OljeHy H00MjeHUX MOIea.

Kibyune peun: eposuja 3eMJbHINTA, KapTHPame epo3uje, KoepuuujeHT eposuje (Z), koeHIMjeHT BUaa eposuje
(®), perpecuoH” MOAENH.

YBoa

[TocipenmuX HEKOTUKO JACLEHHja Pa3BHjEH j€ BEIUKH Opoj pasMUuMUTHX €PO3MOHHX
MoOJZieJIa ca Pa3IM4YUTOM IPOCTOPHOM M BPEMEHCKOM OCHOBOM KOja HPENCTaBjbad HHUXOBY
KOHIIETITYaTHy 0a3y, a cBe y InJby OOJber pa3yMujeBama 3aKOHHTOCTH €PO3HOHOT Ipolieca
U TpaHCIOpTa HaHoca. AKieHaT BehuHe UCTpakuBama OWO je Ha yHampehewmy TpH IiaBHE
rpylie Mojena: eMIUPUjCKUX, KOHIENTYaTHUX, ald W Mojeia Oa3upaHuX Ha (U3HYKUM
3akOHHUTOCTHMA. MelyTum, jou yBeK HHUje pa3BHjeH jeAMHCTBEH €PO3UOHH MOJEN KOjU Ou
ce MOrao NpHMHjeHUTH Ha HHUBOY OMJIO KOT CJIMBa, a Jla NPU TOME Jaje NPUXBAaTJEHBE
n3naszHe pesynrare. [loremkohe y nepunncamy jeHOr CBEOOYXBAaTHOT €pO3MOHOT MOJEa
NpOM3MJIa3e M3 CIOXEHOCTH TIPHPOJE €PO3MOHOI TMpOLeca, HEroBe IPOCTOPHE
XETEepPOTreHOCTH, alW Hajuemhe M HEJOCTaTKa aJeKBATHUX Mjepema y IHby J00Hjama
pENeBaHTHUX YJA3HHUX IOJaTaka KOju ce KopucTe y epo3noHuM moxaenuma (KocraanHos,
1985; Mitasova et al., 1996; de Vente i dr., 2005, 2006; Tosi¢, 2006, 2007, 2008; Tosi¢ i dr.,
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2011; HAparuhesuh, 2002, 2007, Hparuhesuh u ap., 2007a, 2009). Yna3Hu momamu cy oc-
HOBa EPO3HOHMX MOJeNa U 3aTO je Pa3Boj M Kopulnhieme JOCTYITHHX MOJiella HePaCKHINBO
MIOBE3aHO Ca PEaHO PacHOJIOKHUBUM ITOJAlUMA.

TokoMm mocspeNBUX ACleHNja MOCTUTHYT je 3Ha4ajaH Halpenak y MPaBHIHOM pasy-
MUjeBaby U MOJIENIOBaY €PO3UOHOT MPOIeca U TPAHCIIOPTa HAaHOCA, a Harjiacak je 6uo Ha
peNaTUBHO MajlM MPOCTOPHHMM jEAWHHIIAMA M Ha TPOLECY Yy PasIMuUTUM HPOCTOPHUM
JMMEH3HjaMa U BPEMEHCKUM cKajama (ToceOHO y OKBHpUMa €pO3HOHHUX Mojiena Ga3upaHux
Ha (U3MYKEM 3aKOHHUTOCTHMA). MehyTum, ¥ mopeA Tora HUCY Oa0avYeHH EMIHMPHU)jCKH
€PO3MOHU MOJICITH KOJH CE U JaJbe PUMH]CHY]Y 32 MOJICIIOBAE epo3Hje Ha HUBOY ciuBa. C
TOra, U Jajbe MIOCTOJH N3paxkeHa 1oTpeda 3a HaCTaBaK UCTPAXKHMBAHKba Y OBOj 00JIACTH U TO y
Wby W300pa HAjIPUXBAT/FHBHJUX CPO3HOHUX MOjena 3a onpehuBame NPONyKIHje U
TpaHCHOPTa HAHOCA Y OKBUPHUMA HaIleT MoJHe0ba.

VY pa3Bojy caBpeMeHe HaykKe O epo3dju W OyjullaMa Ha HAIlUM TeONPOCTOPHMA,
MMOHUPCKY YJIOTY Cy MMAalll MHXKEHEPH IIyMapcTBa KOjU Cy IOCTaBWINM TEMEJbe AAJbUX
HCTpakWBama y o0BOj obmactu. OCHM WX, 3Ha4ajaH IOTPHHOC TIPYXKHIH CY U TeoMOpdo-
no3u, Hajupuje ap Pamenko JlasapeBuh Koju je OTBOPHO IyT Aa/bUM I'€OMOP(]OIIOMIKAM
UCTPa)XUBAKBHMa MHTEH3UTETa MEXaHWYKE BOJHE €pO3Hje, a 3aTHM W HETOBH YYCHHIH U
CIbEN0EHUIIN.

OCHOBHH ITUJb OBOT pajia je HHOBUpame moctojehe Meromonoruje ap Panenka Jlaza-
pesuha koja ce omnocu Ha "HoBu moctymak 3a onpehuBame koedwuijeHta eposuje’
(JTazapeBuh, 1985). IIpeayioxenu nocrynak, 1j. Mmozen oapehuama koeduimjeHTa eposuje
(Z) y oBOM pany, HacTao je Kao pe3yaTaT JeCeTOrOAUIIBEI HAyYHO-UCTPAKUBAYKOT U MPO-
JEKTHOT pajia y 001acTh KapTHpama HHTCH3UTETa MeXxaHnike BojaHe eposuje (Kapra eposuje
cimBa YkpuHe — Tommh, 2006; u Komybape — paruhesuh, 2007; Kaprta eposuje
Perry6muke Cpricke — Tommh u mp., 2006 — 2011), 1 epo3uOHOT MOJENOBakHa MPUMjESHOM
PasIUUUTHAX €pOo3HOHMX Monena Ha Tepuropuju Penmy6mmke Cprcke m Cpo6mje (USLE —
Tosic et al., 2011, CORINE).

MeTonoJ10rHja HCTPAKUBAHA
1. Memooonoeuja P. Jlazapesuha 3a oopehusarve koegpuyujenma eposuje Z

XPpOHOJIONIKK M3MI0KUTH AOCAJAIIBU pajl Ha UCTPaKMBatby MHTEH3UTETa MEXaHUYKE
BOJIHE €pO3Hje U KapTUpamy epo3uje, TOTOBO je Hemoryhe y okBHpHMa oBor pana. HapasHo,
TO U HHjEe Hamjepa, aji je 3Ha4yajHO HAallOMEHYTH Jia jé OH 3allo4eo MeJeCeTUX TroAuHa
HpoLuIor BUjeka eMmnupHjckoM Mertojonordjom C. [NaBpuioBuha W Tpaje pazinyuTHM
WHETEH3UTETOM CBE /IO JaHAIber BpeMeHa. Emmupujcka Meromonoruja C. aBpuiosuha
MOCTAJIa j& OKOCHUIIA €PO3HOHOT MPOYYaBaka U MaXKHkE OPOJHHUX KoJiera y unjeM je Gokycy
Ouiia Hayka O epo3Hju U Oyjuriama.

Pan Ha MCTpaXMBamky WHTCH3UTETAa BOJHE €pO3Hje, a MOCCOHO HEHOM KapTHPamYy,
yKa3ao je Ha HeKe HejxocTaTke eMmnupujcke Metononoruje C. ['aBpunosuha (1962), a camum
TUM ¥ TIOTpeOy 3a HEHOM HaorpaamoM. Y ToMm cMuciy, P. Jlazapesuh (1969) je usBpimo
onpehene kopekuuje emmupujcke merogonoruje C. ['aBpmmosuha 1 To Kpo3 n3MjeHe Tabena
3a onpehuBame koedpummjeHata @, X, i Y, omHocHO Tabeme 3a oxpehuBame cpenme
BpHjenHOCTH Koedurmjerta eposuje (Z). Kopumhemem HaBeneHe MeTononoruje ypalheHa je
Kapra eposuje Cpb6uje (1966-1971), a HCTOM METOIOJOTHMjOM Ca HEIITO JAPYradyujuMm
npuctyniom y onpehuBamy koeduumjenta epo3uje Z u Kapra eposuje BocHe wu
Xepnerosune (1980-1985) (Jlazapesuh, 1971, 1985).

CJ10’X€HOCT aHAMTUYKOr MOCTyNKa oapehuBama KoeQHIMjeHTa epo3uje 3a CBaky
epo3noHy TapIieny (a moceOHO unmbeHMIa Aa ce mapametpu Y, X i @ oapelyyjy BusyenHo, a
cpeamwu nan I ca Tonorpadeke kapre), ykasana je npema P. Jlazapesuhy Ha unmenuny aa
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j€ jemMHO CpedbH IMaj HajIoy3JaHHjH IMapaMeTap, T€ 1a Ce CXOTHO TOME KOe(HIMjeHT
eposuje (Z) "He oxapelyje 1Mo aHATUTHYKOM OOpaciyy, KOjU y H3BjECHHM CIydajeBUMa
JIoBOAM 10 nedopmanija Koje ¢y MocibeAniia CTPYKType WIaHOBa KOjH yia3e y oOpasarl 3a
popauyH Koe(uIMjeHTa epo3uje, jep HEKH O IbUX MoKa3yjy crame eposuje @ i X, a qpyru
MOTEHITMjalTHE YCIIOBE 3a epo3ujy - epoandbmnHocT Y, I 1 X" (JIazapesuhi, 1985). Ynpaso u3
OBHX pasJiora, IoCTojaia je OmpaBaaHa MoTpeda a ce CIMMHUHHIIY MOjeJAUHU MapaMeTpu
Kaga Z BHWINEC TOKa3zyje CepOMUOMIHOCT, a He epo3djy, ma je mpema P. Jlazapesuhy
"eIMMHUHHUALMja TOjeIMHUX MapaMerapa W cBoheme KoeduimjeHTa eposuje Z Ha BHI
eposuje @, Hy)Ha y CBUM CllydajeBUMa Iie moctoju MoryhHoct na Z nocrane Koe(uiyjeHt
epoIuOMITHOCTH, yMjecTo KoeduiujeHT eposuje” (Jlazapesuh, 1985).

VY Toky m3page Kapre eposmje CpOuje, HaBemHH mpobieMu Ha Koje je ykaszao P.
JlazapeBuh, ykaszamu cy Ha OIpaBIaHy HOTpeOy paspahuBama HOBOT HPHCTYIa y OIpe-
huBamy koedpunujeHTa epo3uje Z. "Hosu noctynak oapehuBama xoeduitujerta eposuje Z,
OasmpaH je Ha Buay eposmje O, Koju je onpeleH Ha TepeHy U TO Kao 3ajeTHUYKH CaapKaTelb
CBUX IapaMeTapa KOju yja3e y cacTaB oOpacia 3a KOe(pHUIHjeHT epo3Hje U CPeAmer Majaa,
KOjH je HajoOjeKTUBHMjU NapameTap HasejeHor oopacua” (Jlazapesuh, 1985). [Ipema Tome,
Buj eposuje O, umjy CymITHHY YMHU HaYMH KopHlhema 3eMJbUINTA, 2 Y QYHKIHU]U CPEIber
majaa, naje mpema OBOM IOCTYNKYy KoeduuujeHT eposuje Z. Ilpema P. Jlazapeuhy "oBaj
NOCTyNaKk 0oJbe AndepeHnrpa BpHjeJHOCTH 32 Z U TO y YNTaBOM DAaCIOHY 3a MOjelnHe
KaTeropuje M MOTKATErOpHje Hero aHATUTUIKH oOpas3aill. FiIcToBpeMeHo, HCKIby4yje MoTpedy
3a CIMMHUHAIAOM TMOjeIUHMX [apaMeTrapa, y CcilydajeBUMa Kaja Ou Z TOKa3MBao
epoxubmiHOCT, a He epo3ujy. Ocum Tora, oBaj mocTymak yoOp3aBa oOpany u mosehasa
o0jexTuBHOCT KoedunmjeHta eposuje” (Jlazapesuh, 1985).

Melytum, ananutudky obpasan 3a oxpehuBame KoeduIMjeHTa epo3uje HUje eTMMU-
HHCaH y LjeJIOCTH, OH ce Ipernopydyje KOI KapTupama MambHX CIMBOBA WM IOJCIHBOBA H
TO y CIIy4ajy Kajaa je Moryhe 00jeKTHBHO OJIPEIUTH BPHjEAHOCTH Koe(HIMjeHaTa 32 HAUHH
KOPHILITEHAa 3MJBUILTA H OTIIOPHOCTH 3eMJBHIIITA O] epO3Hje.

HcupnaH paj Ha KapTHpamy epo3nje, Teé O'POMHO UCKYCTBO CT€YEHO Y TOKY TEpEeH-
CKOT U KaObuHeTCKoT paaa Ha m3pagau Kapte eposuje bocue u Xepreropusne (Buiie o1 40000
eposuonux mapuena) omoryhunu cy P. Jlazapepuhy kpeupame "Tabmuie 3a oapelhuBame
koeumjenta eposmje” (Jlazapesuh, 1985). YV Toky kpeupama "MoHTaxe" Tabimie,
noJja3uiTe ¢y Ownm cibenehm mpuHIMIU: "pactoHW HeT Kareropuja, mpeyseru cy on C.
laBpunosuha y musby na ce yjeqHade BpujeqHOCTH m3Mel)y BUIa u Koe-(QHIrjeHTa epo3uje,
KaTeropuje MW TOTKaTeropuje oO0yXBaTajy CBE BPHjCTHOCTH 32 Z y FHHXOBOM PAaCIOHY.
Wzyserak unHe KaTeropuja V,, 1€ ce jaBsbajy camo Bpujeanoctu ox 0,04 no 0,10 momro cy
Bpujeanocty ucnoj 0,04 Mamwe oJ] er3akTHO yTBpHCHUX BPHjEIHOCTH 32 XEMH]CKY epo3Hjy,
BPUjEAHOCTH Z 3a CBE KaTeropuje Mmouumy oj Haruba 6%, a 3aBplIaBajy ce HaruboMm o
50%, n3ysetak je y I; xareropuju koja mma BpH-jeqHocTd 3a Z no 70% u V, xoja nma
BpHjeIHOCTH 110 5%, KO Kareropuja ciaduje epos3uje, unjy 0a3y YyMHE KOCPHIIMJESHT BHUIA
eposuje @ 0,4, 0,3, 0,2 u 0,1, koepurnmjeHT epo3uje Z JOCTHKE TE BPHjSIHOCTH ca
mopacToM Haru0a, MoK KOJA KaTeropuja jade eposuje, yujy 0asy 4mHE KOS(hHUIMjCHT BHIA
eposuje @ 1,5, 1,3 u 1,1 xoeduuujeHT epo3nje NOUNHE TUM BPUjeTHOCTAMA, a 3aTHM pacTe
ca mnoBehamem Harmba" (Jlazapesumh, 1985). Iakie, mpu paspany HOBOT IIOCTyNKa 3a
onpehuBame KoeduIjeHTa eposrje Z, cadyBaHa je IpeMa ayTopy CYIITHHA U YHYTpallbha
CTpyKTypa emmupujckor merozaa C. I'aBpuiioBuha.

HoBu mocrymak 3a oapehuBame koedunujeHta eposuje (Z) P. Jlazapesuha (1985)
NPENCTaBIha0 je BakaH MOMAK y MPAaBIy METOJOJIOMIKOT MPUCTYIIA Y KapTHpamy epo3uje.
Mehytum, n Hakon 30 rogmHa ox kana je P. JlazapeBuh kpempao Tabmuiry 3a onpehuBame
KoedpunujeHTa eposuje (Z), nobap AMO CTpy4HE jaBHOCTH HHj€ CYIITHHCKH cariiefia0 meHe
nmoOpe cTpaHe, Ta je pa3BOj HOBE MeTozoioruje oapehuBama koeduimjenta eposuje (Z)
0a3upaH Ha OBOM MPHUCTYIY jEAMHH MYT Ja CE€ CYIITHHCKA WHOBUpA OBaj MOCTYyNaK H
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NPUJIAroAd HOBMM HH(OPMAIIMOHO-TEXHOJIOIIKAM 3aXTjeBHMa BPEMEHa y KOjeM JKHBUMO,
M W oJjakma paja Ha u3paau Kapre eposuje Hexor npocropa (Jlazapesuh, 1985, 1985a;
Tommh, 2007, 2008; Tommh u ap., 2011).

2. Hogu memodonowku nocmynax oopehusara koegpuyujenma eposuje (Z)

TokoM KapTHpama HMHTEH3UTETa epo3Mje Y HEKOJMKO CIMBOBA Ha TepUTOpuju Pe-
ny6nuke Cprcke u Cp6uje, y HOTIYHOCTH CMO OHMJIM YIIO3HATH ca MocTojehM MeTo/ 101011~
kuM npuctynom P. Jlazapesuha. Mehytum, y npunpemama 3a uspany Kapre eposuje Pe-
nyonuke Cpricke, OWIIO je HY)KHO M KPUTHYKH CE OCBPHYTH Ha MPEIUIOKEHY TaOJuIly 3a
onpehuBame KoehumnujeHta eposuje (Z), kako 6u ce pjenmie oapelene Hemoymuie. [pso,
Tabnuua kojy je kpeupao P. Jlazapesuh (1985, ctp. 58) mpmimdHO je KOMIUIMKOBaHA 3a
kopuinheme. YKOJINKO, MpUMjepa pajau, Ipu oJpehuBamy MMaMoO BPHjEIHOCT najaa uiMelhy
11,30° u 12°, HejacHo je koju ce Z poxesbyje, Mamu nnu Behu. JIpyro, mpobiem jacHo
HeneUHNUCAaHUX WHTepBajia BOJM Ka HEOCJbEAHOCTH ofipeljuBama koepHLujeHTa Z 1 jenan
uctu oOpahuBau HHje yBeK curypaH na he y cBakoM ciyd4ajy 3aapXaTh YHH(QOPMHH
TIPHUHITAT, a aKO MMOCTOjH BHIE oOpaljuBada HEJOCIFETHOCT je TOTOBO yOOWYajeHa I0jaBa.
Tpehe, mogatke koju cy MOOHjeHH BeOMa je€ TEIIKO KOHTPOJHCATH, a TO HWMILUIHIHPA
pa3IMuuTe TpemIke Koje ca coboM Hoce M onapel)eHH HHBO HEMOY3OAHOCTH H3JIA3HUX
mojaTaka y CMHUCIy onpehuBama cpemmer KoeuirjeHTa epo3mje, a TUME MPOAYKIHje U
TpaHcmopTa HaHoca. UYerBpTo, Kopuiihewe HaBelneHe Tabmuie Yy oapehuBamy
KoeHIMjeHTa epo3rje, OJHOCHO YIIMCHBAILE MOJaTaka y aTpu-OyTHY Tabely 4ecTo YCIIo-
paBa pal, a TO ce y BpeMEHY CaBpeMEHUX MH(OPMAalMOHMX TEXHOJIOTHja HE MOXKE HpPHUX-
BaTUTH.

Hakne, nagedenu pasznosu cy ykazaiu Ha ONpasoawy nompeoy Kpeuparea HO802
npucmyna, mj. Hogse memoooaocuje y oopehusarny Koegpuyujenma eposuje (Z) xoja he ce u
oame mememsumu Ha emnupujckoj memooonoauju C. I'aspunosuha u usmjenama u oonynama
Koje je O0ao P. Jlazapesuh, amu he 6umu npunacohena caspemeHum UH@OPMAYUOHUM
MexXHoI02Ujama u Nompebama caspemeroe Opyuimed.

Y TOoM cMHECITy, KpEeHpaH je MOTIyHO APYTadHju MPHUCTYI y onpehuBamy KoeduImjeH-
Ta epo3uje (Z), He caMo Ha TepeHy, Beh u y o0paaum u Kpenpamy KOHA4HE epo3uoHe 0aze
koja he mpencraBpaTH AWTHTAIHY TEMAaTCKy KapTorpad)cKy MHOJUIOTY, ald ca OOHWJbeM
[OaTaKa U IPEAHOCTUMA Y Kopumhemny.

OcHoBa 3a u3pany Tpebano 6u na Oyne acpopoTOCHUMAK, MHHAMAIIHE pe3oayiuje d
= 50 cm, mTO y3 KOPHIITEHE AITOPUTMA 3a ayTOMATCKy AETEeKIHjy HaduHa Kopumhema
3emJpHIITa (TIpeMa Tabenu 3a koeduimjeHT X) U U3/1Bajarbe MUKCeNa, a IOTOM U KPeupame
MOJHWIOHa OCHUrypaBa J00po JedHHHCame TMOBPIIMHA HWCTOr HayMHa Kopumhema
3emJpHMIITa. JJOOMjeHNM MOJMIOHMMA CE aHAaJM30M TEMAaTCKUX TEOJIOMIKUX M MeJIOJIOIIKNX
MOJIOTa JI0JICJbYjy KOe(hHIMjeHTH oTHopa 3emibumita o1 eposuje (Y), ca akIeHTOM Ja je 3a
notpede Hekux npojekara ypahena SOTER (soil and terrain database) 6a3a nmonaraka, koja
CaJpKd BaKHEe MH(pOpMaLHje 0 MATUYHOM CYCIICTPaTy W THUIIOBUMA 3eMJBHILTA KOjU CY ce
pa3BHIIM Ha BHUMa.

Kopumihemem pururamsor BucuHckor mozena (DEM) kpewpa ce Temarcku cIoj
mazoBa KOjH ce MpeKiIama ca IMOJUTOHMMAa HaunHa KOPHINTeHha 3eMJBWINTA, KOjUMa je
nonesbeH koepunujeHT X 1 Y, Te KOPHIITeHheM 30HalTHE CTATUCTHKE CBaKOM ce TocTojehem
MOJIMIOHY J0fjesbyje cpenmwu max Iy [akie, 3a morpebe oxapehuBama KoeduuujeHTa
epo3uje (Z) 3a HEKy €pO3HMOHY MapIleiay HEOIXOTHO j€ jOII OIPEIUTH KOS(hUIMjCHT BHIA
epo3uje @, Koju yKaszyje Ha crame epo3uoHuX mporeca. OnpehuBame OBOT KOSHHUIIHjEHTA
3aXTjeBa y3UMame y 003Mp CBHX IapaMmeTapa, Tako Jia Ha TepeHy MocToju MoryhHocT ja ce
y3 IocMaTpame epo3uoHe Maprelie 0AMax pacloyiake mojanuMa o koepuumjentama X 1Y,
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TE J1a je Y TOM OKBHPY 3a HEKy epo3HoHy napiery Moryhe nmakmre geduHucati Koeuiujert
Bujia eposuje D.

I

Ca. 1. CxemaTcku npuKa3 npoueaypa npu oapehupamy koepunujenra eposuje (Z).

HajnpaxkTnuHuju HauMH OATrOBOpa Ha OBaj 3axTjeB je kopuimreme PDA (Personal
Digital Assistant) ypehaja xoju mma nHTerpuicanun GPS npujemunk. Ocum PDA ypebhaja,
HEOIXOJTHO je UMAaTH M a/IeKBaTaH coTBEp Koju mojpkasa u omoryhasa unrerpaujy GPS-
a u GIS-a. ArcPad je crermmjanHo neduHMCcaH MporpaMcku maket u3 rpyne ArcGIS makera,
HamujeweH uHTerpamju GPS-a u GIS-a, ogHOoCcHO 32 ynmotpeOy ca PDA ypehajuma xoju
npumajy ,real-time*“ GPS curnan. ArcPad campxu 0a3y momaraka y ¢opmu cioja .shp
(opmara, anu u uaTerpucane TIFF mostore - aepo)oTOCHUMKE KOjU Cy MPOILIH IPOIEC
KoMmmpecHje. YHyTap 0a3e momaraka mMoryhe je BpIIMTH TIperjen MoaaTaka, MHjemaTh
aTpubyTe Ha OCHOBY KapaKTEpHCTHKa I0jaBe KOjy IOCMAaTpaMo, MPaTHTH IyTamy IpemMa
yHanpujen nedunucanoj pytu u np. PDA ypehaj omoryhaBa opujeHTanujy Ha TepeHy,
nopeheme peante Jokanuje ca qeGuHIUCaHUM BEKTOPCKUM TIOJIMTOHOM (€pO3HOHa Mapliena)
Ha .shp dopmary koju cmo ynujenau y PDA ypehaj, Te cuumame nonaraka Ha PDA ypebaj
Kako Ou nx nocnuje u3Besnu y GIS (desktop) okpyxeme n ypaanim KoOHauHy KapTorpadceky
nogiory. PDA ypebaj je ca npeTrxomHO IpUITPEMIBEHOM BEKTOPCKOM IIOJUIOrOM oMoryhuno
JETHOCTAaBHO JIOIMpamk-e MOJUTOHA 0e3 Hy>KHOT 3Hama Tororpaduje Koje je moTpedHo 1a ce
Ha TomorpadCckoj KapTh OApEAH TON0Xa] oipeheHor momurona. Mcro Ttako, omoryhyje
YHOLICHE MapaMeTapa y 0a3y rmojaraka Ha TEpeHY, a He Ha TEPEHCKe KapTe, IITO 3aXTjeBa
Jla ce [Ba IMyTa paau UCTH mocao. Jlaxiie, Ha oBaj Ha4YMH HajOooJbe ce onmpelyje Z 3a Omiro
KOjy eposmoHy mapuery. OnpehuBame mapameTapa Ha OB3j HauWH OMOTyhmio je u
MpopaydyH aHAIUTHYKAM ITyTeM, ald Kako je Beh HarimameHo IOCTOjU BeIHKH Opoj
ciydajeBa Kajaa Z ToKasyje epoAuOMIIHOCT, a He epo3ujy. M3 Tora pasiora, HyXHO je OWIo
TECTUpATH pe3yliTare JA0OWjeHe aHAIUTHYKUM IPHUCTYIOM oxapehuBama KoeduiujeHTa
eposuje (Z) u pesynrare nodujeHe npema tadnunama P. Jlazapesuha.

VY ToM cMmuCITy, U3BpIIEHA je perpecroHa aHauu3a y Hniby yTBphuBama Bese usmely
rmocMaTpaHux Bapujabiy, OJHOCHO aKTUBHOCT Yy IMJby Jo0Wjama oxarosapajyher
aHAJIMTUYKO-MAaTEMaTUUKOT U3pa3a, Tj. PerpecuoHor Mozena. OCHOBHA CBpXa OBAKO 1OOH-
jEeHOT Mojena je o0jalrmkeme MOBE3aHOCTH IIOCMATPaHuX TojaBa, MOryYhHOCT mpenBul)ama
BpHjeIHOCTH 3aBHCHE BapHjabie 3a onpeljeHe BPHjeTHOCTH jeHE WIIM BHINEC HE3aBUCHHUX
Bapujabnm. Y HameM ciydajy, IMaMo jelHy 3aBHCHY BapHjadiy (koepunujeHt eposuje Z),
oK cy koe¢pumnmjeHT Buma eposmje (P) u cpenmu nan eposnone mapuene (I;) HesaBucHe
Bapujabie. Y OBOM ciy4ajy, ped je 0 BUILIECTPYKOj PErpecHOHOj aHAU3M U TO JIMHEAPHOT
Mozena BHUIIECTpyke perpecuje. CTaHmapJHH OOJHMK jeHAUYMHE MOJENa BHIIECTPYKE
JIMHeapHe perpecuje ca k He3aBUCHUM BapHjadiiama Ii1acu:

?:a+b1X1+b2X2+ ..... kak (1)
r7ie je: a - KOHCTAaHTHU WIaH WINM OYeKHWBaHA BPHjeTHOCT 3aBucHe Bapujadue (Y) kama je
BPHjETHOCT CBUX HE3aBUCHHX Bapwjabmm (X;, 1 = 1,2,3..k) Hyna; b; - perpecuonu xoedu-
[HjeHT KOjH TMOoKa3yje MpocjeuHy MpoMjeHy 3aBrucHe Bapujabne (Y) kama ce oxrosapajyha
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He3aBHCHa Bapujabna (X;) moBehaBa 3a jeman (jemHy jeIWHUIy Mjepema), a OocTalie Hesa-
BHCHE Bapujaliie cy HenpoMjemuBe. AKO je KoeHIUjeHT perpecuje b, MO3UTHBaH, OJHOC
usmel)y Bapujabmu Y u X je ynpaBuo nponopuuoHaias (pact X y3pokyje pact Y), a ako je
b, HeraruBaH, oxHoc u3Mel)y Bapujabmu Y u X; je oOpHyTO mpomopiuoHanaH (pact X
y3pokyje max Y). OcuM Kpeupama jeIHAuYnHE MOJENa BHUIICCTPYKE JMHEApHE perepcuje,
onpeheH je n uHTEpNpeTHpaH KoeUIHjEeHT MYJITUILIE KOpeJalyje U AeTepMHUHAIMje, alH 1
MPOI[jehCHA CTATUCTUYKA 3HAYAJHOCT MOJIENIa, TE€ CTATUCTUYKA 3HAYAJHOCT I10jCITUHHMX
perpecronnx KoepunrjeHarta (perpecuonnx Bapujadnu). HaBenene BpujesHOCTH Cy narte y
o0nuky Tabena: summary output-regression statistics 1 Anova.

VY pazmarpame 3a u3pajy perpecCHOHMUX MOJIesa 3a MojeAnHE KaTeroprje epo3uje y3e-
T CMO JBHje epo3noHe 6a3e mopaTaka. [IpBo, 6a3a mojaTaka ciuBa akymynanuje [IpeHosa,
Koja Opoju 3257 epo3noHMX maplieNia-IonToHa ca Je(UHIUCAHAM aTprOyTHMa, a TIOTOM U
0a3y momaraka eposuje Pemybmmke Cpricke koja Opoju 28249 epo3moHHX mmapiena-
MOJIMTOHA, T€ Ha TeMeJby HUX KPEHpalll PErpecHoHe MOjele 3a IOjefANHE KaTeropuje
eposrje. Y epo3noHNM 0Oa3ama KpempaHa je KOJOHA BPHUjEAHOCTH KOoe(HIMjeHTa epo3uje
JOOMjEeHHX Ha OCHOBY PErpecMOHHMX MOJIeNa, a MOTOM je W3BpIICHA YNOpe[Ha aHajIu3a-
KopeJialyja BpUjeTHOCTH T00MjeHUX Y TOKY KapTHpama MPUMjeHOM aHAJTUTUYKOT TIOCTYIIKa
onpehuBama koedulMjeHTa epo3rje Z U MOCTYIKa KOjU je MPUMHUjEhUBaH Y TOKY H3paje
Kapte epo3uje Penyomuke Cpricke (mpeMa TabiuiiaMa), ca BpHjeJHOCTHMA KoeduItujeHara
epo3uje Z Koje cy noOHMjeHe Ha OCHOBY perpecHoHHMX Mojena. Jlakie, Kpeupamem 0Oase
nojiaTaka ca CBUM arTpuOyTHMa, a IMOTOM NpUMjeHe HaBEACHHX jelHayMHa perpecuje-
perpecnonnx Mozena y GIS okpyxkemy, BeoMa JaKO W TIPEOU3HO JIOJa3MMO JIO
KoeduIMjeHTa epo3uje Z 3a CBaKy €po3HOHY Iapuely KOjoj CMO OJpEeNwId HaBeACHE
atpubyTtHe napamerpe. [Ipema mpouexypu Koja je onucaHa y OKBUPY HOBE METOJOJIOTH]E,
onpehuBame koeduuujenTa @ 3a cBaKy epO3UOHY MapIeTy U IOTOM BErOBUM KOPHIITCHEM
U ynorpeOboM cpemmer mana lg, Te perpecHoHHX MoJena 3a CBaKy KaTeropHjy eposwje,
MOKEMO Ha OmJI0 KojeM Iujeny TeputopHje ypamutu KapTy eposuje, a THME U MpopadyH
MIPOJYKIIMje U TPAHCIIOpTa HaHOCa 32 oJpel)eHn CIHB.

Pe3yaratu ucrpa:xkuBama

IIpema mpuka3aHOj METOHONOTHjU WCTPAXHWBama, a Ha OCHOBY TOJaTaka KOjU CY
pesyntat uspane Kapre eposuje Penyomuke Cpricke, IpeIoyeHH Cy pe3yiTaTH PerpecroHe
aHaJM3e, T PErPEeCHOHN €PO3UOHN MOJIEIH 32 TIOjeMHE KaTeTopHje epo3uje.

Ta0. 1. U3n1a3Ha Ta0esia perpecMoHe aHAJIM3¢ U PerpecHOHU MojeJl 3a
I xaTeropujy epo3uje

Regression Statistics

Multiple R 0,996289848
R Square 0,992593461
Adjusted R Square 0,992586434
Standard Error 0,013742785
Observations 2111
ANOVA

df SS MS F Significance F
Regression 2 53,35513049 26,6775652 141252,68 0
Residual 2108 0,398125597 0,00018886
Total 2110 53,75325609

Coefficients Standard Error t Stat P-value Lower 95% Upper 95%

Intercept -0,080046403 0,00255248 -31,360242  1,639E-177  -0,085052046 -0,075040759
I _srednje 0,006299662 4,26313E-05 147,770709 0 0,006216058  0,006383266
D 1,00561776 0,001952831 514,953699 0 1,001788082  1,009447438

Z - Liategorija = -0,080046403 + 0,006299662-Isr + 1,00561776-®
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Ta6. 2. U31a3Ha Tade1a perpecuoHe aHaJIN3e U PerpecHOHU MOJeJ
3a II kaTeropujy epo3uje

Regression Statistics

Multiple R 0,99626888
R Square 0,992551682
Adjusted R
Square 0,992086162
Standard Error 0,008033576
Observations 35
ANOVA

df SS MS F Significance F
Regression 2 0,275209059  0,13760453  2132,13586  8,97288E-35
Residual 32 0,002065227  6,4538E-05
Total 34 0,277274286

Coefficients Standard Error t Stat P-value Lower 95% Upper 95%

Intercept -0,177338418 0,044449942  -3,9896209 0,0003606 -0,267879987 -0,086796849
I_srednje 0,006622856 0,000348576 18,999752  5,4397E-19 0,00591283  0,007332882
D 1,108752634 0,057860949  19,1623653  4,2308E-19  0,990893739  1,226611529

Z. - Wyacegorija = -0,177338418 + 0,006622856°1, + 1,108752634-@

Ta6. 3. U31a3Ha Tabe1a perpecuoHe aHaJN3e U PerpecHOHU MOJeJ
3a III kateropujy epo3uje

Regression Statistics

Multiple R 0,96036222
R Square 0,922295593
Adjusted R Square 0,922250284
Standard Error 0,013669612
Observations 3433
ANOVA
Significance

df SS MS F F
Regression 2 7,607308116 3,80365406 20355,8202 0
Residual 3430 0,640923985 0,00018686
Total 3432 8,2482321

Coefficients Standard Error __t Stat P-value Lower 95%  Upper 95%
Intercept -0,181986117  0,004113523 -44,24094 0 -0,19005132  -0,173920914
I_srednje 0,005410777  3,49609E-05 154,766607 0 0,005342231  0,005479323
[ 1,197246035  0,007902312 151,505799 0 1,181752321 1,212739748

Z - Mlyategorija= -0,181986117 + 0,005410777 L + 1,197246035-®
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Tab6. 4. N31a3na Tades1a perpecuoHe aHAIHU3€e U PerPeCMOHH MOeJ
3a IV kareropujy epo3uje

Regression Statistics

Multiple R 0,978759821
R Square 0,957970788
Adjusted R Square 0,95796564
Standard Error 0,006224397
Observations 16331
ANOVA
Significance

df SS MS F F
Regression 2 14,41878055  7,20939028  186081,85 0
Residual 16328 0,632597561  3,8743E-05
Total 16330 15,05137812

Standard

Coefficients Error t Stat P-value Lower 95% Upper 95%
Intercept -0,093539408  0,000747486  -125,13869 0 -0,095004562  -0,092074254
I_srednje 0,003491455  7,77703E-06  448,944805 O 0,003476211  0,003506699

0,99151371 0,002433308  407,475699 0 0,986744161  0,996283259

Z- IVkategorija =

-0,093539408 + 0,003491455°I, + 0,99151371-®

Ta6esa 5. M31a3Ha TaGesia perpecHoHe aHAJIM3E H PErpecHOHH MOJIeJt
3a V kareropujy epo3suje

Regression Statistics

Multiple R 0,981380292
R Square 0,963107278
Adjusted R
Square 0,963095633
Standard Error 0,006897019
Observations 6339
ANOVA

df SS MS F Significance F
Regression 2 7,868137895 3,93406895  82702,596 0
Residual 6336 0,301396353 4,7569E-05
Total 6338 8,169534248

Standard

Coefficients Error t Stat P-value Lower 95% Upper 95%
Intercept -0,006655927  0,000401851 -16,563188  2,3553E-60 -0,00744369  -0,005868164
I_srednje 0,003560336  1,28267E-05 277,571822 0 0,003535191  0,003585481
] 0,545752771  0,002150287 253,804648 0 0,541537481  0,549968061

Z - Viategorija = =0,006655927 + 0,003560336-L,. + 0,545752771-®

VYV mjenman, aHanmupajyhu cBe m3nasHe Tabene perpecHoHe aHammse, Moryhe je
3aKJBYYHTH Ja TOCTOjU jaka moBe3aHocT m3Mmely koedunmjeHTa eposmje (Z), Kao 3aBHCHE
Bapmjabie U cpeamer mana l; u BpujemHocTH KoeduiujeHTa Buaa epo3uje O kao Heza-
BUCHHUX Bapujabiu. OcuM Tora, aHalM3MpaHa CTATUCTUYKA 3HAYajHOCT PErpecCHOHOT MoJiesa
y3 HHMBO pu3uka ox 1% (mm 5%) yxasdyje na Oapem jefHa OJf pErpecHOHMX BapHjadiu
CTATHCTHUYKHU 3HAYajHO YTHYE Ha BPHjEeHOCT KoeduiujeHTa eposuje Z, I0K je noTBpheHa u
CTAaTHCTHYKA 3HAYajHOCT MOjEMHUX PErpecHOHHMX KOoe(HIMjeHaTa, ITO 3HaYM A3 y3 HUBO
pusuka on 1% (wm 5%) obe perpecroHe Bapujabiic CTATHCTHYKHA 3HAYAjHO yTUYY Ha
Bapujadiy Z, Tj. KoeUIIHjeHT epo3uje.
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Ca. 2. Kopenanuja Z' no6ujeHor perpecHoHMM MojieJiuMa U Z 100MjeHor KapTHpameM epo3uje
emnupujckom meroaosorujom C. l'aspuiioBuha u P. JlazapeBuha.

[IpuMjeHa NOOHMjEHUX PErPECHOHHMX MOJIENA 3a MOjEJMHE KaTeropuje epo3uje y OK-
BHpYy 0ase noxaraka eposuje PemyOmuke Cpricke, n kKopenanuja ca BpHjeHOCTUMA J00U-
JEHMM aHAIUTUYKUM U TOCTYNKOM ojnpehuBama koeduimjeHta eposuje (Z) mpema Tad-
minama P. JlazapeBuha, ykazana je Ha BUCOKY KOPEJIATHBHOCT pe3yJITaTa Koju Cy J0OHjeHH
NPUMjESHOM PETPECHOHHX MOJENa.

3akbyyak

Jlobujenn pe3ynTaTtu ykasyjy Ha ONpaBJaHOCT KOpHIIhema perpecCHOHUX Mojeia y
noctynky oapehuBama xoedpunujenra eposuje (Z), a y CyIITHHU MPEACTaBIbajy 3aMjeHy 3a
Tabmume koje je kpeupao P. Jlazaperuh y oxBupy "HoBor mocrymka 3a onpelhuBame
koepunmjeHta eposuje Z" (Jlazapesuh, 1985). Anamusupajyhu kopematuBHOCT pe3ynTara
MOOMjeHNX PErpecHOHNM MOJeNuMa M pe3yiraTa Koju Cy HOOWjeHH y TOKY KapTHpama
epo3uje Ha Teputopuju Peny6muke Cpricke, yTBpheH je koeduiujent nerepmuHanyje R? =
0,9963 (y = 0,9963x+0,0012), mTo y CymTHHH TpeACTaBjba OOOpPY OIjeHy TOOHUjeHHX
Mozena. HapaBHo, oBa aHanu3a W HM3paja PErpeCHOHMX MoJeja YKJbY4Wsla jeé caMoO OHe
Bapujabie koje je aHamusupao P. Jlazaperuh y cBoMm moctymky onpehuBama koeduIiijeHTa
epo3uje Z, a HUje yKJpbyurBaia Bapujadbay X u Y jep je ona Beh caapikana y KoeUIHjeHTY
Buaa eposuje @, omHOCHO OH je oapeljeH Ha 0a3u mojaraka MPEeTXOIHE BE BapujadIe.

W3zBpuieno nHoBupame nocrojehe merononoruje ymHorome he JONpUHU)ETH JIaKIIeM
u OpxxeM onpehuBamy xoedunujenta eposuje (Z), a 100MjeHH pe3yaTaTH Cy Y MOTIYHOCTH
KBaHTH(UKOBaHH, YUMe cy HM30jerHyTe CyOjeKTHBHE TIpellKe KOje HacTajy Kao pesyJirar
KBAJTUTATUBHUX OL[jeHA M aHAITU3A.

3axBaJIHOCT

AyTopu OBOT pajia m3paxaBajy moceOHy 3axsaiHocT 1p Pamenxy Jlasapesuhy 3a cBe roxune
KOje je IpoBeo y HeceOMYHOM IPEHOLICHY 3Hama M MCKYCTBa. Pe3ynaTu KOjU Cy NpPe3eHTOBaHU Y
OBOM pajly o/pa3 Cy HEroBOI' MEHTOPCKOI paja M OIPOMHOI HCKYCTBa KOj€ je NPEHHO Ha CBOje
YUECHUKE.
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Abstract: The research and mapping the intensity of mechanical water erosion that have begun with the empirical methodology of
S. Gavrilovi¢ during the mid-twentieth century last, by various intensity, until the present time. A many decades work on the
research of these issues pointed to some shortcomings of the existing methodology, and thus the need for its innovation. In this
sense, R. Lazarevi¢ made certain adjustments of the empirical methodology of S. Gavrilovi¢ by changing the tables for
determination of the coefficients @, X and Y, that is, the tables for determining the mean erosion coefficient (Z). The main objective
of this paper is to update the existing methodology for determining the erosion coefficient (Z) with the empirical methodology of S.
Gavrilovi¢ and amendments made by R. Lazarevi¢ (1985), but also with better adjustments to the information technologies and the
needs of modern society. The proposed procedure, that is, the model to determine the erosion coefficient (Z) in this paper is the
result of ten years of scientific research and project work in mapping the intensity of mechanical water erosion and its modeling
using various models of erosion in the Republic of Srpska and Serbia. By analysing the correlation of results obtained by regression
models and results obtained during the mapping of erosion on the territory of the Republic of Srpska, a high degree of correlation
(R?=10.9963) was established, which is essentially a good assessment of the proposed models.

Keywords: soil erosion, erosion mapping, erosion coefficient (Z), type of erosion coefficient (®), regression models.
Introduction

In the last few decades a number of different erosion models with a different spatial
and temporal basis have been developed, which is their conceptual base, and all in order to
understand better the rightness of the erosion process and sediment transport. The focus of
most studies was to improve the three main groups of models: empirical, conceptual, but
also the models based on physical principles. However, a unique erosion model that could
be applied to any level of the basin, while giving the reasonable output results, has not been
yet developed. The difficulties in defining a comprehensive model of erosion result from the
complexity of erosion processes of nature, its spatial heterogeneity, but most often the lack
of adequate measurements in order to obtain the relevant input data which are used in
erosion models (Kostadinov, 1985; de Vente et al., 2006; Tosi¢, 2006, 2007, 2008, Tosi¢ et
al., 2011; Dragicevi¢, 2002, 2007, Dragicevi¢ et al., 2007a, 2009). The input data are the
basis of erosion models and therefore the development and use of available models is
inextricably linked with the real data available.

Over recent decades there has been a significant progress in the proper understanding
and modeling of the erosion process and sediment transport, and the emphasis was on
relatively small spatial units and the process in different spatial dimensions and time scales
(especially in terms of erosion models based on physical principles). However, besides this,
the empirical erosion models have not been rejected and are still applied for the erosion
modeling on the basin level. Therefore, there still remains a strong need for continuation of
the research in this area and in order to select the most appropriate erosion models for
determination of the sediment production and transport within our region.

In the development of modern science of erosion and floods in our geospace, the
pioneering role was played by the forest engineers who laid the foundations for further
research in this area. Apart from them, a significant contribution was provided by the
geomorphologists, firstly by Dr. Radenko Lazarevi¢c who paved the way for further
geomorphological researches of the mechanical water erosion intensity, and then followed
his disciples and followers.

The main objective of this paper is to update the existing methodology of Dr.
Radenko Lazarevi¢ which relates to "New procedure for determining the coefficient of
erosion" (Lazarevi¢, 1985). The proposed procedure, that is, the model to determine the
erosion coefficient (Z) in this paper is the result of ten years of scientific research and
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project work in mapping the intensity of mechanical water erosion (Erosion map of the
Ukrina basin - ToSi¢, 2006; and Kolubara - Dragic¢evi¢, 2007; Erosion map of the Republic
of Srpska — Tosi¢ et al., 2006 - 2011), and the erosion modeling using various models of
erosion on the territory of the Republic of Srpska and Serbia (USLE - Tosi¢ et al., 2011,
CORINE).

Research Methodology

1. Methodology of R. Lazarevi¢ for determination of the erosion coefficient Z

A chronological display of our work so far to research the intensity of mechanical
water erosion and erosion mapping, is almost impossible within the framework of this paper.
Of course, this is not the intention, but it is important to note that it has started in the fifties
of the last century with the empirical methodology of S. Gavrilovi¢ and it lasts, by different
intensity, until the present time. The empirical methodology of S. Gavrilovi¢ has become the
backbone of the erosion study and called for attention of many colleagues whose focus was
the study of erosion and floods.

Work on the research of water erosion intensity, and in particular its mapping, pointed
to some shortcomings of the empirical methodology of S. Gavrilovi¢ (1962), and therefore
the need for its updating. In this sense, R. Lazarevi¢ (1969) made certain adjustments of the
empirical methodology of S. Gavrilovi¢ through changes of the tables for determination of
the coefficients @, X and Y, that is, the tables for determining the mean value of the erosion
coefficient (Z). By the use of the above mentioned methodology, the Erosion map of Serbia
was made (1966-1971), and by the same methodology with a slightly different approach in
determining the erosion coefficient Z, the Erosion map of Bosnia and Herzegovina was
made (1980-1985) (Lazarevié, 1971, 1985).

The complexity of the analytical method for determination of the coefficient of
erosion for each erosion parcel (especially the fact that the parameters Y, X and @ are set
visually, and the average slope I,, with topographic maps), indicated by R. Lazarevi¢ the
fact that only the mean drop is the most reliable parameter, and that consequently the
erosion coefficient (Z) "is not determined by the analytical form, which in some cases leads
to distortions that are the result of the structure of terms which are included in the form for
calculating the coefficient of erosion because some of them show the state of erosion ® and
X, and other potential conditions for erosion - erodibility Y, I,, and X "(Lazarevi¢, 1985).
For these reasons, there is a justified need to eliminate some of the parameters when Z more
shows erodibility, instead of erosion, and by R. Lazarevi¢ "elimination of certain parameters
and reduction of the erosion coefficient Z to the type of erosion @, are necessary in all cases
where there is a possibility that Z becomes the erodibility coefficient, instead of the erosion
coefficient" (Lazarevi¢, 1985).

During the preparation of the Erosion map of Serbia, the above mentioned problems
which R. Lazarevi¢ showed, pointed to the legitimate need of elaborating a new approach in
determining the erosion coefficient Z. "A new method of determining the erosion coefficient
Z is based on the type of erosion @, which is determined in the field and as a common
denominator of all the parameters that are part of the form for the coefficient of erosion and
mean drop, which is the most objective parameter of the specified form" (Lazarevié, 1985 ).
Therefore, the type of erosion ®, which essence makes the manner of the use of land, and in
the function of the mean drop, according to this procedure gives the coefficient of erosion Z.
According to R. Lazarevi¢ "this process better differentiate the value of Z for the entire
range of specific categories and subcategories than the analytical form. At the same time, it
excludes the need for elimination of certain parameters, in cases where Z would show
erodibility, not erosion. In addition, this process speeds up processing and increases the
objectivity of the coefficient of erosion" (Lazarevi¢, 1985).



23

However, the analytical model for determining the coefficient of erosion is not
eliminated completely; it is recommended for mapping the small basins or sub-basins and in
cases where it is possible to determine objectively the values of the coefficients for the use
of land and soil erosion resistance.

A comprehensive work on the mapping of erosion, with extensive experience in the
field and cabinet work on making the Erosion map of Bosnia and Herzegovina (more than
40,000 erosion parcels) enabled R. Lazarevi¢ to create "tables for determining the
coefficient of erosion" (Lazarevi¢, 1985). During the designing of the "assembly" table, the
starting point were the following principles: "spans of five categories were taken from S.
Gavrilovi¢ in order to align the values between the type and the coefficient of erosion,
categories and subcategories covering all values of Z in their range. Exception makes the
category V2, where only values of 0.04 to 0.10 occur as the values below 0.04 are less than
the exactly determined values for chemical erosion, the values of Z for all categories starting
from 6% of the slope and end with the slope of 50 %, with the exception of 11 category that
has values of Z up to 70% and V2, which has values up to 5%, for the categories of less
erosion, which base consists of the type of erosion coefficient ® 0.4, 0.3, 0.2 and 0, 1, the
erosion coefficient Z reaches these values with an increase in the slope, while the categories
of stronger erosion, which base consists of the type of erosion coefficient ® 1.5, 1.3 and 1.1
coefficient of erosion starts with these values, and then increases with the slope increase"
(Lazarevi¢, 1985). Therefore, in developing a new procedure for determining the erosion
coefficient Z, according to the author, the essence and the internal structure of the empirical
method of S. Gavrilovi¢ are preserved.

A new procedure for determining the erosion coefficient (Z) of R. Lazarevi¢ (1985)
represented an important step forward towards a methodological approach in the erosion
mapping. However, even after 30 years since R. Lazarevi¢ has created a table for
determining the erosion coefficient (Z), much of the professional community has not looked
at its core strengths, so the development of a new methodology for determining the erosion
coefficient (Z) based on this approach is the only way to fundamentally innovate the process
and adapt to new information and technological demands of the times we live in, but also to
facilitate work on the Erosion map of an area (Lazarevi¢, 1985, 1985a; Tosi¢, 2007, 2008,
Tosi¢ et al., 2011).

2. A new methodological approach for determining the erosion coefficient (Z)

During mapping the intensity of erosion in several basins on the territory of the
Republic of Srpska and Serbia, we were fully aware of the existing methodology approach
of R. Lazarevi¢. However, in preparations for making the Erosion map of the Republic of
Srpska, it was necessary to critically review the proposed table for determining the erosion
coefficient (Z), in order to solve certain dilemmas. First, the table created by R. Lazarevic¢
(1985, p. 58) is rather complicated to use. If, for example, during determination we have
values of the drop between 11.30° and 12°, it is unclear which Z is assigned, lower or
higher. Second, the problem of clearly undefined intervals leads to inconsistent estimation
of the coefficient Z and the one and the same processor is not always certain that in any case
will keep a uniform principle, and if there are multiple processors, inconsistency is almost a
common occurrence. Third, the data obtained are very difficult to control, and this implies
different mistakes that carry a certain level of uncertainty in the output data in terms of
determining the mean coefficient of erosion, and also the production and transport of
sediments. Fourth, the use of the specified table in determination of the erosion coefficient,
or entering data into the attribute table often slows down the work, and this can not be
accepted in modern information technology.
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So, the above mentioned reasons indicated the legitimate need of creating a new
approach, that is, a new methodology in determining the erosion coefficient (Z), which will
continue to be based on the empirical methodology of S. Gavrilovi¢ and amendments made
by R. Lazarevi¢, but will be adapted to modern information technologies and the needs of
modern society.

In this sense, a completely different approach in determining the erosion coefficient
(2) is created, not only in the field, but also in the processing and creation of a final erosion
base that will represent a digital thematic cartographic base, but with an abundance of data
and advantages in using.

Basis of preparation should be an air photography, minimum resolution of d = 50 cm,
which by the use of an algorithm for automatic detection of land use (as per the table for the
coefficient X) and the separation of pixels, and then also the creation of the polygons
provides a good definition of the areas of the same use of land. Obtained polygons, by
analysis of thematic geological and soil surface, are given the coefficients of the soil erosion
resistance (Y), with emphasis to the need that for some projects the SOTER database was
done (soil and terrain database), which contains important information about the geological
setting and soil types developed on them.

Figure 1. Schematic representation of procedures for determining
the erosion coefficient (Z).

By the use of a digital height model (DEM), a thematic layer of drops is created that
overlaps with the manner of the land use polygons, which is assigned the coefficient of X
and Y, and using the zonal statistics, each existing polygon is given the average slope L.
Therefore, for purposes of determining the erosion coefficient (Z) for a certain parcel of
erosion is still necessary to determine the coefficient type of erosion @, which indicates to a
state of erosion processes. Determination of this coefficient requests taking into account all
the parameters, so it is possible that during the observation of the erosion parcel in the field,
the data on the coefficients X and Y are immediately available, and that in this framework it
can be easier to define the coefficient of the type of erosion ® for a certain erosion parcel.

The most practical way of response to this request is to use a PDA (Personal Digital
Assistant) device that has an integrated GPS receiver. In addition to PDA devices, it is
necessary to have adequate software to support and facilitate the integration of GPS and
GIS. ArcPad is a software package specifically defined from the group of ArcGIS packages,
intended for integrating the GPS and GIS, or for use with the PDA devices that receive "real
time" GPS signal. ArcPad contains a database in the form of layers of the .shp format, but
also the integrated TIFF surface — air photography s which have passed the process of
compression. Within the database it is possible to view data, change attributes based on the
characteristics of phenomena that we observe, follow the path towards the pre-defined route
and others. The PDA device allows the orientation in the field, comparison of real locations
with defined vector polygon (erosion parcel) on the .shp format that we have entered the
PDA device and write data to the PDA device to be exported later in a GIS (desktop)
environment and do the final mapping base. The PDA device with a previously prepared
vector base allows easy location of the polygon without the necessary knowledge of the
topography that is needed to determine the position of a polygon on the topographic map.
Also, it allows input of parameters into the database in the field, and not on the field maps
which requires doing the same job twice. So, this is the best way to determine Z for any
erosion parcel. Determination of parameters in this way has also enabled the calculation in
the analytical way, but as already pointed out there are many cases where Z indicates
erodibility, not erosion. For this reason, it was necessary to test the results obtained by the
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analytical approach to determine the erosion coefficient (Z) and the results obtained from
the tables of R. Lazarevi¢.

In this sense, a regression analysis was performed to determine the relationship
between the observed variables, that is, the activity in order to obtain the corresponding
analytical and mathematical expression, more exactly the regression model. The main
purpose of the model obtained in this way is the explanation of the connection between the
observed phenomena, the ability to predict the dependent variables for certain values of one
or more independent variables. In our case, we have one dependent variable (coefficient of
erosion Z), while the coefficient of the type of erosion (®) and the average slope of the
erosion parcel (I,,) are independent variables. In this case, it is a multiple regression analysis
and that of a multiple linear regression model. The standard form of the multiple linear
regression model equation with k independent variables is as follows:

Y:a+b|X]+ b2X2+ ..... kak (1)

where: a — is a constant term or the expected value of the dependent variable (Y) when the
value of all independent variables (X;, i = 1,2,3 ... k) is zero; b, — is a regression coefficient
that shows the average change in the dependent variable (Y ) when the corresponding
independent variable (X;) increases by one (one unit of measurement), and the other
independent variables are fixed. If the regression coefficient b, is positive, the relationship
between the variables Y and X; is directly proportional (growth of X; causes the growth of
Y), if b, is negative, the relationship between the variables Y and X, is inversely
proportional (X; growth causes the average slope of Y). In addition to creating the equation
of a multiple linear regression model, the interpreted coefficient of multiple correlation and
determination was defined, but also the statistical significance of the model and the
statistical significance of individual regression coefficients (regression variables) were
assessed. The values mentioned are given in tabular forms: summary output-regression
statistics and Anova.

In consideration for the development of regression models for specific categories of
erosion, we took two erosion databases. First, the database of the Drenova reservoir basin,
which counts 3257 erosion parcels-polygons with defined attributes, and then the erosion
database of the Republic of Srpska which counts 28 249 erosion parcels-polygons, from
which we created the regression models for specific categories of erosion. In the erosion
databases a column of the erosion coefficient values was created obtained from the
regression models, followed by the comparative analysis-correlation of the values obtained
during mapping by the use of the analytical procedure to determine the erosion coefficient Z
and the procedure that was used in the preparation of the Map of erosion of the Republic of
Srpska (according to tables), with values of the erosion coefficient Z that were obtained
from the regression models. So, by creating a database with all the attributes, and then
applying the above mentioned regression equations - regression models in a GIS
environment, easily and accurately we come to the erosion coefficient Z for each erosion
parcel where we determined the specified attribute parameters. According to the procedure
described in the scope of the new methodology, the determination of the coefficient @ for
each erosion parcel and then its use and the use of the average slope I,,, and also the
regression models for each category of erosion, we can make a Map of erosion in any part of
the territory, and also do the estimate of the sediment production and transport for a specific
basin.

The result analisys

According to the research methodology shown, based on data resulting from the
making of the Map of erosion of the Republic of Srpska, the results of regression analysis
are presented, and also the regression and erosion models for specific categories of erosion.
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Tab. 1. Regression analysis and regression model for the I category of erosion
Tab. 2. Regression analysis and regression model for the II category of erosion
Tab. 3. Regression analysis and regression model for the III category of erosion
Tab. 4. Regression analysis and regression model for the IV category of erosion

Tab. 5. Regression analysis and regression model for the V category of erosion

In general, analysing all the output tables of the regression analysis, it is possible to
conclude that there is a strong correlation between the erosion coefficient (Z) as the
dependent variable and the average slope I, and the type of the erosion coefficient ® as
independent variables. In addition, the analysed statistical significance of the regression
model with the risk level of 1% (or 5%) indicates that at least one of the regression variables
statistically significantly affect the value of the erosion coefficient Z, and the statistical
significance of individual regression coefficients is confirmed, which means that by the
level of risk of 1% (or 5%), both regression variables significantly affect the variable Z, that
is, the coefficient of erosion.

Figure 2. Correlation of Z 'obtained by regression models and Z obtained by the empirical
methodology of erosion mapping of S. Gavrilovi¢ and R. Lazarevi¢.

Application of the obtained regression models for specific categories of erosion within
the erosion database of the Republic of Srpska, and the correlation with the values obtained
by the analytical method of determining the erosion coefficient (Z) according to the tables of
R. Lazarevi¢, revealed a high correlation of the results obtained using the regression models.

Conclusion

The results show the justified use of the regression models in the process of
determining the erosion coefficient (Z), and are essentially a replacement for the tables
created by R. Lazarevi¢ in the "New procedure for determining the erosion coefficient Z"
(Lazarevi¢, 1985). By analysing the correlation of the results obtained by the regression
models and results obtained during the mapping of erosion in the Republic of Srpska, the
coefficient of determination R? = 0.9963 was determined (y = 0.9963x +0.0012), which is
essentially a good assessment of the obtained models. Of course, this analysis and the
development of regression models included only those variables that R. Lazarevi¢ analysed
in his procedure for determining the erosion coefficient Z, and did not include variables X
and Y because they were already contained in the coefficient of the erosion type ®, that is, it
was determined on the basis of the previous two variables data.

Performed updating of the existing methodology will greatly contribute to easier and
faster determination of the erosion coefficient (Z), and the results obtained have been fully
quantified, thus avoiding the subjective errors that arise as a result of qualitative assessment
and analysis.
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