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CBPCTABAIGE PEKA Y PEJIOBE U BEHA 3ABUCHOCT O/
PA3MEPA KAPTE HA ITIPUMEPY JIETEHUIIE
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! Vuusepsumem y Beozpaody- lymapcxu paxynmem, Knesa Buwecnasa 1, 11 000 Beozpao

Cazxerak: Kopumhemem nporpama GeoMedia ncnpraHa je peuna Mpesxa Jlenenue y pasmepama 1:25 000, 1: 50
000 u 1:300 000. IIpuxazaHo je Bapupame IoJaTaka y 3aBUCHOCTH OJf TOTa KOjU pa3Mep KapTe ce KOPHCTH, jep Ha
KapramMa CHTHHjer pasmepa noiasu a0 Behe renepanmsanuje u oOpHyro. Kopumhene cy mertome Xoprona,
Iltpanepa u IllpeBea 3a cBpcraBame pexa y pemose. IIpukasaHa je W I'yCTHHA pedHE MpExe, Kao M (HH3MUYKO-
reorpad)cke KapakTepucTHKe 300T y3ajaMHe mose3zaHocTH. OJ ¢pu3nuKo-reorpadckux (akropa BEIUKM 3Ha4aj 3a
M3IJIE] PeYHe MPEeKe HMa TeOJIOIKH cacTaB cinBa JleneHue Koju je pasHoBpcraH. Ha ocHOBY cBpcTaBama peka y
penoBe MOXe ce H3padyHatH Opoj BogoTOKa y oapeheHoMm peunom ciuBy, o llIpeBeoBoj meroau. Kopunihemem
OBE MeToJie, Takohe Cy M3BEIEHH 3aKJbYUIM O TYCTHHHU peuHe Mpexe. CBpcTaBame peka y peioBe ce KOPHCTH Kao
OCHOBa 3a KOMIIapalyjy BOJOTOKAa KOjU Tpumajajy uctoM peay. OBe MeToie ce HE INpUMElYjy caMo y
XHAPONOTHjH, Beh M y MHOTHM JIpyrHM HayKama.

Kibyune peun: JleneHuna, peJloBH peka, METo1e

YBoa

Peunu cucTeM 4MHM IJIaBHA peka ca CBUM CBOjUM IpHUTOKama. Bojororu jegHor
pedHor cucreMa Mory ce kinacudukoBatd y penose. Hayunuim ca Oxajo YHuBep3uTera
cMaTpajy Ja ce BOJOTOLM CBPCTaBajy Yy PElOBE jep TO IMOMaXke pasyMeBamy, JTUCKYCUjU U
HCTpaXXWBaKky CIMYHOCTH U pasznuka mely muma (Ward A. et al., 2008). [Tocroje pazmuante
NpUMEHE CBpPCTaBamba peka y penose. Tako cy HaydHHIM ca YHuUBep3uTera y [leHcniBanuju
JIOBEJIN Yy Be3y pell peKe M pasHoBpcHOCT puosber cBera (Barila T., WilliamsD., Stauffer].,
1981). Kopucre ce pa3nmuuTe METONIE 32 CBPCTABAE PEKa Y PEIOBE, alld HU jelHa Ol BbUX
HUje yHUBep3aJHO npuxBaheHa, HUTH je O0e3 maHa. XopTtoH (1945), rpanep (1952) u
Ipese (1967) cy ocMucaunm pa3nuante MeToAe Kiacu(puKalyje, rna riiaBHa peka Ipumnana
Pa3IMuUTOM pelly Y 3aBUCHOCTH Ol METOJIOJIOTH]j€ Koja je kopuiiheHa, ajli U y 3aBUCHOCTH
on pasmepe (reHepaiu3anuje) KapTe. XOPTOHOB METOJ| j€ 3aXTeBao0 YBEK ITOHOBHO
npebpojaBame Beh n3pauyHaTHX peloBa peka, a Taj nmpobieM je carnamgao Lltpagep manom
Moaudukarmjom Xopronose uaeje. Cama mocroje Xopton-IliTpanepoBa mpaBuia u oHa ce
NpUMEYjy y pa3lMuUTUM HaykKama, He camMo y reomopdoioruju, Beh u y Teopuju
KOMIT[jyTepCKUX HayKa, KOMI[jyTepCKOM TeHepucamy QoTtorpaduja U y CTpyKTYpHO] H
MoJekynapHoj ouonoruju (Costa F. et al., 2002). [Ipu aHanmu3m ApeHake peqHOT CIIMBa IIpBa
CTBap Koja ce aHaJIM3Mpa jecy penosu peka. (Rao N. at al., 2010)
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MertopoJioruja paga

[MpunukoM m3page oBor paga kopuiheH je padyHapcku mporpam GeoMedia, a
obpahene cy kapre pasmepe 1:25 000, 1:50 000 u 1:300 000. Kako je CanurrueB HaBeo,
Kopuinheme KapTorpad)cKor METoa MOXe Hac JIOBECTH U JI0 Ca3Hamba Koja Ha IPBH IOTJIE]
HHUCY BUIUbHBA. ,.KapTorpagckm MeTox ca3Hama CTBApHOCTH YKJbYdyje NPBEHCTBEHO
KapTorpaducame (H3rpalmby IPOCTOPHUX CIMKOBHO-3HAKOBHHX MOJIENA CTBAPHOCTH Koja ce
ucTpaxyje) pukcupajyhu casHama q00HjeHa Y IPOIIECY HCTPAXKUBAKA, U IPYTO, H3YIaBAKHE
Mozena (KapaTa) y Hijby JoOMjarba HOBUX Ca3Hama O CTBAPHOCTH, KOja c€ HE yodaBajy Ha
m3Bopy uHpopMmanmja. JpyruM pedmMa, WHTepIpeTanyja KapaTa je y cralby JAa 1a
uH(popManunjy H3HAA OHUX KOjUMa ce Kaprorpad KOpUCTHO NPHIMKOM CTBapama Kapre.”
(Caymnmue KA., 1976). YnorpebHa BpEAHOCT TOMOIPadCKUX KapaTa 3aBHCH O]l pa3Mepe
kaptupama (bopucos, 2011). Kapre ciayxe 3a pasymeBame NPOCTOPHUX 3aKOHOMEPHOCTH
(Jones, 1999).

Kapre nobujene y GeoMedia mnporpamy, mo0pa Cy OCHOBa 3a NPUMCHY
KOMIIapaTHBHOT MeTozaa. M3BpuieHo je mopeheme pemoBa peka Ho jaBeMa OCHOBaMa —
METOIM CBpCTaBama peKa y peloBe M pasMepHu Kapre. HaydHO-HCTpaKMBaUKHM IMIJBEBH
IIPUMEHE KapTorpad)CKOTr METOJa Cy: N3ydyaBame Ha KapTama 3aKOHOMEPHOCTH pa3MellTaja
T1ojaBa, U3yyaBamke Ha KapTama y3ajaMHe ITOBE3aHOCTH U 3aBHCHOCTH I10jaBa, U3ydaBame Ha
KapTaMa JWHAMHKE II0jaBa, Kopummheme Kkapara y Inuby mnporHosa. (Mkonosuh B.,
JKusxosuh /1., 2008)

Pusnuko-reorpadgcke KapakTepucTuke cansa Jlenennme

IMospmmaa ciuea Jlerenne je 638,9 km® (Munanosuh, 2007). T'eonomku cactan
ClIUBa je pa3HOBPCTaH. 3acTyIUbEHE Cy CEAMMEHTHE, METaMOp(pHE M MarmMaTcKe CTEHE.
PazHoBpcHOCT HUje camo y cTparurpadckoM morieny, Beh W 1mo BpeMeHy mocranka. M3
Teproza NpeKaMOpuje Cy KpUCTAIACTH MIKPHIBLH, U3 Iale030MKa MepMep, Kpeumbal U y
Mamoj Mepu ¢uiutH. M3 meprnoga Me3o30MKa KapakTepucTHuHe cy crienehe crene:
KpeumhayKy Jlarmopal, po)kKHall, IJIWHOW W TJIHHEHH [IKPWUJBIM, Neurdapy, aujadas
(Cremanosuh XK., 1974). Hajsehe npoctpancTBo y cnuBy Jlenenuile 3ay3nMajy K€HO30jCKH
ceaumentu (Mmanosuh A., 2001).

VY oBoMm cimBy ce uctuay Tpu foiuHe (Jlemenmuka, Tpmbacka u YTibemHnYKa ca
JlumoBLeM), 11a je obJacT mojiesbeHa Ha HU3UjCKH, IJTAHUHCKH | JIBa OpJIcKa Jiea.

Kimuma cnuBa Jlemenune je yMmepeHoO-KOHTHHeHTanHa. Cpeama TOIUINbA
teMmneparypa Basayxa je 11,1°C. Hajxmaguauju mecen je janyap, a Hajromuju jyn. Ha
ryBuoMeTpujckn  pexxuMm  KparyjeBma mnpeoBnalyjyhu ytumaj uMajy  IIMKIIOHCKe
AKTHBHOCTH Pa3JIMUUTOT MOPEKIIa, Koje ce MaHU(]EeCTyjy y IpoJopruMa BIKHUX M XJIaIHUX
BazaymHux Maca (bykanosuh [I., 1966). [TanaBuHa nMa TOKOM Iiesie TOAMHE a HajBUILE CE
W3IYYH y Majy W jyHY, IOK je HajMame y ¢ebOpyapy u oktodpy. IIpocedna romumrma
KONWYMHA TagaBuHA je 6325 mm. Jleto je BIaXHWjU TEpHOJ ToauHE, 300T mpoaopa
3araHIX M CEBEPO3ala HuX Ba3IylIIHAX Maca.

Tabeaa 1. - Cpeame Meceune Temmneparype Basayxa y Kparyjesuy 1965 - 1995. roaune uspaskene y °C.

Mec. I I III v v VI VII VIII IX X XI XII' | rom.

Tep. 0,3 2,4 6,5 11,1 16,1 19,0 | 20,9 | 203 16,7 11,4 6,0 2,0 | 11,1

U3zBop peke Jlenenwnne je Crynenan y ['opmem [omoueny. Hekanma ce ynuBana y
Bennky Mopasy kox Paue. Mehytum, 3a Bpeme Benumke mormiae 1897. Jlemenuna je
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CKpeHyJa ToK Koz Porora mpema MUCTOKy, IPU YeMy je yCeKJla HOBO KOPUTO M NPOMEHMIIA
ymrhe, Koje ce Haja3u Hempayieko oj Jlamoa ko MusbkoBor manactupa (PamusojeBuh T.,
1911). Hero neo on npehammer ymha Paue y Jlenenuny no Jlemenune y Mopasy
ynorpebuna je Paya koja mume teue y MopaBy (MunocasseBuh M., 2001). Jlenenuna je
caza myra 48 km, a Hekaa je 6una 60 km, a moBpumHa cuBa je 634,3 km’. Pexa npuma 28
MpUTOKa, a 3HavajHUje cy [pauka u [letpoBauka peka, o JEBUX MPUTOKA, W [ pormrHMYKa
pexka u XKapasbuiia, o AECHUX MTPUTOKA.

Pesynratn ncrpaxknBama
Csepcmasarve pexa 'y pedose

[Moyerkom XX Beka, 1914. rogune ['paBenujyc je NmpeyiokHo KiacupHUKaLUjy
BoJOoTOKa. Taja cy ce BOIOTOLM CBPCTaBAIM y PEllOBE HAa OCHOBY Opoja pauBama. [1o oBoM
cHCTeMy TJIaBHA peKa je MpHIIajiana IIPBOM peay, a Malbi BOJOTOLM Cy NMPUIaJali BUIIHM
penoBuma. Tako cy HajMambH BOJOTOIH, KOJU CE Tajbe¢ HE TPaHajy MPUMATH HAJBUIIIEM PEIy,
JOK Cy BOAOTOLM, CIMYHU 10 KAapaKTEePUCTHKAMa Yy PAa3IUYUTUM PEYHUM CIHBOBHMA,
MpUnagany pasuauTuM pepoBuMa (XoptoH P., 1945). Moxe ce pehm na je XoptoH
MHOHUP y CBpPCTaBamy peka y peroBe. On mera ce MOTIYHO Mema ['paBellijycoB MeTox
CBpCTaBama peka y peloBe, jep MPBOM peny MpHUIaiajy BOMOTOIH KOjH HEMAjy IPHUTOKA.
XoproHoB pan cy momudmkoanu Strahler (1950), Shum (1956), Corlli (1957), Melton
(1959), Scheidegger (1965), Morissava (1968), Schrewe (1967), Wallenberg (1966), Levin
(1970) u Opojuu npyru ayrtopu. CBe mocrojehe MeTone cBpcTaBama peka y peioBe
(XoproHoga, IlItpaneposa, Munton-Onueposa, [llajrereposa) ce He HOCE Y MOTIYHOCTH C
npoOsieMoM, HeKe /1ajy BHUIlIe TOIOJIOMIKUX HH(opMaluja of Apyrux, ajd HU jenHa ce He
MoXke y3eTH kao ynuep3anHa (Rannalli G., Scheidegger A.E., 1968).

Kapre mo merogu Xoprona, lItpanepa u lllpesea, y pazmepama 1:25 000, 1:50
000 u 1: 300 000 cy nmate y mpuiory 300r ymTeae mpocropa, a ouhe npukasaHe ysehane
KapTe TOPH-ET Jiefia CIMBa, Tj. CIMBOBHU JKnpasbuiie u 'poniHuuKe peke.

'] 2 4 [ ] 10
Kilometers
Cauka 1 — Yeehann causoBu JKnpabuue u I'pominnuxke pexe, no llpeseosoj meroau,
ca kapte pa3mepa 1:25 000
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Ha ocnoBy IlIpeBeoBe METOAE MOXKEMO BHMIETU KOJUKO PEUYHHUX TOKOBA UMa y
cnuBy Heke peke. Tako y cnuBy Jlenenuie (papmep 1:25 000) uma 534 TokoBa, a 'y CIUBY
I'pomraniie 216 TokoBa, mro je oko 40 % TokoBa YuTaBOr ciiuBa riaBHe peke. OBo je y
CaracHOCTH ca YHMIbEHHIOM Ja ['pomHuna nma Hajrymhy peyHy Mpexy y CIUBY
Jlenennne. Mctu cinywaj je u ca JKiapamunom koja je peka 92. pena. ['pomnuna u
Knpassuna 3ajeqso umajy 308 TokoBa, mTo je 57% cBUX TOKOBa cnuBa Jlenenuie.
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Camnka 2 - Yeehanu ciiuBoBu JKapabuue u I'pomianyke pexe,
no llIpeBeoBoj MeToan, ca kapTe pa3mepa 1:50 000

Ha yBehanowm neny cimBa Jlenenuune Takolhe ce, kao u Ha kaptu pasmepa 1:25 000,
youaBa na ['pommnna m JKnpabuia umajy rycre pedHe Mpexe, ca BEJIMKHM OpojeM
nputoka. Ha oBoj xaptu, pasmepa 1:50 000 I'pomnnna je pexa 159. pena, a XXnpaseuia
peka 68. pena, ok je Jlermennma peka 399. pena, ma M Ha OCHOBY OBE KapTe BUAMMO Ja je
MIPOLEHTYAHN yJIe0 PeYHUX Mpexa ['pomHnie u XKapaspuie y oJHOCY Ha PEYHY MPEXY
Jlenenunue 57%.

[To IpeBeoBoj MeToAM pen IIaBHE peKe jelHAK je YKYyIHOM Opojy BOJOTOKa y
CIMBY, Ta C€ TaKO MPHUMEHOM OBe MeTone Ha KapTu pasmepe 1:300 000 Hajbospe BHIM
3aBHCHOCT pefia peke o1 reHepanmsanuje. Hanme, Ha xaptu pazmepe 1:50 000 XKupaspuma je
peka 68. pena, a Ha kaptu pasMepe 1:300 000 Jlenmenuma je pexa 21. pena.
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Ynopeana ananusa Xopronosor, ltpaseposor u lllpeBeoBor metoaa

Ha ocHOBy mpuioxeHux TeMaTcKux kapara y pasmepama 1:25 000, 1:50 000 u 1:
300 000 u3pahenux y GeoMedia-u, Mo>keMO BHIETH J]a Ha TO KOjeM he peiy nmpunactu peka
Ha yTHYe caMO METOH KOju m3abepemo, Beh u pa3mepa kapTe, jep Ha KapTaMa pa3iIHIUTHX
pasMmepa O6uhe 3aCTyIUBCH pa3nuyuT Opoj peka, Kao W Pa3IMIuT Opoj IUXOBUX MpHUTOKa. Ha
KapTaMma KpyIHHjuX pazMepa, kao mro ¢y TK25 m TKS50 mpukaszana je 21 Beha mpuroka
Jlenenune, a Ha KapTama CUTHHjeT pa3mepa, kao mro je TK300, nma ux camo cemam, Kao u
JTaeko Mamu Opoj IpUTOKA.

Ha xaprama TK25, mo XopronoBoM merony Jlenenuna je peka 7. peaa, 0K je 1Mo
[tpanepy peka 5. pena, a o IlIpesey 534. pena. Takole, Moke ce BUACTH Ja Ce Ha KapTH
TKS50 pen Jlenenuiie He Meba IO MPBE JBE METOAOJIOTH]E, alli j€ 3aTO Y YOUJbHBA Pa3iIHKa
o IlIpeBeoBoj MeTeno0rHjH, Ie peka npumnaga 399. peny. YousbuBa je pa3iuka Ha KapTH
pasmepa 1:300 000, y omHOCy Ha KapTe KpymHHUjer pasmepa. Ha mwoj je Jlemenmma, mo
XOpPTOHOBOj METO/OJIOTHjH, peKa 7. pena, Kao M Ha Jpyre JBe KapTe, alld je pasjivKa
npumMetHa 1o [lITpanepoBoj MeTomonoruju e je peka 4. peaa, a Hapouuto 1o IlIpeBeoBoj
MeTojoorHju T je 21. pena.

Tabesa 2. — 3aBHCHOCT IOIaTaKa 0/1 pa3Mepa KapTe.

Opoj pexa Op. IPUTOKA IJI. peKe Meton peJ IIaBHE pexe

XopToH 7

1:25 000 534 21 Lltpanep 5
Ipese 534
XopToH 7

1:50 000 399 21 Tpanep 5
[pese 399
XopToH 7

1:300 000 21 7 Tpanep 4
Ipese 21

[IpeseoBa xiacuuKanyja je HajImoroJHMja 300r Tora MTO MOXEMO BUIETH U OpOj
PEYHUX TOKOBA, a TAKO 3aKJBYYHTH M O TYCTHHH M Pa3BHjEHOCTH peyHe Mpexe. OBa MeTona
je HajjeaHOCTaBHHja, jep ce caMo cabmupa Opoj PUTOKA U Tako ce 1o0Hja pen KoM Ipumana
rnaBHa peka. [IpoOnmeM Koju ce OBIe MOXe jaBUTH yodyaBa ce Ha ciuBy [poinHMIe H
Knpaspume, a To je mpeHAaTpIaHOCT OpojeBa Kaja je BelMKa I'yCTHHA peuHe mpeke. OBaj
HEJOoCTaTaK ce OTKJIama XOpToHOBOM M llITpanmepoBoM MeTonOM, ald M OHE MMajy CBOje
HeJocTaTKe. XOPTOHOBa MeTOAa MMa IpeJHOCT Ja je CBpPCTaBamke peKka y penoBe
IperJIeiHO, Ik Cy OBE IBE MeToJie Y ofHOCY Ha llIpeBeoBy mOHEKIIE KOMIUTMKOBAHH]E.

3akpyuak

OBakaB pacropejl TOKOBa je TPEHYTHO CTae YCIOBJHEHO I'€OJIOLIKOM €BOIYIIHjOM
TepeHa, Kao U pesbeoM, KIMMATCKUM YCIOBUMA, alld M €PO3MBHO—AKYMYJIAI[HOHUM PajioM
caMHX peuyHHX TOKOBa. Ha kapTama KpymHHjUX pa3mepa U3BpIieHa je Beha reHepanuzanyja
peune Mpexe. Ha cuTHopasmMepHMM KapTama je 3HATHO Mama T'yCTHHA PEYHE Mpexe Y
OJTHOCY Ha KpyIHOpa3MepHe KapTe. 113 oBora npousuiiasu ga he uctu BoZoTonM Ha Kaprama
CHUTHHUX pa3Mepa NpHIafaTi HkeM peny. Tako je Jlenennna ko yntha Xnpaseune 6. pen
Ha kapTu pa3mepa 1:25 000, a 4. pen Ha kaptu pasmepa 1:300 000 no meroau Xoprona. Jom
Behe cy pasnmke mo meronu llpesea, rae je Jlemenuna 352. pen Hu3BomHO ox ymha
Knpamune Ha kaptu pasmepa 1:25 000, mok je 12. pem ma xaptu pazmepa 1:300 000.
XOpTOH ce MOXKE CMaTpaTd 3adeTHHKOM CBpCTaBamka peka y pexose. [lo HeroBoj
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METOZOJIOTUjU MOpa ce Hahu MMouyeTak peke. 3a MOouYeTaKk ce y3uMa H3BOP KOjH je
HajyIaJbeHUjU o7 yinha W peka npumnaaa jenHoMm pexay. Ilo MeTomaMa Koje Cy OCMHUIILBEHE
HakoH XOpPTOHOBE peJl peKe ce padyHa of yurha jio ymrha.

Knacudukanmja Bomoroka omoryhyje HaydHHIIMMa U3 Pa3IHYUTUX 00JacTH na
00Jbe ympaBibajy pekama Kao MPUPOAHUM pecypcuma. Ha OCHOBY pena KOM peka mpumaaa
XHUJPOJIO3M MOTY MMATH MPEJICTaBy O HEHOj BEIUYMHH W CHa3M, Ouoreorpadu O KUBOM
CBETY KOjH je HacTamyje, caBpemern [ MIC mporpamu mpyxajy BHIIECTPYKE MMOTOIHOCTH.
be3 003upa ko U 3a ITa KOPUCTH CBPCTABakhe PeKa y PEOBE, OHO je OMTHO 3a CXBATarbe
pasznuka Mel)y BoJoToIMMa pa3uuUThX AUMEH3H]a, Ka0 U YIIPABJbAhE HhIMA.
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CepcraBame peka y penose, 1:50 000
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CapcraBame pekay penose, 1:300 000
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TYPES OF RIVERS AND THEIR DEPENDENCE OF THE CARTOGRAPHIC
PROJECTIONS, EXAMPLE OF RIVER LEPENICA

STEFANA BABOVIC'T
"University of Belgrade - Faculty of Forestry, 1 Kneza Viseslava Street ,11 000 Belgrade

Summary: The river system of Lepenica was drawn by using the GeoMedia programme in projections of 1:25 000,
1:50 000 and 1:300 000. Different type of information was shown using each of these projections, because smaller
projections show more general information, and vice versa. Using the Horton, Strahler and Schrewe Methods we
were able to divide rivers into types according to their sizes. We are also able to show the density of river network
as well as their physio-geographical characteristics due to their dependence on each other. Big influence on the
current appearance of the river network is due to one of the physio-geographic factors called geology. Geological
composition of the Lepenica flow is very convoluted. This convolution is mainly based on their origin but it’s also
stratigraphical. Based on the division of rivers into their types we are able to calculate the number of watercourses,
based on the Schrewe Method. Using this method we can also make conclusions with regards to density of river
network. Placing the rivers into different classes is mainly used as the basis of watercourse comparisons. These
methods are not only used in hydrology, but also in many other scientific areas.

Key words: Lepenica, River systems, Methods

Introduction

River systems are composed of the main river and its tributaries. Watercourses of a
certain system can be classified. Scientists at the Ohio University believe that the
watercourses are classified so that they can help understanding, discussions and similarities
amongst them (Ward et al., 2008). There are different river classifications. For example, the
University of Pennsylvania scientists have been able to find the connection between a
certain class of rivers and the types of fish that live in them (Barilla et al., 1981). We also
use different methods to classify rivers, but neither of them is universally accepted, or
without a flaw. Horton (1945), Strahler (1952) and Schrewe (1967) have all invented
different classifications methods so that the main river belongs to a different order or class
based on the methodology that was used and also based on the map projections (or
generalisation). Horton Method has a flaw in the sense of having to re-count the already
classified river flows, but that was fixed by Strahler’s minor modification of Horton’s idea.
Now there are Horton-Strahler Rules and they are used in different areas of the science, not
just geomorphology, but also computer sciences, computerised generation of photos and the
structural and molecular biology (Costa et al, 2002). When analysing the drainage basin of
the river first thing to be analysed are the orders of the rivers (Rao et al., 2010).

Research Methodology

While preparing this paper, the author have used the GeoMedia programme and
maps in the projections of 1:25 000, 1:50 000 and 1:300 000. As per Salischew, using the
maps and cartography can sometimes give us findings that are not so obvious.* Cartographic
method primarily involves knowledge of reality mapping (visual-spatial construction of
character models actually being researched) by using the knowledge obtained in the research

" E-mail: stefana_babovic@yahoo.co.uk

This paper is part of the project “The Research on Climate Change Influences on Environment: Influence
Monitoring, Adaptation and Mitigation” (43007), subproject No. 16: “Socio-economic development, mitigation and
adaptation to climate change®, financed by Ministry of Education and Science of the Republic of Serbia as a
framework of integrated and interdisciplinary research for the period from 2011. to 2014.
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process and also the interpretation of models (maps) is a way to obtain new information
about reality, which is not perceived by the source. In other words, the interpretation and
studying of the maps is able to provide the information above that which the cartographer
had used when creating a map” (Salischew, 1976). Utility value of topographic maps
depends on scale (Borisov, 2011). Maps are used to understand the spatial regularities
(Jones, 1999).

Maps created by GeoMedia programme are a good basis for using the comparative
methods. The classification of rivers is done using two basic methods - the method of
classifying rivers in orders (or classes) and by using the map projections. Scientific research
objectives through the mapping methods are: a study of the regularities in the distribution of
occurrence maps, charts study of the connections and relations between phenomena, the
study of dynamic phenomena on maps, and using charts to forecast (Ikonovi¢ et al., 2008).

Physio-Geographic Characteristics of the Lepenica Basin

The catchment area of the Lepenica basin is 638,9 km? (Milanovi¢, 2007).
Geological composition of the basin is very convoluted. It consists of the sedimentary,
metamorphic and igneous rocks. This convolution is mainly based on their origin but it’s
also stratigraphical. Period prior to Palacozoic has the remains of crystalline schists, from
the Palacozoic marble, limestone and phyllites to a lesser extent. From the period of the
Mesozoic rocks have the characteristics of the following: calcareous marl, cherts, shales and
clay shales, sandstone and diabase (Stepanovi¢, 1974). Largest area in the basin of Lepenica
is occupied by the Cainozoic sediments (Milanovi¢, 2007).

In this basin stand three valleys (Lepenicka, Trmbaska and Ugljesni¢ka with
Limovac), and the area is divided into lowland, mountain and hilly two parts.

The climate of Lepenica basin is moderate-continental. The average annual
temperature is 11,1°C. The coldest month is January, and the warmest is July. On
Kragujevac’s pluviometric regime prevailing influence have cyclone activity that are
different origins, which is manifested in the penetrating wet and cold air masses
(Pukanovi¢, 1966). Participation is distributed through the year, but a maximum occurs in a
May and June, and the lowest in February and October. The average annual rainfall is 632,5
mm. Summer is a wetter period, due to the penetration of western and northwestern air
masses.

Table 1. Average monthly air temperature in Kragujevac between 1965 and 1995 in Celsius

Source of Lepenica River is Studenac in Gornje Goloc¢elo. Some time ago it flowed
into the Velika Morava in Raca. However, during the big floods in 1897. Lepenica went off
course near Rogot to the east, with the newly carved bed and changed the mouth, which is
not far from the monastery Miljkovo in Lapovo (Radivojevic, 1911). Its part of the mouth of
Raca to Lepenica into Morava was used by river Raca which flows within it into the Morava
river (Milosavljevic, 2001). Lepenica is now 48 km long, and in the past it was 60 km long,
and the catchment area is 634.3 km”. The river receives 28 tributaries, and were significantly
Drack Petrovacka and rivers, tributaries of the left, and the biggest are Drack and
Petrovacka Rivers of the left tributaries, and Grosni¢ka River and Zdraljica River from the
right tributaries.

Research Results
Division of Rivers into Orders

At the start of the 20™ century, in 1914, Gravellius suggested a classification of the
river watercourses. At that time the watercourses were divided into orders based on the
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number of branching’s they had. According to this system, the main river belonged to the
first row, and smaller streams belonging to the higher ranks or orders. Thus, the smallest
streams, which didn’t branch out any further belonged to the highest order and also these
streams, which are similar in characteristics in different river basins, belonged to different
orders (Horton, 1945). Based on this, you could say that Horton was the pioneer of division
of rivers into orders. From here on in everything completely changes the Gravellius’
methodology of forming the orders of rivers, because the highest orders belonged to the
watercourses that didn’t have any tributaries, i.e. the ones that had no streams. Horton’s
work was modified by Strahler (1950), Shum (1956), Corlli (1957), Melton (1959),
Scheidegger (1965), Morissava (1968), Schrewe (1967), Wallenberg (1966), Levin (1970)
as well as many other authors (Rawat, 2011).

All existing methods for classifying rivers in orders (Horton’s, Schtraller’s,
Milton’s Olivier’s, Scheidegger’s) are not addressing the problem completely, some give
some more topological information than others, but none of them can be taken as a universal
method (Rannalli et al., 1968).

Maps based on Horton’s, Schtraller’s and Shrew’s methods in projections of 1:25
000, 1:50 000 u 1: 300 000 are attached in appendices, and they will show an enlarged map
of the upper basin, ie. Zdraljica Basin and Grosnicka River.

Picture 1. Enlarged Zdraljica basins and Grosnicka River, according to Schrewer’s methodology, map
projection 1:25 000

Based on Schrewer’s methodology we can see how a river flows into a river basin,
so in the basin of Lepenica (projection 1:25 000) has 534 streams and in the reservoirs of
Grosnica River there are flows 216, which is about 40% of the entire flow of the main river
basin. This is consistent with the fact that Grosnica has the densest network in the river
basin of Lepenica. The same goes in the case where the river Zdraljica is a river of the 92nd
order. Gro$nica and Zdraljica together have 308 flows, which is 57% of all flows of
Lepenica basin.

Picture 2 - Enlarged Zdraljica basins and Grosnicka River, according to Schrewer’s methodology, map
projection 1:50 000

Based on the enlarged part of the basin of Lepenica, as well as a map projection of
1:25 000, we can see that Grosnica and Zdraljica have the same dense river network, with
numerous tributaries. On this map, projection 1:50 000, Grosnica is a river of the 159th
order while Lepenica is a river of the 399th order; so on the basis of this map we can see
that the percentage of the river and reservoirs of Zdraljica compared to the drainage network
Lepenica is 57%.

According to the Schrewer’s, order of the main river equals the total number of
streams in the basin, so the application of this method to map. Projection 1:300 000 best
shows the dependency among the rivers from generalisation. Actually, the map which is
projection 1:50 000 makes Zdraljica the river of the 68th order, and the map projection
1:300 000 shows Lepenica as the 21st order river.

Comparative Analysis of the Horton, Schtraler and Schrewe’s Methodologies

Based on the provided maps projected at 1:25 000, 1:50 000 and 1:300 000 and
created in GeoMedia, we can see that the order that the river will belong to depends on the
method that we choose, but also the map projection, because the different projections will
show a different number of rivers and also a different number of their tributaries. On the
larger projection maps, such as the TK25 and TK50 show 21 of the major tributaries of
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Lepenica, and on the smaller-projection maps, such as TK300, there are only seven, and a
far smaller number of tributaries. On maps such as TK25, according to Horton’s method
Lepenica is the seventh order river, while according to Schtraler it’s the fifth order river, and
by Schrewe’s the 534th order. Also, it can be seen that maps like TK50 Lepenica doesn’t
change based on the first two methodologies, but the apparent difference is as per Schrewe’s
methodology, where the river belongs to the 399th order. There is an apparent difference on
maps projection 1:300 000, compared to the coarse-projection maps. On this one Lepenica
by Horton’s methodology is a river of the 7th order, as well as on the other two maps, but
the difference is noticeable by Schtraler’s methodology where the river is of the fourth order
and in particular on Schrewe’s methodology where it’s the 21st order river.

Table 2. Dependence of data from the map

Schrewe’s classification is the most appropriate because we can see the number of
rivers, and therefore make a conclusion on the density and the development of river basin
networks. This method is the simplest, because it simply adds the number of tributaries and
that’s how we get the order that belongs to the main river. A problem that may arise here is
observed in the basin reservoirs of Gronica and Zdraljica, and that is the overcrowding data
when we have a high density of the river network and basin. This deficiency is resolved by
Horton’s and Schtraler’s methodologies, but they also have their drawbacks. Horton’s
method has the advantage that the classification of rivers in lines and orders clear, but these
two methods in relation to Schrewe’s which is somewhat more complicated.

Conclusion

This layout of waterflows is caused by the current state of the geological evolution
of the fields, as well as topography, climate, and erosion-accumulation movements of rivers
themselves. On large-projection maps generalization of river networks is a lot more obvious.
On small-projection maps the density of river network is smaller in relation to large-
projection maps. From this it follows that the same streams on small-projection maps belong
to the lower order, as it is at the mouth of Lepenica at Zdraljica which is the 6th order on the
map projection 1:25 000, and 4 red on the map projection 1:300 000 by Horton’s
methodology. Horton can be considered a pioneer in the classification of river courses.
According to his methodology you must find the beginning or the source of the river. To
start with, we take a source that is furthest from the mouth of the river that belongs to one
line. By methods that are designed after Horton order of river starts from one mouth to
another.

Stream classification allows scientist from different fields to better manage rivers
like natural resources. According to the order which river belongs hydrologists can have an
idea of it’s size and strength, and biogeographers of the living world that inhabit it, modern
GIS programs provide multiple benefits. No matter who and what for used classification of
rivers in orders, it is important to understand the difference between streams of different
sizes, as well as for managing them.
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River classifications to Orders, 1:25 000

River classifications to Orders, 1:50 000
River classifications to Orders, 1:300 000
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