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Casxerak: AJICKBaTHO YNpaBJbame je jellaH O] KJbYyYHHX eJIeMeHaTa CTpaTerHje 3alllTHTEe NPUPOAHMX Npeena.
IMapk-myme ca 3amrtuiieHUM M O4yBaHUM HPHPOAHHUM EIEMEHTHMA IPEICTaBIbajy aTPaKTHBHE CKO-TYPHCTHYKE
30oHe rpaga. Komyrmak je Hajmocehenuja mapk-ryma y Beorpamy koja ycien XyrorpajHOT HETaTHBHOT YTHIIaja
YOoBeKa MMa CBE BHILE JETPAUpPaHUX M AEBACTUPAHMX LEIHMHA. Y Wby OYyBarma IPHUPOIHUX BPETHOCTH Kao U
TYPHCTHYKOT TOTEHIMjala OBOT HOIYJIApHOT IPaJICKOT M3JICTHINTA MOTPEOHO je MPUMEHUTH oAroBapajyhu Hauux
yIIpaBJbama. 3a JOHOIICKE OJIIyKe 0 H300py HajO0Jbe CTpaTeruje ynpasibama napKk-ryMmoM KomryTmak nmpumemeH
je aHamuTHUKH xujepapxujcku mpouec (AXII) koju je y CBETCKOj IPaKCH HOTBpHEH Kao KBAIUTETaH ajar 3a
HOJPIIKY O/UTy4rBamy. Ha OCHOBY J0OMjeHHX pe3ynTaTa MPEAIoKeHO je 0OHaBIbarbe MPUPOIHE BEreTaluje, Kao u
yHamnpelheme oHyIe peKpeaTHBHHUX H TYPHCTHUKHX CanpiKaja, y3 yBakaBarme NPHHIINIA OJPKHBOCTH.

KibyuyHe peun: ynpaBbame MpefeinMa, MHapK-IIyMe, BHIICKPUTEPHUjYMCKO OJUTy4YHBaEe, aAHAJIUTHYKA
xujepapxujcku nporec (AXII), Kourytmax.

YBoa

300r MyJNTU(GYHKIHMOHAIHE NPUPOIE ypOaHUX Mpeieiia W Pa3InIuTHX OO0JIMKa
aHTpOIONpeCHje Ha MPUPOJHE BPEIHOCTH, NPOLEC AKTHBHE 3allTUTE M YINpaBbarba
NpUPOTHUM J00pHMa MocTaje CBe KOMILIEKCHHUjH. Mely 3amruhennm npupogHnm 1oopruma
Beorpaga nomuHHMpajy KOMIUIEKCHE NPOCTOPHE IIEIHMHE LIYMCKO-MOYBapHHX M LIYMCKHX
exocucrema (byphuh, C. u Cmmpanuh, C., 2007). 3a Typusam cy 3Ha4ajHH TpeAeid ca
ouyBaHMM W 3amrTuheHnM mpupomauM enemeHTnMa (Tomamosuh, C., 2010), Tako ma cy
KOHTpOJIa W YIpaB/barkbe IMPUPOIHUM PECYpPCHUMa KIJbYYHH [EJIOBH CTpaTervje HHXOBE
3amrute (Mpkma, M. u Mwunanosuh, M., 2007). 3amTuheHn nenoBH TPHUPOAE WU
IPOCTOPH KOjH Cy ITAHUPAHH 3a CTaBJbame IO oIpel)eHH pekuM 3aIuThuTe, [IPeACTaBIbajy
NOTEHLMjaJJHE EKO-TYPUCTHYKE arpakiyje ca paBHOMEPHHMM U  ypPaBHOTEKEHHM
aKTMBHOCTHMA Y 3/1paBoj mpupoaHoj cpenunu (Hab, 1., 2008).

[Mapk-myme mpezcraBibajy €IEMEHT IpajCKor Iej3axka, Hajaze ce y Ipaay Wid y
HEroBOj HENoCpeaHoj O1M3nHM 1 ypelyjy ce Tako aa Buie rnoacehajy Ha mapk, a Mame Ha
mymy (Anacracujeuh, H., 2007). ITapk-myme mmajy 3HauajHy ysiory y npouninhaBamy

* Pan npencrasiba pe3ynTaT HCTpaKUBamba Ha NPOjEKTY OCHOBHUX HcTpaxuBawa (OU 174003) Teopuja u npumena
Ananumuuxoe xujepaxujckoe npoyeca (AXII) y ycroeuma pusuka u HeuzgecHOCMu (UHOUBUOYATHU U 2PYNHU
Konmekcm) Koju puHaHCHpa MHUHUCTApCTBO 3a MPOCBETY U HayKy Pemy6nuke Cp6uje (2011-2014).
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Bazayxa, yonakaBamy Oyke M Mo00JbIIaBamky TOIMIOTHOT PEXXUMa OKOJTHUX HAacesba, & OCHM
TOTa PAcIojia)Xy M BEIWKAM TYypPHUCTHUIKO-pEKpeaTWBHUM moreHnujaioM (Anekcuh, I1. u
Januuh, T'., 2009). CnpeuaBajy mojaBy epo3uje 3eMJbUINTA W JIONPHHOCE O4YYyBabY
JeHApoJomKor (GoHma y ypOaHuM 30Hama. 3Ha4ajHEe Cy 3a PEBUTAIU3ALHN]y TpajCKe
CpelrHe U Mo0oJblIamke ecTeTcKuX HopMmatusa (Jbemesuh, M., 2003).

Komyrwak je Hajnmocehenuja napk-iryma y beorpany. 3ayzuma nospiuuny o 330
xekTapa Y HeMy Cce Haja3e BpeOHHM KyJITYPHO-HCTOPUjCKH CIOMEHHIH, OpOjHH
YTOCTHTEJbCKA M CHOPTCKO-PEKPEaTHBHU O0JEKTH, Kao M 3amTHheHO NPHPOIHO N00po —
OIIIITH NIPUPOIHU pe3epBaT (3ajelHHLa XpacTa JyXKiaka 1 rpada) y 6nmusunu Tormunaepcke
yecMme.

JyroTpajHu AECTPYKTHBHH YTHIIA] YoBeka (OecrpaBHa ceda, HECABECHO IOHAIIAKE
MOCeTHIIAIA 1 CJ1.) YTUIAO je /1a ce MpupoaHe BpeaHocTH KomyTmaka Hapymie. Y HIyMCKOM
KOMILJIEKCY CBE je MPUCYTHHUje IHPEeHhe HHBA3UBHUX IPBEHACTHX BpcTa (Amorpha fruticosa,
Tilia platyphyllos, Carpinus betulus, WTH.), Y3 HCTOBPEMEHO OJICYCTBO MoAMIIahuBama
eKOJIOIIKN 3Ha4yajHux Bpcra (Quercus robur, Quercus cerris, WTH.), IITO JIOBOAU [0
cMamema OuoamBepautTera. OcUM TOra, KOHCTAHTOBAaHO j€ M JIOUIE 3/PABCTBEHO CTabe
IpBeha y mojequHUM JIeJIOBUMAa TapK-LIymMe, Kao M IIOCTOjale NEerpajupaHux, 4Yak
nesactupanux 3oHa (Bykun, M., 2008). Ha Tepuropuju beorpaga uMa roTroBo TpOCTPYKO
Mame Iryma Hero mrto 6u Tpebano (PKusammuosuh, B. n Hcajes, /1., 2006), tako aa o
BUXOBOM OUyBamy Tpeba maxsbnBo OpuHyTH. [IpHpomHu (akTopu cy HpuUMapHH KOA
CBaKOT IUIaHNpama U MPOjeKToBama, jep ce He Mory Mematu (Jbemesuh, M. 1 Munanosuh,
M., 2009) n muxoBoj aHanusu ce nocsehyje mocedHa naxma.

OBaj pax naje jeman npuMep Moryher mpucTyIa y aHaJTUu3u | OIIEHH MOTYhHX HauWHA
yhnpaBbamba KollyTmakoM Kao BaKHMM wu3jieTHmiteM beorpama. Konrteker je
BUILEKPUTEPHjyMCKa aHalM3a, a MPEMTIOKEeH je EeKCIUIMLUTHH IIOCTYIAaK OMIyYHBama O
yeTupu Moryha ympaBjpauka IUIaHa Ja OM ce OBO MPHPOJHO HOOpPO 3aIUTHTHIO OJ
Npomaiama.

Meton pana

3a 071a0Kp ONTHMATHOT HAYMHA yIpaBibarba mapk-rymoM KorryTmak kopuctrhe ce
aHAIMTHYKHU Xujepapxujcku npouec (AXII) (Saaty, T.L., 1980) xoju je y cBeTCKOj Hayly u
MpaKcy MOTBpheH Kao KBAIUTETaH anaT 3a MOIPIIKY O/UIyYHBAaKmy U YECTO C& KOPUCTH 3a
pelIaBame Pa3inyUTUX MpodJieMa Y YNpaBibamy LIYMCKHM €KOCHCTEMHMA M MPHUPOIHUM
pecypcuma (Kangas, J., 1993; Kangas, J. u np, 1993; Cphesuh, b. u np., 2001).

AXII 3axTeBa moOpo CTPYKTyHpaH MpoOieM KOju ce TMpHKa3yje Kao XHjepapxuja
(Srdjevic, B. u mp., 2004) y ko0joj ce Wb Hala3W HAa BPXY, AOK CYy KPHUTEPHUjyMH,
NOAKPUTEPHjyMH M alTepHATUBE Ha HUBOMMA M NOAHMBOMMA y cMepy mpema fone. [Ipouec
JOHOWICHka OJIyKe IOApa3syMeBa BpEOHOBAC KPUTEPHjyMa, IOAKPHTEpHjyMa H
JITEepHATHBA Yy TIAPOBUMA, Y OJIHOCY Ha Hanpelhene enemente y xujepapxuju. Kopuirhemem
CatujeBe ckaiie (Saaty, T.L., 1980), mpukazane y Tabenu 1, Bpiie ce nopehema enemenara
(kpuTepujymMa y OIHOCY Ha IMJb, HOAKPUTEPHUjyMa y OJHOCY Ha KpUTEpHjyMe H
aNTepHATUBA y OAHOCY Ha moakpurepujyme). Crannapana sep3uja AXII Ha CBUM HHBOMMA
XHjepaxuje MpoBepaBa KOH3UCTCHTHOCT BPEIHOBaWma a H3padyyHaBa MW  YKYIHY
KOH3UCTEHTHOCT JJOHOCHOLA OJIyKa Ha KOMILIETHO] XHjepapXHju.

ITopehema enemenara y 1aToM HHBOY XHjepapxHje 3a JaTH eIEMEHT y BHIIEM HUBOY
BpILIE CE TAKO Jla C€ MOIyHhaBa FOPHBH TPOYTrao KBaJApaTHE MaTpHie A(a;) ca HyMEpHIKHM
BPEIHOCTHMA U3 JiecHe KoJioHe Tabee, a 3aTHM ce y TOHHU TPOYrao, CHMETPHYHO y OJJHOCY
Ha IJIaBHY JMjaroHajly, ayTOMaTCKH CMEIUTajy HhHMa PEeLUIPOYHE BPEIHOCTH; Ha IJIABHO]
JMjaroHain cy jeauHune. 3 gare Matpuile ce eKCTpaxyje BEKOp TEeXKHHCKHX
koeduipjenara (W) nopeheHUX eneMeHaTa; MOCTYNaK je MJCHTHYaH Ha CBMM HHBOMMa
XHjepapxuje a MaTpulle U Hpurnanajyhu BeKTOpH ce TpeTupajy kao JjiokanHu. Ha kpajy ce
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BpIIX CUHTE3a CBUX JIOKAJTHUX BEKTOpA TE)KWHA U onpeljyje C€ KOHAYHHU BEKTOP IMPHUOPUTETA

(penaTUBHOT 3Hauaja) ajTepHATHBA HA HAJHW)KEM HUBOY XHjepapXuje y OIHOCY Ha I[HJb Ha

HajBHIIIEM HUBOY XHjepapxHje.

Tabesa 1. CatujeBa ckajna

Jedununmja CatujeBa ckasa

Vcrtu 3Ha4aj 1

Cnaba TOMMHATHOCT 3

Jaka JOMHHATHOCT 5

BpJ10 jaka TOMHHATHOCT 7
9
2

AnconyTHa JOMHHAaTHOCT
MelyBspensoctn

4,6,8

BexTopr TEKHMHCKHX KOoe(HIMjeHaTa MOTY Ce OIPEIUTH HEKHM OJf TO3HATHX
MaTPUYHUX U ONTUMH3ALMOHKUX MeTo/a nproputusauuje (Srdjevic, B., 2005; Cphesuh, b. u
ap., 2009). Y oBom pany kopuiiheH je jeZiaH o HajomyJapHUjuX METOoJa: JIOrapUTaMCKH
HajMmamu kBaaparu (LLS — Logarithmic least squares) (Saaty, T.L., 1990).

Jlocapumamcku memoo Hajmarux xeadpama (LLS) je ONTUMH3AIMOHH METOA jep ce
pelasa mpooeM:

n n

min > [Ina; —(Inw, —Inw)J’ (1)

i=l j>i

n
y3 OTpaHUuCHE: Hwi =1, w;>0,i=1,2,...,n 2)
i=1
IToxazano je (Crawford, G. m Williams, C., 1985) na je pememe (1)-(2) jernHCTBEHO 1 Oa ce
onpelyje jeTHOCTaBHIM padyHamEeM T€OMETPH]CKIX CPEINHA BPCTa MAaTPHIIE A:

n
wi=[]ai'"", i=1.2..n 3)
j=l

Mogaeaupame npodiaemMa o1J1y4YuBamba

Xujepapxuja mpodiema je TIpuKa3aHa Ha CIUIHN | ca eIeMEeHTHMa OITydhBarma Ha
YEeTHPH HUBOA.

[{mb: M360p onTHMaHOT HaYMHA yIpaBJbamba HapK-uryMoM KomryTmak.

Kpurepujymu:
K, — OuyBame 6moanBep3UTETa H EKOCHCTEMA;
K, — Pa3Boj pekpeaTuBHOT, KyJITypHO-HCTOPHU]CKOT H EKO-TypU3Ma;

K; — YHamnpelheme MUKPOKIMMATCKHX yCJIOBa.

Ha6op onTHMaTHOT
HauHHa Y IpasEaka
L
S [ — N
ExnoausepsuteT Typuzam IMuxp o ma
[4:57] [£:9] [£:55]
Beojmpers || AP o T S P E—
S a ) L Py aw a
Tnan 1 (Ay) | TInan 2 (A;) [ | Tnan3(ay) TInan 4 (A,)

Ciuka 1. Xujepapxuja npoéaema
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Honkpurepujymu:

IIpBu kputepmjym (ouyBame OHOIOMBEpP3UTETa M EKOCHCTeMa), oOyxBaTa JaBa
noakpurepujyma: I1; — onpkaBame miu nosehame CHELHjCKe Pa3sHOBPCHOCTH, OIHOCHO
Opoja OMJBHUX U )KUBOTUILCKUX BpcTa; [1, — Mo0oIbLIake 3MPaBCTBEHOT CTamba UIyMa.

Jpyru xpurepujym (pa3Boj peKpeaTHBHOT, KYJITYPHO-UCTOPHJCKOT M €KO-TypH3Ma),
nozapasymena cieneha tpu noaxpurepujyma: Il; — oapkaBame W yHanpehuBame Mpexe
CIIOPTCKHX W PEKpeaTHBHUX caapikaja; 1y — 3amTura KynTypHux nobdapa; I1s — miuanupame
u ypeheme nenraykux crasa, BUIUKOBALA U CII.

Tpehu xpurtepujym (yHampeheme MUKPOKIMMATCKHX yCJIOBa), CacToju ce OJ JaBa
nogkputepujyma: Ils — nobosbimame KBanuTeTa Bazayxa; [1; — yonaxaBame TeMIepaTypHuX
eKCTpeMa, OTHOCHO "e(eKTa TOIUIOTHOT ocTpBa rpana’.

Jaxie, Ha TpeheM HUBOY XHjepapxuje Haja3u ce 2+3+2=7 moakpuTepujyma.

AnTepHaTuBe:

IIman 1 (A)): 3agpxaBame mocrojeher HauMHA yIpaBibama, 0€3 MKaKBUX H3MEHA.
[penywrame ¢duTorieHo3a, Beh NPUCYTHO), pErpecHMBHO] CYKLECHjH. 3aJpiKaBarbe
nocrojehe TypUCTHYKE U peKpeaTUBHE HAMEHE IIPOCTOpa.

ITnan 2 (A,): lluse oBOr HauyKMHA yrpaBibama je 3amTura npupoze. [Ipeasulheno je
Bpahame napk-iryMe y crambe OJIMCKO MPUPOJIHOM, IOHOBHUM YBOlEHhEeM ayTOXTOHHX BpCTa
YHjH je ONICTaHaK y OBOM MNOJAPYHY]Yy YTPOKEH U yKIIambame 00lecHUX crabaja U KopoBa ca
JerpaaupaHux noBpummHa. OrpaHuyaBa ce Kopuinheme OBE IMOBPIIMHE 33 TypH3aM H
pekpeanyjy.

IImarn 3 (A;): Ymopamipame Koje MMa 3a Wb IIOCTH3alke KOMIIpoMmuca u3Mely
3aIITHTE TPUPOAEC W TypusMa. YKIamame ApBeha ca HajuspakeHHje IerpagipaHux
MOBPIIMHA, CIpPOBOheme (DUTOMATONOIMIKHX Mepa 3alITHTE IIyMa U Mepa OopOe MpoTHB
kopoBa. Behu neo mpocrtopa nobujeH ykinamameMm IpBeha KOPHCTH ce 32 OOHaBIbaE
NPUPOAHE BereTalyje W IMOIIYyMJbaBame, a OCTaTak 3a ypehuBame Mpexe CIOPTCKHX H
ob6jekara kyiarype. [Toapydje ca 0OHOBJbEHOM BEreTalljoM UMa OrpaHuyueHo Kopuiheme, a
ocrarak je 6e3 HoceOHOTI peXxuma 3allTHTE.

[Tnan 4 (A,): Haumn ympaBipama KOjU NHOApasyMeBa MakCUMalHO Kopuuiheme
IIYMCKE 30HE Y CBPXE TypH3Ma, Jeuee OoJiecHuX crabalia, yKiIamame KOPOBCKHX BPCTa U
Kpueme JerpaaupaHux moBpmnHa. Ha Taj HaumH cy mnoBehaHe ecTeTCKe BpEAHOCTH
mpocropa M J00WjeHe MOBPIIMHE 32 HM3TPajiby HOBHX CIIOPTCKUX W/WIM TypHUCTHUKHX
o0jekaTta, 3a TNIAaHUPAh¢ HOBHUX IIETHUX, OMIINKIMCTHYKHAX CTa3a M BUJUKOBAIIA.

ITpouec KoHOIIEWHA OJJTYKE U Pe3yJITATH

IIpBu KOpak y J[dOHOIIEHY OMIyKe je mopeheme Kpurepujyma y OIHOCY Ha
MOCTaBJbeHH IWUb (W300p ONTMaHOT HauWHA YyhpaBibama). Marpuma mnopehema
KpHUTEpHjyMa MpUKa3aHa je Ha CIUIH 2.

Kputepujym K K, K;
K, 1/5 1/4
K, 1
K

Cuanka 2. Marpuna nopelewa kputepujyma

Kopumhemem morapuramMckor Merojna HajMamHUX KBajgpaTa H3padyyHaTd Cy
TEKUHCKH KOCe(HUIMjEHTH KpUTEepHjyMa KojuMa ce JAehHHUINE HHHUXOBa I0jeAMHaYHA
penaTUBHA BpeIHOCT Y 0qHOCY Ha uib (Tabema 2).



Jpyru Kopak je nopeheme nmoaxkpuTepujyma y oJJHOCy Ha oarosapajyhe kpurepujyme
(Ciuka 3) u onpehuBame BUXOBHX TekHHA, momohy LLS Merona kao M y HpeTXOZHOM
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Ta6esa 2. BekTopu TesknHa KpUTEpUjyma

Bekropu TexuHa 1
Kpurepujymu paHroBH
Wy Panr
Ki 0,100 3
K, 0,466 1
K; 0,433 2

ciy4dajy (Tabema 3).
K, — buonusepsuret K, — Typuszam K5 — Mukpoknuma
H] Hz H3 H4 HS HG 1_I7
11, 1/3 11; 2 6 Il 2
11, 11, 5 11,
I1s

VY tpehem kopaky miuaHoBH 1-4 ce BpeaHyjy y OAHOCY Ha CEIaM CEJIEKTOBAHHMX

Cuamka 3. Marpuue nopehera nogKpuTepujyma y oHOCY Ha KpUTepujyme

Ta6esa 3. BekTopu Te;KuHA NOAKPUTEPHjyMa

Bextopu Texuna u
Tloakpurepujymu paHroBu

w; Panr
11, 0,250 2
I, 0,750 1
I1; 0,577 1
I 0,342 2
Il 0,081 3
I 0,667 1
I, 0,333 2

noaxputepujyma (Ciuka 4), a n3padyHaTH BEKTOPH TeXHHa ITprKazaHu cy y Tabemnu 4.

I1, — Bpoj Bpcra

I1, — 3apaBCTBEHO CTame

I1;— Cnoprcku o6jexta

Cauka 4. Matpune nopehermna ajiTepHaTHBA y 0JHOCY HA NOAKPUTEPUjyMe

A| Az A3 A4 A] Az A3 A4 A1 Az A3 A4
Ay /51141 5 Ay U7 | U7 | 2 A 5 173 | 1/7
A, 2 8 A, 2 5 A, 1/8 | 1/9
A, 7 A, 5 A; 1/2
A4 A4 A4
I, — Kyntypna no6pa I1s — Crase, BUIUKOBIH Ils — Ba3myx
A] Az A3 A4 A] Az A3 A4 Al Az A3 A4
A4 4 |15 | 1/5 Ay 4 | 15177 A /5 | 1/5] 5
A, 1/7 | 177 A, 1/7 | 1/9 A, 1 8
A 1/2 A; 1/2 A; 8
A4 A4 A4
I1; — Temneparypa
A1 Az A3 A4
Ay /5 | 1/5] 3
A, 2 7
A3 7
Ay
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Tabesa 4. BeKTOpHU Te:KHHA AJITEPHATHBA Y OJJHOCY HA MOJAKPUTEPUjyMe

Antrepratuse BekTopu TeXHHA anTepHATHBA
H] Hz H3 H4 H5 H6 H7
A 0,120 0,078 0,114 0,108 0,093 0,113 0,101
Ay 0,509 0,502 0,037 0,046 0,040 0,424 0,498
As 0,329 0,355 0,303 0,350 0,328 0,424 0,352
Ay 0,042 0,065 0,546 0,496 0,538 0,040 0,049

CuHTe3a CBHX JIOKAJHMX BEKTOpa TEKHMHA Jlaje KOHAYHE TEXWHCKe KoeduIiujeHTe
ITEepHATHBA y OJJHOCY Ha rocraBsbeHH Wb (Tabena 5).

Ta6esna 5. KoHayHU BEKTOPH TeKMHA AJTEPHATUBA Y O/IHOCY HA Wb

BekTopy KOHAUHHX TEKHHA aATEPHATUBA H PAHTOBU
AnTepHaTuBe
wi Panr
Ay 0,107 4
A, 0,263 3
A; 0,358 1
Ay 0,271 2

Ha ocHOBY nmoOujeHHX BpEIHOCTH 3aKJbyuyje ce Ja je Hajooska anTepHatuBa Ilman 3,
a 1a je ykynHo panrupame: [Inan 3>I1nan 4>I1nan 2>ITnan 1. Omnyka je na 6u, ca mu/bemM
n3bopa HajOoJer HauMHA yIIpaBJbama napk-mymoM KomnryTmak, TpeOasio MpUMEHHUTH Kao
CTpaTerujy IUlaH Koju Hojpa3yMeBa yKiamame ApBeha ca HajuspaxkeHHje AerpagrpaHux
MOBpPILIMHA, CIpoBoheme (HUTONMATONOMIKMX Mepa 3allTUTe IIymMa M Mepa OopOe NpoTHB
kopoBa. Behu neo mpoctopa no0ujeH yxiamameM ApBeha KOpUCTHO OM ce 3a OOHABIbAMHE
MPUPOJIHE BEreTaldje U MOIIyMJbaBamke, a OCTAaTak 3a ypehuBambe CIOPTCKUX TepeHa Ha
otrBopeHoM. [Toapydje ca 0OHOBIHEHOM BETETAlMjOM UMajio O OrpaHWYeHO KopHIheme, a
octarak 0u 6no 6e3 MoCeOHOT peknMa 3aITHTE.

3ak/bydak

VY pany je npukazaHo kopuihemwe aHaJIUTHUKOT Xxujepapxujckor mpoueca (AXII) 3a
noTtpede MIaHupama U ylpaBibama MpejearuMa (CTyauja ciaydaja napk-iryma Konrytmax).
IIpobiieM je TOCTaBJbEH KA0 XHjepaxuja y YeTHPH HHUBOA, HA YHMjeM CE BPXY Hajla3u [UJb —
U300p ONTHMAHOT Ha4YMHA yINpaBjbamka Napk-miymMoM Komytwak. Ha apyrom Husoy
XHjepaxyje Hajlaze ce TpU Kpurepujyma (OMOAMBEP3WTET, TypH3aM W MHUKPOKIMMA), Ha
tpehem cenam noaxpurepujyma (0poj BpCTa; 3ApaBCTBEHO CTabE LIyMa; CIOPTCKH 00jeKTH;
KyJITypHa 100pa; cTase, BUAMKOBIM U CJI.; Ba3AyX M TEMIIEPaTypa), a Ha IIOCIeIHeM HUBOY
Cy YeTHpH alTepHATHBHA IIaHA yIpaBJbarma. 3a olpehuBame TSKUHCKUX Koe(hHIlHjeHaTa
KpUTEpHjyMa, TTOJKPUTEPHjyMa U TUIAHOBA KOPUIINEH je JIOTapUTaMCKH METOJl HajMamIX
KBajJpaTta. BpenHoBame IuaHoBa je uIeHTH(HKOBaJIO Kao Hajoosbu [lnan 3 mo kome y
OCHOBH TpeOa OOHOBUTH IPUPOAHY BereTandjy y IerpajupaHuM [eJoBHMa IIyMe WU
YHaIIPEeAUTH IIOHY/IEe CIIOPTCKO-PEKPEaTUBHUX CaApKaja y 31paBoj )KUBOTHO] CPEAHHH.

OBakaB HauWH ynpaBibama 00e30equo Ou OOHaBJpame JerpagupaHux JelioBa
HIyMcKOr KoMmiuiekca y KomyTmaky, y3 HCTOBPEMEHO 3a[piKaBambe HEeroBe JOMHUHAHTHE
TypUCTHYKE (DYHKIIH]E.
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Abstract: Proper management is one of key elements of the natural landscape protection strategy. Park-forests with
protected and conserved natural elements represent attractive eco-tourism urban zones. KoSutnjak is the most
visited park-forest in Serbian capitol Belgrade, unfortunately with increasing number of degraded and devastated
areas as a consequence of negative human impacts in the past. In order to conserve natural values in this popular
forested city area, and to improve its tourism potential, we found that in achieving that goal, it is meaningful to
asses possible management practices and identify the most desired one by applying the analytic hierarchy process
(AHP), scientifically sound multi-criteria decision making tool. Based on the obtained results, a recommended
strategy is to renovate natural vegetation and to promote recreational and tourism offer in KoSutnjak with respect of
the sustainability principle.

Key words: landscape management, park-forest, KoSutnjak., multi-criteria decision making, analytic hierarchy
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Introduction

Due to multifunctional nature of urban landscapes, as well as different forms of
anthrop-pressure on the natural assets, their active protection and management is a
demanding task. Complex spatial areas of forest and forest-wetland ecosystems prevail
among the protected natural assets in Belgrade (Purdi¢, S. and Smiljani¢, S. 2007). Areas
with preserved and protected natural elements are important for tourism (Topalovi¢, S.,
2010), therefore natural resources control and management are the key elements in their
protection strategy (Mrksa, M. and Milanovi¢, M., 2007). Preserved parts of the nature or
areas that are intended to be protected, represent potential eco-tourism attractions in the
healthy environment (Nad, I., 2008).

Park-forests are important parts of any city landscape. Situated in the city or in its
close neighborhood, they are commonly designed to appear more as a park, and less as a
forest (Anastasijevi¢, N., 2007). Park-forests have important role in improving air quality,
reducing the city noises, and in the temperature regulation in surrounding settlements. Also,
most often they have a great recreational and tourism potential (Aleksi¢, P. and Janci¢, G.,
2009). They prevent erosion and contribute to the preservation of dendrological fund in
cities. Natural landscapes are important for revitalization of urban environment and
improvement of aesthetic standards (Ljesevi¢, M., 2003).

Kosutnjak is the most visited park-forest in Belgrade that occupies an area of 330
hectares. There are important natural spots and historical monuments in it, numerous
restaurants and hotels, sports and recreational facilities, as well as the protected natural asset
such as general nature reserve of common oak and hornbeam, near the Topcider fountain.

*

This paper presents a part of research results of the project Ol 174003: Theory and application of analytic
hierarchy process (AHP) in multi-criteria decision making under conditions of risk and uncertainty (individual and
group context), financed by the Ministry of Education and Science of the Republic of Serbia (2011-2014).
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Long-term destructive human impact (illegal tree cut, negligent behavior of visitors,
etc.) has lead to the disturbances of the natural values in Kosutnjak. In forest complex, one
can notice an intense spread of invasive wood species (Amorpha fruticosa, Tilia
platyphyllos, Carpinus betulus, etc.), without rejuvenation of ecologicially valuabe species
(Quercus robur, Quercus cerris, etc.) and consequentelly the biodiversity loss. In addition, it
is noted a bad health condition of trees in some areas of park-forest and also the presence of
degraded, even devastated zones (Vukin, M., 2008).

As it is argued by experts (e.g. Zivadinovi¢, V. and Isajev, D., 2006) there are three
times less forest areas in Belgrade than it is recommanded, and therefore it is urgent to take
a good care of forsests and other cultivated landscapes. The nature factors are base to land
planning and projecting and they cannot be changed (LjeSevi¢, M. and Milanovi¢, M.,
2009), therefore they have to be analised very carefully.

This paper gives an example of an approach in evaluation of possible management
policies for Kosutnjak park-forest and presents a decision making context based on multi-
criteria analysis. In order to protect this natural asset from degradation, we present the
results of evaluation of four management plans against three criteria (with seven sub
criteria) and briefly describe all steps of implemented decision making procedure based on
AHP-individual decision making model.

The analytic hierarchy process (AHP) in brief

Analytic Hierarchy process (AHP) (Saaty, T.L., 1980) is used for the selection of the
optimal management plan for the park-forest Kosutnjak. AHP is recognized from the
scientific community worldwide as a trustful decision making tool with numerous
applications in almost all areas of planning and management. It is frequently used for
solving different problems in forest ecosystem and natural resources management (Kangas,
J., 1993; Kangas, J. et al., 1993; Srdevic., B. et al., 2001).

AHP requires well-structured problem, represented as the hierarchy (Srdjevic, B. et
al., 2004). At its top is a goal; lower levels in downward direction contain criteria and sub-
criteria, while the alternatives lie at the bottom level. Decision making process involves
evaluation of criteria, sub criteria and alternatives in pair wise manner, always with respect
to superior elements in the hierarchy. Comparisons of all elements in the hierarchy (criteria
with respect to a goal, sub criteria with respect to criteria, and alternatives with respect to
sub criteria) are made by using appropriate ratio scale fundamental ratio scale. Although
there exist several well-known scales, the one given in Table 1, known as the Saaty's scale
(Saaty, T.L., 1980) is most commonly used and referenced as fundamental ratio scale.

Standard AHP evaluates consistency at all levels of the hierarchy and computes
overall consistency ratio for the whole hierarchy, unlike any other multi-criteria decision-
making method.

Comparisons of elements in certain level of a hierarchy for certain element in higher
level are made by filling the upper triangle of matrix 4(a;) with numeric values given in the
right column of Table 1 that correspond to linguistic judgments of the decision maker given
in the left column. The reciprocals of values from the upper triangle are inserted into the
lower triangle, symmetrically with respect to the main diagonal. Values 1 are posted on the
main diagonal. From comparison matrix 4 the vectors of weights (W) of compared elements
(with respect to superior element in a hierarchy) is extracted by so-called prioritization
method. The procedure is identical in all nodes of a hierarchy, and matrices and belonging
vectors are treated as local. At the end, synthesis consists of obtaining the overall weight
(relative importance) vector of alternatives on the lowest level with respect to a goal on the
highest level of hierarchy.
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Table 1. Saaty’s Importance Scale

Definition
Equally important 1
Weak importance 3
Strong importance 5
Demonstrated importance 7
9
2

Assigned value

Absolute importance
Intermediate values

4,6.8

There are several prioritization methods for calculating local vectors of weights
(Srdjevic, B., 2005; Srdevié, B. et al., 2009).

In this paper, a logarithmic least squares method (LLS) (Saaty, T.L., 1990) is used as
one of the most popular in the subject area. It solves the following optimization problem:

minii[lnaij —(Inw, —lInw)J’ (1)

i=l j>i

n
subject to, Hw,- =1 w;>0,i=1,2,..,n )
i=l
It is shown (Crawford, G. and Williams, C., 1985) that the solution for problem (1)-(2) is
unique and can be found simply as the geometric means of the rows of matrix 4:

n
Wi=Hdij”",i= 1,2,..,n 3)
j=1
Decision problem modelling

The hierarchy of a problem with decision elements on four levels is shown in Fig. 1.
Goal: Selection of optimal management plan for park-forest Kosutnjak.

Criteria:

C, — Biodiversity conservation and forest ecosystems protection;
C, — Development of recreational, educational, historical and eco-tourism facilities;

C; — Improvement of microclimate conditions.

Selection of optimal
management plan
1
N A A
Biodiversity Tounsm Microclimate
cy (Cy) ()
p—— r } . p——
Number of Health Sport: Cultural Walks .

usg:acferso cor:;ition fafﬂ?itiess facilt"ﬁes Vie?!’p‘;{;l{:’.. e e peatice

&) ) &) o) ) i e
Plan 1 (&) Plan 2 (&) Plan 3 (A3) Plan 4 (&)

Fig. 1. Hierarchy of the problem
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The first criterion (biodiversity conservation and forest ecosystems protection)
includes two sub criteria: S; — maintenance or promoting diversity of species; that is, the
number of plant and animal species; S, — improvement of forest health conditions.

The second criterion (development of recreational, educational, historical and eco-
tourism facilities) includes three sub criteria: S; — maintenance and development of sport
and recreational facilities network; S, — protection of cultural heritage; Ss — planning of
walkways, viewpoints, etc.

The third criterion (improvement of microclimate conditions) consists of two sub
criteria: S¢ — air quality improvement; and S; — regulation of temperature extremes in urban
zones, that is mitigation of ‘urban heat-island effect’.

There are in total 2+3+2=7 sub criteria at the third level of hierarchy.
Alternatives:

Plan 1: Keeping the present managemant plan without any changes. Plant
communities will be spontaneously changed in the regressive succession direction. Tourism
and recreation purpose of this area remains the same.

Plan 2: The main objective of this management plan is nature protection.
Recommend is re- naturalization by re-introducing autochthonous species whose survival is
endangered, and removing invasive plants and sick trees from degraded areas. Tourism and
sport activities are restricted by this plan.

Plan 3: This management plan is a compromise between tourism and nature
protection. It is recommended to remove sick and old trees from most degraded areas, to
protect forest by applying phytopatological measures, and to fight against the weeds. The
main part of the cleared space should be used for rejuvenation of native vegetation, and the
rest for planning sports and cultural facilities network. Area with renewed vegetation has
limited use, and the rest part can be used without any constrains.

Plan 4: The goal of this management plan is to use forest complex primarily for
tourism purposes. Landscape aesthetic values are improved by curing sick trees and
removing weeds from degraded areas. There is more space for building a new cultural, sport
and recreational facilities, new walkways, bikeways, viewpoints, etc.

Decision making process and results
The first step in decision making process is pair wise comparison of criteria with respect to

the goal (selection of optimal management plan for park-forest Kosutnjak). Comparison
matrix for criteria with respect to a goal is shown in Fig. 2.

Criteria C, C, C;
C 1/5 1/4
C, 1
GCs

Fig. 2. Comparison matrix for criteria with respect to a goal

The local weight vector is computed by LLS method, and relative values of criteria
with respect to a goal are given in Table 2.

Table 2. Weights of criterion with respect to goal

Criteria Weights of criterion and rank
Wi Rank
C 0,100 3
G 0,466 1
Cs 0,433 2
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The second step is represented by pairwise comparisons of sub criteria with respect
to criteria set (Fig. 3) and by computing their weights by LLS method as given in Table 3.

C, — Biodiversity

C, — Tourism

C; — Microclimate

Sl SZ S3 S4 Ss 86 S7
S 1/3 Ss 2 6 Se 2
S, S4 5 S;
Ss

Fig. 3. Comparison matrices for sub criteria with respect to respective criteria

Table 3. Weights of sub criteria with respect to criteria

Sub criteria Weights of sub criteria and ranks
Wi Rank
Si 0,250 2
S, 0,750 1
Ss 0,577 1
S4 0,342 2
Ss 0,081 3
Se 0,667 1
Ss 0,333 2

In the third step, management plans A1-A4 are compared in pairwise manner with
respect to seven sub criteria. All judgment matrices are given in Fig. 4 and computed (again
by LLS method) local vectors are shown in Table 4.

S| — Number of species

S, — Health condition

Ss— Sports facilities

Al Az A3 A4 A1 Az A3 A4 A1 A2 A3 A4
Ay /51141 5 Ay V7| 11| 2 Ay S | 131177
A, 2 8 A, 2 5 A, 1/8 | 1/9
Ay 7 Az 5 A, 1/2
A4 A4 A4
S4 — Cultural facilities S5 — Walkways, viewpoints S¢ — Air
Al | A | A | Ay A | A | A | A AL | A | A | Ay
Ay 4 | 1/5 | 1/5 Ay 4 |15 |17 A /S| 1515
Ay 1/7 | 177 A, 1/7 | 19 A, 1 8
A; 1/2 A 1/2 A 8
A4 A4 A4
S; — Temperature
A] Az A3 A4
Ay /51 1/5] 3
Ay 2 7
A; 7
A4
Fig. 4. Comparison matrices for alternatives with respect to sub criteria
Table 4. Weights of alternatives with respect to sub criteria
. Weights of alternatives
Alternatives S, S, S S, S S, S,
A 0,120 0,078 0,114 0,108 0,093 0,113 0,101
A, 0,509 0,502 0,037 0,046 0,040 0,424 0,498
As 0,329 0,355 0,303 0,350 0,328 0,424 0,352
Ay 0,042 0,065 0,546 0,496 0,538 0,040 0,049
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Synthesis of all local weight vectors gives the overall weights of alternatives with
respect to a goal (Table 5).

Table 5. Overall weights of alternatives with respect to goal

Alternatives Overall weights and rank
w; Rank
Plan 1 0,107 4
Plan 2 0,263 3
Plan 3 0,358 1
Plan 4 0,271 2

Based on the obtained results, one can conclude that the best management alternative
for the KoSutnjak park-forest is the Plan 3, while rank of other plans is as follows Plan 4 >
Plan 2 > Plan 1. In other words, the AHP method indicated that final decision should be to
adopt Plan 3 as most desired management strategy. This strategy implies both a nature
protection by renewal of native vegetation, and development of tourism offer by promoting
sports and network of cultural facilities. Inherent to this plan is also to remove sick and old
trees from most degraded areas, to protect forest by applying phytopatological measures and
to fight against the weeds. The main part of the cleared space should be used for
rejuvenation of native vegetation, and the rest of the area for planning sport activities and
network of cultural facilities. Area with renewed vegetation should have limited use, while
the remaining area could be used without any constrains.

Conclusions

This paper presents the application of analytic hierarchy process (AHP) in the
landscape planning and management (case study area is the KosSutnjak park-forest). The
problem is stated as a multi-criteria decision making problem, structured as a four level
hierarchy. On the top is a goal — selection of optimal management plan. Second level
contains three criteria (biodiversity, tourism and microclimate). The third level contains
seven sub criteria (number of species; forest health condition; sport facilities; cultural
facilities; walkways, viewpoints, etc; air; and temperature). At the bottom level lie four
alternative management plans. Logarithmic least squares method (LLS) is used for
computing all local weight vectors and AHP synthesis is performed as standard additive
weighting procedure. The Plan 3 is proposed as identified as the best one, that is optimal one
in multi-criteria sense. It includes both native vegetation renewal in degraded areas and
promoting tourism offer in healthy nature environment. That management plan combines re-
naturalization of degraded areas in forest complex of KoSutnjak and continued maintenance
of its dominant tourism function.
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