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MU3Bopa: byjuuHe nonnase n3asmBase Cy BeJIMKe mMatepujanHe U eKoHoMcke wreTte y Cpdujn,
KaKo y NPOLWIOCTK, TaKo, joL y4YecTannje, n gaHac. CBakako Aa ce ydnakaBatbe HEeraTMBHUX
nociefmua NocTuXKe NPeBEHTUBHUM Mepama Koje 0dyxBaTajy MHTerpasHo ypehere cnmso-
Ba. EKOHOMCKa OnpaBAaHOCT ynararba y 3alututy o SyjuyHux nonsiasa odyxsata cneunduyaH
NPUCTYN, HAPOUMUTO Kaf je pey 0 TEXHUYKUM 08jeKTMMa y 0Boj odnactu. Ha npumepy oadpaHe
opg, OyjuuHMx nonnasa Aena peke J/bydosuhe msBplueH je M3dop BapujaHTe 3awwTUTE Ha 6asu
€KOHOMCKMX KpuUTepujyma. Ha ocHOBY TeXHUKe M3OErHyTuX LUTETa, OLEeHa eKOHOMCKMX ede-
KaTa npegBuvheHMX Hacuna 3a 3alTUTY OZ MOMJIaBa U3BPLUEHA je MPUMEHOM AMHAMMYKMX
MeToZa: O4HOCA KOPUCT — TPOLIAK M HEeTO cajallkbe BPeoHOCTU. 3aK/byyeHo je aa je apyra
BapujaHTa eKOHOMWYHWja, U MOpes Tora WTO He LWTUTKM Leo NoApyydje o4 nonnasa, jep 6u geo
Te ynore npeysena npeasuheHa dpaHa y roptem TOKY OBE pekKe.

K/byuHe peuu: dyjuuHe nonnase, onpaBAaHOCT ynaraka, 3derHyTe WreTe, AyropoyHn epektn

YBOA

MojaBe NpupogHMX KaTacTpoda, Kao WTo cy
nonnase, BE/IMKE KOJMYMHE CTEPUTHOT HaHOCa,
ryduum 3em/buwwTa M CA., Nokasyjy sehy yyecta-
JIOCT 04, Apyre NONOBUHE ABAAECETOr BeKa, Kako
y cBeTy Tako u y Cpbuju. MatepujanHe n eKoHOM-
CKe wTeTe cy orpomHe. lNonnase Koje cy 3axBaTu-
ne Cpbujy y majy 2014. roguHe HaHesne cy wTeTy
oz, oko 1,5 no 2 munujapge espa. Henoroga Huje
Morna ga ce usberHe, aau je eBUAEHTHO Aa cy
wTeTe morne dSUTU Marbe y3 NPeBeHTUBHE Mepe
Ha MHTerpanHom ypehery OyjUyYHUX cAMBOBA.
Mpema AreHumju 3a 3alWITUTY oA Oyjuua U NaBuHa,
y AyCTpuju ce y OBe CBPXE yNaKe OKO MUAnjapay
eBpa Ha roguwrem HUBOY. [pema amepuykoj
6aHUM 3a pasBoj, EKOHOMMja MPUPOLHUX KaTa-
cTpoda y3uma y o63ump 30mpHe edeKTe Ha Hauu-
oHanHom HuBoy (Cavalo et al, 2009).

CneumndunyHocT edeKaTta ynarama y 3alTuty
oa dyjuyHmx nonnasa odyxsaTa nocedaH npu-

CTyn y OLEeHM eKOHOMCKWUX edekaTa. Hasege-
HO CE HAPOYMTO OAHOCK Ha TEXHUYKE 0jeKTe y
OyjuyapcTBy, Kao WTO Cy Nperpage, perynauuje,
KOHCOMAALMOHN NojaceBu, Hacunu u ci. Y eko-
HOMCKOM cmucny, cneumduyHocT oBux odjekaTta
ornega ce y ToOme WTO OHU AUPEKTHO He Aajy
NpPUHOC, OAHOCHO Npwuxoa, Beh camo Tpolkose
Ha YJI0XKEHUM PafoBUMA Y HUXOBY M3rpaatby. To
oTBapa nNpodnem y aHasM3n AyropoyHux edekata
ynarama y 3awTuTy og, SyjuuHuX nonnasa, 3a Koje
ce KopucTe AMHAMUYKMU UAN OUCKOHTHU METOAM,
OLHOCHO 32 KOje Ce KOPUCTWU aHanu3a KopucT —
Tpowak (Benefit — Cost Relation).

EKOHOMCKM edeKTn 3aluTuTe oLetbyjy ce Tex-
HUKOM CMakbeHUX LITeTa, OAHOCHO OLEHOM CMa-
Hetba WTeTa of dyjuua Ha ogpeheHom noapydjy
HAKOH npeay3vmarba 3aWTUTHUX mMepa. Y oBOM
pagy faje ce Taksa oLeHa Ha npumepy ypehemna
OyjuuHor BogoToKa peke /bydosuhe (KoctagnHos
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et al., 2004). Ha ocHOBY KOHUeNUUje pelera u
ynopehera BapujaHT Ha dasm TEXHUYKUX U eKo-
HOMCKMX KpUTEPUjYMA, KAao U yTHLLaja NPOjeKTa Ha
KUBOTHY CPeAnHy, u3BpLleH je nsdop ypehemwa
no jeaHOj BapujaHTu.

MATEPHUJAA 1 METOAU
N CTPAJKHBAIbA

Y da3un npojeKkToBara 3a 3aWTUTY NONAaBHOTN
nogpydja peke /bybosuhe nsHag petapgaumoHe
nperpage Ha cektopy [Aasugosuha nperpaga —
ywhe OpoBuyKe peke npeasuheHun cy Hacunu y
OBe BapujaHTe 3a OparbeHu cekTop og 6.700 m
ayxunHe n 400 m wupuHe (NpoceyHo).

LOMHaMUUKN — AUCKOHTHU METoAM

OueHa eKOHOMCKe OMpaBAaHOCTU OBAKBUX
pelwera AaTe Cy Kpo3 MpUMeEHY AUHAMWUYKUX,
OAHOCHO AMCKOHTHUX METoAa U TO OAHOC KOpUCT
- TPOWAK W HeTO cafiallky BPeAHOCT.

MpenHOCT 0OBMX MeToAa je y ToMe LITO Mpu-
Ka3yjy eKoHOMCKe edeKTe y AyKeM HU3Y roAnHa
yHanpes, jep ce v HaTypasiiHW, OAHOCHO eKoso-
WKW edeKTN U3BEAEHWUX PAf0BA Ha 3alUTUTU Of,
SyjuyHMX MonaBa He Mory BUAETM ofAmax nocne
nssohema (Pearce et al., 2006).

AHanv3a ofHOCa KOPWCT — TPOLIaK Ha pasy-
M/bMB HauMH NpyKa UHGOPMALM]y ,LUTa yNAKEM —
wTta godujam” Te je NnonynapHa y paHrMpaky npo-
jekaTta unu antepHatuea (Dasgupta et al., 1983).

Y oksupy ,0a3He npoueHe”, aHanusom je
obyxsaheH nepuog Kopuwherwa cuctema og 20
roAMHa, a cajawra BpeaHocT je yTepheHa 3a
OVUCKOHTHY ctony of, 12%. TOTOBMHCKM TOKOBM
edekaTta v TPOLIKOBA CBEAEHM CYy HA YKYMHY ca-
Jallkby BpeaHoCT:

BA= 5 Bt/(1+i)t
CA=5 Ct/(1+i)t

roe je:

BA — BpeAHOCT YKYNHUX aKTye/In30BaHUX epeKaTa
CA — BpeZHOCT YKYMHMX aKTyenn30BaHMX TPOLLIKOBA
Bt — HOMWHanHK edekaT y ogpeheHoj roanHm

Ct — HOMWHaNHKW Tpowak y oapeheHoj roguHu

n — yKynaH 6poj roguHa odyxsaheH aHannsom

i — ANCKOHTHA cTona
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MpoueHa BPeAHOCTU YKYMHUX aKTyenmnso-
BaHWX edeKaTa MCcKasaHe cy y eBpuma u3 2015.
roamHe.

[yropoyHn eKOHOMCKM edeKTu no meToay
O4HOCA KOPUCT — TPOLWKOBM NPeacTaB/bajy 04HOC
YKYMHUX aKTyean3oBaHux/cagallbux BpeaHoCTH
KOPUCTU U aKTyeNM30BaHUX YKYMHUX TPOLUKOBA
[OUCKOHTOBaHMX Nno ctonu og 12%:

Bt/(1+i)t
Ct/(1+i)t

OueHa ayropoyHux edpekata MeTo40M KOPUCT
— TpOLWaK nocmaTtpa UHBECTULYjY 13 ,HaBeseHor
yrna”. OueHa edeKaTa ynarakba Mo meToay
HeTO cajalltbe BPEAHOCTU YNOTNyHYyje CAUKY
AyropoyHux edpekaTta. Heto cagawra BpeaHOCT
npeacTaB/ba Pas/MKy YKYMHUX aKTYeNu30BaHUX
BPEAHOCTU KOPUCTU N YKYMHUX aKTyeNN30BaHUX
TPOLIKOBA AUCKOHTOBAHMX No ctonu of 12% 3a
nocmatpaHu nepuog og 20 roguHa:

B/C=BA/CA=3

NSV = BA-CA = 3 Bt/(1+i)-Ct/(1+i)t > 0

Edektn 3awture

Edektn 3awTnTe ce maHUdeCTyjy Kpo3 cma-
HbeHbe LUTETA OZ NoMnJiaBa Ha ogpeheHom noapyu-

jy HaKOH MpeAy3Mmatrba 3aWTUTHUX Mepa:

B=D,-D,
rae je:

B — edekaT 3awTnTe
D, — wreTe y ycnosmma 6e3 sawrute
D, — npeocTane WTeTe HaKOH 3alTuTe

PE3YATATHU

MPUKA3 TEXHWUYKOT PELLIEFbA
PETY/IALIMIE PEKE JbYEOBUBE
HA CEKTOPY O/} IABUAOBURA
NPErPAZE 40 OPOBUYKE PEKE

MpuKas BapujaHTe | perynauuje

MpBa BapujaHTa perynauuje ce 3acHMBA Ha
M3rpaftbn KOHTMHYasHOr oadpamdeHor Hacu-
na Ha gecHoj odann Jbydosuhe. Tpaca Hacuna
Yr1aBHOM MpaTW peyHy Tpacy, anu je Xxuapaynauy-
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Tadena 1. MpurKas nonoxaja n OyKUHe
NpojeKkToBaHWX odanoyTepaa No BapujaHTK |

Tadena 2. Mpwukas nonoxaja 1 ayxunHe
npojeKkToBaHUx odanoyTepaa No BapujaHTu I

CraymoHaxa AyxuHa odanoyTepae CraumMoHaxa AyKuHa odanoyrepae

(km - km) (m) (km - km) (m)

2+106 — 2+780 674 2+106 — 2+780 674

3+526 — 3+796 270 3+526 — 3+796 270

4+366 — 4+496 130 4+366 — 4+496 120

4+546 — 4+696 150 4+546 — 4+696 150

5+676 — 6+036 360 7+966 — 8+266 300

6+485 — 6+725 240 YKynHo 1514

74200 — 7+330 130 WU3Bop: KocTtaamHos et al., 2004.

7+395 — 7+590 195

74966 — 84266 300 Mpuka3 BapwmjaHTe Il perynauuje

YKynHo 2449

M3Bop: KocTtaanHos et al., 2004.

KM 0O/MKOBaHa TaKo Aa HUWje yBeK napanenHa
ca iMHujom fecHe odane. MMHMMaNHA WWPKUHA
dopnaHga nsmehy odane M nogHoXKja Hacuna
nsHocn 10 meTapa, AOK je MaKcMMasaHa WupuHa
¢dopnaHaa 30 meTapa. YKynHa gyxuHa oadpam-
deHor Hacuna nsHocu oko 7 km (6.886 m).

BucrHa npojekToBaHOr HacMna Ha Uenoj ay-
KMHU je NPUSNUNKHO KOHCTaHTHa M M3HoCK 1 m.
OfcTynarba of, oBe BUCMHE CY MUHMMAHA 36or
paBHMYapcKe KoHbUrypaunje TepeHa y npuoda-
Jby. KOHCTPYKTUBHM TUN Hacuna je ca WUPUHOM
KpyHe og, 3 m, u Harmduma KocuHa 1:2. Hacun ce
nsrpahyje oa 3emsbe 13 npuodasba, ca nponuca-
HUM Hadujarbem.

Lpyrn enemeHT TEXHUYKOT pellera ypehera
BOAOTOKA cy 0danoyTepae Ha NoKauujama pyLies-
Hux odana. Ha nocmatpaHoOM cekTopy uaeHTUdK-
KOBAHO je AeBeT TaKBMX JIoKaumja, ayxuHe og 130
80 674 m. MNpojekToBaHe cy odanoyTepae of, ra-
OMOHa, Koje ce MyHe LW/bYHKOM U3 peyHor KopuTa.

OBa BapwjaHTa perynaumje NoOCMaTpaHoOr Cek-
Topa /bydosuhe ce cacToju y napumjanHoj 3altu-
TV aecHor npuodasba of BenvKux Boga. Cucrtem
napuujanHe 3awTute odyxBaTa veTMpu KaceTe
OpatbeHe ogdpamMOeHnM HacUNMMA YHyTap Kojux
ce Hanase BpeaHWju CTamdeHU U UHAYCTPUjCKU
objektu (Tad. 2).

YKynHa gyxXuHa oadpamdeHux Hacuna OKo
CcBMX KaceTa m3Hocu 2.740 m. KOHCTPYKTUBHMU
TUM HacMna UCTK ja Kao y BapujaHtu |. Y BapujaH-
T1 Il Takohe je npepBuheHa 3aWTUTA PyLIEBHUX
obana usrpagrom odanoyrepaa. Osu 0djektn cy
npeasuheHn camo Ha notesnma dparbeHnx Kace-
Ta (Tab. 3).

Y Tabenama 4 n 5 gatm cy HOMUHaNHU edekTn
3aWTUTe U NpeocTane wTeTe Koje &u ce jaB/ba-
ne y cnegehem Husy o 20 rogMHa, Kao U HUXOB
pacT, ako ce uma y Buay YnmbeHuua ga he ce ca
3aKOHOMEpPHMM pPa3Bojem Nonynauumje, npuespese,
MHbpPACTPYKTYpe, cTaHaapaa u ap., ysehasatm
BPeAHOCT MaTepujanHux aodapa y nonnaBHUM
30Hama. AHanu3a je gata y ABe BapujaHTe.

Tadena 3. Mon0Kaj M KapaKTePUCTHKe dparbeHNX KaceTa y AecHOM npunodasby peke /bydosuhe (BapujaHTa Il)

CrauymoHaka (km - km)

MNoBpwunHa Kacete (xa)

[yXuHa Hacuna (m)

Hacun y 301K ywha BphaHckor noToka
Hacun y 30HM mocTta Kog BaduHor noToka
Hacun 3a 3awTtuty npegyseha Inex Drina
Hacun kog ywha Oposuyke peke

YKynHo

6,5 930
10,23 1070
2,46 470
0,56 170
19,75 2740

MU3Bop: KoctaguHos et al., 2004.
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MHBecTMLMOHa BpeaHOCT je yTBpheHa Ha 6a3u
npeapayyHa pagosa og Jasuzosuha nperpage
8o ywha Oposuyke peke. OnepaTMBHAU TPOLLKO-
BW cy 0dpayyHaTM NPMMEHOM EMMNUPUJCKMUX CTOMA
Ha nojeguHe nNosuumje M3 UHBECTULMOHE CTPYK-
Type, a amopTu3aLmja y CKiagy ca NponmcaHnm
aMOpPTU3aLMOHMM CTOMaMa. Y OKBMPY onepaTus-
HUX TpolKoBa odyxBaheHn cy MHBECTULMOHO U
Tekyhe oapiKaBarbe, ocurypatre, naate u onwTH
Tpowkosu ABM/JBIM, y unju cactas ynasm odjexart
Kao OCHOBHO cpeacTBo. AMOpTM3aumja je ncKasa-
Ha M34BOjEHO jep ce OHa Yy yTBphuBakby yKynHe
aKTye/IM30BaHe BPEAHOCTM TPOLLKOBA He y3uma y
003up. YKynHa akTyenv3oBaHa BpegHoOCT (casa-
WHa BpeaHocT) yTBphyje ce Ha OCHOBY YKYMHUX
WHBECTULMOHMNX U OMNepaTUBHUX TpoLlKoBsa. Eko-
HOMCKa aHanu3a Kopuctu odyxsaTuia je Heno-
cpeaHe edekTe (epeKTe Koju ce mory U3MmepuTn).
KopucTu on npojekTa npukasaHe cy Kao pasfivKka
HOMWHaNHe BPefHOCTU MPOCEYHUX FOAULIHMUX
lwTeTa M NpeocTanux WTeTa nocse npojekta. Y
o0pavyH wreTa y3eTe cy y 0d3up wTeTe Ha rpa-
heBMHCKMM 08jeKTMMa, NosbonpvBpPesHOM 3e-
MJ/bULLTY, OAHOCHO YCEBUMA, MHOPACTPYKTYPHUM
N KOMYHa/IHUM O8jeKTUMa.

Y npBOj BapujaHTU, NMPOjeKTOBAHO pellere
Ha OBOj AEOHWUM rapaHTyje MOTMNyHY 3aWwTUTy U
Nno/boNpUBPESHOM 3eM/bULLITY U 0djeKTMMa 3a
NpojeKkToBaHW Hacun 3a oadpaHy of, BeNuKe Boge
nojase 1%. Y Tom cmucay, 3a oBy BepoBaTHohy
nojase BENMKMX BOAA HEMA WWITETa, OAHOCHO OHe
nsHoce 0 npoueHTa 3a Leo NocMaTpaHu Nepuog,
oA 20 rogmHa yHanpea.

Y Apyroj BapujaHTU MpPOjeKTOBAHWU Cy HacuMnun
no nojeguHUM ceKTopuma geoHuue og [asuao-
Buha nperpage go ynvsa Oposuyke peke. OBO
pellere rapaHTyje NOTNyHy 3alTUTYy rpahesBuH-
CKUM M MHOPACTPYKTYPHUM OOjEKTUMA, A LITUTU
OKO 25% nosbonpuepeaHor 3emsbuwwita. Kopmuctum
o4, NpojeKTa NpeacTaB/bajy PasINKy HOMUHANHE
BPELHOCTM MPOCEYHUX LUTETA U NPeocTanux Wre-
Ta Koje ce o4eKyjy Ha oko 3/4 nosbonpuspenHor
3eMJ/bULLTA, @ HMXOBA CajallHba BPeAHOCT nocne
nssoherba npojekta fodunjeHa je ANCKOHTOBaHEM
no cronu og 12%.
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AMCKYCHJA

Mpema npMmereHUM AUHAMUYKUM MeTOAM-
Ma oLeHe ayropoyHux edekaTa BUAM ce Aa 3a Ba-
pujaHTy | ogHOC aKTyenrM3oBaHMUX KOPUCTU U TPO-
WKoBa U3Hocu 1,12, WwTo 3HauM Aa je npojekaT Ha
CTpaHM eKkoHoMMyHocTK (B/C>1). Heto capalwmba
BpeAHoOCT u3Hocu 67.751,63 espa. OBaj pesyn-
TaT Ham MOKasyje Aa 3a 0By CYMy HeTO cajallke
BpegHoCTM Hehemo MMaTK ynarawba y caHauwujy
lwiTeTa og, nonsiasa, OAHOCHO rpaheBUHCKM 00jek-
T Cy NOTNyHO 3awTuheHu, a M No/bONPUBPeSHa
Npomn3BoOAHba MOXKe Ce HeCMeTaHO OABMjaTU Ha
OpatbEHOM CEKTOPY.

3a BapwjaHTy I, 04HOC KOPUCT — TPOLLAK U3HO-
cu 1,3, Te je npojeKaT Takohe Ha CTPaHU eKOHOo-
muyHoctu (B/C>1), AOK HeTO cadallrba BpeaHoCT
nsHocu 87.910,63 espa (NSV>0).

Buam ce pa cy obe BapujaHTe Ha CTPaHWU eKo-
HoMcKke edeKTuBHOCTU. C acnekTa eKoHOMCKe
eheKTMBHOCTU MHBECTULUM]A, HelwTo dosbe pesyn-
TaTe Aaje BapujaHTa ll. Y nssecHom cmucny du ce
morno pehu ga je oBo aHomanuja. Haume, pelue-
He Koje MMa MOTMNyHy 3alTUTY Makbe je eKOHO-
MWYHO Of, Apyre BapujaHTe Koje nma AeIMMUYHY
3awTuTy. OBO ce odjalwHaBa NOCTYNKOM AWCKOH-
TOBakba Y NPUMEHU AUHAMUYKUX MeToda. Havme,
OMCKOHTHU KoeduumjeHTH cy Behu y npeum roam-
Hama Kaja je Tpowak npema BapujaHtu | aynno
Behu y ogHocy Ha BapujaHTy ll, a koeduumjeHTH
Cy 3HATHO HUXM Y KAaCHUjUM rogMHama Kag, cy Ko-
puctu Behe.

Cnus /bydosuhe MMa 3HayajaH XMOPONMOLLKM
noTteHuujan, 3dor yera je ouereH Kao BarkaH
pecypc NOBPLUIMHCKUX BOAA 3a PErvoH 3anagHe
Cpduje. 36or Tora je y BogonpuspenHoj 0CHOBM
Penydnnke Cpduje npeasuheHa usrpagra dpa-
He ¥ akymynauuje ,loprba Jbydosuha”. Mopegs
OCHOBHe HameHe BofoCHadaeBarba, oBa dpaHa
61 umana n GyHKUMjy 3aaprKaBarba Tanaca Beu-
Kux Boga. MNocne nsrpagre akymynaumje ,loprsa
Jbybosuha” y roprem TOKY OBe peKe, Be/MKe
BOAE Ha cpearbeM U HWM3BOAHOM ceKTopy Oune
61 3HATHO cmatbeHe. YKOIMKO ce npodiemaTuka
ypehemna peke /bybosuhe nocmaTpa U3 Ayropou-
He nepcrnekTMBe, oHAA ce Hamehe 3aKk/byyak aa
HUCY OMpaBgaHa 3HayajHWja ynararwa y cuctem
ondpaHe og nonnasa ¢ 0863MpPOM Ha M3rpastby
akymynaumje ,loptba /bydosuha”.
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3AKAYIIIN

Y NpojeKTy cy pazmaTtpaHe ABe BapwujaHTe pe-
rynaumnje /bydosuhe Ha cekTopy og dasnposuha
nperpage no OpoBuYKe peke:

BapwujaHTa | ypehera peke /bydosuhe Ha no-
cMaTpaHoM cekTopy odyxBaTa M3rpaftby KOHTU-
HyasHor oadpamdeHor cucTema y Lu/by 3aliTuTe
necHor npuodasba (NprodanHu nojac Ay nese
obane je 3HaTHO yKu U rotoBo de3 odjekara).

BapwujaHTa Il ypehera peke /bydosuhe Ha no-
CMaTpaHOM CeKTOpPYy 3acHOBaHa je Ha napuujan-
HOj 3aLUTUTM HEKOZIMKO HAjBPeAHUjUX NOoKanuTeTa
Ha ZlecHoj odanu, rae ce Hanase WHAYCTPUJCKU U
ctambeHun 06jeKkTU. Ha ocTanom aeny nocmarpa-
HOr cekTopa ocTasuno &u ce noctojehe crare
peyHor KopuTa ca KOpPecnoHAEHTHUM MAaBHUM

30Hama. OBM nokanuTeT & ce WTUTUAK Of, Be-

NIMKMX Boga nomohy NoKanHMX Hacuna Koju ou

OKpPYKMBaN KaceTe OparbeHMX 30Ha.

Ha ocHoBy nopeherba BapujaHTK perynauuje,
npema TeXHUYKMM U EKOHOMCKUM KpUTEepPUjymMu-
Ma, MOXe Ce 3aK/byuynTu fa je sapwujanTa Il no-
BO/bHUWja M3 ABa pasfora:

1. C od3upom Ha ycnoB ga ypehere peke Jby-
doBuhe Ha MOCMATPaHOM CEKTOPY He cme
noropwaTu ycnose oadpaHe of nonnasa y
rpaackoj 3oHu Jbydosuje, oBa BapujaHTa je
NoBOJbHUja jep 3HAaTHO Makbe yTU4e Ha Npo-
naraumjy Tanaca Be/lMKUX BOAA.

2. C 0063Mpom Ha 3aK/byyak Aa HUCY onpaBpaHa
3HayvajHKja ynararba y cuctem ogdpaHe oz no-
nnasa, BapujaHTa Il je noBo/bHMja 300r 3HAT-
HO HUKe LieHe perynaumoHmnx pasosa.

ECONOMIC JUSTIFICATION OF INVESTMENT IN DEFENSE AGAINST
TORRENTIAL FLOODS ON THE EXAMPLE OF THE LJUBOVIDA RIVER

dr Miodrag Zlati¢, full professor, University of Belgrade, Faculty of Forestry (miodrag.zlatic@sfb.bg.ac.rs)
dr Mirjana Todosijevi¢, doc, University of Belgrade, Faculty of Forestry
dipl ing Natalija Momirovi¢, Phd student, University of Belgrade, Faculty of Forestry

Abstract: Torrential floods have caused great material and economic damage in Serbia, in the
past and even more frequently nowadays. Definitely, the reduction of negative consequences
can be achieved by taking preventive measures which include integral basin arrangement.
The economic justification of investment in the protection against torrential floods includes
a specific approach, especially when it comes to technical facilities in this area. On the basis
of the example of flood control on a part of the river Ljubovida, variants of protection were
selected on the basis of economic criteria. On the basis of the techniques of avoided damage,
evaluation of the economic effects of provided embankments for flood control was done using
dynamic methods: the cost-benefit relationship and net present value. It was concluded that
the second option is more economical, even though it does not protect the whole area from
floods, because a part of that role would be taken over by the intended dam in the upper flow
of this river.

Key words: torrential floods, investment justification, avoided damage, long-term effects

INTRODUCTION

The phenomena of natural disasters, such as
floods, large amounts of sterile sediment, soil loss
etc., have occurred more frequently since the

second half of the twentieth century, both on a
global scale and in Serbia. Material and econom-
ic damage is enormous. The floods that affected
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Serbia in May 2014 have caused the damage of
approximately 1.5 to 2 billion euro. The disaster
could not have been avoided, but it is evident
that the damage might have been reduced with
preventive measures for an integrated arrange-
ment of torrential basins. According to the Agen-
cy for Protection against Torrents and Avalanches
in Austria, the investment for these purposes is
around one billion euro annually. According to
the American Development Bank, natural disaster
economy takes into account cumulative effects at
the national level (Cavalo et al, 2009).

The specificity of the investment effects in
torrent control and protection requires a specific
approach to the assessment of economic effects.
The above mentioned especially refers to techni-
cal facilities in torrent control such as check dams,
regulations, consolidation bands, embankments,
etc.. The specificity of these facilities from the
economic point of view is reflected in the fact
that they do not directly provide yield or income,
but only the expenses for investment in their con-
struction. This raises a problem in the analysis
of long-term effects of investment in protection
against torrential floods, for which dynamic or
discount methods are used, i.e. the cost-benefit
analysis.

The economic effects of protection are eval-
uated using the technique of reduced damage or
evaluation of reduced damage from torrents in a
particular area after taking protective measures.
This paper presents such an evaluation on the ex-
ample of arrangement of the basin of the Ljubo-
vida River (Kostadinov et al., 2004). A single var-
iant of arrangement was chosen on the basis of
the concept solution and comparison of variants
based on technical and economic criteria, as well
as the impact of the project on the environment.

MATERIALS AND METHODS

In the phase of design of protection of the
flood-prone area of the Ljubovida River above the
retardation check dam at the location Davidovici
— the confluence of the Orovicka River, two types
of embankments were intended for the protect-
ed sector that was 6700 m long and 400 m wide
(on average).
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Dynamic-discount methods

The assessment of economic justifications
of such solutions is shown through the use of
dynamic or discount methods and through the
cost-benefit ratio and the net present value.
The advantage of these methods is that they re-
veal the economic effects for a number of years
in advance, because natural or environmental ef-
fects of the activities on the protection against
torrential floods cannot be seen immediately af-
ter construction (Pearce et al., 2006).

An analysis of the benefit - cost ratio provides
the information on “what we invest and what we
get” and is popular with the project and alterna-
tive ranking (Dasgupta et al., 1983).

Within the “baseline assessment” the analysis
covered a period of 20 years of system use and
the current value is determined for a discount
rate of 12%. The cash flow effects and expenses
are calculated as the total present value of:

BA =3 Bt/(1 + i)t
CA=3Ct/(1+i)

Where:

BA - is the value of total actual effects

CA —is the value of total actual expenses

Bt —is the nominal effect in a specific year

Ct — is the nominal cost in a specific year

n — is the total number of years included in the
analysis

i — is the discount rate

The estimation of total actual effects from
2015 is shown in EUR.

Long-term economic effects according to the
method of benefit — cost ratio, represent the
total actual/current values ratio of benefits and
actual total costs discounted at a rate of 12%:

Bt/(1+i)
Ct/(1+i)t

With the use of the benefit - cost method,
the investment is observed from “the mentioned
viewpoint”. The picture of long-term effects is
more complete with the assessment of the effects
of investment using the net current value method.
Net current value is the difference between the

B/C=BA/CA=5
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total actual benefits value and total actual costs
discounted at a rate of 12% for the reference
period of 20 years:

NPV = BA-CA = 3 Bt/(1+i)-Ct/(1+i)'> O

Effects of Protection

The effects of protection are manifested
through a reduction of damage from floods in a
specific area after taking protective measures:

B = D1-D2

Where :

B — is the protection effect

D1 - is damage in the conditions without
protection

D2 - is the damage remaining after protection

RESULTS

TECHNICAL SOLUTION FOR THE
REGULATION OF THE LJUBOVIDA RIVER IN
THE SECTION FROM DAVIDOVICI CHECK
DAM TO THE OROVICKA RIVER

The first variant of regulation

The first version of the regulation is based
on the construction of a continuous defense
embankment on the right bank of the Ljubovida
River. The embankment route mostly follows the
river route, but is hydraulically formed so it is
not always parallel to the line of the right bank.
The minimum width of the foreland between the
coast and the foot of the embankment is 10 me-
ters, while the maximum width of the foreland
is 30 meters. The total length of the protective
embankment is about 7 km (6 886 m).

The height of the designed embankment along
the whole length is approximately constant and
it is 1 m. Deviations from this height are minimal
due to the lowland terrain configuration on the
coast. The type of embankment construction is
with a 3 m wide crown, and slopes of 1:2. The em-

Table 1. Position and length of designed bank
revetments according to variant 1

Length of bank

Route segment

(km - km) revetment (m)
2+106 — 2+780 674
3+526 — 3+796 270
4+366 — 4+496 130
4+546 — 4+696 150
5+676 — 6+036 360
6+485 — 6+725 240
7+200 — 7+330 130
7+395 — 7+590 195
7+966 — 8+266 300

Total 2449

Source: KoctaguHos et al., 2004.

bankment is going to be constructed from the soil
taken from the coast, using specified compaction.
The second element of the technical solution
of river basin arrangement includes bank revet-
ments at the locations of erosion-prone banks.
Nine of these locations have been identified in
the observed sector, with the length ranging from
130 to 674 m. Bank revetments were made from
gabions filled with gravel from the riverbed.

The second variant of regulation

This variant of regulation of the observed
sector of the Ljubovida River consists of a partial
protection of the right coast from high water. The
system of partial protection includes 4 defended
polders controlled by defense embankments, and
in the area of these embankments are valuable
residential and industrial buildings (Tab. 2).

The total length of defense embankments
around all the polders is 2740 m. The construc-
tion type of the embankment is the same as in
variant I. Variant Il also provides for the protec-
tion of erosion-prone banks by the construction
of revetments. These facilities are intended only
for the area of defended polders (Tab. 3).

Tables 4 and 5 give nominal effects of protec-
tion and the remaining damage that would occur
in the following 20 years, as well as their growth,
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Table 2. The position and length of designed bank
revetments according to the Il variant

Route segment Lenght of the

(km - km) embankment (m)
2+106 — 2+780 674
3+526 — 3+796 270
4+366 — 4+496 120
4+546 — 4+696 150
7+966 — 8+266 300
Total 1514

Source: KoctaguHos et al., 2004.

bearing in mind the fact that the value of the ma-
terial goods in flood zones will be increased with
the growth of population, economy, infrastruc-
ture, standards, etc. The analysis is presented in
two versions.

The investment value is determined on the
basis of the estimated bill of quantities from the
Davidovi¢i check dam to the confluence of the
Orovicka River. Operative expenses were calcu-
lated using empirical rate at certain positions
from the investment structure while amortization
was calculated in accordance with the regulated
amortization rates. Operative expenses include
investment and ongoing maintenance, insurance,
salaries and overheads (Public Water Manage-
ment Company) including the facility as the fun-

damental object. Amortization is presented sep-
arately, since it is not taken into account in the
determination of the total actual cost value. Total
actual value (present value) is determined on the
basis of the total investing and operative costs.
The economic benefit analysis included the direct
effects (effects that can be measured). The ben-
efits of the project are shown as the difference
between the nominal value of the average annual
damage and the remaining damage after the pro-
ject. Damage evaluation included the damage on
construction facilities, agricultural land and crops,
infrastructure and municipal facilities.

In the first version, the solution designed on
this section guarantees complete protection of
both agricultural land and designed embankment
facilities for protection from the occurrence of
high water 1%. Thus, for this probability of occur-
rence of water, there is no damage i.e. it equals
0 for the whole observed period of 20 years in
advance.

In another variant, the embankments are de-
signed in some sectors of the section from the
Davidovi¢i check dam to the confluence of the Or-
ovicka River. This solution guarantees full protec-
tion to construction and infrastructure facilities,
while protecting about 25% of agricultural land.
The benefits of the project are the difference of
the average values of nominal damages and the
remaining damage, which is expected on about
3/4 of the agricultural land, and their present
value after the execution of the project was ob-
tained by discounting at the rate of 12%.

Table 3. Location and characteristics of the defended polders on the right bank of the Ljubovida River (Il variant)

Stationing Area polder length embankment

Route segment (km - km)

Polder area (ha)

Lenght of the embankment (m)

The embankment in the area of the
Brdanski stream confluence

The embankment in the area of the brigde
at the Babin stream

The embankment for the protection of the
Inex Drina company

The embankment at the confluence of the
Orovicka River

Total

6.5 930
10.23 1070
2.46 470
0.56 170
19.75 2740

Source: KoctaguHos et al., 2004.
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EKOHOMCKA OMPABOAHOCT Y/TATAHA Y O4BPAHY O, BYJUYHUX MOMNAABA HATIPUMEPY...

DISCUSSION

According to the applied dynamic methods
of assessment of the long-term effects, it can be
seen that the ratio of actual benefits and costs
is 1.12 for variant |, which means that the pro-
ject is economical (B/C>1). The net current value
is 67,751.63 EUR. This result shows that for this
sum of net current value, there will be no in-
vestments in the flood damage remediation, so
construction facilities are fully protected, and ag-
ricultural production can be freely carried out on
the protected sector.

For the second variant, the benefit cost ra-
tio is 1.3, and the project is also economical (B/
C>1), while the net current value is 87,910.63
EUR (NPV>0).

It is obvious that both variants are econom-
ically efficient. From the aspect of economic
investment efficiency, the second variant gives
better results. In a way, this could be considered
an anomaly. The solution that provides complete
protection is less economical than the second var-
iant, which provides only partial protection. This
can be explained by the discounting process in
the application of dynamic methods. The discount
coefficients are higher in the first years when the
cost for the first variant is twice as high in com-
parison to the second variant, and the coefficients
are much lower in the later years when the ben-
efits are higher.

The Ljubovida basin has a significant hydro-
logical potential, and that is why it is estimated
as an important resource of surface waters for
the region of western Serbia. That is why the Wa-
ter Management Plan of the Republic of Serbia
envisages the construction of a dam and accu-
mulation “Gornja Ljubovida”. In addition to the
basic purpose of water supply, this dam would
have the function of keeping flood waves. After
the “Gornja Ljubovida” accumulation construction
in the upper flow of the river, high water in the
middle and downstream sector would be signifi-
cantly reduced. If the issue of the Ljubovida Riv-
er regulation is observed in the long run, it can
be concluded that high investment in the flood
control system is not justified considering the
construction of the “Gornja Ljubovida” accum-
mulation.

CONCLUSIONS

Two variants of the Ljubovida River regula-
tion in the sectorfrom Davidovic check dam to the
Orovicka River were considered in the project:

Variant | of the Ljubovida River regulation in
the observed sector includes the construction of
a continuous defense system, in order to protect
the right bank (coastal strip along the left bank is
narrower and there are almost no facilities).

Variant Il of the river Ljubovida regulation in
the observed sector is based on partial protection
of some of the most valuable sites on the right
bank, where industrial and residential buildings
are located. In the rest of the sector the state of
the riverbed would remain the same with corre-
sponding flood zones. These sites would be pro-
tected from floods by local embankments that
would surround the polders of defended zones.

On the basis of a comparison of the variants
of regulation, according to technical and econom-
ic criteria, it can be concluded that the second
variant is more favourable for two reasons:

1. Bearing in mind the river Ljubovida regulation
in the observed sector should not worsen
flood control conditions in the urban area of
Ljubovija, this variant is more favorable be-
cause it has much less influence on the prop-
agation of flood waves.

2. In accordance with the conclusion that signif-
icant investments in the flood control system
are not justified, variant Il is more favorable due
to significantly lower prices of regulation works.
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