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Caxerak: CBe mMpa NMPUMEHA I'€OCTATUCTUYKUX METOJIa MOJENOBaHka MPOCTOPHO JUCTPHOYHpaHuX (GeHoMeHa
3aXTeBa U eBallyallHjy KBaJMTeTa IPOH3BoJa (Kapara) JoOHjeHHX BHXOBOM IIpuMeHoM. Ha mpumMepy m3pazne xapre
CpeIbUX TOAMIIBUX TeMmreparypa Basayxa y CpoOuju 3a mepuox ox 1991. no 2009. ron., nobujeHe Ha OCHOBY
peNIaTUBHO MaJIoT MPOCTOPHOT y30pKa 3a TepuTopujy nene 3emibe (110 MeTeoposomKUX CTaHHWIA) NMPUKa3HA je
METOoJa OLCHE MCHE HECHIYPHOCTH Tj. KBanuTeTa. IIPUMEHOM CHMYyJIAlMOHOr MopenoBaa Monrte Kapio
MOCTYIKOM OLICEEHa j¢ HECUTYPHOCT KapTe JOOMjeHe KPUTHHT HHTEPIIOJIALI]OM.

Kibyune peun: Monre Kapno cumMyramyje, KpUriHT, KOSQUIMjEHT BapHjalyje, TeMIepaTypa Ba3ayxa.
YBoa

3a morpebe omucuBamba reorpad)ckux (eHOMEHa y KOMIJYTEPCKOM OKpPYXeHY
HEOMXOJHO je neduHUcaTH oAroBapajyhe KOHIeNTyalHe Mozele Koju hie Outh ocHOBa 3a
Pa3Boj JIOTHYKUX OJHOCHO (PM3UUKKX MOJIea NPOCTOPHUX NoaaTtaka. KoHnentyarHu moje—
JM ce 3aCHUBajy Ha (pu3nuku (GyHAAMEHTATHOM pa3yMeBamy Ipoleca KOju ce MOJENUpa.
JlBa OCHOBHa KOHIIENITyaTHa MOJielia Koja y IpaKcH 00yxBaTajy CBE IIPOCTOPHE IOjaBe Cy: a)
MoJen 6a3upaH Ha CHTHTETHMA IJIe CMaTpaMo Ja je IPOCTOpP CacTaBJbeH O eHTHTeTa (00je—
KaTa) KOjH c€ ONHCYjy CBOjUM aTpuOyTHMa WIIM CBOjCTBEMA 0) Moaen O0a3upaH Ha IMOJBIMA,
e 3aMHUIUBaMO 1a ce MCIHUTHBAHA [10jaBa MEba y IPOCTOPY KAa0 HeKa HEeNpeKUIHa MaTe—
MaTtnuaka pyHkuja uin nojse (Burrough, P.A. and McDonnell, R.A., 1998). ¥ npBom ciry—
4ajy mojaBe ce y okpyxemy [eorpadpckux Nudopmamnuonux Cucrema (I'MC) mpuxasyjy
KpO3 BEKTOPCKM MOAEJ] mNojartaka (Tayke, JMHHUje M TMOJMIOHHM) JOK Y JIPYroM CIy4ajy
KOPHUCTHMO pacTepcku mMojen (rpuiaHa cTpykrypa). Hajeehu Opoj mpocTopHux mojaBa KOju
ce aHaJIM3Upa KpO3 pa3Ha Hay4yHa WIM CTPY4Ha HUCTpaKHBama IIPEACTaBJba YIPaBO OHE
(eHOMEHE KOjU C€ KOHLENTYaJIHO NPE/ICTaBJbajy MOJbUMA, IMOMYT KIMMATOJIOIIKUX WIH
MeIOJIOMIKAX TPOMEHJBUBUX BEJIMYMHA, WTA. Te MojaBe ce 3a mojapydje Of WHeTepeca
IIpUKa3yjy KapTama Koje (HM3MYKH IpEeICTaBJbajy PAcTEepCKH INpHKa3 JOOWjeH NMPHMEHOM
pa3IMUUTHX METOAa MOJeNoBamba (OOMYHO je TO HPOCTOpPHA HWHTEpHoianuja) Ha Oas3u
Y30pPKOBaHHMX BPEAHOCTH Ha onpeheHuM jokauujama. OBako noOujeHe KapTe, Tj. pacTepH
Hajuernnhe mpecTaBIbajy yiIa3He MoJaTKe 3a ajhe MPOCTOpHE aHaim3e. KOpHCHUIM Ha OBaj
HayMH JOOMjeHe IOJaTKe YIIaBHOM KOPHCTE HE pasMHIUBajyhll O KUXOBOM KBaJHTETY
OJJTHOCHO O HBbHXOBOj TAYHOCTH.
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Pan mpezcraBiba pesynrtate UCTpakuBama y okBHpy npojekata 11147014, 11143007 u TR 36009 koje ¢buHaHCcHpa
MuHHCTapCcTBO IPOCBETE, HayKe U TEXHOJIOMIKOT pa3Boja Pemybmuke Cpbuje
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[Ipobnem TpeTupama yTHIaja KBaJUTETa IIPOCTOPHUX 0a3a mogaTaka Ha pe3ynraTe
IIPOCTOPHMX aHaINW3a HAaMETHYO ce Beh Ha caMOM IOYeTKy yHOoTpeOe OBAKBHX THIIOBA
nojaraka, ma CTora M HPBU PaJiOBU M3 OBE OOJIACTU JATHUPajy W3 CPEIUHE OCAMIECETHX
roguHa npouutor Beka (Kumi-Boateng & Yakubu, 2010). HcrpaxuBama u pa3soj
MOCTyIaKa 3a OlLEHY KBAJUTETa MPOW3BOJA JOOMjEHHX Pa3HUM MPOCTOPHUM aHalu3ama
3Ha4ajHO ce yBehaBa cpeanHOM neBeneceTux ca cse mupom npumenom I'MC arumkanuja.

Ta unmeHnIa HaMeTHyJa je morpedy 3a u3pagoMm u3BemTaja o kBamurery [UC
NpoM3BO/Ia, y IMIbY 00e30ehuBama nertajbHe HHpOpManyje KOPUCHUIIMMA Ha OCHOBY KOjHX
he 6utu moryha onena morogaoctu ['MIC nogaraka 3a oapehene npumene. C jeqHe cTpase,
TepMHUH "KBAJIUTET MPOCTOpPHE 0a3e mojaraka’ je CyBHWIIE YOIIITEH, JOK C Jpyre CTpPaHe
TepMHUH "Tpelika mojaraka’ uMa HeTaTHBHY KOHOTAIH]jy, ¢ 003HpOM 11a ce mojam 'rpemka’
OJTHOCH Ha HEIITO IITO ce MOXKe Kopurosatu. [lojam rpemike ce 00MYHO Be3yje 3a OJCTy—
nmame o uctuaure Bpeanoctu. Y MC anamm3ama, y KojuMa ce KOPUCTE MPOCTOPHH IMO—
Jlany, HE TOCTOjH HAa4YHWH Ja ce aolje A0 MCTMHWUTHX BpenHOCTH. Hemo3HaBame MCTHHUTE
BPEIHOCTH W TIOY3AaHOCTH MEPEHHX BPEIHOCTH HCKa3yje ce HecurypHomhy. 3aro je
TEPMHUH HECHUT'YPHOCT IPOCTOPHHUX 0a3a mojaraka, mpuxsahieH Kao CBCOOYXBAaTHHUjH, jep ce
OJIHOCH Ha Mepy OIICera BPeIHOCTH aTpuOyTa, 0 KOjUX CBAaKH OJ HUX MOXE OUTH MpUX—
BaTJbUB, U MOXE OHTH pe3yiTaT NpHMEeHe oJpeheHHX MeTola Mepema Kao M MeToja
HHTEpIIOJALH]e.

WHTepecaHTHH Cy pe3yJITaTH BEJIMKE aHKETe CIPOBEIEHE KpajeM IPOLLIOT BeKa
Mely xopucHunmma aurutanHux mojena tepena (IAMT), jenne on Hajuernhe kopumheHnx
npocropaux 6aza (Wechsler, 1999). Ankera je oOyxBatmia 200 yuecHuka (pupmu u
MHCTUTYNHja) U3 25 3eMajba IIMPOM cBeTa (y4ecTBoBaje Cy M (hMpMe W3 Halle 3eMJbE).
IMopen nmutama, Kor cy npoduira KOPUCHHUIIM OBHX I10JIaTaka M y KOj€ Ce CBPXE OHM KOpHCTE,
IJIaBHA MUTamba OMila Cy yCMEpeHa M Ha TO /1a JIM KOPHCHUIN y CBOM pajy y3uMajy y o03up
KBaJIINTET, OJHOCHO, HecurypHocT JIMT-a, 1 KOJMKO MaXki-e MOKJIAmkajy OBOM IPOOIeMy.
Ha nurame na nmm mpunmkom kxopumhema JMT mopmataka Bome padyHa O HHXOBOM
KBaJIUTETY, OMHOCHO Ja I Y CBOM pady y3uMajy y 003up u HecurypHoct JJMT-a, motBpaHO
je oxroBopmio camo 22% ydecHHMKa aHKETe, Ja IOHEKaJ Bojxe padyHa o Tome 27%
AaHKETUPAHMX, TOK 27% 0 TOME HHCY HUKa[a HU Pa3MHUILIBAIIH.

VY ciyyajy Mozena noJba KBUTUTET IPOU3BOJia Tpeba BpeTHOBATH KPO3 €BaTyall]jy
atpubytcke Taunoctd (Joksi¢, D. & Bajat, B., 2004). Ona ce meduHuIE Ka0 TaYHOCT
KBaHTHTaTUBHE BPEIHOCTH aTpuOyTa, YKOJIHUKO je OH JaT HyMEpPHYKOM BpeqHomhy y
olpe)eHOM TOMEHy MM Kao KOPEKTHO MHICHTH(HKOBaHA KJlaca YKOJIMKO je caM aTpuoyT
KaTeropHjcKa MpoMeHIbHBA.

Kon npumena I'MC omepammja yTumaj HECHTYpHOCT YJIa3HMX TMOJaraka Ha
(MHATHM TIPOM3BOA, a CaMM TUM W KBIWTET MCTOI TOT IPOHM3BOAA MOXKE CE OLCHUTH
npuMeHoM TejopoBor Mozena NpBOT HIM APYror pena, Po3eHONyTOBMM MeETOAOM H
MetogoM Monte Kapimo cumynamnuja (Heuvelink G.B.M., 1998).

Y oBoM paxy pazmaTpana je mpuMeHa MonTe Kapio reocTaTHCTHIKIX CHMYJIAIija
HaJ TPOCTOPHO PETKUM y30PKOM CpelbUX TOAWIIBHX TeMmeparypa Baayxa y CpOuju 3a
nepuoxn 1991-2009. roxa. y uuiby nodujamba M30TEpMHE KapTe Kao ¥ MOTYNHOCTH OICHE W
MIPEe3eHTal|je KBAJIMTETa OBOT MIPOU3BOA.

Obpama moparaka onpaljena je y open-source mporpamckoMm makery R (R
Development Core Team, 2008), 10k je 3a BU3yenu3anujy 100ujeHnX pe3ynrara kopuiheH
komepuujanau ArcGIS codraep.

IeocTaTHCcTHYKE CHMYIalMje

Kao mpousBox reoctaTHCTHUYKE NPEAWKIHUjEe MPOCTOPHOT arpulyTta, A00uja ce
"cmka" (image, capture ewesr.) HCTOT TOT aTpHOyTa Koja MPECTaBJba IOjaBHH OOJUKE TE
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IPOCTOpHE ciayuajue pynkuuje” Z(u). Y ciydajy KpUrHHTa Taj MOjaBHH OOJIMK TPEICTABIbA
HajOo/by JHHEapHy HermomepeHy omeny (BLUE®) mpocropwor arpubyra (Bajar B. u
bnarojesuh /[I., 2007). Kpuruarom je, mopex omene, Moryhe m3padyHaTd M BapHjaHCy
IPEIIKEe KPUTHHT OLICHE Ha CBAKOj JIOKAIUjU ZA(ul.) -Z(u;), rae je Z(ui) oLemeHa, a Z(u;)
M3MepeHa BPEJHOCT Ha JIOKAaLUjH U;, KOja ce 4ecTo Ha3uBa KpuruHr Bapujanca (Isaaks &
Srivastava, 1989). MelyyTuMm, He peTKo MOCTOjU MOTPeda Aa ce U3BEIE 3aK/byYaK O TAUHOCTH
OlLIEHE NPOCTOPHOT aTpuOyTa Ha HEKOj JIOKAlMju. YOOHYajeHH IPUCTYN y OLECHHBAbY
TA4YHOCTH cacarojao y KoHcTpyucamy "['aycoBckor HHTEepBajia IOBEpeHa KOjer YHHE
KPHUT'HHT OlleHe M ojroBapajyhe kpuruHr Bapujance (Isaaks & Srivastava, 1989). Bapujanca
KPHTHHT OLICHE je He3aBUCHA OJ BEIMYMHA BPEIHOCTH Ha OCHOBY KOjUX je OLICE-CHA ajli He
W OJ TPOCTOPHE KOHUTypaluje THX BpPEOHOCTH, TO CBOJCTBO C€ Ha3uBa
"xoMocenakTHIHOCT". Tako ce TMojaBIbyjy CIy4ajeBH Ja je OLCH-CHa BPEIHOCT BapHjaHCE
UCTa y HPOCTOPY MAaJMX Pa3jMKa BPEIHOCTH aTpUOyTa Kao W y INPOCTOPY Ca BEIUKUM
pasimkama BpegHocTH aTpudyTa. (Goovaerts, 1998).

Kpurunr wunrepnonanuja omoryhaBa oOleHY IPOCTOPHOr arpu0yTa Ha HEKOj
JIOKAlMjU y3 MUHUMAJIHY BapHjaHCy OLleHe. Y TOM IIOIJey, KPUTHHI OlieHa NpeJCcTaBiba
HajOOJBY OLICHY jep ce 3a pe3yiaraT J00HMja MUHHMMAJHA JIOKaJIHA BapHjaHCa TPEIIKE:

ZA(ul.)—Z(u,.) (Isaaks & Srivastava, 1989). Meljytum maHa oOIeHUBama MPOCTOPHHUX

aTpuOyTa MoJ yCJI0BOM HajMamHUX KBaJpaTa Orjie/ia Ce y TAaKO3BaHO] 3a00J/bCHOCTH MOBPIIIH.
3a00speHOCT ce MaHudecTyje Kpo3 Mamy Bapujallyjy MpOCTOPHOT aTpuOyTa HEero MITo je TO
3aUcTa Ciy4aj y NPUPOAHM, Tj. HEMOTYNHOCTH HMHTepHpeTanuje JOKaTHUX MHUHHMYMaM H
MakcumyMa. EdekaT 3a00J6€HOCTH je MCKJBYYHBO 3aBUCTaH OJ MIPOCTOPHE KOH(pUTYpaIuje
y30paka IITO 3HaYH Ja je Mambe M3paKEH Y OKOIMHH Tauyaka y30pKoBama H mosehasa ce ca
yoajbemeM o1 UCTUX. V3 Tux pasnora, Kapre NOOWjeHE KPUTMHI WHTEPIOJIALUjOM HHCY
CacBHM IIOTOJHE 33 aHAIM3Y NPOCTOPHUX I0jaBa KOJ KOjHX €KCTPEMHE BPEIHOCTH UrpPajy
3HAYajHy yJIory. Y TOM CiIydajy, Ipernopydyje ce MpuMeHa METO/Ie CUMYJIallije KO/ KOjuX je
y3eTa y 003up MOryhHOCT mojaBe E€KCTPEeMHHX BpPEIHOCTH Ha oapeheHmM JoKaiujama.
l'eocratuctryka cuMymnanuja mpeacTaBiba IPOCTOPHY Haxorpaamy Kormenta Monte Kapio
cumynanyja. OBakBa HaIOTpagma CTOXACTHYKHX TEXHHWKAa oMoryhaBa myOJpy aHamu3y
HEKOT IPOCTOpHOT (PeHOMEHa.

HacynpoT KpUriHr OLeHH, CTOXacTHYKa CUMYJIalija IPOCTOPHUX aTpudyTa Hema
3a Wb MHHHMU3AIHM]y Tpeiike omeHe, Beh je (okycupaHa Ha PENpoOAYKIHU)Y jEAHAKO
BepoBaTHUX MaHH(ecTanuja Tor arpudyTa, Koje 3a pe3yiTar Jajy XHUCTOrpaMm y30paka M
BapHoOrpaM KOH3MCTEHTaH yyia3HuM nojarmmMa (Goovaerts, 1998). Jla Ou ce jemnaH ciay4ajHu
MIpOLIeC y MPOCTOPY IMPaBUIIHO HHTEPIPETUPAO, Y CTOXACTHMYKOM CMHCIY, HEIXOJAHO je
nmo3HaBatu (QYHIKH]y Koja omucyje BepoBaTHohy meroBe mojaBe. BepoBarHoha mojaBe
peanmzaiyje IMpOCTOPHOT aTpuOyTa AeHHUINE CE BHIICANMEH3MOHATHOM (YHKIH]OM
pacnonene (CDF*). Kpenpame jeHakoBepoBaTHHX peanmsalldja CllydajHuX (yHKIHja, HA
OCHOBY Jle(pMHHCaHe BHUIICANMEH3HOHAIHE (YHKIM]je pacroene je cymtrnHa Monte Kapio
cumynanuje. (Hernandez, 1991). M3nanaxemwe Mmojena (QpyHKIHje pacnojesie MpPOCTOpHE
cnydajHe (QyHKIMje MPEICTaB/ba CYIITUHY HHTEPIPETallije MpocTopHor atpubyTa. Kako je
cnyyajua Qysknuja Z(u) y TONTYHOCTH Je(UHHMCAHA CBOjOM BHIIEIUMEH3MOHATHOM

(yHKIMjOM pacrozene, HNPOCTOpPHA CHUMyJalidja ce MOXKE 3aMHUCIUTH Kao Kpeupambe
peanmzanyje ciaydajHe GyHKIMjE CIyd4ajHUM o1abupoM u3 GyHKIHjE pacrojese, pu yeMmy
ce 3aJp)kaBajy OCHOBHE KapaKTEPHCTHKE NMPOCTOpHE BapwjabuinHcTH. [locTojame mopaTka
KOju O YCJIOBWIIM T0jaBy ojapeleHe BpeaHOCTH HEKOT aTpuOyTa Ha onpeleHoj JoKarwmju,

>V jajmeM wu3naramy, ciydajHoM ¢GyHKoHjoM he ce cmatpaTd CeT CilydYajHMX Ipoleca Ha JIOKalujuMa
(Z(u;);u; € A ) n 6uhe o3HauaBaHa BeIMKUM cloBoM Z (i) , a beHa MaHudecTaluja ca MaIuM cloBoM z(u) .

3 Best Linear Unbaised Estimation
# Cumulative Distribution Function
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MTOJIENAJIO je METOJEe CTOXaCTHYKE CHMYJIaIlfje Ha BE OCHOBHE I'pyIe: a)ycIOBJbeHE U 0)
HeycJoBJbeHe cuMynandje. O MeToamMa HEYCIOBJbEHHX CHMYyJlanuja Hehe OuTH HapouuTo
pean y oBoMm paxy, Beh he camo OuTH HaBeAeH WHXOB JONpUHOC (opMyIanuju
WHANPEKTHUX METO/Ia YCIIOBJLCHUX CHMyIanmja. [Ipernen nureparype y xo0joj cy obpahene
METOJIC HEYCIOBJbCHUX cHuMyJnanuja nata je y pany (Hernandez, 1991). Cymiruna
YCIIOBJBEHUX CUMYJIAlMje MOXKE C€ OIHCaTH TEeKHOM Jla Ce Kpeupa BHIIE jelHaKo-
BEpPOBAaTHHX peaju3alMja MPOCTOPHOI aTpuOyTa, Koje he 3aapkaTH OpPOCTOpHA
BapHja0MITHOCT (3aBHCHOCT) YCJIOBJBCHY MEPCHHM BPETHOCTHMA HAa JIOKAIMjaMa
Y30pKOBama.

Mertonie yCNOBJbEHE CHUMYJalMjeé MOIy ce Ja/be IOJCIUTH Ha JUPEKTHE W

naupekTHe Merone (Hernandez, 1991). MHAMPEKTHU MPUCTYN YCIOB/BEHOM CHMYJIHPAY
oclama ce Ha YHHCHUIY 1 j¢ KPUTHHT OLICHA HEe3aBHCHA O] OLICHE KPUTUHT rpemke. Tume
ce cTBOpwIa MOTryhHOCT 3aMeHe KPHIMHI TpElIKe CHMYJIHPAHOM KPUTHHI TIPEIIKOM
IoOMjeHOM HEyCIIOBJbeHOM cUMymarijoM. (Zhang, J. & Goodchild, M. F., 2003)
MeTozne AUpeKTHE YCIOBJCHE CHMYyJalrje Halule ¢y Belly mpuMeHy y mpakcu 300T JTakiie
HMIUIEMeHTaIje y coptBepckuM pemieuma (Hernandez, 1991). V oBom pany, akmeHat je
CTaBJbEH HA METOJC IMPEKTHE YCIOBJREHE CHUMYyJallyje, TauHHWje HAa METOJIEC IHPEKTHE
CEeKBEHI[MjaJIHE CUMYJIaIHje.

YcioBbeHa ceKBEHIHjaTHA CUMYJIAIHUja

Merosia CeKBeHLMjaJHE CHMYJalMjé 3acHOBaHa je€ Ha JICKOMIIO3UIHjU
BUIIC/IMMECH3NOHAIHE  (YHIKHjEe pacmojene Yy TPOU3BOJ  jeJHOJMMEH3MOHATHUX
ycnoBJseHnX BepoBaTHoha (Isaaks E., 1991) :

F(z..

Zgstyetty) = F(zisu) - Fzgsug | Z(u) =20) - F(z,5u, | Z(ug) = 24, =1,---n—1) (1)
BpenHoct BuieauMeH3WOHAIHE ciy4ajHe (yHKIMje Moryhe je u3padyHaTH
CEKBEHIIM]aJTHO, CIy4ajHAM OJa0UpOM BpPEIHOCTH M3 MPETXOMHO Je(HHHCAHUX
YCIIOBJbCHHX jETHONMMEH3MOHAJIHUX pacrojena, Tako IITO he ce cBaka MPEeTXOJHO
cpauyHata BPEIHOCT JOJABaTH Yy CET BPEOHOCTH KOje YCIOBJbaBajy BepoBaTHOhY
peanu3anmje crenehe npoMeHsbHBe.

CekBeHIIMjalHA CcHUMYyJallMja je jemaH Of OmIITe MpuxBaheHMX Meroxa 3a
MPOCTOPHY cuMyJanujy. [loCTOju BuIlle ajropuramMa 3a CEKBCHIHjaIHY CHUMYJIAIH]jy
MPOCTOPHOT aTpuOyTa M CBH Cy Oa3MpaHW Ha jEJHOM OILITEM aJTOPUTMY KOjU CIEIH
cnenche xopake (Srivastava, 1996):

1. CiyyajHum omabupom m3abepe ce Tauka y KOjoj c€ KelId CUMYJHUpPATH BPEJHOCT
MPOCTOPHOT aTpulyTa,

2. JemHoM oI TMO3HATHX METO/A, MOJEIMpa Ce JIOKajJHa YCIOBHAa pacrojeia
MPOCTOPHOT aTpulyTa,

3. ciy4ajHUM o1abWpoM jeIHEe BpPEeJHOCTH M3 yHH(OpMHE pacronene, omadepe ce
6poj onx 0 mo 1, koju mpencraBjba BepoBaTHOhy mnpuapyxkeny Oymnyhoj
CHUMYJIHPAHOj BPEAHOCTH aTpuOyTa,

4. Ha OCHOBY omaOpaHe BepoBaTHOhe M (YHKIHje JOKaTHE pacIonerne BepoBaTHONa

HpadyHaBa ce€ BPETHOCT aTpuOyTa Ha TOj TAYKH,
TaKoO CUMYJIMPaHa BPEIHOCT CBPCTaBa Ce Y IPYILy JaTHUX BPEIHOCTH,

6. xopaiy on 1 10 5 ce CeKBEHIMjaTHO MTOHABIBAJY JOK C€ HE M3CUMYJIMPA]y CBE TaukKe
rpuia.

C 003upoM Ha JaHAIlIM HUBO Pa3Boja COMTBEPCKHUX M XapIBEPCKHX pecypca
BeIMKH OpOj OBaKO TeHEPHCAHUX TPHUOBA JaHAC HE TMpejacTaB/ba mpobieMm Y BehuHuU
arutnkaija ox je oouyno 100, maga je Hope (1986) je noka3ao aa je camo 19 peanu3saiuja
cUMYyJallyja TOBOJFHO J1a ce NOOUjy CTATUCTUYKH YIOTPeOJbHBHU pe3ynTat ca 95% HUBOOM
MOBepema.

(9]
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PasmuuuTin mpuctyn MonenoBamy (yHKIHjE JIOKaHE paciojelie BepoBaTHOha
YHMHU je[IMHY 3Ha4ajHy pas3iuky meljy MeTojama ceKkBeHuujanHe cuMmynanuje. CXoaHO ToMe,
M3/IBOjHJIA Cy CE€ J[Ba MPHUCTYMa Y MOJEIOBamky (PyHKIIMje pacrojielie: a) napaMeTapcku u 0)
HeTlapaMeTapCKH.

[Tapamerapcku IPUCTYI MOJpa3yMeBa N3HATAKEHE Mapamerapa KOju aHAIUTHYKH
OIUCYjy YCIIOBHY pacrnojeny. YKOJIHKO je NMPOCTOPHH aTpHOyT KOHIENTYalH30BaH Kao
BUIIeAUMEH3NOHAaTHa HopMaiHa (["aycoBcka) ciydajHa (QyHKIHja, OOJHK (YHKIIHjE
yCIIOBHE pacriojiesie neHHICaH je CPeImoM BpeqHoIIhy M KOBapHalMOHOM (YHKIHjOM
(Bapuorpamom). Hacympor mapamerapckom, HemapamMeTapcKH MpPUCTYN He HoApasyMeBa
MIPETIIOCTABKY O OOJIMKY WJIM aHAJUTHYKOM H3pa3y (YHKIHje YCIOBHE pacIoele.

Anpokcumanuja GpyHKIHje yCI0BHE pacnoaesie - mapaMeTapcKu MpHCTyn

VYV cnywajy crammoHapHe MynTHBapHannone HopManHe (['aycoBcke) ciydajHe
¢byHKIHMje, mapaMeTpu YCIOBHE pacrojene cirydajHe GyHkuuje Z(u,), cpeamba BpeAHOCT U
BapujaHca, Mory OuTu uneHTudrkoBanu oouuHuM kpuruarom (Isaaks & Srivastava, 1989).
[Napamerapcku mpuctyn monenupama CDF, 3acHuBa ce Ha TBpABHM Ja je pacmojeria
BepoBaTHONA je/iHe CcllydajHe IPOMEHJbUBE, U3 CTALMOHAPHE 7 — MUMEH3HOHAIHE (QYHKIH]je
CIIy4ajHUX MPOMEJbUBUX, HOPMaJHA Ca CPEIHOM BpPEAHOIINY jeIHAKO] KPUTHHT OLEHH U
BapHjaHCH Koja je jeqHaka oarosapajyhoj kpurusr "Bapujancu'. (Isaaks E. H., 1991).

E{Z(ug) | (0} = Y Ay Z(ug) + (1= 2,)- E{Z(u)}
a=1 a=1 (2)

CiZ(ug) | (m} = C{Zw); 72111 ~Cov(ug, )

a=1

rae cy KoeduuujeHtn A, pemernhe (KpUruHr) CHCTeMa jeAHaYnHA!

Z Ay Clug — 1) = Clutg 1)
el 3)

Tako nobujeHn koeduuUjeHTH 4, 00e30elyjy MHHUManHy BpEeIHOCT BapHjaHce
C{Z(uy)|(m)} . OBaj  TWpUCTYyn  TOApa3ymMeBa  HOPMATHOCT M  CTallOHAPHOCT
BuleuMen3nonande gyukuuje Z(u). MelyTum, YKOIHKO TO HHUje Cly4aj ca YJa3HUM

moJalMa, Tperopydyje ce TpanchopMalyja yila3HUX ToAaTaka Kako Om ce oOe3bemmia
HOPMAaJIHOCT pacrozere.

Tlomanm

VY pany cy kopurmiheHe cpebe TOIUIIbe TeMiepaType Basayxa y Cpouju, ca 110
METEopOoJIONIKUX cTaHuia. I[logamm cy ob6e30elhjeHn ox crTpaHe XHUAPO-METCOPOJIONIKOT
3aBoga CpOuje. Cer kopumhennx momataka oOyxBaTa 28 CHHONTHYKAX U 82
KIIMMaTOJIONIKe cTaHMIe. Mako je Mpeka CTaHWIa peiaTHBHO 100po pacropehena Ha
TEPUTOPHjH 3eMJbE, BXKHO j€ yKa3aTH Ha HEJOCTaTaK CTaHWIA Y TUIAHWHCKHM O00JIacTUMa
Cp6uje. On ykynHor Opoja cranuna 87.3% ce Hanaszu y pacnony oz 0-500 m HazMopcke
BHCHHE, INTO TNpeACTaBjba YKYImHO 62% Tteputopuje npxase. M3mehy 500 m u 1000 m
Hanasu ce 8.2% cranuia, a 1o je 27% nospmuae Cpouje. Camo 4.5% craHuna Haa3m ce Ha
BucnHama BehnM ox 1000 m. Mako CBercka METEOpOIIONIKA OpraHHM3aldje MPernopydyje
kopumheme nocnenmer ctangapaaor nepuona (WMO, 1984) ox 1961. mo 1990. rogune,
MOJIAIM Y paay ce OJHOCE Ha peaTHBHO HOBHUjH repuoa 1991-2009. Hemocrajyhu momaiu y
UCTPaKMBAaHOM IEPHOJY IOIMYHECHH Cy KOpUIIhemeM MOoAaTaka ca CyCeIHHMX CTaHHMIA.
[perxonHa ucTpaxkuBama Koja Cy o0yXBaTuila U3paly H30TEepMHE KapTe OJHOCE Ce HajIpe
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Ha Atnac xwimMe COP JyrocmaBmje, 3a mepuox 1931-1960, a 3aTuM H30TEpPMHY KapTy
Cpbuje mybnukoBany ox crpane Jyuuh un PamoBanosuh (2005) 3a nepuon 1961-1990.
Cpenma BpeIHOCT TeMenepaTypa HaJ LelMM Y30pPKOM 3a UCTPaXUBAHH IIEPUOL je 10.8°C.
XucrorpaMu CpellBbUX TeMmeparypa MO METepOJIOIIKAM CTaHWIlaMa Kao W HUXOBE
CTaHJapHEe JIeBHjallije NpUKa3aHW cy Ha ciauiy 1. Xucrorpam cpelmHX TeMmIeparypa je
HETaTHBHO 3aKOIICH, INTO yKa3dyje Ha Behu Opoj METEpoNOIIKHX CTaHUIA KOje UMajy
cpenme Temeparype Oimke ropwoj rpaHuny pacrnona. CrtaHgapHe JEBHjalldje CPEeambuX
BPEOCTH TeMepaTrypa 10 ToiMHaMa UMajy CpPelliby BPETHOCT +0.75°C u nuMajy NpUOIHKHO
HOPMaJIHy parozieny, rie HajBehn Opoj cTaHUIa Ma CTaHJAPIHY ACBHjAIH]y yV PACTIOHY O
0.5 C no 1 C, mrto ykasyje 1a y AaToM IepHoay HUje OMIIO BEIMKUX Bapujalnja y CpeanUM
TONUILIEBLUM TeMIIepaTypama.
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Cauka 1. XucrorpaMmu cpembux roJHIIBLUX TeMiepaTypa Ba3ayxa (JeBo)
U CTAH/APAHUX JeBHjanuja (1ecHo) 3a nmepuoa 1991-2009 rox.

Ilpoctopra aucTpuOynuja CpenmpuX, MaKCHMAJHUX W MUHUMAIHHX  BPEJHOCTH
TeMeIeparypa 1o CTaHHIIaMa J1aTa je CITUIH 2.

stations stations

temp_mean temp_min
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Cuamka 2. Kapre ca BpegHOCTHMA cpebHX (J1€B0) MAKCHUMAIHMX CPeIbHX (CPeIMHAa) U MUHUMAJIHHX
CpeI-HX TeEMIIEpaTypa Ba3ayxa (aecHo) 3a nepuox 1991-2009 ropa.
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Pe3yararu u auckycuja

VY npBoM Kopaky ypal)eHa je mpeauKIpja cpelmux TemMeneparypa 3a nepuon 1991-
2009 mpuMeHOM METOJe YHHBEP3aJHOT KPHUI'HHIA KOJ KOTra CE TPEH]I MOBPIIH OIEHYje y
(GYHKIMjM TPOCTOPHHUX KoopauHata. JloOHMjeHa HM30TepMHAa Kapra MpHKasyje 3a00JbeHY
MOBPIII HA KOjOj C€ HE MOTY YOUYHMTH CKTPEMHE JIOKAIHE Bapujaiuje (ciuka 3 JIeBo).
Anammupajyhu nobujeny uzorepmuy kapty Cpouje 3a nepuon 1991-2009 3anaxkeHo je, kao
W y IpeTXoaHuM ucrpaxusamwuma (Jymuh n Panosanosuh, 2005) na ce obnact ca cpeamom
TOAUINBOM TeMIlepaTypoM Baszayxa wucrox 10°C, mpocTupe yriiaBHOM Ha HaaMOPCKOj
BUcHHHU n3Hag 600 m. Mnak, BaxkHo je ucrahu na ce TeMnepaTrype UCIOA HABEICHOT mpara
yo4aBajy M Ha HIKMM BHCHHaMma INTO ce€ MO)Xke OoJbe BHIETH HA KapTH A00HMjeHO]
cumynanrjama (ciauka 7 1eBo). To ce ognocu Ha bop, Kary6uty, Jlumutposrpaa, Yxuie u
[pumrury. V mmanuHckuM oOmactima u3Hax 1000 m HaagMOpcke BHCHHE CpEIbe
TOMMIIE TeMieparype ¢y oko 6°C, a Ha BucuaM u3Ham 1500 m oxo 3°C. IaxieuBuM
01a0MPOM M aJCKBATHOM aHAJIH30M ojroBapajyhux mpoduia 6mio 6u Moryhe obOjacHHTH
HOHAIIAkE CpPeNbUX TOAMIIILUX TeMelepaTypa Ba3gyXxa y onapeheHuM OpackuM u
IUVIAaHUHCKMM TIojaceBuMa. Ca apyre cTpaHe, TeMIepaTypHe Ipwinke y noinHama Case,
Hynasa, Tuce, Benuke u Jyxxae MopaBe umajy cpeamy roauiimy BpeaHocT u3mehy 11 u
12°C. Tlpuka3 auctpuOyIfje MaKCHMATHHX CPEObUX TOAWIIBUAX TEMIepaTypa Basmyxa
(cnmka 2) mpukasyje na ¢y y HaBeAEHUM 00JIaCTUMa IPUCYTHE HajBHIIE CPEIIHE TOMUILIHE
TEMIIepaType Ba3Jlyxa y HOCMaTpaHOM IEpHOY.

OcuM HaJMOpCKE BHCHHE, Ha 00pa3oBame TEMIIEpAaTYypHUX YCIIOBa 3HAdajaH yJeo
nMajy MOpQOoIoTHja U eKCIo3uIHja pejbeda. Llupkynanuonu mporecu ¢y JMHaMUYHHjU Ha
CTPMHUM MaJMHaMa HEro y KOTJIMHAMA, Y KOjUMa ce Ba3AylIHe Mace IyXKe 3apKaBajy.
[Ipumep koju moTKperubyje yrtumaj Mopdomoruje je Ilemrepcka BHcOpaBaH Koja
npenacTaBiba Hajximagauju aeo CpbOmje. CBe KOTJIHMHE, a HAPOYUTO OHE BHCOKOIIAHWHCKE
norozyjy o0pa3oBamy HHCKHX TEMIIEpaTypa M YeCTHX TeMIlepaTypHUX HMHBep3uja. Umak, y
Cjennukoj xommHH U Ha IlemrepckoMm moJby 3a0eneXeHe Cy HajHIDKE TeMIlepaType y
CpOuju. AmcomyTHO MUHHMAaIHa TemIeparypa Basayxa ox -39.5°C perucrposana je 13.
janyapa 1985. rommue y Kapajykuha bynapuma y Ilemrepckom mospy. Ilpukas
MHUHHAMAJTHUX CPEIbUX TeMIlepaTypa Basayxa (CiMka 2) ympaBo IOKasyje Ja ce HajHIKE
Cpellibe TOAMIIBLE TEMIIEpaType Ba3ayxa jaBibajy y Pamkoj u Brnacuuckoj odnactu. [Ipema
Pakuhesuhy (1971) oBy cy nBe ox yKymHO 4YeTHpHM OOJIaCTH Yy KOjUMa CE€ arcoJyTHO
MHUHHMaJHe TeMIeparype ciyiurajy ucrnop -30°C. XoMosbcke IUIaHuHE U OKOJKMHA Bpria
NIPe/ICTaBbajy MpeocTaya JBa T3B. IToJla XJjagHohe. MeToxujcka KOTIMHA MOP(OIOMIKH
MOTOyje yje3epaBamy XJIagHOT Ba3AyXa, ald ce Ha KapTH (cimka 7) jacHO BHAM Ja
npeonnaljyjy MOBOJFHU]H TEMIIEpaTypHH yclioBu. HanmMme, MapUTUMHA YTHIIAjU Y OBOM JEITy
3eMJibe yCIIOBJbaBajy HEIITO Apyraduje TeMIepaTypHe OqHOCE.

VY3 noOujeHy kapTy reHepucaHa je ¥ KapTa KPUIMHI BapujaHcu (CiHMKa 3 [IeCHO).
JacHO ce MOXXe YOUHTH 1a Cy HajMame BPEIHOCTH BapHjaHCH YIIPaBO Yy JIOKaLUjama Koje
MPEJCTaBJbajy METCOPOJIOIIKE CTAHUIE, IITO jé W OYEKHBAHO jep KPHUTHHT TPEeIUKIHja
OCTBapyje HajMame BapHjaHCe HAa MEPEHHM Taukama. YJaJbaBambeM OJ MEpeHHX JIOKallHja
BapujaHca ce mocrerneHo nosehaBa. Hajsehe BpeanocTn BapujaHcH Cy y TpaHUYHHM
HOJApyYjuMa, ITO ce MOXKe 00jaCHUTH "MBUYHHM edekToM", MpoOIeMOM MPHUCYTHHM KOJ
CBHX MHTEPIIOJIAIIMOHUX METO/Ia, a KOjH Ce MOXKe IpeBa3uhy jeIMHO YKOJIMKO UMaMO y30pKe
W3BaH I'paHuIla KapTUPAHOT TO/pydja.
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Universal Kriging

Value UK_var
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Cumka 3. KapTe ca MoieToBaHMM BpPeIHOCTHMA CPeHHX FOJUINL-IX TeMIlepaTypa Ba3ayxa 3a IepHoj
1991-2009 roa. (JieBo) 100HjeHHX MPHMEHOM YHHBEP3AIHOI KPHTHHIa (JIeBO) H KPHTUHT BapHjaHCH (1eCHO)

Y 1Miby W3HAJNAXEHha IMPOCTOPHE IUCTPUOYyLHje HECUTYPHOCTH HPOCTOPHOT
aTpubyTa TpHUMEHmCHA je MeTosa ['ayCcoBCKe YCIIOBJbEHE CEKBEHIMjallHE CHMYyJIaluje, MpH
4eMy Cy 3a YyJa3He II0JIaTKe TIOCIYXWIN pe3uayald I0O0MjeHH TNPUMEHOM METO/Ie
perpecuonor kpurunra (Bajat, B. et al., 2012), ynme je o0e30eheH yCIOB HOPMAaTHOCTH
MyJTHBapuanuoHe npoctopHe ¢yHkuuje (cmuka 4 neBo). PerpecmoHm KpuruHr je
MHTEPIIONAMOHa TEXHUKa KOja KOPHUCTH METOIy perpecuje ca IMOoMOhHUM (HE3aBHCHUM)
OpeNUKTOpHMa Yy 1HJbY OLCHE TpeHOa 3aBHCHE NPOMEHJbUBE (BEIMYMHE KOjy
uHeTproiyjemo). Kon yHHBep3aqHOr KpUTHHIa OLCHA TPEHIa ce payyHa caMO Ha OCHOBY
KOOpAMHTA Yy30pKa TpakeHe NpoMeHJbMBe. KOm perpecMoHOr KpHUruHra, HakOH OLeHe
TpPEeHIa MPUMEYje ce MeTo/la OOMYHOT KPUTHHTA HaJ pe3uIyalnMa KOju ce Ao0ujajy Kao
OCTaTaK MEpPEeHEe BPESIHOCTH Ha [1aTOj JIOKAIMjH U OIICHCHOT TPEH .

VYcien, IpUPOAHO BHCOKE KOPEIHCAHOCTH BPEIHOCTH TEMIEpaType M HaJMOPCKe
BUCHHE, Kao MOMONHM NMPEeIUKTOp y MOCTYNKy oapehuBama Tpenaa uckopwuiiher je SRTM
qurutanHn Monen tepeHa (Camapyuh, M. u Munenkosuh, M., 2010) koju je 3a oBy
MIPUWIKKY ca pe3onynuje o1 90 m peceMIuioBaH Ha pe3oiyuujy on 2 km.

Jpyrum pednma, Kpeupame (CHMyIHpame) jeHAKO BEpOBAaTHHX MaHHdecTaluja
CpelUX TEMIIEpaTypa, 3aMEHECHO j€ CUMYIIMPAhEeM T10jaBa pe3uiyaia, KOju, J01aBambeM Ha
ompeheH TpeHnm, TmpencTaBbajy Moryhe ImojaBHe OONMKE MPOCTOPHE pacHojere
temriepatypa. [IpocTopHa 3aBHCHOCT pe3uyana MOJIEJIOBaHa je€ BapuorpamMoM pe3uayaia
(crmuka 4 necHo).

Kpuruar cucrem kanuOpucaH je Hajl IoJaluMa CpeqmbHuX TeMIlepaTypa Kojuma je
NpUIpY’KEHa HAaIMOPCKa BHUCHHA, OJ KOJHX j€, Y OKBHPY METOJE PErpecHOHOT KPHUTHHIA
ony3eT TpeHA. IIpuMeHOM cHMyNaloHOT MOCTYNKa Haja pe3nuayaliiMa, y cBakoj hemujn
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rpuga (pecemruioBann SRTM) renepucano je 100 moryhmx BpemHOCTH pe3mayana
Clly4ajHUM o1abupoM U3 (PpyHKIHMje JoKallHe pacro/ene BepoBaTHoha.

Histogram and Hormal Curve of residuals

Ciuka 4. XucTorpam u MojeJ1 pacnojiesie pe3uayaia o TpeHaa (J1eBo), BApHOrpaM pe3nayaja (JecHo)

CuMynamyoHd IIOCTYyNaK CIPOBEJEH je IIpeMa ajIropuTMy OIIMCAaHOM Y
MPETXOJAHNM TIOTJaBJbMMa, a KOjH je WMIUIEMEHTHpaH Yy OKBHpY 'gstat" makera y R
oKpyxemwy. ['paduuky puKa3 jeHOr KOpaka CEeKBEHIMjalIHOT AIrOPUTMa CUMYJIAIMje Hajl
pesuyanuma NpUKa3aH je Ha CIUIH 5.

CDF N{0.11; 1.24}
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Ciuka S. Ha ocHOBY KpUTHHI OlleHe pe3nayajia y HACyMH4YHo ogadpanoj henuju rpuaa, ¢popmupa ce
¢yHKIHuja JT0KaTHE pacmoaese, U3 Koje ce cJy4ajHuM 01a0HpPOM, HA OCHOBY CJIY4ajHO 01a0paHOr jeHOr
O0poja u3 ynudopmue pacnogese (0,1) koju npeacrap/ba BepoatHohy, oapelyje jeana moryha Bpeanocr.

JlonaBameM n00OMjeHHUX pe3umyaia Ha TpeHn nooujeno je 100 moryhux BpenHocTn
Temriepatypa y cBakoj hemuju rpupma. JloOujeHe BpemHocTH 3a jeaHy henujy rpuia
MOCIY)KWJIE Cy M 3a HYMEpUYKy anpoKCHMalWjy (yHIKHje pacrojene Ha KapaKTeph—
CTHYHUM Taukama. (cmuka 6). Ha cimmu ce Bumy, na ca ce BepoBatHohoM ox ckopo 90%
MOXe TBPJIHMTH JIa je CpeAma TeMIiepaTypa OuTu Mama ox 10 crerneHu.
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Cauxka 6. Mopes emnupujcke pyHKIHje pacmoaedie.

OcpenmaBambeM CHMYIHPAHUX BPEIHOCTH TeMIleparypa noOWjeHa je KapTa
HAjBEPOBAaTHUjUX BPEOHOCTH (ciamka 7). Y CBpXy aHaium3e MNPOCTOPHE IHCTPHOYIHje
rpenraka MHTEpIONAlMje KpeupaHe Cy KapTe BapHjaHCH YHHBEP3alHOI KPHUIWHTa, Kao W
KapTa koedpummjeHta Bapmjanuje (CV) moOujeHOr Ha OCHOBY CHMYJHPAHUX BPEIHOCTH
temnepatypa. Koeduimjent Bapujamuje Kao CTaHTapAHa CTaTUCTHYKAa Mepa, Mdaje
nHpOpMaNKjy 0 BapHjabMITHOCTH y30pKa Y OJHOCY Ha FH-ETOBY CPEObY BPEIHOCT, U padyHa
Ce Kao KOJIMYHUK CTaHIapIHE ACBUjallH|e 0 U ApUTMETHYKE CPESIUHE L.

cv = )

g
7]

V namewm cnydajy moryhe cpauyHatu BpenHoctd 3a CV 3a cBaky henujy rpuaa Ha
OCHOBY BPEIHOCTH Koje cy nobujene 3a 100 cumymnarmja, Tako qodujene Bpeanoctu 3a CV
OCNTHKaBajy HecWrypHoct (¢uHamHe (ocpenmene) kapre npobujene Monte Kapmo
cumynanyjama (Philips, D.L. & Marks D.G, 1996) koja je pe3yATaT HCKJbYIHBO PHUMEHECHE
HMHTEPIOIAMOHE TEXHHKE (PErpeCHOHOr KPHWTHHTa y HamieMm ciaydajy). Bpemnoctu CV
00u4HO ce majy y npouentuMa. Hajeehe Bpeanoctu 3a CV nobujeHe cy Ha moapydjuma ca
HUCKHUM CpEIIbHM TOJHIIBHM Temieparypama (ciuka 7 aecHo). Ilopehemem kapte ca CV
BPEJHOCTUMA Ca CTaHAAPJHOM KapTOM KPHI'MHI BapHjaHCH, MOXE C€ JIAKO YOUUTH Jia He
noctoje Benrke BpenHocTH 32 CV Koje OM HacTaje Kao pe3yiaTaT UBHYHOT e(eKTa, Kao KOx
BeliMHe MHTEPIONIAMOHUX METO/1a.
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SIM_CV

Monte Carlo_sim
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Cuanka 7 Kapre ca MOJIeJIOBaHUM BPEJHOCTHMA CPEbUX FOAMIIBUX TEMIIEpaTypa Ba3ayxa 3a nepuon 1991-2009
roz. (1eBo) nobujerux nmpruMeHoM Monte Kapio cumynanyja (J1eBo) u KoeHIIjeHaTa BapHjalyje (IecHo).

3ak/pyyak

IIpuMeHa reoCTaTUCTUUKUX METOJa MHTEpIOJaluje JaHac je CBe NPUCYTHHUja Y
pasHUM HCTpaXHWBakbMMa M HAy4YHHUM JUCHUIUIMHAMA, TO j€ W PE3yJITOBaJO II0jaBOM
Pa3NUYUTHX MOJATIMTETa OBUX MeTo/ia (OOWYHY, YHUBEP3ATHH, PErPECHOHH , THANKATOPCKU
KPHUT'HHT, UTH). JeHa O NPeIHOCTH Te0CTaTUCTUUKE MHTEpIoNanyje je Oa3upaHa Ha ToMe
TO TOpeJ NPOCTOpPHE TMpEeAWKLWje MNpOMEHJbMBe Moryhe je moOuTH | BU3YeIHY
WHTEpIpeTaldjy  BapHjaHCH  HMHTEPIOJIOBAaHMX  BEJWYMHA.  [JIABHM  HENOCTaK
TEOCTATUCTHYKUX WHTEPIIONAIMja j€ INTO YIJIaHOM 3a00JpaBajy JIOKaJ HE BapHjanuje
mpoMersbrBe. OBaj HENOCTaTak MOXE C€ TpeBa3uiin NPUMEHOM Te0CTATHCTHYKHX
cuMyJanyja Koja pe3yiTyje MOBpIIMMa KOMIUIEKCHHje TekeType. OcpenmeHa BpeTHOCT 13
HH3a CUMYJIIPaHUX BPEAHOCTH MOXE CE TPETHPATH Kao HajBEpOBATHH]ja BPEIHOCT.

ITopen Tora M3 CHUMYIHPAaHHX BpPEIHOCTH MOXKE C€ padyHameM KO(HUIUjeHTa
Bapujanuje TO0OMTH U OlleHa HECHUTYPHOCTH WHTEpIIOJalluje, KOja ce KOPUCTH Kao OleHa
KBaJMTETa MOOWjEHOT MPOM3BOJA WM KAao yJa3Ha HECUTYPHOCT YKOJHMKO CE HCTU Taj
npou3Boa kopuctu y nasbuM I'MIC ananuzama.
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SPATIAL DISTRIBUTION OF INTERPOLATION UNCERTAINITY:
CASE STUDY OF ISOTHERM MAP OF SERBIA (1991-2009)
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Abstract: More widely used geostatistical methods for modeling distributed phenomena requires the evaluation of
the quality of the product (maps) obtained by their application. The method of evaluation of uncertainty i.e. quality
of the map was described on the example of a map of mean annual air temperature in Serbia for the period from the
years 1991 to 2009 that was obtained from a relatively small number of samples for the whole country area (110
meteorological stations). The uncertainty of the map, obtained by kriging interpolation was evaluated by applying a
Monte Carlo simulation modeling method.

Key words: Monte Carlo simulations, kriging, coefficient of variation, air temperature

Introduction

For the purpose of describing geographical phenomena in the computer
environment, it is necessary to define appropriate conceptual models that should be the basis
for the development of logical and physical models of spatial data. Conceptual models are
based on the fundamental understanding of the physical processes being modeled. Two
basic conceptual models that include all physical phenomena in practice are: a) models
based on the entities where we consider that the space consists of physical entities (objects)
with specific attributes or properties; b) field models, where we imagine that examined
phenomena changes over the space as a continuous mathematical function or field
(Burrough, PA and McDonnell, RA, 1998). In the first case described above, geographical
phenomena are presented as vector data (points, lines and polygons) in Geographic
Information Systems (GIS) environment, whereas raster models (grid structure) are used in
the second case.Various reports that spatially analyze a great number of physical phenomena
include variables such as climate and soil as fields in the conceptual model The phenomena
are presented as maps that represent the physical raster image obtained by the different
modeling methods (basically a spatial interpolation) of the samples in particular locations.
Such obtained maps i.e. rasters often represent the input data prepared for further spatial
analysis. However, the users of such obtained products mostly apply the maps without
reconsidering their quality or their accuracy.

Investigations that analyze the influence of spatial database quality on the results of
spatial analysis dated back to the mid-eighties (Kumi-Boateng & Yakubu, 2010). Further
research and development of procedures for assessing the quality of GIS products obtained
as the results of various spatial analysis significantly increased in the mid-nineties with the
broader usage of the GIS applications.

The demand for the preparation of reports on the quality of GIS products was
imposed in order to provide users with detailed information that could help to evaluate the
applicability of GIS data for particular uses. For example, it has been found that the term
"the quality of the spatial database" is too general, and the commonly used term "data error”
has a negative connotation due to the fact that it refers to something that can be corrected.
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The concept of error is related to the deviation from the true value. In GIS analysis where
spatial data is used, there is no way to estimate the true value of the data. The outset of the
true values and reliability of the input values is expressed as an uncertainty. Therefore, the
term uncertainty of spatial databases is accepted as a comprehensive term because it pertains
to the measure of the range of attribute values, where each of them may be acceptable.

Interesting results were obtained from a large survey of users of digital terrain
models (DTM), which is one of the most commonly used spatial databases conducted at the
end of last century (Wechsler, 1999). The survey incorporated 200 participants (companies
and institutions) from 25 countries around the world (some companies in our country took
part in this poll). Aside from queries about the professional profiles of the users and the
purposes for which their data was used, main issues also focused on whether people in their
workplace take into account the quality, i.e., the uncertainty of DTM, and also ascertained
how much attention is paid to this problem. When asked whether they take care about the
quality and uncertainty of DTM in their work, only 22% of people answered affirmatively,
27% sometimes take care about quality of DTM, while 27% never consider this issue.

In conceptual field models, the quality of the product should be determined by

evaluating attribute accuracy (Joksi¢, D. & Bajat, B., 2004), which is defined as the
accuracy of quantitative attribute values if they are given as a numerical value in a certain
domain or as a correctly identified class if the attribute represents a categorical value.
In GIS operations, the impact of the uncertainty of input data on the final product can be
evaluated using a variety of methods including the Taylor method of the first or second
order the Rosenenblueth’s method and the method of Monte Carlo simulation (Heuvelink,
G.B.M., 1998).

In this paper we considered the application of Monte Carlo geostatistical
simulations on the spatially sparse sample of average annual air temperatures in Serbia for
the time period from 1991 to 2009 with the aim to obtain and isotherm map and to both
evaluate and visualised its quality.

The data processing was done in open-source R software (R Development Core
Team, 2008) whereas the obtained results were visualised in commercial ArcGIS software.

Geostatistical Simulation

A geostatistical estimation of a spatial attribute is an image (capture) of a spatial
realization of this attribute, which is just one possible realization of the spatially random
function® Z(u). The kriging prediction is the Best Linear Unbiased Estimation’ (Bajat, B. &
Blagojevi¢ D, 2007) which provides the minimum local error variance. Besides the
predicted values, kriging provides the error variance related to the estimate on any

unsampled location Z(u,) - Z(u;) , where Z(u,)is the estimated value and Z(x,)is a measured

(sampled) value. This error variance is often described as kriging variance (Isaaks &
Srivastava, 1989) and often one also needs to include information about the uncertainty
(reliability and accuracy) of a geostatistical estimation on any unsampled location.
Traditional approaches for modeling local uncertainty are based on constructing Gaussian-
type confidence intervals, which consist of kriging estimation and related kriging variance
(Isaaks & Srivastava, 1989). Kriging variance is independent of the actual (measured) data
values and depends only on data spatial configuration, a situation refers to as
“‘homoscedasticity”. There are certain cases when the estimated variance has the same value
in the locations with a smaller data variation, as well as in locations with bigger data
variations (Goovaerts, 1998)

® Random function is a set of random process at locations u; over the field A (Z(u;);u; € A), and will be
denoted Z(u) , but realization wilbe denoted as z(u) .

7 Best Linear Unbaised Estimation
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Kriging estimates provide the best estimates of spatial attributes at unsampled
location in the least-square sense, because it's provides the minimum of the local error
variance (Isaaks & Srivastava, 1989). Hovewer, a shortcoming of the least-squares criterion
is the generated smoothing efect of estimated surfaces. The smothing effect is presented
through a smaller variation of spatial attributes than is actually the case in nature, ie.
inability of local minimum and maximum interpretations. The smoothing effect only
depends on spatial configuration of sampled data, which means that it is less expressed near
the sampled location and increases with increasing distance from sampled data. For that
metter, Kriging maps are not adequate for spatial analysis where extreme values play
important roles, like in risk analysis. In this case, it's recommended to apply spatial
(geostatistical) simulation methods which takes into account the probability of extreme
values appearing and therefore provides more realistic results. Geostatistical simulation is an
extension of the Monte Carlo simulation concept in a spatial sense, and provides a deep
analysis of distribution patterns/trends of spatial attributes.

Unlike kriging, spatial simulation does not aim at minimizing a local error variance
but instead focuses on reproducing equally probably realizations of attributes, where
statistical details including the sample histogram or the semivariogram model, honor the
overall statistics of data values (Goovaerts, 1998). Correct interpretation of any random field
requires knowing the mathematical function which describes the probability of its
realization. Such stochastic processes are completely characterized by multivariate
cumulative distribution functions (CDF®). The ability to generate realizations of a spatially
random function with a given multivariate distribution is a key issue to spatial analyses that
use the Monte-Carlo method (Hernandez, 1991). On the other hand, defining the
multivariate CDF is one of the most important tasks in the process of spatial simulation.
Since a random function Z(u)is completely characterized by its multivariate CDF, we can

describe the spatial simulation as a technique that is drawing at random from the
multivariate CDF of Z(u) where the spatial distribution of Z(u) remains unchanged.

However, if simulated values are conditioned by actual (or neighbor) data, the
simulation is determined to be a conditional simulation. The simulation is determined to be
unconditional if the simulated values remain insensitive to neighbor data. Direct methods of
unconditional simulation are not considered in this paper, however theirs contribution to the
formulation of indirect methods for assessing conditional simulations are discussed. A great
literature review of unconditional simulation methods can be found a thesis written by
Hernandez (Hernandez, 1991). The aim of conditional simulations is to create many equally
probable realizations of spatial attributes that keep spatial distribution and other statistics
unchanged.

Methods of conditional simulation can be divided into direct or indirect methods
(Hernandez, 1991). The indirect approach is based on the fact that kriging estimation and
kriging variance are independent. Thus, it is possible, to replace kriging variance with a
simulated one that is generated by unconditional simulation (Zhang, J. & Goodchild, M. F.,
2003).

Methods of direct conditional simulations are more commonly used in practice
since they are simply implemented in software packages (Hernandez, 1991). In this paper,
the focus is on the method of direct conditional simulation, namely the method of direct
sequential simulation.

Conditional sequential simulation

8 Cumulative Distribution Function
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The method of sequential conditional simulation is based on decomposition of
multivariate CDF into a product series of univariate conditional distribution (Isaaks E.,
1991).

F(zy...z5u . .uy) = F(z3u) - F(zosuy | Z(uy)=2p) - F(zu, | Z(uy,)=z,,a=1,---n-1)

no>Un )
If all univariate conditional distributions in Eq. 1 are known, then one realization of the
multivariate random fuction Z(u#) can be computed sequentially by randomly selecting
values from each of pre-defined univariate conditional distribution.
Sequential simulation is the most frequently used method for spatial simulation. There are
many algorithms for sequential simulation of spatial attributes and all are based on the same
basic algorithms which follow the steps listed below (Srivastava, 1996):

1. choose at random a node to be simulated,

2. model the conditional CDF at the first location,

3. choose at random one value between 1 and O from uniform distribution, which

represents a probability attached to simulated value,
4. depending on the estimated conditional CDF and chosen probability, draw the
attribute value at choosen location.

5. include the newly simulated value in the set of conditioning data

6. repeat steps 1 through 5 until all grid nodes have a simulated value.
Nowadays, many simulation images can be generated relatively quickly due to the
enormous increases in computer processing speed, memory and data storage capacity. In
most cases, the number of images generated can be over 100, but Hope (1986) proved that
only 19 realizations are enough to get statistically useful results, with 95% confidence level.
The only significant difference between the various methods of sequential simulation is the
different approach in modeling local CDF. Thus, there are two main approaches: a)
parametric and b) nonparametric (indicator approach)
The parametric approach determines parameters of pre-assumed conditional CDF. If the
random function Z(u) has multivariate normal (or Gaussian) model, it is fully determined by
the mean and variance (or by covariate function or variogram). The nonparametric approach
does not determine the conditional CDF through its parameters, but rather the conditional
CDF values are estimated directly from data for various threshold values.

Approximating of CDF - parametric approach

If the random function model Z(u) of random fields is stationary and its multivariate CDF is
Gaussian, then the parameters of univariate conditional CDF, mean and variance, can be
identified by ordinary kriging (Isaaks & Srivastava, 1989).The parametric approach of
modeling CDF is based on the assumption of a normal probability of a random variable with
the mean equal to the simple Kriging estimation and the variance equal to the corresponding
ordinary kriging variance (Isaaks E. H., 1991):

E{Z(u) | (0} = Y Ay - Z(ug) + (1= A,)- E{Z(w)}
a=1

a=l1

(@)

C{Z(uy) | (n)} = C{Z(u)}—Zla -Cov(uy,u,)

a=1
where coefficients A, are solution of Kriging system equations:

D Ay Clug—uy) = Clug ~u,)
wp=l (3)
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The coefficients A, calculated from this system of equations provide a minimum
variance C{Z(uy)|(n)} condition. This approach typically requires a prior normal score
transform of data to ensure that at least the univariate distribution histogram is normal.

Data

The average annual temperature data from 110 meteorological stations were used in
the paper. The data set is provided by Republic Hydro-Meteorological Service of Serbia and
consists of 28 synoptical and 82 climatological stations. The stations network is very well
distributed over the country with lack of stations in the mountainous areas. From the total
number of stations, 87.3% are placed between altitudes of 0 m and 500 m that occupy 62%
of the country’s area. Another 8.2% of stations are located within altitudes that range from
500 m-to 1000 m, which covers 27% of country’s area. Only 4.5% of stations are on
altitudes higher than 1000 m. Although World Meteorological Organization (WMO, 1984)
recommends the last standard period from 1961 to 1990, in this paper we have used the
recent period from 1991-2009. Missing data points are fulfilled using neighboring stations.
Previous investigations of isotherm maps in the region were done for the period 1931-1960
in the Atlas of Climate SFR Yugoslavia, as well as for Serbia (1961-1990) by Duci¢ and
Radovanovi¢ (2005). The average temperature over the investigated period was 10.8°C.
Histograms showing average temperatures as well as standard deviations are shown on
figure 1. The histogram showing average temperatures has a negatively skewed distribution,
which implies that a great number of meteorological stations with average temperatures are
closer to the upper limit. The standard deviation has average value of +0.75°C with
relatively normal distribution. Most of the stations have standard deviation between 0.5°C
and 1°C, which indicates that there are no large variations in average annual temperatures.

Figure 1 Histograms of average temperatures (left) and standard deviations (right) for the period 1991-2009.

Spatial distribution of average, maximal and minimal temperatures is shown on figure 2.

Figure 2 Maps with average (left) maximum average (middle) and minimum average temperatures (right) in
the period 1991-2009

Results and Discussion

The prediction of average temperatures for the period 1991-2009 was performed
using the method of universal kriging in which the trend surface is estimated as a function of
spatial coordinates. The isotherm map shows smooth surface on which extreme local
variations are not noticed (Fig. 3 left).

Analysis of the isotherm map of Serbia for the period 1991-2009 shows that the
area with mean annual air temperature below 10°C extends generally at altitudes above 600
m. Our conclusion is in line with conclusions made in previous studies (Duci¢ and
Radovanovi¢, 2005) using different methods. However, it is important to add that
temperature within the given threshold limits was observed at lower altitudes and is more
obvious on a map obtained by simulations (Figure 7) around the areas of Bor, Zagubica,
Dimitrovgrad, Uzice and PriStina. Mountainous terrain with altitudes above 1000 m had
mean annual temperatures of around 6°C, while at altitudes above 1500 m it is around 3°C.

Careful selection of appropriate profiles and their adequate analysis may help to explane the
mean annual temperatures in mountainous areas. On the other hand, the temperature
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conditions in the valleys of the Sava River, Danube River, Tisza River, Velika Morava
River and Juzna Morava River have mean temperature between 11 and 12°C. The

distribution of maximum mean annual air temperature (Figure 2) shows that these areas
present the highest mean annual temperatures in the investigated period.

Apart from the criteria of altitude, morphology and aspect are also significant
factors of temperature conditions. Circulation processes are more dynamic on steep slopes
than in valleys, where the air masses are prolonged. An example that supports the influence
of morphology is the coldest part of Serbia- the Pester plateau. All valleys, particularly those
in higher altitudes are suitable for cold air masses and frequent temperature inversions.
However, the lowest temperatures in Serbia were recorded in the Pester plateau and Sjenica

valley. An absolute minimum temperature of -39.5°C was registered on 13 January 1985 at

the Karajukica bunari station in PeSter plateau. The minimum average air temperature
(Figure 2) shows that the lowest mean annual temperatures occur in Raska and Vlasina area.
According to Rakicevi¢ (1971), these are two out of four areas in which the absolute

minimum temperatures drop below -30 ° S. The Homoljske Mountains and areas around the

town of VrSac are the other two cold areas. The Metohijska valley is morphologically
suitable for developing cold air masses but the map (Figure 7) clearly shows favorable
temperature conditions prevailing. The influence of the sea in this part of the country can
cause slightly different temperature conditions.

Figure 3 Maps showing modled values of average annual air temperatures for the period 1991-2009 obtained
by Universal kriging (left) and corresponding kriging variense (right)

A map of kriging variance was also generated (Fig. 3 right) in addition to the the
resulting map of prediction. It can be clearly seen that the minimum values of variance
occurs in locations of a weather stations, which was expected because the minimum kriging
prediction variance are achieved at the measured points. However, the variance gradually
increases with distance from those locations. The highest values of the variances are in the
border areas and can be explained as an "edge effect". That problem exists for all
interpolation methods and it can only be minimized if samples are taken outside of mapped
areas.

A conditional sequential Gaussian simulation was applied in order to determine the
spatial distribution of uncertainty for spatial attributes. The residuals obtained by the method
of regression kriging (Bajat, B. et al., 2012) were used as input data and provided the
normality condition of multivariate spatial function (fig. 4 left). Regression kriging is the
interpolation technique that uses the regression method on anciliary (independent) predictors
to determine the trend of the target variable (interpolated variable). The universal kriging
method calculates the trend only on the basis of the coordinates of sample values of the
target variable. After the trend has been determined, regression kriging can be applied to the
ordinary kriging method on residuals, which are obtained by subtracting sampled values and
estimated trend values at a given locations.

Due to the naturally high correlation between the temperature and altitude, an
SRTM Digital Terrain Model (Samardzi¢ M. and Milenkovi¢ M., 2010) was used as an
anciliary predictor to determine the trend. The original grid resolution of the SRTM DTM
was resampled from 90 m to 2 km resolution.

Generating equiprobable realizations of the mean temperature is obtained by
applying a simulation of the residual realization. Adding simulated residuals on a
determined trend provides a probable realization of temperature.

Spatial dependence of residuals was modeled using a residual variogram that is
depicted in figure 4 to the right. The kriging system was calibrated based on average
temperature data for corresponding heights. The temperature trend was identified depending
on the height within the regression kriging method. The simulation procedure applied on
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residuals was provided at each grid cell (resampled SRTM) and a total of 100 possible
realizations of residuals were generated by randomly selecting values from local CDF.

Figure 4 Histogram and distribution model of residuals (left), variogram of residuals (right)

The simulation procedure was performed in accordance with the algorithm described in the
previous chapters, which is implemented in the "gstat" package in the R software
environment. Graphical representation for one of the sequential steps of the simulation
algorithm of the residuals is shown in Figure 5.

Figure 5The function of the local distribution was generated based on kriging estimation of residuals in
randomly selected grid cell.

The 100 equiprobable values of the temperature in each grid cell were calculated by adding
obtained residuals to the trend value. The calculated values for one grid cell were used for
the numerical approximation of the distribution function at characteristic points (Figure 6).
The figure shows that one can say that the averge temperature is less than 10 degrees with a
confidence of almost 90%,.

Figure 6. Model of empirical function of distribution.

The most probable isotherm map was obtained by averaging simulated values of
temperature (Figure 7 left). are created The Universal kriging variance map was created in
order to analyze the spatial distribution of interpolation errors and, at the same time, the map
of the coefficient of variation (CV) was calulated on the basis of simulated values of
temperature. The coefficient of variation is a standard statistical measure which provides
information on the variability of the sample with respect to its mean value and is calculated
as the ratio of the standard deviation ¢ and mean u.

cv=2 4)
7

In our case, it is possible to calculate the value of CV for each grid cell based on the values
obtained by 100 simulations so that resulting values of CV reflect the uncertainty of the final
(averaged) map obtained by Monte Carlo simulations (Philips, D.L. & Marks D.G, 1996).
The obtained CV value is solely a result of applied interpolation techniques (regression
kriging in our case) and is usually reported as a percentage. The highest values of CV were
obtained in areas with low averaged annual temperatures (Figure 7 right). By comparing the
map of the CV values with standard map of Kriging variance, it can be easily seen that the
CV values do not arise as a result of the edge effect, as it often occurs when most
interpolation methods are applied.

Figure 7 Maps of modeled values of average annual air temperature for the period 1991-2009 obtained by
Monte Carlo simulations (left) and coefficient of variation (right).

Conclusion

The application of geostatistical interpolation methods today is increasingly present
in the various studies and scientific disciplines and has resulted in the appearance of
disparate modalites of these methods (ordinary, universal, regression, indicator kriging, etc).
One of the advantages of geostatistical interpolation is that, in addition to spatial prediction
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of the variables, the visual interpretation of interpolation variances is also available. The
main shortcoming is that geostatistical interpolation smoothes local variations of the
variable. This disadvantage can be overcome by geostatistical simulation, which generates
more complex texture of output surfaces. The averaged value from the series of simulated
values can be considered as the most probable value.

Also, it is possible to obtain the uncertainty for the estimation of interpolation by calculating
the coefficients of variation from simulated values. The determination of these uncertainties
could be used to evaluate the quality of the obtained product as well as the uncertainty of the
input data if the product is used in further GIS analysis.
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