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MED ISKRENIMILJUDMI AMONG SINCERE PEOPLE

Anka Lisec

glavna in odgovorna urednica | Editor-in-chief

V dnevih zakljuevanja septembrske $tevilke Geodetskega vestnika nas skozi okno lepo pozdravljajo
pozni poletni son¢ni Zarki, kot da bi se z nami veselili, da imamo v urednistvu celo paleto ¢lankov za
objavo. Kako lepo je biti urednik, ko imas na voljo tako veliko zanimivih prispevkov — pa naj bodo to
raziskovalni ¢lanki ali pa strokovne razprave in novice. Se ved. Kljub nenavadnim ¢asom imamo tudi
novice iz drustev, pri cemer se drustvene dejavnosti seveda izvajajo le v okvirih, ki so v teh ¢asih dopustni.
Hyvala, da delite te utrinke z nami!

Prispevka o izjemnem uspehu slovenskih znanstvenikov in razvijalcev v tej Stevilki sicer $e ne objavljamo,
a obljubljeno nam je, da dobimo porocilo za decembrsko Stevilko. V mislih imam uspesno izstrelitev
prvih dveh slovenskih satelitov v orbito, ki smo jo ¢akali vse od februarja, in nekateri so Ze nejevoljno
obupovali ... Ampak uspelo je! In to v letu, ko zaznamujemo petdeset let vzpostavitve prve letalske ekipe
na Slovenskem za fotogrametri¢no snemanje (op. o tem smo porocali v prejsnji Stevilki). V cetrtek, 3. 9.
2020, ob 3.51 po srednjeevropskem poletnem ¢asu je raketa Vega ponesla iz Francoske Gvajane v vesolje
53 satelitov, med njimi prvi slovenski mikrosatelit NEMO-HD in prvi slovenski nanosatelit TRISAT.

Ce se vrnemo na trdna tla — tokrat ne morem mimo novice, ki smo jo, prav tako zaletek septembra,
prejeli od stanovskih kolegov iz Avstrije. Avstrijski kolegi, ki so pobudniki, da se geodetska terenska
kulturna dedis¢ina razglasi za dedis¢ino svetovnega pomena v okviru organizacije UNESCO, so nam
sporocili, da so ob podpori njihovega resornega ministrstva za kulturo zaceli pripravljati dokumentacijo
za uradno vlogo na UNESCO. V ta namen se pripravlja tematska $tudija, kamor bodo vkljudili tudi
drzave, ki smo izrazile interes za sodelovanje. Kot veste, je pobuda stara ze nekaj let in tudi v Sloveniji
smo se prek Zveze geodetov Slovenije, s podporo Fakultete za gradbeni$tvo in geodezijo pri Univerzi v
Ljubljani ter Geodetske uprave RS, dejavno vkljudili vanjo. Zbrane imamo predloge izjemnih mejnih
kamnov in geodetskih tock. Ob tej priloznosti hvala vsem, ki ste nam jih poslali. S tem smo posredno
pripravili tudi popis izjemnih mejnikov in geodetskih to¢k na obmod¢ju Slovenije, o ¢emer bomo v nasih
krogih zagotovo $e govorili.

Za konec $e ena septembrska novica — v petek, 4. septembra 2020, smo dobili novega predsednika Zveze
geodetov Slovenije mag. Gregorja Klemencica. Iskrene cestitke!

Ob tej priloZnosti naj se zahvalim BlaZu za vse storjeno in predvsem za njegovo neutrudno prepricanje,
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da skupaj zmoremo! Zveza je namre¢ uspesna toliko, kolikor so uspesna drustva in kolikor so dejavni
in uspesni posamezni ¢lani. Vsi uspehi in lepi spomini so zasluga predvsem mnogih ¢lanov drustev, ki
prostovoljno in iskreno delujete v dobrobit stroke. Tudi meni je bilo v ¢ast pluti z vsemi vami, ¢eravno
vcasih ni bilo enostavno. Toda ob iskrenih in motiviranih ljudeh ni ni¢ tezko — saj poznate besedilo znane

slovenske popevke, ki pravi: »Med iskrenimi ljudmi so preproste vse reci kot jasen dan.«

Verjamem, da bo tudi novo vodstvo, ki se Se oblikuje, sledilo smernicam, ki so se oblikovale in bile
splo$no sprejete med ¢lani drustev v preteklih letih. Naj ostane Zveza geodetov Slovenije $e naprej tista,
ki spodbuja in ceni delovanje lokalnih drustev, nas zdruzuje na drzavni ravni ter hkrati ohranja in krepi

stike z drugimi strokami in stanovskimi zdruZenji v tujini. Iskreno Zelim vse dobro novemu vodstvu!

These days, as we finish the September issue of Geodetski Vestnik, the rays of the late-autumn sun are greet-
ing us through the windows, as if they would like to join in a celebration of the fine array of articles in our
editorial office. How pleasant it is to be the editor with numerous interesting pieces of writing at hand — be
they academic contributions or discussions and news from the field. And not only this — despite these strange
times, there is also news from the surveying societies, even though their activities had to be adapted to special

measures. Thank you for sharing your experiences with us!

This issue does not feature exceptional developments in Slovene science, but we have a promise to get a detailed
report for the December issue. This refers to the successful launch of the first two Slovene satellites to orbit,
which had been eagerly awaited since February. Some started to lose their confidence that this would ever
happen. .. but the mission was accomplished! The success came in the year in which we are celebrating the
[ifteenth anniversary of the establishment of the first flight crew for photogrammetric recording in Slovenia
(we covered this in the previous issue). On Thursday, 9/3/2020, ar 3:51 CEST, a Vega rocker lifted off from
French Guiana to deliver 53 satellites, among which are the first Slovene microsatellite NEMO-HD and the
[first Slovene nanosatellite TRISAT.

10 return to the solid ground, we cannot neglect the news that arrived from our colleagues in Austria, also

at the beginning of September. Our Austrian peers, who set up an initiative to submit the terrain-survey

heritage for the inscription on the UNESCO World Heritage List, informed us that they managed to obtain

the support of their Ministry of Culture to start preparing the documentation necessary for the nomination by

UNESCO. A special thematic study is being prepared that will include the countries that have expressed an

interest in cooperation. As some of you may know, the initiative stretches a few years back, and our profession is

actively involved through the Association of Surveyors of Slovenia and with the support of the Faculty of Civil
and Geodetic Engineering in Ljubljana, as well as the Surveying and Mapping Authority of the Republic of
Slovenia. We have gathered suggestions for boundary stones and geodetic points of exceptional value. I would
like to use this opportunity to express my gratitude to everybody who has already sent us your contributions.

They helped us to compose a list of exceptional boundary markers and geodetic points in Slovenia, which will
with no doubt be further discussed in professional circles.

Moreover, there is another piece of important news: on Friday, 4" September 2020, we elected a new president
of the Association of the Surveyors of Slovenia. Sincere congratulations to Mr Gregor Klemencic!
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1 would also like to thank Blaz Mozetié for everything he has done, and predominantly for his firm belief that
it is possible to achieve everything with common efforts! The success of the association can only be measured by
the success and activity of its members. All our achievements and memories are predominantly the contribution
of numerous members of the societies that strive for the benefit of the profession voluntarily and with sincere
intentions. It has been an honour to be in the same boat with you, even though we had to overcome some
difficulties. However, nothing is difficult if you are surrounded by sincere and motivated people. A famous
Slovene song goes: Among sincere people, everything is as easy as a clear day.

L am firmly convinced that the new leadership, which is being formed at the moment, will follow the guidelines
that were developed and were generally accepted by the members of the societies in the past years. May the
Association of Surveyors of Slovenia remain the driving force behind local societies, our common voice on the
level of the state, at the same time maintaining and strengthening ties with other professions and professional
associations abroad. With sincere wishes for all the best to the new leadership!
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TOCKAG POINTG

Blag Mozeti¢

predsednik Zveze geodetov Slovenije | president of the Association of Surveyors of Slovenia

Drage geodetke in geodeti ter sopotniki geodetske stroke, ki radi vzamete v roke naso stanovsko strokovno
revijo Geodetski vestnik in se prepustite bralskim izzivom. Uvodnik, ki ga berete, je moj zadnji v vlogi
predsednika Zveze geodetov Slovenije. Pred nekaj dnevi je bila izvedena skups¢ina zveze, na kateri je bila
najpomembnejsa tocka na dnevnem redu izvolitev predsednika Zveze geodetov Slovenije za naslednje

Stiriletno mandatno obdobje.

Torej smo prisli do tocke, v kateri se srecata dve ¢asovni premici, na eni strani je preteklost, na drugi pa
prihodnost. Ce se ozrem v preteklost, sem trdno prepri¢an, da bomo nasli kar nekaj svetlih trenutkov,
kot so slavnostne akademije in strokovni simpoziji, ki smo jih zaobjeli v najpomembnejsi dogodek —
Geodetski dan; skups¢ine, obéni zbori, okrogle mize ter predavanja, ki so razsvetlili in popestrili naso
vsakdanjo geodetsko realnost. Preprosto najpomembnejse pa je bilo geodetsko druzenje, ko smo vedno
nasli skupne strokovne in druzbene tocke, ¢eprav se je njihovo iskanje dostikrat zavleklo pozno v noé.
Nekaj vas je moralo predramiti, saj to potrjujejo bogate izdaje Geodetskega vestnika, udelezba in anga-

ziranost na raznovrstnih geodetskih dogodkih. Kaj je to bilo, ve vsak sam najbolje.

Kar koli si Ze mislimo o geodeziji kot stroki ali intituciji, sem lahko uvrstimo tudi Zvezo geodetov
Slovenije, je vedno vse odvisno od ljudi. Brez ljudi ni osebne note, ni idej, ni Zelja, ni predlogov, ni
razmi§ljanj, ni pomislekov, ni problemov, ni jamranja, ni nerganja, ni zadovoljstva, ni reitev, ni nas-
meha. Brez tega je geodezija samo tocka, kot jo matematika opredeljuje: je tukaj, ampak brez dimenzij.
Vi pa ste tisti, ki ste dali oziroma $e vedno dajete tej tocki nestete dimenzije, zato jo lahko upraviceno
poimenujemo geodetska tocka — tocka G. Odstirali ste nove dimenzije Zvezi geodetov Slovenije, da smo
»stali in obstalic, ¢e si malo preoblikovane sposodim besede Primoza Trubarja iz prve slovenske tiskane

knjige iz davnega leta 1550.

Ampak da ne bo pomote, nismo stali in obstali na mestu, v to¢ki, kajti nase prepric¢anje, da ima geodetska
stroka $e veliko postoriti ter prispevati h gospodarskemu in druzbenemu razvoju, nas vsak dan vabi k

odkrivanju novih dimenzij G-tocke in premiku naprej.

Drage kolegice in kolegi, hvala vam za dolgoletno podporo, pomo¢, predloge, ideje, iskrice, izboljsave,
zaupanje; pravzaprav hvala za vse, da je bilo nase skupno raziskovanje novih dimenzij razburljivo, stro-

kovno plodno, gospodarsko pozitivno in druzbeno prepoznano.
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Ce se ozrem $e v prihodnost, pa iskrene &estitke, obilo modrosti in uspehov novemu predsedniku Zveze
geodetov Slovenije mag. Gregorju Klemencicu.

Sre¢no in pogumno!

UVODNIK | EDITORIAL

Dear Land Surveyors and companions of geodesy who like to dip into Geodetski Vestnik, our professional journal,
Jfor your personal satisfaction. The editorial you are reading is my last piece of writing for the journal in my capacity
as the president of the Association of the Surveyors of Slovenia. The most important item on the agenda of the previ-
ous General Assembly, which took place a few days ago, was the election of its president for the next four-year term.

This change means that we have reached a point where two timelines intersect, one leading into the past, the
other into the future. We will find a multitude of bright moments if we look back: there will be ceremonial
academies and professional symposia, which have been brought together at our most important event — the
Land Surveying Day; then, there are general assemblies, members meetings, round tables, and lectures, all
of them enlightening and stimulating our land-surveying reality. Nevertheless, the most important were our
social gatherings, where we always managed to sparkle common professional and social interest, even though
the search often extended into the late hours of the night. As proven by the abundant issues of Geodetski Vest-
nik, combined with the presence and vigour at various events in the field of geodesy, the stimulation was not
lacking. I presume that every individual knows best what gave them the most pleasure.

There may be a wide array of different opinions on the geodesy as a profession and an institution, our Associa-
tion of Land Surveyors included; the fact remains that everything depends on people. Without people, there is
no personal touch; there are no wishes, perceptions, doubts, there are no problems, no moaning, no grumbling,
there is no satisfaction, no solutions, no smiles. Without these, geodesy is just a mathematically defined point:
it exists but has no dimensions. You are the ones who have been adding different dimensions to this point and
will continue to do so, which is why we are free to give it a special name: the ‘point of geodesy’ or Point G
You have unveiled new dimensions in the Association of Surveyors of Slovenia, so that we were able to ‘stand
and withstand, to paraphrase Primoz Trubar's word from the first book in Slovene back in 1550.

However, let me be clear, we did not stand and withstand on one spot, at one point, because our firm conviction
that geodesy as a profession has a lot to contribute to economic and social development, invites us to discover

new dimensions of Point G in to move forward daily.

Dear colleagues, let me express my gratitude for the long years of support, help, suggestions, ideas, sparkles,
improvements, trust. Thank you for everything that you did to fill our common endeavours to explore new
aspects with excitement, professional fruitfulness, to achieve positive impacts on the economy, and to maintain

the high social profile of our profession.

In the end, allow me to look into the future and congratulate Gregor Klemencié, the new president of the As-
sociation. I wish you plenty of wisdom and success.

Good luck and a lot of courage!
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THE INFLUENCE OF THE MOON
ON GEOMAGNETIC NOISE
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IZVLECEK

Vpliv Lune na geomagnetne meritve je dvajsetkrat manjsi
od vpliva Sonca, zato ga z dnevnibh magnetogramov ni
mogoce enostavno dolociti. Proucujemo ga lahko sele po
skrbno izbrani casovni vrsti magnetogramov, pridobljenih
v posebnih obdobjih, in sicer v éasu minimalne intenzitete
dogajanja na Soncu, ko v atmosferi ni prisomih razelektritev
ali prehodov nevibhinib front ter na Sirsem obmodju
geomagnetnega observatorija ni bilo potresov. Zacetek 25.
Soncevega cikla in zimski solsticij v letu 2019 sta bila
vec kot primerno asovno izhodisce za proucevanje vpliva
gravitacijskega ucinka Lune na geomagnetni Sum. Za
izbrano obdobje smo na observaroriju PIA (Piran) pridobili
zaporedje meritev casovnih vrst geomagnetno mirnih dni v
tridnevnem obdobju zadnjega krajca in pred mlajem, ki je
skoraj sovpadal z zimskim solsticijem. S spektralno analizo
dveh obdobij zaporednih luninih men smo numeriéno
ovrednotili vpliv gravitacijskega ucinka Lune in rezultate
primerjali z mareografskimi meritvami v Kopru. Dokazali
smo, da iz geomagnetnih meritev ocenjeni vpliv Lune
ustreza modeliranemu vplivu Lune iz rezultatov plimovanja
morja. Z ocenjeno dolotitvijo geomagnetnega suma zaradi
vpliva Lune si bo v prihodnje mogoée pomagati pri oceni
drugih naravnib in antropogenih vplivov na geomagnetni
Sum na observatoriju PIA (Piran).

KLJUCNE BESEDE

sum v geomagnetnem polju, gravitacija Lune, 25. Soncev cikel,
zimski solsticij
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ABSTRACT

Regarding geomagnetic measurements, the impact of the Moon
is twenty times smaller than that of the Sun, so it is not easy
to determine from daily magnetograms. The influence can be
studied after a carefully selected time series of magnetograms
obtained in specific conditions. Specifically, this is in minimum
solar intensity with no charges or transitions of weather storm
fronts, and no major earthquakes in the wider area. The
beginning of the 25" Solar Cycle and 2019 Winter Solstice was
an entirely appropriate timeframe for conducting a study of the
lunar impact on geomagnetic noise. At the end of 2019, we were
able to perform a time series of geomagnetically calm days ar
the PIA observatory (Piran) during the three-day period from
the Third Quarter to the New Moon, which almost coincided
with the Winter Solstice. The results of the processing of the
geomagnetic measurements were compared with the independent
sea level measurements from the tide gauge station in Koper.
The spectral analysis of two consecutive lunar periods was used
to evaluate the gravitational effect of the Moon. Furthermore,
the results were compared with sea tides in Koper. We showed
that the estimated influence of the Moon from geomagnetic
medasurements coincides with the modelled influence of the Moon
from the results of sea tides. The results of the geomagnetic noise
caused by the influence of the Moon can be used as a starting
point for the investigation of other natural and anthropogenic
inﬂuemex on geomagnetic measurements ar the geomagnetic

observatory PIA (Piran).

KEY WORDS

geomagnetic noise, gravity of the Moon, 25th Solar cycle,
Winter Solstice
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1 UVOD

Zaradi vse ve¢jega zavedanja, da popolna zanesljivost doloditve polozaja s tehnologijo GNSS zaradi
naravnih ali namernih motenj signala ni mogoca, je v podporo za neprekinjeno dolocitev polozaja
treba poznati tudi druge resitve. Ena od moznosti so inercijski sistemi v povezavi z modeli magnetnega
polja Zemlje. Modeli geomagnetnega polja so bili pred satelitskimi tehnikami doloéitve polozaja v
navigaciji pomemben vir informacij. Tudi danes se podatki redno posodabljajo za dolo¢itev navigacijske
reference na ve¢jem delu Zemljine povrsine, vklju¢no z vodnimi obmodji in v aviaciji. Geomagnetne
modele posodabljajo z zdruzevanjem meritev na geomagnetnih observatorijih, razporejenih po celotni

zemeljski obli.

Zemeljsko magnetno (ali geomagnetno) polje se zaradi razliénih dejavnikov prostorsko in ¢asovno
spreminja. To pomeni, da je treba njegove meritve izvajati neprekinjeno in hkrati proudevati nenadne
spremembe ter ugotavljati vzroke in korelacijo z dejavniki vplivov na magnetno polje. Ko Zemljino
magnetno polje na nekem obmoéju nenadoma postane Sibko, lahko nabiti delci prodrejo v zemeljsko
polje in $kodijo razliénim umetnim satelitom. Geomagnetno polje je na eni strani podlaga za delovanje
skupine navigacijskih instrumentov, lahko pa se na primer zgodi, da je zaradi nenadnih sprememb v
ionosferi in geomagnetnem polju za neko obdobje povsem onemogoceno delovanje umetnih satelitov

ter zemeljskih infrastrukeur.

Sistemati¢no opazovanje in spremljanje geomagnetnega polja kot tudi njegovo modeliranje so zelo po-
membni. Z meritvami lahko spremljamo razmere v ionosferi, ugotavljamo indukcijo v zemeljski skorji
in plascu ter proucujemo razmere v tekodi sredici Zemlje in njenem trdem jedru (Love in Remick, 2007;
Chapman in Price, 2007). Se ve&, dokazano je bilo, da so spremembe v Zemljinem magnetnem polju
povezane s pojavom potresov (Cop, 2017; Pavlov¢i¢-Prederen et al., 2020). V geomagnetno mirnih dne-
vih na magnetograme vplivajo elektri¢ni in zra¢ni tokovi v ionosferi, izbruhi na Soncu ter son¢ni mrki,
lunine mene in prevodnost Zemljine skorje (Cop et al., 2015). Ce Zelimo dolo¢iti vpliv posameznega
dejavnika neodvisno od drugega, moramo za izbrana obdobja podrobno prouciti magnetograme in

rezultate obdelav primerjati z drugimi neodvisnimi meritvami.

1.1 Izhodisce in cilj raziskave

V letu 2019 se je pricel 25. Sonéev cikel (Cop, 2020), ki ima trenutno najmanjio intenziteto dogajanja
(slika 1). Vecino dni na Sonc¢evem disku ni bilo opaziti son¢nih peg, izbruhi na njem so bili zelo redki
in tudi geomagnetne nevihte niso bile pogoste. V sredini decembra 2019 je koli¢ina kozmi¢nih Zarkov
(Forbush, 1993), merjenih na povr$ini Zemlje, dosegla rekordno visoko vrednost. Od leta 1964, ko se
meritve kozmié¢nih Zarkov opravljajo redno, je dosegla ekstremno vrednost $e v obdobju 2009-2010, v

minimumu 23. Soncevega cikla (Oulu Neutron Monitor, 2020).

V tem obdobju ter med zimskim solsticijem (od 23. do 25. decembra 2019), ko je imelo Sonce prece;j
manjsi vpliv na geomagnetno polje, je bilo smiselno narediti Studijo primerjave obdobja z visoko koli¢ino
kozmic¢nih zarkov (od 15. do 18. decembra 2019). Hkrati smo v dani raziskavi Zeleli numeri¢no oceniti
in z meritvami na mareografski postaji ovrednotiti vpliv Lune na geomagnetne meritve v minimumu

25. Sonéevega cikla.

Miran Kunar, Rudi Cop, Polona Pavlovit Preseren | DOLOCITEV VPLIVA LUNE NA GEOMAGNETNI SUM | THE INFLUENCE OF THE MOON ON GEOMAGNETIC NOISE | 303-319|
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Slika 1: Zaporedje zadnjih Soncevih ciklov v odvisnosti od let s predvideni potekom 25. Soncevega cikla (grznow.com, 2020).

Za proucevanje geomagnetnih meritev z observatorija PIA (Piran) smo izbrali po tri zaporedne geoma-
gnetno mirne dneve Sq (angl. Solar quiet), da je bil vpliv nekaterih naravnih izvorov, kot so razelektritve v
atmosferi in prehodi nevihtnih front, na geomagnetni $um najmanjsi. Za opazovanje vpliva luninih men
na geomagnetne meritve smo enominutne srednje vrednosti merilnih rezultatov preslikali v frekven¢ni
prostor. Ker gravitacijski sili Sonca in Lune vplivata tudi na morje, smo v frekvenénem prostoru primerjali

rezultate geomagnetnih meritev s plimovanjem morja v Kopru.

2 GEOMAGNETIZEM IN IONOSFERSKO ELEKTRICNI DINAMO

Pomembna spoznanja o povezavi med pojavi polarnih sijev in spremembami poloZaja magnetne igle
je prvi prispeval $vedski astronom in fizik Anders Celsius (1701-1744). S tem se je v prvi polovici 18.
stoletja zalel razvoj znanja o elektri¢nih tokih v ionosferi. Da so polarni siji posledica elektri¢nih tokov v
zgornjih plasteh atmosfere, je s poskusom dokazal norveski fizik Kristian Birkeland (1867-1917) konec
19. stoletja. Sistem elektri¢nih tokov, ki povzrocajo polarni sij, je ostal v ospredju zanimanja geofizikov
$e vse preteklo stoletje. Za proudevanja ionosfere so v teh treh stoletjih postopoma razvili razli¢ne merilne
metode in instrumente. V drugi polovici 20. stoletja so se zacele meritve ionosfere z raketami in ume-
tnimi sateliti, dogajanje v njej pa so analizirali z ra¢unalniskimi modeli. Danes stanje v ionosferi lahko
neprekinjeno modeliramo tudi z obdelavo opazovanj GNSS (Sterle et al., 2013), vendar, ¢eprav znamo
razmeroma dobro oceniti porazdelitev prostih elektronov, $e vedno ne poznamo dejstev o spremembi

njene prevodnosti v odvisnosti od kraja in ¢asa (Brekke, 2018).

Ob kakrsnikoli spremembi zraénega tlaka v zra¢nih plasteh atmosfere in zaradi gravitacijskega vpliva
Sonca ter Lune nastajajo dodatni elektri¢ni toki v plasteh atmosfere, ki so elektri¢no prevodne. Zaradi
vertikalnega premikanja zra¢nih mas v teh plasteh, ki se obenem premikajo v zemeljskem magnetnem
polju, skoznje te¢ejo elekeri¢ni toki. Ti ucinkujejo na zemeljsko magnetno polje (Chapman, 1918;

Chapman, 1919). S proudevanjem spremembe komponente Z zemeljskega magnetnega polja je britanski
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fizik Arthur Schuster (1851-1934) z ionosferskim dinamom razlozil dnevno variacijo geomagnetnega
polja (Schuster, 1907).

2.1 Vpliv Sonca in Lune na magnetno polje Zemlje

Obhodni ¢as Lune okoli Zemlje je v povpre¢ju 27,321661 dneva z ekscentri¢nostjo 0,0549 in naklonskim
kotom 5,145° glede na ravnino ekliptike. S povrSine Zemlje to kroZenje opazujemo kot lunine mene in
njegovo ekscentri¢nost v razli¢ni velikosti polne lune. Masa Sonca je neprimerno vedja od Lunine, vendar
je zaradi njegove oddaljenosti od Zemlje, ki je 390-krat vedja od oddaljenosti Lune od Zemlje, njegova
gravitacijska sila le 0,46 Lunine (De Jong et al., 2002; Kowalik in Luick, 2013). Vektorska vsota obeh
gravitacijskih sil vpliva na Zemljo, na njeno kopno, oceane in morja ter na njeno atmosfero. Skupaj s

sevanjem Sonca in magnetnim poljem Zemlje soustvarja ionosferski dinamo.

S statisti¢no analizo merilnih podatkov iz svetovnega sistema geomagnetnih observatorijev je Sydney
Chapman (1888-1970) dokazal, da komponento S (angl. solar) in komponento L (angl. lunar)
povzrocajo elektri¢ni toki v ionosferi, ki so zelo blizu sferi¢ni obliki in koncentri¢ni glede na povr$ino
Zemlje. V geomagnetno mirnih dneh edino ti komponenti povzroc¢ata dnevne spremembe zemeljskega
magnetnega polja (Matsushita, 1968; Chapman,1961). Ze v preteklosti so meritve geomagnetnega
polja pokazale, da je magnetno polje ob polni luni in mlaju razli¢no (Fraser-Smith, 1969). Vpliv
Sonca in Lune na magnetno polje Zemlje so obravnavali za posamezne geomagnetne observatorije
(Klausner et al., 2013; Bilge in Tulunay, 1997; Anad et al., 2008), podrodja geomagnetnega ekvatorja
(Yizengaw in Carter, 2017; Soddoqui, 2017), celine (Cambell et al., 1998; Obiekezie Obiadazie in
Agbo, 2013) in obdobja, dalj$a od deset let (Yamazaki et al., 2012; Yamazaki in Koch, 2014; Cou-
rtillot in Le Mouel, 1988). Uporabljali so razliéne metode obdelave merilnih podatkov, pri ¢emer v
novejsih raziskavah izstopajo analize z valcki (angl. wavelet analysis) (Kumar in Foufoula-Gergiou,
1997; Kumar, 1994) in uporaba casovnih oken, ki so dalj$a od lunarnega ali sinodskega meseca

(29,5306 dneva).

2.2 Geomagnetne meritve in dolo¢itev mirnih dni, Sq

Elektri¢ni toki elektronov in pozitivnih ionov se $irijo po medplanetarnem prostoru od Sonca
proti Zemlji; pojav imenujemo Soncev veter. Magnetno polje Zemlje elektri¢ne toke, ki tecejo
v bliznjem vesolju (angl. geospace) v magnetosferi na visini nad 200 kilometrov, zavrtindi okoli
magnetnih silnic. Verjetnost za rekombinacijo elektronov in pozitivnih ionov je namre¢ na teh
viSinah zelo majhna, ker je njihova gibljivost zelo velika. Ta upada z gostoto zraka in zato prevodnost
zra¢nih plasti nara$¢a skoraj eksponentno z njihovo visino. Ta je odvisna tudi od lokalnega ¢asa
in enajstletnega cikla son¢nih peg (Jursa, 1985). Na visini od 85 do 200 kilometrov nad povr§ino
Zemlje se absorbirajo Ze vsa rentgenska sevanja in ultravijoli¢ni zarki krajsih valovnih dolzin, ki
izhajajo s Sonca. Nastaja atmosferska plazma, ki je elektri¢no prevodna. Toki, ki nastajajo zaradi
Sonclevega sevanja in privla¢nosti Sonca (angl. S-variation) ter zaradi privla¢nosti Lune (angl.
L- variation), premikajo ionosfersko plazmo v skladu z Lorentzovo silo, upostevajo¢ magnetno
polje Zemlje. Zaradi vrtenja Zemlje okoli svoje osi in vrtenja Lune okoli nje se gibanje ionosferske

plazme $iri kot atmosferski val. Pri tem nastajajo elektri¢na polja, prav taksna kot v elektri¢nih
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navitjih dinama, ki poZenejo elektri¢ni tok po zakljudenih elekeri¢nih tokokrogih. Elektri¢ni toki
v ionosferi povzrocajo dnevno spremembo magnetnega polja Zemlje, merjenega na njeni povrsini,
in so sestavni del ionosferskega dinama. Njegovo proudevanje je najenostavnej$e v geomagnetno
mirnih dneh. Takrat na Zemljino magnetno polje ne vplivajo izbruhi na Soncu CME (angl. Coronal
Mass Ejections) ali povecana hitrost son¢nega vetra CIR (angl. Corotating Interaction Regions). V
teh dneh Zemlja ne prehaja skozi mejno podrodje magnetnega polja v medplanetarnem prostoru
(Cliver et al., 2004; Cop, 2016).

3 GEOMAGNETNI OBSERVATORIJ V SLOVENUJI

Na podlagi terenskih geomagnetnih meritev ter zbranih priporo¢il in podatkov je bila za izbiro
primernega mesta za geomagnetni observatorij na ozemlju Slovenije narejena obsezna $tudija GIS
(Paliska et al., 2010). Najprej je bil vzpostavljen observatorij na Sinjem Vrhu (SNV), in sicer na viso-
kogorski planoti Gora nad Ajdovs¢ino. Leta 2011 je bil vklju¢en v mednarodno informacijsko mrezo
INTERMAGNET (angl. International Real-time Magnetic Observatory Network). Ze predhodne
meritve na ve¢ postajah po Sloveniji so pokazale, da je v magnetnem polju prisoten visok Sum. Zato
smo dodatno preverili protonski magnetometer, s katerim smo opravljali izhodi$¢ne meritve na dru-
gem geomagnetnem observatoriju (Cop in Kosovac, 2010). Ker pri njem nismo odkrili napake, smo
naredili ve¢ dodatnih meritev od obale Piranskega zaliva do Sinjega Vrha priblizno po isti geografski
dolzini. Odkrili smo, da je Sum v magnetnem polju pri obali Jadranskega morja precej nizji kot v

notranjosti Slovenije.

3.1 Vzpostavitev geomagnetnega observatorija PIA v slovenski Istri

Odlodili smo se, da prestavimo lokacijo geomagnetnega observatorija. Izbrali smo jo v skladu s priporo¢ili,
naj observatorij stoji v magnetno mirnem okolju, ki naj bo oddaljeno od Zeleznice, daljnovodov, prometa
in ljudi. Po priporo¢ilih morajo biti tudi stavbe observatorija zgrajene na stabilnih tleh in iz nemagnetnih
materialov. Gradnjo observatorija PIA (Piran) v slovenskem delu Istre smo zaleli naértovati v zaletku
leta 2014 in ga januarja naslednje leto vkljuéili v mednarodno informacijsko mrezo INTERMAGNET.
Postavili smo ga na robu vasi Sv. Peter nad Dragonjo (¢= 45,46° N; A= 13,69° E). Stoji na obmod¢ju
varovanega ozemlja Natura 2000, zaradi Cesar je bilo treba zagotoviti tudi prost prehod divjih Zivali. Ker
je jugozahodni del Slovenje s strelami najbolj obremenjen del Evrope, smo morali razviti uspe$no zas¢ito
pred atmosferskimi razelekeritvami (Cop et al., 2014). Zaradi zanesljivega prenosa merilnih podatkov
smo morali prouciti in upostevati vpliv Sonca na §irjenje signalov mobilne telefonije (Cop, 2016). Ker
so v slovenskem delu Istre bolj$e vremenske in podnebne razmere kot na Gori nad Ajdoviino, je bila

gradnja observatorija enostavnej$a, hitrej$a in cenejsa.

Observatorij SNV je bil od observatorija PIA oddaljen 52,9 kilometra (azimut 21,68°). V prvem delu
leta 2015 sta delovala $e oba, zato smo lahko z merilnimi podatki iz tega obdobja naredili primerjavo
velikosti geomagnetnega $uma (preglednica 1) na obeh merilnih mestih (Cop et al., 2011). Ravni geo-
magnetnega $uma se torej povecujejo od observatorija PIA proti severu, kjer na meji z Republiko Avstrijo
stojijo mlada gorovja Kamnisko-Savinjskih Alp in Karavank. S tem se je potrdilo, da je bila odlocitev o

spremembi lokacije observatorija smiselna.
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Preglednica 1:  Geomagnetne meritve na observatorijih SVN in PIA 14. avgusta 2015 od 00:00 do 03:00 UTC (Cop etal, 2011).

Observatorij F [nT] o [nT] 6*100/F [%] o (%] / G [%]
SNV (Sinji Vrh, Slovenija) 47.746,01 0,82100 1,7195E-3 1,24
PIA (Piran, Slovenija) 47.410,55 0,65858 1,3891E-3 1,00

3.2 Oprema na observatoriju

Za neprekinjeno merjenje spremembe geomagnetnega polja na observatoriju PIA smo izbrali triosni
magnetometer fluxgate, ki je bil prilagojen na razmere v Sloveniji (Flux-gate Magnetometer LEMI-
022_S1, 2014). Izkus$nje na observatoriju SNV so pokazale, da so prav ti magnetometri najbolj
obcutljivi za atmosferske razelektritve. Zaradi nadpovpre¢ne ravni magnetnega $uma na ozemlju
Slovenije smo se odlotili za digitalni triosni magnetometer fluxgate s hitrostjo vzorenja 1 sps (angl.

samples per second).

Za spremljanje pojavov geomagnetnih impulzov, naravnih resonané¢nih frekvenc nasega planeta in
razmer v ionosferi smo v letu 2017 zgradili sprejemnik ELF/ULF (angl. extremely low frequency/ultra
low frequency). Z usmeritvijo njegove antene v horizontalno ravnino smo odkrili, da so v frekvenénem
podro¢ju od 1 Hz do 99 Hz prisotne motnje umetnega izvora. Osnovni frekvenci javne elektri¢ne mreze
50 Hz dodajajo visje harmonske frekvence nelinearni induktivni porabniki, kot so asinhronski elekeri¢ni
motorji. Tem se pridruzijo $e bo¢ni pasovi zaradi elektronske regulacije vrtljajev z modulacijo PPM (angl.
pulse position modulation), ki vplivajo tudi na obmoéje pod 1 Hz (Cop in Henigman, 2018). Raziskava

je med drugim potrdila, da je bila izbira hitrosti vzoréenja digitalnega magnetometra pravilna.

4 METODOLOGIJA RAZISKAVE

4.1 Obdelava geomagnetnih meritev, uporabljenih v raziskavi

Pri geomagnetnih observatorijih na srednjih geografskih Sirinah, kjer leZi tudi observatorij PIA, za opis
stanja geomagnetnega polja uporabljamo geomagnetni indeks K. Geomagnetni indeks K 'na observatorijih
ra¢unamo iz enominutnih srednjih vrednosti meritev spremembe zemeljskega magnetnega polja (Rostoker,

1972; Menvielle et al., 1995). Izratun geomagnetnega indeksa je bil podrobneje ze opisan v Cop (2017).

Indeks K podaja relativno spremembo v triurnem ¢asovnem intervalu glede na geomagnetno miren
dan. Izra¢unan je iz meritev horizontalnih komponent zemeljskega magnetnega polja na posameznem
geomagnetnem observatoriju v ¢asu UTC (angl. Coordinated Universal Time). Vrednosti indeksa K so
prilagojene vsakemu observatoriju posebej, vendar se v daljSem ¢asovnem obdobju ponovijo na vseh
observatorijih priblizno enakokrat. Ker je indeks K logaritmi¢ne oblike, bi bila dnevna vsota vrednosti
vseh osmih indeksov posameznega dneva geometrijska vsota. Linearni ekvivalent geomagnetnega indeksa
Kje indeks . Vsota vseh osmih indeksov 2 posameznega dne je indeks A (angl. daily equivalent), ki pa
je aritmeti¢na vrsta (Cop et al., 2015). Indeks A preseze vrednost A = 48 ob geomagnetnih nevihtah
manjse jakosti in lahko doseZe najve¢jo vrednost A= 400. Razvidno je, da so bile v obdobju od 14.
do 26. decembra 2019 vrednosti indeksov nizke, z izjemo od 18. do 20. decembra 2019 (slika 2). Za tri
dneve okoli zimskega solsticija 2019 so bile vrednosti indeksov A podobne in ve¢ kot desetkrat manjse

kot med geomagnetnimi nevihtami (slika 3).
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Slika 2:  Vrednost geomagnetnega indeksa A (angl. daily equivalent) od 14. decembra do 26. decembra 2019, v dneh okoli
zimskega solsticija 2019.
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Slika 3: Trije geomagnetno mirni dnevi Sq izbranega izhodis¢nega obdobja na observatoriju PIA od 23. do 25. decembra
2019.

Naceloma naj bi bili magnetogrami sosednjih observatorijev v mirnih geomagnetnih dnevih po-
dobni. Ce se na posameznem observatoriju pojavi vedji $um, lahko sklepamo na lokalne naravne
ali antropogene vplive. Z lokalnimi spremembami geomagnetnega polja lahko napovemo tudi tek-
tonska dogajanja (Cop, 2017; Pavlov¢ié-Preseren et al., 2020). V dani raziskavi smo za primerjavo

uporabili geomagnetne meritve z dveh observatorijev v Italiji, in sicer DUR (Duronia) in CTS

(Castello Tesino) (slika 4).
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Slika 4:  Observatorij PIA v Piranu in sosednji geomagnetni observatoriji. V raziskavi uporabljena observatorija: CTS (Castello
Tesino) in DUR (Duronia) v Italiji.

4.2 Primerjava geomagnetnih meritev s sosednjih observatorijev

Za matemati¢no predstavitev povezave med dvema signaloma se uporablja korelacija, s katero se izmeri
njuna medsebojna odvisnost. Za obravnavo signalov, ki vsebujejo impulze, je najprimernejsa linearna
korelacija. Splosna definicija za iskanje podobnosti dveh signalov f(#) in g() enake dolzine M sledi
enacbi:

y(m) =§jf(ﬂ)-g(n—m), 1)

pri ¢emer m predstavlja zamik drugega signala glede na prvega. Za signala enakih dolzin, ki se na-
vezujeta na podatke iz razli¢nih virov (na primer lokacij), izra¢unamo enostavni linearni koeficient
korelacije 7_:

Xy

S V) @
D6 -0y, -7

Ce je korelacijski koeficient tudi normaliziran, potem je njegova vrednost med —1 in +1. Pozitivni ko-

relacijski koeficient nakazuje usklajenost sprememb v ¢asovni vrsti obeh signalov, negativni ali antiko-
relacija pa nakazuje znacilne pojave naras¢anja enega ob hkratnem upadanju drugega signala. Vrednost
normaliziranega korelacijskega koeficienta 0 (ni¢) pomeni, da sta signala med seboj popolnoma neodvisna
oziroma si nista podobna. Signala sta si popolnoma enaka, ¢e je vrednost normaliziranega korelacijskega

koeficienta —1 ali +1, rezultat avtokorelacije pa daje vrednost 1.

Linearna koeficienta korelacije med merilnimi podatki, izmerjenimi 24. decembra 2019 (slika 5) na
geomagnetnem observatoriju DUR (Duronia), CTS (Castello Tesino) in PIA (Piran), sta pozitivna in
burcrs = 081987 inrepg

observatorija CTS (Castello Tesino) je v obravnavanem obdobju tako za vsaj 12,61 % vedja kot korelacija

znaata r, = 0,92327. Korelacija med merilnimi podatki observatorija PIA in

z merilnimi rezultati njima sosednjih observatorijev.

Miran Kuhar, Rudi Cop, Polona Pavlovtic PreSeren | DOLOCITEV VPLIVA LUNE NA GEOMAGNETNI SUM| THE INFLUENCE OF THE MOON ON GEOMAGNETIC NOISE | 303-319



GEODETSKIVESTNIK

46696 — i . i . . . - — 47882

| Duronia (ltalija), Castello Tesino (ltalija), Piran (Slovenija) | 47806
46694 - 24. december 2019 | I

1 1l [ - 4788C
46692 4 A 47804
46690 |, L‘ ‘ il ool 477

1 M | i L
46688 - f *‘A L |

] \ I ‘ k M i " 47500 4787€
46686 f i Wl L

\

1 I 47874
46684 - 47798

i b L r
466824 —— DUR_F [nT] i ( f | 47796) 47872
46680 - CTS_F [nT] b h r '

| —— PIA_F [nT] - 477941 4787C

46678 T T T T T T T T T T T T T T T
00:00  03:00 06:00 09:00  12:00 1500 1800  21:00  24:00
Cas__UTC [hh:mm]

Slika 5: Primerjava amplitudno premaknjenih magnetogramov z observatorija PIA s podatki geomagnetnih observatorijev
CTS (Castello Tesino) in DUR (Duronia) v Italiji.

Za obravnavano obdobje zimskega solsticija se izraCunani indeksi K za observatorij PIA in sosednja
dva v Italiji (slika 5) razlikujejo, ¢eprav je trend meritev podoben. Magnetogram z observatorija DUR
(Duronia) (Geomagnetic INGV Data Portal, 2019) je manj obremenjen z magnetnim $umom (slika 5).
Podobno lastnost imajo magnetogrami geomagnetnih observatorijev Sloveniji sosednjih drzav, na primer
iz Hrvaske ali MadZarske. Zanimivo je, da se meritve na observatorijih CTS (Castello Tessino) in PIA
(Piran) bolj skladajo glede na meritve DUR (Duronia) (slika 5). Razlog za to je najbrz v podobnem tek-
tonskem dogajanju na danem obmod¢ju. Vemo, da oba stojita v blizini severnega roba Jadranske tektonske
mikroplosée (Weber et al., 2010; Pavlovci¢-Preseren et al., 2020), na obmod¢ju, kjer se plosca giblje pod
pritiskom afriske tektonske plo$¢e in se zato zariva v Evrazijo (Cuffaro et al., 2010; Serpelloni et al., 2013).

4.3 Primerjava geomagnetnih meritev z observatorija PIA iz decembra 2019

Zaporedne tridnevne meritve sprememb magnetnega polja Zemlje z observatorija PIA smo izbrali v ¢asu
okoli zimskega solsticija 2019, ki je nastopil 22. decembra 2019 ob 04:19 UTC (MICA, 2012). Takrat
ima v geomagnetno mirnih dneh Sonce najmanjsi vpliv na geomagnetno polje. Tudi magnetosfera je
stabilnejsa kot ob enakonodjih, ko se v njej pogosteje pojavljajo razpoke (Oul Neutron Monitor, 2020).
Za preslikave merilnih podatkov iz ¢asovnega v frekvencni prostor smo uporabili spektralno analizo MEM
(angl. maximum entropy method), ki je u¢inkovitej$a od standardnih oblik Fourierove transformacije
FFT (angl. fast fourier transform) (Bergland, 1969) in se uporablja tudi v prakti¢no delujocih sistemih
(Kesler in Hayking, 1978). Fouriereva transformacija se uporablja za opis linearnih sistemov in odkriva-
nje frekvenénih komponent, ki sestavljajo opazovano nihanje. Z izbiro manj ucinkovitega algoritma za
transformacijo FFT bi zmanjgali to¢nost izlo¢itve vpliva gravitacije v meritvah spremembe geomagnetnega
polja. Kompleksne vrednosti period so izbrane tako, da so njihove realne vrednosti zaporedje ulomkov
¢asa. Zacetne vrednosti tega zaporedja, ki smo jih uporabili v raziskavi, so predstavljene v preglednici
2.V ¢lanku smo se omejili le na predstavitev njihovih amplitud, ker bi se z upo$tevanjem tudi njihovih

faznih premaknitev in moénostnega spekera PSD (angl. power spectral density) zelo povecal obseg ¢lanka
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in zmanj$ala njegova preglednost. Sama predstavitev vpliva Lune na zemeljsko magnetno polje, ki se

skriva v njegovem $umu, pa se s tem ne bi pomembno izbolj$ala.

Signal zapisemo v obliki:

+00

x(f)z.[x(t)esz”ﬁdt, 3)

—0
pri ¢emer je zvezen signal, odvisen od ¢asa. Ce je to nihanje vzorc¢eno ali se obdeluje digitalno, je upo-
rabnejsa diskretna Fouriereva transformacija DFT (angl. discrete Fourier transform):

X(m) =Nz_:lx(n)e*jz”"mm , (4)

kjer je x(n) diskretno zaporedje vrednosti sicer ¢asovno zvezne funkcije x(#). Transformacija ima ne-
katere omejitve, ker se uporablja nad vzorci in v omejenem ¢asovnem intervalu. Uporabnejsa oblika
transformacije DFT je transformacija FFT, ki z razli¢nimi oblikami algoritmov omogoca hitrejsi ¢as
obdelave podatkov. Za FFT obicajno zastopanost amplitud po frekvencah smo nadomestili z njeno
inverzno vrednostjo, z zastopanostjo po periodah. Sirino ¢asovnega okna smo izbrali tako, da so bile v
periodnem prostoru zanesljivo predstavljene vse periode, ki so znacilne za posamezen geomagnetno miren
dan (Smith, 1999; Lyons, 2011). Posamezno obravnavano tridnevno zaporedje je moralo biti resni¢no
geomagnetno mirno (slika 2).

Za vse preslikave, izratune in primerjave smo uporabili enominutne srednje vrednosti enosekundnih
merilnih podatkov. Tako je bila 24. decembra 2019 dnevna sprememba absolutne vrednosti vektorja
magnetnega polja vsega dF = 47.881,04 nT — 47.870,22 nT = 10,82 nT ali 0,023 % srednje vrednosti
F = 47.875,65 nT (slika 3).Tega dne je bila vrednost geomagnetnega polja A = 2,9 (slika 2). Podatki z
vremenoslovne postaje na Letali$¢u Portoroz, ki je od observatorija PIA oddaljena 5,91 kilometra zra¢ne ¢rte
(azimut = 288,21°), so potrdili, da je bilo v opazovanih tridnevnih obdobjih vreme stabilno in le obcasno
delno obla¢no (ARSO, 2020). To pomeni, da ni vplivalo na spremembe v magnetnem polju Zemlje, ki se
lahko zgodijo ob razelektritvah v atmosferi in prehodih vremenskih front MCS (angl. mesoscale convective
system) (Cop, 2015). V izbranih obdobjih so bili na ozemlju Slovenije registrirani potresi manjse jakosti,
najmocnejsi je bil 23. decembra 2019 z magnitudo 1,6 po Evropski potresni lestvici (ARSO, 2020). Ker
potresi povzrocajo spremembe v koli¢ini energije v lokalnem magnetnem polju in zato dodatni magnetni
$um (Cop, 2017; Pavlov¢i¢-Preeren et al., 2020), smo za izhodigéno obdobje izbrali tri zaporedne dneve
z osrednjim 24. decembrom 2019, to je tik pred mlajem, 26. decembra 2019 ob 05:15 UTC (MICA,
2012). Za primerjavo smo izbrali tri zaporedne dni pred predhodnim zadnjim krajcem Lune, ki je bil 19.
decembra 2019 ob 21:13 UTC. Vendar smo to obdobje zamaknili, saj je bil dan pred zadnjim krajcem
Lune (18. december 2019) geomagnetno precej nestabilen (angl. geomagnetic unrest), kar potrjuje tudi
povecan geomagnetni indeks na A = 14,6 (slika 2). Na sliki 6 je predstavljena primerjava v frekven¢nem
prostoru tridnevnega obdobja z osrednjim 16. decembrom 2019 s tridnevnim obdobjem z osrednjim 17.
decembrom 2019, ki potrjuje geomagnetno nestabilnost tridnevnega obdobja od 16. do 18. decembra 2019.

S slike 6 je razvidno, da se amplitude period T, = 8 h, T, = 10,3 h in T = 12 h za primerjalni obdobji
15.-17. december in 16.—18. december niso spremenile. Zaradi pove¢ane geomagnetne aktivnosti pa so
se v obdobju 16.-18. december izrazito povecale amplitude period T, = 14,4 h in T, = 18,0 h, medtem ko
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T,=72 h, vendar so te ze blizu ali celo pod srednjo ravnjo magnetnega Suma 6 = 0,66 n'T (Cop etal.,2011).
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Slika 6:  Vfrekvencnem prostoru primerjane enominutne srednje vrednosti merilnih podatkov z observatorija PIA v primerjalni
skupini treh dni in v skupini z zamikom en dan.

Slika 7 prikazuje primerjavo izbranega tridnevnega obdobja z osrednjim dnevom, 24. decembrom 2019,

s predhodnim obdobjem z osrednjim dnevom 16. december 2019. Razvidno je mo¢no znizanje amplitud

period T, = 8,0 h, T, =9,0 h, T, = 18,0 h ter T, = 24,0 h, medtem ko se je amplituda periode T, = 12,0 h

povecala. Ta je postala najvedja v izhodis¢nem obdobju z osrednjim 24. decembrom 2019 (preglednica 1).
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Slika 7: V frekven¢nem prostoru primerjane enominutne srednje vrednosti merilnih podatkov, izmerjenih na observatoriju

PIA v primerjalnih in izhodis¢nih treh dnevih (za osrednja datuma 16. in 24. december 2019).
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S slike je opazen znacilen trend vpliva Lune, ki se zgodi, ko je Luna v zenitu opazovalisca, tj. ko je opazova-
lis¢u najblizje, oziroma na nasprotni strani Zemlje, v zveznici zenit—opazovalis¢e—Luna. Pomembni periodi
pri plimovanju sta T, = 12,0 h in T, = 24,0 h, zanimivo pa je, da iz geomagnetnih meritev pridobimo e

en vrh, in sicer ob periodi T3 = 8,0 h, ki pri spremljanju plimovanja trdne Zemlje in morij ni znacilen.

Preglednica 2:  Primerjava tridnevnih obdobij geomagnetnih meritev z osrednjima dnevoma 16. in 24. december 2019.

Amplituda Amplituda
Perioda 2019-12-(15-17)  2019-12-(23-25) A, —A_

[dan] [dan] [h] A, [nT] A, [nT] [%)]
T1 0,273 3/11 6,5 0,68415 0,73785 7,8
T2 0,300 3/10 7,2 0,29502 0,36595 24,0
T3 0,333 1/3 8,0 1,89346 0,88432 -53,3
T4 0,375 3/8 9,0 0,66526 0,09129 -86,3
T5 0,429 317 10,3 0,72217 0,63240 -12,4
T6 0,500 1/2 12,0 1,12234 1,45763 29,9
T7 0,600 3/5 14,4 0,28666 0,26667 —7,0.
T8 0,750 3/4 18,0 0,89710 0,51075 —43,1
T9 1,000 1/1 24,0 2,07449 0,78262 -62,3

1,500 3/2 36,0 1,35826 1,28340 -5,5

4.4 Podatki plimovanje morja z mareografa v Kopru

Kakovost izracunov vpliva Lune iz geomagnetnih meritev smo Zeleli preveriti na podlagi neodvisnih podat-
kov meritev, na katere ima Luna ociten vpliv. V ta namen smo pridobili podatke plimovanja morja, saj je
tu gravitacijski vpliv Lune veliko o¢itnejsi kot vpliv Sonca, ravno obratno kot pri geomagnetnih meritvah.
Podatke plimovanja smo pridobili za mareografsko postajo Koper (ARSO, 2019), ki je od observatorija PIA
oddaljena 10,42 kilometra zra¢ne ¢rte (azimut = 16,88°). Da bi mareografske meritve lahko primerjali z de-

lovanjem ionosferskega dinama, smo naredili pretvorbo meritev plimovanja iz ¢asovnega v frekven¢ni prostor.

[ 380
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Slika 8:  Visoko morje v treh zaporednih dneh, izmerjeno na mareografu Koper v treh zaporednih dneh pred mlajem 26.
decembra 2019.
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Izbrane meritve so bile v tridnevnem obdobju od 23. decembra do 25. decembra 2019 (slika 8), tik pred
mlajem. Za primerjavo smo vzeli tridnevno obdobje pred zadnjim krajcem Lune od 15. decembra do
17. decembra 2019. Preslikava dveh merilnih obdobij plimovanja v frekven¢ni prostor je predstavljena

na sliki 9.
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Slika 9: Vfrekvencnem prostoru primerjano plimovanje v primerjalnihin vizhodis¢nih treh dnevih, izmerjeno na mareografski
postaji Koper.

Glede na obliko krivulje, ki predstavlja spremembo plimovanja (slika 8), je bil rezultat preslikave v
frekven¢ni prostor pri¢akovan (slika 9). Osnovna harmonska frekvenca je s svojo periodo blizu tako
Luninemu (perioda luninih men je 29,5306 dneva) kot tudi Son¢evemu dnevu (24,0 ur). Druga har-
monska frekvenca s periodo 0,5 dneva je tista, ki povzroca nesimetri¢no popacitev osnovne sinusne
krivulje. Nastaja zaradi nasprotnega polozaja Lune in Sonca glede na Zemljo. Izstopajo¢i periodi pri
plimovanju (slika 9) sta T, = 12,0 h in T, = 24,0 h, pri ¢emer se od zadnjega krajca do mlaja povecata
za 66,8 % oziroma 11,4 %.

5 OBRAVNAVA REZULTATOV

Luna in Sonce vplivata s svojima gravitacijskima silama na Zemljo v razmerju 100/46. Razlog za vedji
gravitacijski vpliv Lune, ki je precej manjsa od Sonca, je njena blizina Zemlji (Volland, 1988). V nasprotju
s plimovanjem morja, kjer je vpliv Lune vseskozi oliten, ga je z magnetogramov tezko razbrati, saj je
sibko in nima izrazitih polov. Dejstvo je, da na spremembo geomagnetnega polja Zemlje veliko ocitneje
delujejo pojavi na Soncu. Na podlagi primerjave geomagnetnih meritev z od¢itki plimovanja morja lahko
re¢emo, da je plimovanje (slika 8) bliZje sinusni krivulji kot pa dnevne spremembe lokalnega magne-
tnega polja (slika 3). Dodatno lahko vidimo, da so za obravnavano obdobje v obeh primerih znacilne
ekstremne vrednosti na obeh vrstah podatkov, ki tudi znacilno sovpadajo. Gravitacijski vpliv Lune in
Sonca na morja, oceane in tudi trdno zemeljsko skorjo je neprimerno enostavneje opazovati z mareo-

grafskih od¢itkov kot pa iz sprememb magnetnega polja Zemlje zaradi ionosferskega dinama. Vendar je
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tudi napovedovanje gibanja vodnih mas zahtevno in omejeno zanesljivo, saj na plimovanje vplivajo tudi
vremenski dejavniki. Srednja vi$ina morja, izmerjena na mareografski postaji Koper, od 23. do 27. de-
cembra 2019 je znasala hmcan =245,9 centimetra. Teden dni prej je bila ta vi$ina hmm =238,0 centimetra,
oziroma nizja za dh = 7,9 cm = 3,3 %, vendar celotne razlike ne moremo pripisati samo vplivu Lune.

Ce primerjamo geomagnetno mirne dneve ob zadnjem krajcu in prazni Luni (mlaju), ugotovimo, da
ne izstopata le periodi T, = 12,0 h in T, = 24,0 h, temve¢ tudi T, = 8,0 h (preglednica 2). Ta se je od
zadnjega krajca zmanjsala za 53,3 %. Eden od razlogov je gotovo simetri¢na popacitev osnovnega ce-
lodnevnega vala zaradi spremembe medsebojnega poloZzaja Lune in Sonca glede na Zemljo. Zato se v
zimskem obdobju v magnetogramu sicer geomagnetno mirnega dne ne opazi vedno poldneva po son¢ni
uri, kot je to primer za 25. december 2019 (slika 3). Od 23. do 27. decembra 2019 se je srednja vrednost
F . = 47.875,8 nT povisala od tiste iz tridnevnega obdobja od 15. do 17. decembra 2019 F =
47.872,9 nT za dF = 2,9 nT, kar znasa 0,006 %. Ta sprememba je vecja od srednje vrednosti geoma-
gnetnega $uma o= 0,66 nT. Iz rezultatov v preglednici 2 je ocitno, da so geomagnetne meritve sledile
trendu plimovanja morja na mareografski postaji Koper. O¢itna razlika amplitud v obdobju zadnjega

krajca in prazne Lune je znacilna tako pri meritvah na mareografu kot tudi pri od¢itkih z magnetogramov.

Znatilno ujemanje meritev z mareografske postaje v Kopru in magnetogramov observatorija PIA v
geomagnetno mirnih dnevih je pokazala, da lahko v nadaljnjih $tudijah proudevanja Suma magneto-
gramov uporabimo tudi zunanji vir podatkov z mareografske postaje v Kopru in jih pretvorimo v $um
geomagnetnih meritev zaradi vpliva Lune. V tej raziskavi pridobljeni rezultati bodo zato sluzili za oceno
in odstranitev vpliva Lune tudi v obdobjih z ve¢jo intenziteto dogajanj v geomagnetnem polju, nastalih
zaradi drugih vplivov, ki jih nameravamo proucevati.

6 SKLEP

Slovenija lezi na srednjih zemljepisnih $irinah severne poloble in ni pod vplivom ekvatorialnega elekeri¢-
nega toka, ki te¢e v ionosferi nad ekvatorjem, kot tudi ne pod vplivom posebnih razmer okoli magnetnih
polov. Glede na rezultate meritev sprememb magnetnega polja Zemlje, merjenih na geomagnetnih ob-
servatorijih v sosednjih drzavah, je na ozemlju Slovenije prisotna visoka stopnja geomagnetnega $uma.
Prav ta postavlja omejitve pri geomagnetnih meritvah po priporocilih mednarodne organizacije IAGA
(angl. International Association of Geomagnetism and Aeronomy). Zato so raziskave, kjer skusamo lociti
posamezne vplive na geomagnetni $um, zelo pomembne. V danem prispevku nam je uspelo predstaviti
oceno vpliva Lune z magnetogramov. V prihodnje bomo oceno vpliva Lune z mareografske postaje lahko
uporabili za odstranitev vpliva, da bo mogoce bolje oceniti druge dejavnike, ki vplivajo na geomagnetni
$um na observatoriju PIA. Se vedno ostajata aktualni problematiki prou¢evanja geomagnetnega $uma
na meritve v povezavi z antropogenim vplivom kot tudi dolocitev sprememb geomagnetnih meritev s

tektonskimi dogajanji v Sloveniji ali njeni okolici.
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IZVLECEK

Cerkveni zvoniki so bili zaradi svoje oblike in visje postavitve
v preteklosti primerne orientacijske tocke pri detajlni izmeri.
Z razvojem metod satelitske izmere in predvsem uvedbo
koordinatnega sistema D96/TM so pocasi izgubljali pomen.
Kljub temu so v primerjavi s talnimi trigonometri¢nimi
tockami velinoma ostali nedotaknjeni. Kot takini omogoiajo
dolotitev transformacijskih parametrov med starim in novim
koordinatnim sistemom. Zato potrebujemo dolocitev njihovih
polozajev tudi v novem koordinatmem sistemu. V prispevkn
opisujemo postopek dololitve polozaja cerkvenega zvonika
s terestricnim laserskim skeniranjem (TLS) na primeru
obeh zvonikov Trnovske cerkve. Postopek vkljucuje dolocitev
koordinat oslonilnih rock za georeferenciranje oblakov tock.
1o zahteva dolofitev geodetskega datuma s kombinacijo
izmere GINSS in geometricnega nivelmana ter klasicno izmero
geodetske mrege z izravnavo proste mreze in uporabo postopka
S-transformacije. Na podlagi georeferenciranih oblakov tock
smo dolocili polozaj trigonometricne tocke zvonika z izravnavo
parametrov krogle. Podatke filtriramo z algoritmom RANSAC,
tako da imamo v izravnavi res le tocke, ki pripadajo krogli.
Rezultate smo primerjali s poloZaji, dolotenimi na podlagi
klasi¢ne terestricne geodetske izmere.

KLJUCNE BESEDE

cerkveni zvonik, drzavni koordinatni sistem, geodetska mreza,
terestricno lasersko skeniranje, georeferenciranje, oblak tock,
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ABSTRACT

In the past, church belfries, due to their shape and higher
layout, often served as reference points in surveying. With the
development of satellite based positioning methods and the
establishment of the DI6/TM coordinate system, they slowly
lost their significance. Nevertheless, unlike ground trigonometric
points, they have remained largely intact. As such, they enable
the determination of transformation parameters between the
old and the new coordinate systems. Therefore, we need to
determine their positions in the new coordinate system. In this
paper, we describe the process of determining the position of
church belfries using terrestrial laser scanning (TLS) in the
case of both belfries of the Trnovo church. The process involves
determining coordinates of the tie points for georeferencing the
point clouds, which requires the determination of the geodetic
datum by a combination of GNSS measurement and geometric
levelling, and the classical geodetic survey of the geodetic
network with free-network adjustment and further use of the
S-transformation. Based on the georeferenced point clouds, we
determined the position of the trigonometric point by sphere
parameters adjustment. The data is filtered using the RANSAC
so that we only have points that belong to the sphere in the
adjustment process. The results were compared with the positions
determined based on the classical terrestrial geodetic survey.

KEY WORDS

church belfry, national coordinate system, geodetic
network, terrestrial laser scanning, georeferencing, point
cloud, least-squares adjustment, RANSAC
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1 UVOD

Cerkveni zvoniki so imeli v zgodovinskem razvoju geodezije zelo pomembno vlogo. Cerkve so zaradi
visine in lokacije obi¢ajno izstopajoci objekti v naseljih ali celo stojijo na vrhu hribov, zaradi esar so
njihovi zvoniki vidni dale¢ naokrog in precej bolj odporni proti uni¢enju kot talne trigonometri¢ne
tocke. Te so pogosto unic¢ene zaradi naravnih vplivov ali gradbenih posegov v prostor, dandanes pa ni
ved interesa za njihovo obnovo. Zev preteklosti so cerkvene zvonike zaradi njihove oblike in vidnosti
pogosto uporabljali kot izhodi$¢e za terenske izmere oziroma dolocitev polozaja geodetskih tock nizjih
redov, predvsem pri polarni metodi izmere. Podatke o njihovem polozaju in stanju je v svojih bazah
redno vzdrzevala Geodetska uprava Republike Slovenije (v nadaljevanju: GURS), koordinate v teh bazah
pa se nanasajo na ravninski koordinatni sistem D48/GK.

Zacetki starega drzavnega koordinatnega sistema segajo v obdobje avstro-ogrske monarhije. S kratico
D48/GK oznac¢ujemo letnico vzpostavitve slovenske astro-geodetske mreze (1948) in Gauf3-Kriigerjevo
projekcijo. GURS je v zacetku leta 2008 zacel uvajati drzavni koordinatni sistem D96/TM na podlagi
139. ¢lena Zakona o evidentiranju nepremi¢nin — ZEN (2006). Oznaka D96/TM pomeni letnico
dolo¢itve 1996 in transverzalno Mercatorjevo projekcijo, kar je pravzaprav splosno uveljavljeno ime
za Gauf3-Kriigerjevo projekcijo. Z oznako TM poudarjamo le, da gre za nov koordinatni sistem. Novi
koordinatni sistem smo v Sloveniji uvedli tudi za visine v letu 2018 z oznako SVS2010/Koper. Parametri
so doloceni z Uredbo o dolocitvi parametrov visinskega dela vertikalne sestavine drzavnega prostorskega

koordinatnega sistema (2018).

Z razvojem geodezije, Se posebej z uvedbo tehnologije GNSS, so trigonometri¢ne mreze izgubljale pomen.
Predvsem se je njihova uporaba zadela opuscati z uvajanjem novega drzavnega koordinatnega sistema
D96/TM po letu 2008. Cerkveni zvoniki so tako izgubili svojo vlogo v geodeziji. Kljub temu ostaja
dejstvo, da so v nasprotju s preostalimi, predvsem talnimi trigonometri¢nimi tockami, ki so ve¢inoma
unicene, povedini ostali nedotaknjeni. Zato imajo podatki o njihovih polozajih neprecenljivo vrednost,
omogocajo namre¢ zvezni prehod med starim in novim drzavnim koordinatnim sistemom na manjsem
obmodju izmere (Marjeti¢ in Pavlovci¢, 2018), doloditev kakovostnejsih transformacijskih parametrov
med starim in novim koordinatnim sistemom ali vsaj oceno kakovosti parametrov te transformacije.
Za vse to pa potrebujemo kakovostne polozaje cerkvenih zvonikov v novem drzavnem koordinatnem

sistemu D96/TM.

V nadaljevanju prikazujemo inovativen nacin dolocanja koordinat zvonikov v D96/TM, in sicer s tere-
stri¢nim laserskim skeniranjem (v nadaljevanju: TLS) ob podpori drugih geodetskih merskih metod za
umestitev skeniranega oblaka tock v drzavni koordinatni sistem na podlagi oslonilnih tock. Postopek
dolo¢itve koordinat oslonilnih to¢k temelji na kombinaciji izmere GNSS in klasi¢ne terestri¢ne geodetske

izmere.

Georeferenciran oblak tock je v konkretnem primeru podlaga za doloditev polozaja trigonometri¢ne
tocke z izravnavo parametrov krogle. Trigonometri¢na tocka je namre¢ pri vedini cerkvenih zvonikov
dolo¢ena pod jabolkom zvonika (slika 5), ki jo po obliki predpostavimo kot prisekano kroglo, na kateri

stoji kriz. Koordinate so tako dolocene s srediséem te krogle.

Postopek smo uporabili za dolo¢itev koordinat obeh zvonikov Trnovske cerkve (slika 1) v Ljubljani. Za to

delovi$¢e smo se odlo¢ili, ker smo Zeleli preveriti smiselnost uporabe metode TLS za dolocanje polozaja
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cerkvenega zvonika. Koordinate smo lahko primerjali s koordinatami, doloc¢enimi s klasi¢no terestri¢no
geodetsko izmero (Marjeti¢ in Pavlov¢i¢ Preseren, 2018). Ker ima Trnovska cerkev dva zvonika, nam
omogoca tudi relativno primerjavo med starim in novim drzavnim koordinatnim sistemom. Tako smo
lahko na primeru preprostega izratuna razdalje med zvonikoma preverili kakovost dolo¢itve koordinat

v starem koordinatnem sistemu, brez vpliva transformacije.

Slika 1:  Oblak toc¢k Trnovske cerkve.

V ¢lanku predstavljeni postopek spada na podroéje kombiniranja razli¢nih geodetskih merskih tehnik.
Poudarek je seveda na metodi TLS, ki vkljucuje ve¢ faz obdelave skenograma. Na temo registracije in
georeferenciranja oblakov to¢k obstaja vrsta raziskav in iz njih izvedenih postopkov (Besl in McKay,
1992). Najsirse uporabljena metoda registracije je ICP (angl. lterative Closest Point, He in sod., 2017).
Georeferenciranje je na drugi strani klju¢en postopek umescanja oblaka toc¢k v zunanji koordinatni
sistem (Kraus, 2000), kar je v nasem primeru osnovni pogoj, saj Zelimo z modeliranjem iz oblaka tock
in dolo¢anjem geometrijskih lastnosti objekta dolociti polozaj to¢no dolocene tocke na zvoniku v
drzavnem koordinatnem sistemu. Primernost metode TLS se je sicer izkazala ze v ve¢ primerih iskanja
geometrijskih lastnosti objektov: pri modeliranju cerkvenega zvonika (Oleniacz in sod., 2017), dolo-
Cevanju geometrije tirnic zZerjavne proge (Kregar in sod., 2017), dolocevanju vertikalnosti dimnikov
(Barazzeti in sod., 2019, Kregar in sod., 2015) itd., kjer sicer umes$¢anje v zunanji/globalni/drzavni
koordinatni sistem ni pogoj. V povezavi z arhitekturnimi objekti se metoda TLS poveéini uporablja
za vizualizacije za namen arhiviranja in obnov zgodovinskih objektov (Petrovi¢ in sod., 2019), kamor

spadajo tudi cerkve.

Cilj obdelave v obravnavanem primeru je dolo¢itev koordinat specifi¢ne tocke na cerkvenem zvoniku.
Nacdin dolo¢itve je v smislu povezovanja merskih metod inovativen in zagotavlja kakovostne rezultate,

kar skusamo v nadaljevanju tudi predstaviti in potrditi.
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2 METODE IZMERE IN OBDELAVA OPAZOVANJ

2.1 Vzpostavitev koordinatne osnove

V okolici Trnovske cerkve so bile Ze za potrebe predhodnih izmer, s katerimi smo doloéali polozaj
cerkvenih zvonikov v novem koordinatnem sistemu, trajno stabilizirane $tiri geodetske tocke (Marjeti¢
in Pavlovei¢ Preseren, 2018). Te tocke so bile vkljucene v geodetsko mrezo, s katero smo zagotavljali
geodetski datum pri klasi¢ni doloc¢itvi polozaja cerkvenih zvonikov. Stabilizirane so s kovinskimi ¢epi
na plo¢nikih pred cerkvijo ter na obeh bregovih Gradascice. Za potrebe georeferenciranja oblakov tock
potrebujemo ve¢ oslonilnih tock s kakovostno dolo¢enimi koordinatami. Se posebej to velja na tem
obmodju, kjer zagotavljanje vizur ovirata gosta pozidava in bujno rastje. V osnovi za georeferenciranje
oblaka to¢k zadostujejo tri oslonilne to¢ke. V nagem primeru smo cerkvena zvonika zajeli s treh stojis¢
skenerja (slika 2b). Ce bi torej imeli le tri oslonilne tocke, bi morale biti jasno vidne z vseh treh stojise.
Zaradi ovir je bilo to neizvedljivo, zato smo vzpostavili ve¢ (osem) oslonilnih to¢k ter jih s kombinacijo
GNSS in klasi¢nih terestri¢nih meritev povezali v geodetsko mrezo (slika 2a). Pri tem smo uporabili tri

trajno stabilizirane tocke (A, B, C) in pet dodatnih, ki smo jih stabilizirali le za¢asno s stativi. Namen je

bil vzpostaviti kakovostno koordinatno osnovo za georeferenciranje oblaka tock.

Slika 2:  Geodetska mreza (a) in polozaj stojis¢ skenerja (b) (podlaga DOF; GURS, 2019).

Izmero geodetske mreze smo izvedli s tahimetrom na petih stojis¢ih (A, B, C, D, D2 na sliki 2a), v tirih
girusih. S tem smo zagotovili kombinirane triangulacijsko-trilateracijske meritve za izravnavo geodetske
mreze po metodi najmanjsih kvadratov. Geodetski datum v tem primeru zagotovimo z izravnavo proste
mreZe in uporabo postopka S-transformacije, kjer kot dane uporabimo tocke A, B in C, s predhodno
dolo¢enimi koordinatami v drzavnem koordinatnem sistemu z metodo GNSS. Postopek S-transformacije
(Marjeti¢ in Stopar, 2007, Baarda, 1981) nam zagotovi dolotitev geodetskega datuma z minimalnimi

popravki koordinat danih tock, pri tem pa ne vpliva na geometrijo mreze.

Priprava vhodnih podatkov za postopek izravnave zahteva izratun sredin girusov, redukcijo posevnih
dolZin na raven drzavnega koordinatnega sistema, izracun pribliznih koordinat in zagotovitev koordinat
danih toc¢k. Koordinate tock za zagotovitev geodetskega datuma smo dolodili s stati¢cno metodo GNSS.
Na podlagi hkratnih stati¢nih opazovanj GNSS, ki so trajala priblizno 120 minut, opazovanj stalne GNSS

postaje omrezja SIGNAL, preciznih efemerid in parametrov anten smo dolo¢ili polozaj danih tock A, B in
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C. Interval registracije med izmero je bil nastavljen na 1 s, minimalni viinski kot pa na 10°. Pri obdelavi
smo uporabili hitre precizne efemeride IGR sluzbe IGS (angl. International GNSS Service; 1GS, 2020),
opazovanja stalne postaje omrezja SIGNAL — GSR1 (SIGNAL, 2020) in kalibracijske parametre anten
sluzbe NGS (angl. National Geodetic Survey; NGS, 2020). V preglednici 1 so prikazani rezultati obdelave
opazovanj GNSS. Navedene vrednosti za oceno natanénosti koordinat so seveda precenjene. Razlog je
v navezavi na samo eno stalno postajo omrezja SIGNAL, zaradi Cesar je geodetski datum poddolocen
in posledi¢no ne kvari notranje geometrije mreze, ter v velikem Stevilu nadstevilnih meritev (posledica

sekundnega intervala registracije med izvajanjem meritev).

Preglednica 1:  Koordinate GNSS-tock v drzavnem koordinatnem sistemu D96/TM in viSinskem sistemu SVS2010/Koper.

Tocka e [m] n [m] H [m] o, [mm] o, [mm] o, [mm]
A 461.331,319 100.486,251 293,122 0,1 0,0 0,1
B 461.364,774 100.584,163 293,612 0,1 0,0 0,1
C 461.462,245 100.552,567 292,432 0,2 0,1 0,2

Splosno velja, da je viSinska komponenta, dolo¢ena z metodo GNSS, precej slabse kakovosti. Zaradi
neposredne bliZzine reperjev mestne nivelmanske mreze Ljubljana smo v obravnavani geodetski mrezi za
dolotitev viSine to¢ke C uporabili metodo preciznega geometri¢nega nivelmana. Visinsko izhodis¢e je
predstavljal reper mestne nivelmanske mreZe v neposredni blizini. Visinska geodetska mreZa je bila nato
izravnana z dano viSino to¢ke C. Merjene viSinske razlike v mrezi smo zagotovili z metodo trigonome-

tri¢nega viSinomerstva.

Pri terenski izmeri smo uporabljali naslednji instrumentarij in pribor:

— Stati¢na izmera GNSS:
- tri GNSS-sprejemnike Leica GS18: natan¢nost pri stati¢ni izmeri oy, - Hz: 3 mm, 0,1 ppm;
V: 3,5 mm, 0,4 ppm (Leica Geosystems, 2017; slika 3 a);
— stativi, podnozja s peclji in nastavki za anteno in merski trak.

— Klasi¢na geodetska izmera:

— tahimeter Leica TS30: natanénost merjenja smeri oy, . .+ 0,5"; natan¢nost merjenja dolzin
Oiso171254° 0,6 mm,1 ppm (Leica Geosystems, 2013; slika 3 b);

— stativi, podnozja s peclji, precizni reflektorji s prizmo Wild GPH1P, merski trak in vremenska
postaja.
— Geometri¢ni nivelman:
— digitalni nivelir Leica DNAO3: natan¢nost odcitkov na invar nivelmanski lati o .
0,3 mm/ km dvojnega nivelmana (Leica DNA03 Manual, 2006);
— stativ, invar nivelmanske late Leica GPCL2 in podlozke.
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Slika 3:  Stati¢na metoda izmere GNSS z instrumentom Leica GS18 (a) in klasi¢na geodetska izmera s tahimetrom Leica TS30 (b).

Koordinate to¢k mreze so predstavljene v preglednici 2. Dolocene so v drzavnem koordinatnem sistemu
D96/TM in viSinskem sistemu SVS2010/Koper. Pri izra¢unu visin oslonilnih to¢k je upostevana kon-

stantna vi$inska razlika med centrom reflektorja in centrom tarée skenerja (slika 4b).

Preglednica 2:  Koordinate oslonilnih tock v drzavnem koordinatnem sistem D96/TM in SVS2010/Koper.

Tocka e [m] n [m] H [m] o, [mm] o, [mm] o, [mm]

461.331,3166  100.486,2505 295,0648 0,4 0,5 0,9
B 461.364,7706  100.584,1631 295,5448 0,5 0,4 0,7

461.462,2508  100.552,5674 294,2712 0,7 0,2 0,0
B1 461.369,3437  100.537,4125 293,3525 0,5 0,8 1,4
D 461.415,9137  100.474,4054 293,5724 1,1 0,6 0,8
D1 461.512,3730  100.532,0211 293,5790 1,0 0,5 0,8
D2 461.478,8649  100.508,6190 294,2881 0,8 0,6 1,0
D3 461.443,9452  100.494,9798 294,0273 1,0 0,6 1,2

2.2 Terestri¢no lasersko skeniranje

Terestri¢no lasersko skeniranje smo izvedli s treh moznih stojis¢ (slika 2b), da smo zajeli vrh zvonika z vseh
strani. Oslonilne tocke smo imeli Ze stabilizirane s stativi, le reflektorje smo zamenjali s tar¢ami skenerja (sli-
ka 4b). Tako smo se izognili morebitnim pogreskom pri ponovnem centriranju. Tarce smo skenirali podrobneje

s posebej vgrajeno funkcijo, oba zvonika v omejenem obsegu (samo vrh) pa s prostorsko resolucijo 2 mm.
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Pri terenski izmeri smo uporabili:
— terestri¢ni laserski skener Riegl VZ-400 (Riegl Laser Measurements System, 2019): toénost meritev
dolZin: 5 mm, natan¢nost meritev dolzin: 3 mm, divergenca laserskega Zarka: 0,35 mrad;
— pribor (stativi, podnozja s peclji in nastavki za tarce, Tilt& Turn tarée Leica HDS 67, slika 4b).
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Slika 4:  Terestri¢no lasersko skeniranje z instrumentom Riegl VZ400 (a) in tarca skenerja (b).

Za obdelavo podatkov terestri¢nega laserskega skeniranja smo uporabili program RiSCAN PRO (RIEGL
Laser Measurement Systems GmbH). V osnovi poznamo $est korakov za obdelavo skenogramov, to so
vizualizacija, organizacija podatkov, filtriranje, segmentacija, registracija in georeferenciranje, po navadi

v tem vrstnem redu.

V fazi vizualizacije Ze na terenu preverjamo, ali je obravnavani objekt v celoti zajet z zadostnim $tevilom
to¢k. Dopolnjevanje oblaka tock z naknadnimi meritvami bi v naSem primeru pomenilo veliko dodatnega

dela v obliki ponovne izmere mreze, saj so oslonilne tocke (tar¢e) samo zacasno stabilizirane.

Kadar je objekt zajet z ve¢ stojis¢, imamo ve¢ skenogramoyv, ki jih zdruzimo v postopku registracije, tej
pasledi georeferenciranje. V nasem primeru med skenogrami zaradi nedostopnosti objekta (vrh zvonika)
nismo zagotovili veznih tock, zato smo se odlo¢ili za registracijo prek oslonilnih to¢k. Opraviti smo jo
poskusili z metodo MSA (Multi Station Adjustment; RIEGL Laser Measurement Systems, 2004), vendar
rezultati niso bili zadovoljivi. Ker smo skenirali samo vrh zvonikov (obmod¢je okrog jabolka), program
RiSCAN PRO, verjetno zaradi majhnega Stevila in nepravilnosti geometrijskih oblik med skenogrami s
posameznih stojis¢, ni nasel dovolj tock za kakovostno skupno izravnavo. Tudi rezultati na koncu niso

bili smiselni, saj je bil radij krogle jabolka celo ve¢ji za registriran oblak, kot ¢e registracije ne bi opravili.
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Program RiSCAN PRO v osnovi lo¢i tri koordinatne sisteme: skenerjev lastni koordinatni sistem oziro-
ma koordinatni sistem posameznega stojis¢a, projekeni koordinatni sistem in zunanji oziroma globalni
koordinatni sistem. V nasem primeru imamo tri stojis¢a , in . Ob registraciji oblakov to¢k v enoten
lokalni koordinatni sistem bi imeli vsi trije dolo¢en polozaj v enem projektnem koordinatnem sistemu.
V nasem primeru smo dolo¢ali polozaj to¢no dolocene tocke (slika 5) v globalnem oziroma drzavnem
koordinatnem sistemu D96/TM z visinskim datumom SVS2010/Koper, kar predstavlja na$ globalni

koordinatni sistem.

3 DOLOCITEV POLOZAJA CERKVENEGA ZVONIKA

3.1 Izravnava parametrov krogle

Polozaj cerkvenih zvonikov dolo¢amo na podlagi modeliranja iz oblaka toc¢k ob predpostavljeni obliki
krogle jabolka na cerkvenem zvoniku. PoloZaj dolo¢amo na podlagi parametrov krogle, ki jih izratunamo
z izravnavo po metodi najmanjsih kvadratov (MNK). Po definiciji je krogla geometrijsko telo, definirano
kot mnozica tock v 3D-prostoru (Urban¢i¢ in sod., 2014). Vse tocke so od sredis¢a krogle (x,, y,, 2,)
enako oddaljene, in sicer za vrednost polmera krogle R. Sredis¢e in polmer krogle sta parametra, s kate-
rima je krogla enoli¢no doloéena. V horizontalnem koordinatnem sistemu je poloZaj zvonika dolo¢en s

koordinatama centra krogle (x,, y,). Po visini predpostavljamo, da je trigonometri¢na toc¢ka dolocena s

)’
koordinato centra krogle (z)) in odstetim polmerom R (slika 5).

Sredisée krogle

Slika 5: Trigonometri¢na to¢ka na cerkvenem zvoniku.
Krogla je v 3D-prostoru dolocena z enacbo (1):

(6, =3 + (0, ) + (2~ 2)* ~ (R=0, ()

kjer (x, y, z) predstavljajo koordinate tocke na krogli (i =1 ... n, 7 — 3t. tock), ki predstavljajo meritve
v modelu (1). Glede na uporabljeno gostoto skeniranja (2 mm) imamo na voljo nadstevilne meritve.

Problem dolocitve parametrov krogle (x,, ,, 2,» R) re$ujemo s splosnim modelom izravnave po metodi
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najmanj$ih kvadratov (Teunissen, 2003). Pri tem predpostavimo, da so vse tocke dolocene z enako

natancnostjo, zato je matrika utezi opazovanj enotska.

Kot vhodni podatek v izravnavo smo v tej fazi uporabili samo oblak to¢k spodnje polovice jabolka
zvonika, saj predvidevamo, da jabolko v celoti nima oblike krogle, kar tudi potrdimo v poglavju 3.2.
Postopek izravnave smo izvedli tako za tocke iz vsakega posameznega skenograma kot tudi za zdruzene
podatke. Preglednici 3 in 4 prikazujeta parametre krogle za oba zvonika Trnovske cerkve, izracunane iz
skenogramov s treh stojis¢, , in, ter iz zdruZenega oblaka tock (skupaj). Trnovska cerkev ima dva zvonika,
vzhodnega in zahodnega. Polozaj smo dolo¢ili obema. Uradni oznaki to¢k v trigonometri¢ni mrezi sta
240-C1 (vzhodni zvonik) in 240-C2 (zahodni zvonik).

Preglednica 3:  Parametri krogle vzhodnega zvonika (240-C1) v D96/TM in SVS2010/Koper.

Sredis¢e krogle Polmer
¢ o, 7, o, H, %, R o,
[m] [mm] [m] [mm] [m] [mm] [m] [mm]
S, 461.478,909 0.11 100.475,707 0.09 339,704 0.14 0,253 0.13
S, 461.478,900 0.09 100.475,720 0.08 339,708 0.11 0,255 0.10
S3 461.478,916 0.06 100.475,719 0.04 339,705 0.09 0,252 0.06
Skupaj 461.478,911 0.04 100.475,715 0.05 339,712 0.04 0,259 0.06

Preglednica 4: Parametri krogle zahodnega zvonika (240-C2) v D96/TM in SVS2010/Koper.

Sredis¢e krogle Polmer
e o n o H o R o
[m] [mm] [m] (mm] [m] ] [m] Fon
S1 461.461,491 0.10 100.475,971 0.08 339,662 0.11 0,252 0.11
52 461.461,488 0.03 100.475,985 0.07 339,661 0.09 0,249 0.07
S3 461.461,500 0.08 100.475,981 0.04 339,662 0.11 0,250 0.08
Skupaj 461.461,495 0.06 100.475,977 0.08 339,669 0.09 0,257 0.05

Iz preglednic 3 in 4 vidimo, da je polmer krogle za zdruZen oblak (skupaj) tock nekoliko vegji (do nekaj milime-
trov) kot pri dolocitvi s posameznega stojis¢a. To je posledica tega, da oblakov tock s posameznih stojis¢ nismo
zdruzevali v postopku registracije iz zgoraj navedenih razlogov, ampak smo opravili kar georeferenciranje oblaka
na posameznem stojisu in jih nato zdruzili. Izra¢unane krogle s posameznih stojis¢ so lahko tako nekoliko
manjSe (manjsi R) od izratunane krogle za zdruzen oblak tock. Ali drugade, oblaki tock s posameznih stojis¢
so lahko med sabo nekoliko razmaknjeni. Razmaknjenost oblakov tock je lahko tudi posledica neupostevanja
redukcij dolzin za meteoroloske vplive, kot je na primer prvi popravek hitrosti (Kogoj, 2005). To ne vpliva
bistveno na dolocitev horizontalnega polozaja. Zagotovljena mora biti le osna simetri¢nost (vertikalna os), ki pa
jo zagotovimo z zdruzenim oblakom z vseh stojis¢. Negativen vpliv je lahko samo na dolocitev visine, vendar

glede na metodo in pri¢akovano natan¢nost napaka velikostnega reda milimetra nima bistvenega pomena.

Za smiselno primetjavo razli¢nih metod doloditve polozaja cerkvenega zvonika potrebujemo tudi podatek o
natan¢nosti rezultatov. Pri klasi¢ni geodetski izmeri natanénost ocenimo med izravnavo geodetske mreze. Iz
teh rezultatov smo dobili podatek o natan¢nosti koordinat oslonilnih tock, ki so bile vklju¢ene v geodetsko
mrezo in smo jih kasneje uporabili za georeferenciranje (preglednica 2). V programu RiSCAN PRO se pojavi
tezava z dolo¢anjem natan¢nosti koordinat tock v oblaku, saj jo lahko ob georeferenciranju oziroma registraciji
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ocenjujemo le na podlagi zadostnega Stevila veznih tock. V izravnavo parametrov krogle smo §li s predpostavko,
da so vse to¢ke dolocene z enako natanénostjo, kar pomeni, da je matrika utezi enotska. Ocena natanénosti
izraunanih parametrov krogle je ob tolik$ni nadstevilnosti tako reko¢ neuporabna. Natan¢nosti parametrov
krogle so mo¢no precenjene, saj izratunane vrednosti natan¢nosti v povpredju znasajo red velikosti desetinke
milimetra (preglednici 3 in 4), kar ni realno, zaradi ¢esar podatka v rezultatih v poglavju 3.2 ne prikazujemo.
Natancnost poloZaja cerkvenih zvonikov v drzavnem koordinatnem sistemu je odvisna od natan¢nosti meritev
in obdelave skenogramov: v na$em primeru od georeferenciranja skenogramov in predhodne dolocitve koordinat
oslonilnih tock. Te so navedene v preglednici 2 in so velikosti nekaj milimetrov. Sklepamo, da smo parametre
krogle in s tem horizontalni polozaj cerkvenih zvonikov (preglednica 6) dolo¢ili z natan¢nostjo priblizno 5
milimetrov. Visina je pri tem Ze v osnovi zaradi predpostavke o geometriji jabolka (viziranje pod obro¢ jabolka

= viSina centra krogle z odstetim radijem, slika 5) dolo¢ena s slabso natan¢nostjo.

3.2 RANSAC
Algoritem soglasja naklju¢nih vzorcev oziroma RANSAC (angl. RANdom SAmple Consensus; Fischler in

Bolles, 1981) je robustna metoda za segmentacijo ali filtriranje oblaka tock. V' postopku izra¢una para-
metrov ne uporablja celotnega podatkovnega niza vhodnih podatkov, temve¢ izbere naklju¢ni vzorec.
Velikost vzorca je enaka $tevilu tock, ki je minimalno potrebno za enoli¢no dolocitev parametrov izbranega
matemati¢nega modela. Algoritem iz izbranih to¢k doloci parametre matemati¢nega modela, za vse ostale
tocke pa na podlagi podanega odstopanja preveri, ali pripadajo izratunanemu modelu. Matemati¢ni
model krogle je enoli¢no doloden s $tirimi parametri. Z algoritmom i$¢emo tak vzorec Stirih tock, da
bo Stevilo tock, ki znotraj dolo¢enega odstopanja pripadajo krogli, kar najvedje. Take to¢ke imenujemo

inlierji. Vse druge, ki ne pripadajo modelu, pa outlierji.

Ob izravnavi parametrov krogle v poglavju 3.1 smo kot vhodni podatek uporabili oblake tock, ki smo
jih predhodno obrezali na obmocje spodnje polovice jabolka zvonika. Ker smo skenirali od spodaj, je
bila orientacija povrsine spodnjega dela jabolka za elektroopti¢no merjenje dolzine ugodnejsa. Posledica
tega je ve¢ja gostota in manjsa razprienost tock na spodnjem delu jabolka. Ob prikazu oblakov tock
(slika 6) ugotovimo, da jabolko zvonika v celoti dejansko ni krogla. Izkaze se, da gre najverjetneje za dve

polkrogli, ki sta med seboj razmaknjeni za $irino obroca.

obro¢

340
3399
3398
339.7
3396

3395

4.614618
614786 4614616
%108
o 4.614614
1.00476 4614792 4614612

1.004758
1.00476 x10%
1.004762

(a) (b)

Slika 6:  Prikaz zdruzenih oblakov tock za celotno jabolko, vzhodni zvonik (a), zahodni zvonik (b).

(r Na
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Ker nas zanima le polozaj trigonometri¢ne to¢ke pod jabolkom zvonika (slika 5), za nas ni
pomembno, kaksne oblike je jabolko. RANSAC naceloma deluje dobro tudi ob ve¢jem delezu
outlierjev (v nagem primeru 40 %). Kljub temu ob preve¢ optimisti¢no nastavljenem odstopanju
dobimo v ve¢ poskusih zelo razli¢ne rezultate (Urbandi¢ in sod., 2016; Urbandi¢ in sod., 2014).
Na podlagi poskus$anja, ob spreminjanju praga odstopanja, smo ugotovili, da je optimalen prag
odstopanja en centimeter. Ce smo prag preve¢ zmanjsali, smo dobili majhen odstotek inlierjev
in zelo razli¢ne rezultate v ve¢ poskusih. Ce smo ga poveéali, pa smo v skupino inlierjev zajeli
tudi tocke, za katere je iz grafi¢nih prikazov razvidno, da odstopajo od krogle, na primer toc¢ke na
obrocu (slika 6). V preglednici 5 so rezultati izravnave parametrov krogle, ko za vhodni podatek

uporabimo celoten zdruzen oblak tock jabolka (spodnja in zgornja polovica ter obro¢), z uporabo

RANSAC-a in brez nje.

Preglednica 5:  Parametri krogle z uporabo RANSAC-a in brez nje, v D96/TM in SVS2010/Koper.

ZVONIK Vzhodni 240-C1 Zahodni 240-C2
RANSAC RANSAC
Parameter ne da A ne da A
e, [m] 461.478,915 461.478,910 0,005 461.461,497 461.461,493 0,004
n, [m] 100.475,712 100.475,715 0,003 100.475,974 100.475,979 0,005
H| [m] 339,771 339,716 0,055 339,734 339,672 0,062
R [m] 0,292 0,261 0,031 0,294 0,259 0,035

A ... razglika med parametri krogle po izravnavi pred uporabo RANSAC-a in po njej (absolutne vrednosti)

Na podlagi prikaza inlierjev na izravnani krogli (slika 7) ugotovimo, da so v skupini inlierjev
predvsem tocke spodnje polovice krogle. Zaradi vedje gostote toc¢k na spodnji strani in obroca,
ki lo¢i spodnjo in zgornjo polkroglo, dobimo pri¢akovano po RANSAC-u samo toc¢ke na spodnji
polovici (slika 7). Zgodi se tudi, da veliko to¢k na spodnji polovici pade v skupino outlierjev, zato
je gostota na spodnjem delu manjsa kot na sliki 6, posledi¢no so tudi rezultati nekoliko druga¢ni
kot v preglednici 4 (¢e primerjamo rezultate z RANSAC-om v preglednici 5 in rezultate »Skupaj«
v preglednici 4).

339.9

3398

3397

3396

3395

A4zt 10° o 4 61431%14617
4.61479 x - .
4.614789 x10°

4.614788
1.004755 4.614787

(@) (b)

Slika 7: Prikaz inlierjev na izravnani krogli, vzhodni zvonik (a), zahodni zvonik (b).
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Preglednica 6:  Polozaj zvonikov Trnovske cerkve, v D96/TM in SVS2010/Koper.

Tocka e [m] n [m] H [m]
240-C1 (vzhodni) 461.478,910 100.475,715 339,455
240-C2 (zahodni) 461.461,493 100.475,979 339,413

4 PRIMERJAVA POLOZAJEV

Polozaje obeh zvonikov Trnovske cerkve, izracunanih z izravnavo parametrov krogle na osnovi TLS, smo
primerjali s poloZaji, dolo¢enimi s klasi¢no terestri¢no geodetsko izmero (Marjeti¢ in Pavlov¢i¢ Preseren,
2018; preglednici 7 in 8). Horizontalni koordinati smo primerjali tudi s transformiranimi koordinatami
iz starega koordinatnega sistema D48/GK v novi D96/TM na podlagi 7-parametri¢ne transformacije s
spletno aplikacijo SiTraNet (Kozmus Trajkovski in Stopar, 2008-2017).

Ob primerjavi polozajev med TLS in klasi¢no terestri¢no izmero ugotovimo centimetrske razlike pred-
vsem pri koordinati ¢ (preglednica 7). Razlika je lahko posledica ve¢ dejavnikov. Eden izmed njih je
razli¢na natan¢nost izmere TLS v primerjavi s klasi¢no terestri¢no izmero. Natan¢nost precizne klasi¢ne
terestri¢ne izmere je vi$ja kot pri izmeri TLS. Razlike so lahko tudi posledica dejstva, da smo ponovno
izmero GNSS opravili na istih tockah A, B in C kot pri klasi¢ni izmeri, vendar dobili do enega centi-
metra razli¢ne polozaje. Razlog je v razli¢ni epohi izmere, dolZini trajanja stati¢nih meritev, definiciji

geodetskega datuma in nadinu obdelave meritev GNSS.

Preglednica 7:  Primerjava izracunanih horizontalnih koordinat med TLS in klasi¢no terestri¢no izmero.

TLS Klasi¢na izmera TLS - Klasika
Zvonik e [m] n [m] e [m] n [m] A, [m] A, [m]
240-C1 461.478,910 100.475,715 461.478,885 100.475,718 0,025 -0,003
240-C2 461.461,493 100.475,979 461.461,480 100.475,982 0,013 -0,003

Preglednica 8:  Primerjava izracunanih visin med TLS in klasi¢no terestricno izmero

TLS Klasi¢na izmera TLS - Klasika
Zvonik H [m] H [m] A, [m]
240-C1 339,455 339,459 -0,004
240-C2 339,413 339,417 -0,004

V preglednici 9 je prikazana primerjava polozajev obeh cerkvenih zvonikov, izratunanih na podlagi
7-parametri¢ne transformacije iz D48/GK v D96/TM in na podlagi modeliranja iz oblakov toc¢k, mer-
jenih s TLS. Primerjan je samo horizontalni polozaj, saj podatkov o viSinah obeh zvonikov Trnovske
cerkve v starem koordinatnem sistemu na topografijah ni bilo na voljo. Rezultate transformacije
smo izracunali s spletno aplikacijo SiTraNet. Uporabili smo transformacijske parametre za obmocje

osrednje Slovenije.

Odstopanja v preglednici 9 so $e nekoliko vedja kot v preglednici 7 in znasajo nekaj centimetrov po posa-
mezni koordinatni komponenti. Te razlike kazejo, da so uporabljeni transformacijski parametri relativno
slabi. Primerjava kaze na smiselnost dolo¢anja koordinat cerkvenih zvonikov v novem koordinatnem
sistemu, ker lahko tako ovrednotimo kakovost transformacijskih parametrov, ki so lahko ponujeni v
aplikacijah za transformacijo. Uporabniki jih namre¢ prepogosto nekriti¢no uporabljajo pri prehodu iz
starega D48/GK v novi D96/TM koordinatni sistem.
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Preglednica 9:  Primerjava polozajev to¢k med TLS in rezultati 7-parametricne transformacije.

TLS 7-parametri¢na transformacija TLS — 7-par. transf.
Zvonik e [m] n [m] e [m] n [m] A, [m] A, [m]
240-C1 461.478,910 100.475,715 461.478,924 100.475,673 -0,014 0,042
240-C2 461.461,493 100.475,979 461.461,454 100.475,954 0,039 0,025

Kakovost koordinat v razli¢nih koordinatnih sistemih najlazje preverimo z izra¢unom koli¢in, ki so od koor-
dinatnega sistema neodvisne — relativna primerjava. Tako smo iz koordinat v starem koordinatnem sistemu,
ki smo jih dobili iz topografij, in nasega rezultata po izravnavi parametrov krogle izra¢unali dolzino med
obema trigonometri¢nima to¢kama. Glede na rezultat v preglednici 10 lahko ob predpostavki zanesljivosti
nasih rezultatov sklepamo, da so bile koordinate v preteklosti slabse dolocene. Razlika pa je lahko tudi

posledica deformacij zvonikov v obdobju od dolo¢itve koordinat v preteklosti (obnova zvonika, potres itd.).

Preglednica 10: Relativna primerjava polozajev v D48/GK in D96/TM.

D48/GK D96/TM
Zvonik y [m] x [m] DGK [m] e [m] n [m] D, [m] AD [m]
240-C1 461.849,930  99.989,220 461.478,910 100.475,715 0,053
17,472 17,419
240-C2 461.832,460  99.989,500 461.461,493 100.475,979

5 SKLEP

V prispevku smo predstavili postopek dolocitve prostorskega polozaja trigonometri¢ne tocke cerkvenega
zvonika z metodo TLS. V horizontalnem smislu je bila dolocitev izvedena v novem ravninskem drzavnem

koordinatnem sistemu D96/TM in v visinskem sistemu SVS2010/Koper.

Uporaba metode TLS za doloditev koordinat sama po sebi ni dovolj. Iz opisanega prakti¢nega primera do-
lo¢evanja polozajev dveh zvonikov Trnovske cerkve v Ljubljani vidimo, da gre dejansko za kombinacijo ve¢
geodetskih merskih metod: geometri¢nega nivelmana in trigonometri¢nega viSinomerstva, izmere GNSS,
triangulacije in trilateracije ter metode TLS. Cilj je bil izmeriti oblak tock jabolka na vrhu cerkvenega zvonika
(slika 5). Iz rezultatov skeniranja smo dobili oblake tock s posameznih stojis¢, ki jih je bilo treba registrirati in
georeferencirati. Zaradi navedenih razlogov (pomanjkanje veznih tock in pravilnih geometrijskih oblik med
oblaki tock z razli¢nih stojis¢) registracije nismo opravili, ampak smo oblak tock s posameznega stojisca le
georeferencirali in tocke na koncu zdruzili. Ta nacin se nam, glede na to, da dolo¢amo le koordinate sredis¢a
krogle, zdi primeren. Zagotoviti moramo le osno simetri¢nost oblaka. Georeferenciran in zdruzen oblak tock je
osnova za dolocitev koordinat zvonika na podlagi geometri¢nega modeliranja. Ob predpostavki, da ima jabolko
obliko krogle, smo s postopkom izravnave po metodi najmanjsih kvadratov dolo¢ili parametre krogle in tako
dolodili polozaj obeh cerkvenih zvonikov v navedenem drzavnem horizontalnem in visinskem sistemu. Pri tem
smo uporabili tudi metodo filtriranja RANSAC. Z rezultati filtriranja smo dobili ve¢ informacij o obliki jabol-
ka. Ugotovili smo, da je jabolko sestavljeno iz dveh priblizno polkrogelnih delov, lo¢enih z obro¢em (slika 6).

Vedno se vprasamo tudi po kakovosti doloéitve polozaja. Kakovost polozaja trigonometri¢ne tocke,
dolocenega z uporabo TLS, temelji na kakovosti polozajev oslonilnih tock, kakovosti skeniranja in
obdelave skenograma. S stati¢no izmero GNSS in viSinsko navezavo geodetske mreze z geometri¢nim
nivelmanom na drzavni visinski sistem smo zagotovili koordinatno osnovo za dolocitev oslonilnih tock.

Te smo s klasi¢nimi terestri¢nimi meritvami povezali v geodetsko mreZo in z izravnavo zagotovili kako-
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vostno izhodi$ce za georeferenciranje oblaka tock. Natan¢nost koordinat tock v geodetski mreZi ni slabsa
od enega milimetra in je objektivno dolo¢ljiva z rezultati izravnave. Tezje je oceniti kakovost parametrov,
izra¢unanih iz predhodno obdelanih oblakov tock, ki temelji na kakovosti postopkov obdelave oblaka
tock (georeferenciranja, filtriranja). Izravnava parametrov nekega geometrijskega telesa na podlagi velikega
$tevila vhodnih opazovanj (to¢k) oziroma velikega $tevila nadstevilnosti privede do zmanjsanja vrednosti
natan¢nosti po izravnavi (v naSem primeru desetinke milimetra). Realno oceno dolocitve parametrov
krogle in s tem poloZaja trigonometri¢ne tocke cerkvenega zvonika smo ob upostevanju natan¢nosti
oslonilnih tock, natanénosti dolocitve skenirane tocke, ki je odvisna predvsem od natanénosti merjene
dolzine s skenerjem, ocenili na pet milimetrov. Pri tem je zaradi nepoznavanja to¢ne geometrije jabolka
visina lahko dolocena nekoliko slabse. Kljub temu so rezultati, to so koordinate obeh trigonometri¢nih
tock cerkvenih zvonikov v Trnovem, primerljivi z rezultati klasi¢ne izmere. Koordinate so dolodene z
zadovoljivo natan¢nostjo, zlasti ¢e vemo, za kaksne potrebe jih lahko uporabimo. S tem se izkaze upo-
rabnost metode TLS za tovrstne naloge. Sicer je predstavljen nacin precej zahtevnejsi in tudi ¢asovno
potratnejsi od dolocitve koordinat s klasi¢no terestri¢no izmero, ker vkljucuje vec terenskega dela z veliko

merskega instrumentarija in tudi kompleksnejso obdelavo merskih podatkov.

V obravnavanem primeru je zanimiva tudi relativna primerjava medsebojnih odnosov obeh trigonome-
tri¢nih tock Trnovske cerkve v starem in novem drzavnem koordinatnem sistemu na podlagi izratunane
dolzine med njima v obeh sistemih. Razkrila je namre¢ slabso kakovost terestri¢nih meritev v preteklosti,

lahko pa je neujemanje dolzine posledica deformacije zvonika v daljSem ¢asovnem obdobju.

V splosnem je dolocevanje koordinat cerkvenih zvonikov v novem drzavnem koordinatnem sistemu
pomembna in uporabna naloga. Trigonometri¢ne tocke cerkvenih zvonikov so zaradi svoje lege in precej
velike odpornosti proti uni¢enju uporabna vez med starim in novim koordinatnim sistemom. S primerjavo
v nov koordinatni sistem transformiranih »starih« koordinat in na novo dolo¢enih koordinat lahko ocenimo
kakovost uporabljenih transformacijskih parametrov. Ce imamo moznost izmere ve¢ zvonikov na nekem
obmod¢ju, lahko kakovostneje ocenimo lokalne transformacijske parametre, ki jih uporabimo za transfor-
macijo prostorskih podatkov iz starega v novi koordinatni sistem. Poznane koordinate trigonometri¢nih
to¢k cerkvenih zvonikov v novem koordinatnem sistemu so hkrati uporabne kot orientacijske tocke pri
izmeri detajla predvsem na obmogjih, kjer je zaradi ovir (urbana obmodja) ali dostopnosti signala mobil-
nega omrezja pri uporabi podatkov stalnih postaj GNSS (omrezje SIGNAL) tezko izvajati izmero GNSS.
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IZVLECEK

V noci med 29. in 30. oktobrom 2018 je vet gozdnih
obmodij v Sloveniji in severni Italiji prizadel molan
vetrolom. V &lanku predlagamo novo metodologijo za
identifikacijo obmocij vetroloma. Predlagamo nova indeksa:
PCA-CI za identificiranje obmocij veljibh sprememb
in PCA-WI za identificiranje obmocij vetroloma na
podlagi casovne vrste podatkov C-SAR satelita Sentinel-1.
V primerjavi z dosedanjimi Studijami identificiranja
vetrolomov predlagana metodologija ne odsteva kanalov
dvopolnih in enopolnibh kombinacij VH-VV, temved
predlaga nov pristop z multivariantno transformacijo
zmanjsevanja dimenzionalnosti casovnih vrst posameznih

dvopolnih in enopolnih kombinacij v dveh obdobjib.
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ABSTRACT

A strong windthrow affected many forests in Slovenia and
northern lItaly on the night of the 29th and the 30th of
October, 2018. In this paper, we propose a new methodology
Jfor windthrow identification, comprising two new indexes,
PCA-CI for evaluating change detection and PCA-WI for
the identification of windthrows by analysing the time series
of C-SAR Sentinel-1 data. The proposed methodology, unlike
the previous studies on the identification of windthrows, does
not subtract the values of dual and single polarised VH-VV
data combinations, but proposes a new approach with a
multivariate transformation of dimensionality reduction
of the time series of the dual and single polarised data in
two different time frames.
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1 UVOD

Problematiko vetroloma smo obravnavali v okviru projekta HARMO-DATA, ki je del programa Inter-
reg V-A Italija-Slovenija 2014-2020. Eden izmed glavnih ciljev projekta je bil okrepitev zmogljivosti
institucionalnega sodelovanja za ucinkovito upravljanje prostora na ezmejnem obmod¢ju. V projektu
je sodelovalo Sest partnerjev iz Slovenije (Geodetski institut Slovenije, Geodetska uprava RS in podjetje
Igea d.o.0.), partnerja iz italijanske regije Furlanije - Julijske krajine (podjetje Insiel in Univerza v Trstu)
in regije Benedija (podjetje Terre). Del projekta HARMO-DATA je bil namenjen obravnavi podatkov,
ki so na voljo prek platforme Copernicus. Glavni poudarek raziskave so moznosti uporabe teh podatkov
pri razli¢nih aktivnostih, povezanih z ukrepanjem ob ogroZenosti zaradi naravnih nesre¢ in ob izrednih
dogodkih na ¢ezmejnem obmod¢ju, med katere spada tudi mocan vetrolom, ki je prizadel ve¢ gozdnih
obmodij v Sloveniji in severni Italiji v no¢i med 29. in 30. oktobrom 2018. Ta ekstremni vremenski
pojav je bil del SirSega vremenskega dogajanja, ki so ga vremenoslovci poimenovali nevihta Adrian in se
je zacelo 28. oktobra 2018 z mocno nevihto nad zahodnim delom Sredozemlja in koncalo 3. novembra
2018 nad Islandijo (Météo-France, 2018; BBC, 2018). Nevihta je bila klasificirana kot orkan 3. katego-
rije po Saflir-Simpsonovi lestvici orkanov (od petih kategorij) in je v ve¢ drzavah povzrodila zelo veliko
gospodarsko skodo, ki je bila skupno ocenjena na 3,3 milijarde evrov. V Italiji je zahtevala enajst smrtnih
zrtev, takrat je na primer tudi mo¢no poplavilo Benetke. Podrobnejso oceno skode, ki jo je povzrocil
vetrolom v okviru opisanega vremenskega dogajanja, je izdelal Zavod za gozdove Slovenije (ZGS). V
njej je navedeno, da je bilo poskodovanih 280.000 kubi¢nih metrov drevja, pri cemer je bilo vedji del
(90 %) iglavcev. Najobseznejse poskodbe so nastale na slovenjegraskem obmodju, v zgornji Meziski
dolini (Koprivna, slika 1), na obmod¢ju Bohinja in Bleda ter na Postojnskem. Mo¢neje poskodovanih je
bilo 12.000 hektarjev povisin, popolnoma ogolelih je bilo 164 hektarjev gozda, od tega 150 hekrtarjev

na Koroskem. Skoda je bila ocenjena na 5,6 milijona evrov. ZGS je oceno izvedel za posamezne gozdne

odseke na obmogjih, ki jih je prizadel vetrolom (ZGS, 2018a; Dnevnik, 2018; Koroske novice, 2018).

Slika 1: Zaradi vetroloma moc¢no prizadeta Koprivna na Koroskem (levo) in Cal Visende v Beneciji (desno). Vira: Koroske novice,
2018; Italy Magazine, 2018.

2 TEORETICNO IN TEHNOLOSKO OZADJE

V nadaljevanju obravnavamo problematiko identifikacije obmodij vetroloma, ki smo jo izvedli z analizo
¢asovnih vrst radarskih podatkov. Ozadje pojava, uporabljene tehnologije in pregled $tudijskih primerov
so podrobneje opisani v podpoglavjih.
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2.1 Vetrolomi

Naravne ujme pomenijo veliko tezavo pri upravljanju z gozdovi in se mnogokrat prepletajo, na
primer poplave s plazovi, usadi, obilnimi padavinami in vetrom (Preslica, 2019). V ¢lanku se
osredoto¢amo na vetrolome, ki so v zadnjih letih vse pogostejsa vrsta naravne ujme v Sloveniji. O
vetrolomu govorimo, kadar mocan veter poskoduje ali unici drevesa v gozdu. Veter lahko drevesa
izruva iz tal, odlomi pri panju ali pa prelomi debla. Te poskodbe so pogubne, saj drevesa obicajno
odmrejo takoj ali pa Zivotarijo $e nekaj let, preden dokon¢no odmrejo (Preslica, 2019). Vetrolomi
so v slovenskih gozdovih relativno pogost pojav predvsem na obmodjih, kjer ni ustrezne drevesne
sestave. Najpogosteje prizadenejo enomerne gozdove ene drevesne vrste. Pri tem so najbolj iz-
postavljeni umetno zasajeni smrekovi gozdovi. Vetrolomi so pogosti na grebenih, okoli vrhov, na
zaobljenih hribih, gorskih sedlih in hrbtih. Glede na veter in gibanje najmo¢nejsih sunkov je lahko
drevje unic¢eno na obseznih povriinah ali pa v ozkih pasovih (Preslica, 2019). Z naravnimi ujmami
v gozdovih Slovenije se strokovno ukvarjajo na Zavodu za gozdove Slovenije, kjer spremljajo posek

gozda zaradi naravnih ujm.

Najhujsi vetrolom v zadnjih dvajsetih letih se je zgodil med 11. in 13. decembrom 2017 (Brezni-
kar, 2018). Poskodbe gozdov, ki jih je takrat povzrocil veter, so presegale do tedaj znane poskodbe
zaradi vetrolomov tako po koli¢ini poskodovanega drevja kot po obsegu prizadete povrsine. Veter je
mocneje prizadel gozd na priblizno petini gozdnih povrsin v Sloveniji in poskodoval za 2,2 milijona
m? drevja (Breznikar, 2018). Najbolj so bili poskodovani gozdovi na Ko¢evskem, Notranjskem in
Koroskem, mo¢no poskodovana so bila tudi obmodéja gozdov na Jezerskem, Sol¢avskem in v Dravski
dolini. Poskodbe so bile prisotne tudi v drugih predelih Slovenije, $e najmanj so bili poskodovani
gozdovi na vzhodu drzave. Zaradi vetrolomov sicer izstopajo leta od 2003 do 2008. Nastajali so
ve¢inoma razprieno po vsej Sloveniji, najhujse so bile poskodbe v letih 2006 in 2008. V letu 2006
je mocan veter konec junija podrl 85.000 m? lesne mase na Jelovici (160 hektarjev poskodovane
povrsine). V neurjih poleti 2008 je bilo poskodovanih 20.000 hektarjev gozdov s 500.000 m? lesne
mase. Popolnoma unicenih je bilo priblizno 700 hektarjev gozda. Najve¢je poskodbe so bile na
obmod¢ju prelaza Crnivec med Kamnikom in Gornjim Gradom. Se¢nja zaradi plazov in usadov
je pri tem v primerjavi s se¢njo zaradi drugih naravnih ujm zanemarljiva (Jaksa, 2009). Mocan
vetrolom je prizadel ve¢ gozdnih obmo¢ij v Sloveniji in severni Italiji v no¢i med 28. oktobrom in
30. novembrom 2018.

2.2 Tehnologija SAR pri spremljanju povrsja

Senzorji, ki sestavljajo sisteme daljinskega zaznavanja, so lahko aktivni ali pasivni. Slednji za zajem
podob potrebujejo zunanji vir elektromagnetnega valovanja, ki osvetli predmet opazovanja. Vir elek-
tromagnetnega valovanja za multispektralne senzorje je Sonce, kar pomeni, da z njimi lahko snemamo
le podnevi, podobe pa se radiometri¢no med seboj razlikujejo tudi zaradi tega, ker so bile posnete ob
razli¢nih delih dneva in razli¢nih razmerah v atmosferi. Dodatna velika omejitev pasivnih senzorjev je,
da del spektra elektromagnetnega valovanja, v katerem delujejo, tj. valovne dolzine od vidne svetlobe
do dolgovalovne infrardece svetlobe, ne prodira skozi oblake in ni na obmodju atmosferskih oken
s popolno prepustnostjo (slika 2). To pomeni, da obdobja obla¢nosti $e dodatno zmanj$ujejo ¢as, v
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katerem je mogoce uporabljati sisteme daljinskega zaznavanja s pasivnimi senzorji. Primeri aktivnih
senzorjev so radarji, ki predmet opazovanja osvetlijo z elektromagnetnim valovanjem iz mikrovalov-
nega dela spektra. Mikrovalovi v primerjavi z vidno in infrardeco svetlobo prodirajo skozi oblake,

meglice, prah in dez.

Radar z umetno odprtino (v nadaljevanju: SAR) je aktivni instrument bo¢nega pogleda, ki oddaja
kratke mikrovalovne impulze z valovno dolzino od enega centimetra do enega metra in sprejema
njihov odboj. Oddani impulzi so polarizirani vodoravno (H) in/ali navpi¢no (V), sprejem odbitih
impulzov je prav tako locen na vertikalno in/ali horizontalno polarizacijo. Pri obdelavi posnetkov
SAR uporabljamo razli¢ne mere odbojnosti, kot so B, ¥ in 6. Med seboj se razlikujejo po ploskvi, ki
se uporabi za normalizacijo vrednosti odbojev (Henderson et al., 1998; Ostir et al., 2006; Spoto et
al., 2012). Radarji delujejo pri razli¢nih valovnih dolzinah, pri katerih se je de facto uveljavila neura-
dna radarska referenéna nomenklatura, sestavljena iz pasov K, K , X, C, S, L in P (Henderson et al.,
1998). Prepustnost atmosfere za razli¢ne valovne dolZine, od ultravijoli¢nega valovanja do mikrovalov,
je prikazana na sliki 2. Podoba, pridobljena s SAR, je pravokotna rastrska podoba, katere vrednosti
celic so kompleksna $tevila, iz katerih dobimo informacijo o amplitudi in fazi odbitega valovanja.
Faza odbitega valovanja je odvisna od valovne dolZine radarskega sistema ter razdalje med oddajni-
kom radarskega valovanja in odbojnikom na Zemlji (Rojko, 2016). Amplituda odbitega valovanja je
odvisna od geometri¢nih (na primer vpadnega kota, hrapavosti) in dielektri¢nih lastnosti odbojnega

povr$ja (Henderson et al., 1998).
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VALOVNA DOLZINA

Slika 2: Prepustnost atmosfere za razlicne valovne dolzine (NASA, 1989).

SAR omogoca zajem podatkov tako podnevi kot ponodi in v vseh atmosferskih razmerah. Spremlja-
nje prostora s satelitskimi posnetki je najuéinkovitejse, ko imamo na voljo ¢asovne vrste podatkov.
Casovne vrste multispektralnih podatkov omogodajo najrazli¢nejse analize, njihova slabost je, da
imajo Stevilne vrzeli, ki so posledica obla¢nega vremena, to pa je v visokogorju e posebej pogosto.
Stalno spremljanje visokogorskih gozdov v alpskih drzavah je tako mogoce le z analizo radarskih
¢asovnih vrst v kombinaciji z drugimi podatki (na primer multispektralnimi, hiperspektralnimi,
lidarskimi in terenskimi). Prednost tehnologije SAR v primerjavi z multispektralnim snemanjem
lahko vidimo na sliki 3, kjer sta prikazana izdelka obeh tehnologij, zajeta med nevihto 28. oktobra
2018.
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Razli¢ne valovne dolZine imajo razli¢no interakeijo s povrsjem. Ena izmed pomembnih razlik je razlika v
globini prodiranja skozi vegetacijo. Zaradi tega je optimalna izbira instrumenta odvisna od raziskovalne
$tudije. Valovi X-SAR (na primer TerraSAR-X) se odbijajo od vrha krosenj, medtem ko L-SAR (na primer
ALOS — PALSAR ) skoznje prodirajo (Cartus et al., 2012; Eineder et al., 2019). Kombinacija senzorjev
X-SAR in L-SAR omogoc¢a oceno prostornine biomase. Pomemben dejavnik pri izbiri instrumenta je
tudi ¢asovna locljivost, saj goste ¢asovne vrste omogocajo boljse spremljanje sprememb v prostoru. Poleg
tehni¢nih specifikacij je pomemben tudi finanéni dejavnik, ki je velikokrat kljuéen pri izbiri vira podat-
kov. Za namene raziskave tak$nih sprememb povr$ja, kot je identifikacija vetroloma, bi bila optimalna,
a glede na ponudnika storitev izredno draga, izbira senzorja X-SAR. Alternativa so prosto dostopni
podatki, kot so podatki programa Evropske vesoljske agencije (ESA) za opazovanje Zemlje Copernicus.
ESA ponuja brezpla¢ne izdelke visoke ¢asovne lo¢ljivosti C-SAR konstelacije Sentinel-1. Specifikacije

in podrobnosti konstelacije Sentinel-1 in njegovih izdelkov podrobneje opisujemo v podpoglavju 2.3.

Slika 3:  Satelitski posnetki Sentinel-2 (levo) in Sentinel-1 (desno) povrsja severnega dela Jadrana med nevihto Adrian 28.
oktobra 2018.

2.3 Sentinel-1

Sentinel-1 je Copernicusova konstelacija, sestavljena iz dveh satelitov (1A in 1B, za prihodnost sta na-
povedana e 1C in 1D), ki sta opremljena z instrumentom tipa C-SAR in okrog Zemlje krozZita na visini
693 kilometrov. Casovna lo¢ljivost posameznega satelita je 12 dni, skupni obhodni ¢as pa znasa 6 dni.
Frekvenca instrumentov je 5,405 GHz in zajemajo podatke v $tirih nadinih zajema. Copernicusove storitve

ponujajo dostop do treh ravni obdelanosti: surovi podatki, SLC in GRD. Podatki SLC (angl. single look

Alen Manqafic, Martin Puhar, Blaz Barboric | IDENTIFIKACIJA OBMOCI) VETROLOMA NA PODLAGI CASOVNE VRSTE S PODATKI C-SAR | WINDTHROW IITH C-SAR TIME SERIES

1335347 |

o
~
=
oy)

RECENZIRANI CLANKI | PEER-REVIEWED ARTICLES

S| EN

1339



o)
~
=
oy

CLANKI | PEER-REVIEWED ARTICLES

RECENZIRAN

Sl

1340

GEODETSKIVESTNIK

complex) vsebujejo posevne razdalje ter podatke o fazi in amplitudi. Podatki GRD (angl. ground range
detected) so zajeti, veckratno pogledani (angl. multi-looked) in projicirani na referen¢ni elipsoid WGS
84. Locljivost prevzorcenih celic je 10 x 10 metrov, celice pa vsebujejo informacijo o amplitudi odbitega
valovanja. Polarizaciji, uporabljeni pri oddaji in sprejemu signala, sta navpi¢na (V) in vodoravna (H),
torej imamo moznost kombiniranja V in H pri oddanem in sprejetem valovanju (enopolne in dvopolne
kombinacije: VV, HH, VH, HV) (Torres et al., 2012; Rojko, 2016; Rossi, 2015; ESA, 2020). Kombina-
cije produktov in njihove transformacije se razlikujejo glede na tip raziskave. V naslednjem podpoglavju

predstavljamo nekatere Studijske primere uporabe radarskih ¢asovnih vrst za namene spremljanja gozdov.

2.4 Casovne vrste radarskih posnetkov

Obstajajo razli¢ni pristopi k analiziranju ¢asovne spremembe pikslov. Odvisni so od dolZine niza ¢asovne
vrste in intervala med pridobljenimi podatki. Glede na studijske primere lahko lo¢imo analizo dosedanjih
dogodkov (na primer iskanje maksimalne magnitude posameznega dogodka) ali napovedovalne analize
prihodnjih trendov (na primer iskanje anomalij pri cikli¢nih dogodkih). Analize sprememb pikslov
izvajamo s primerjanjem statisti¢nih kazalcev vrednosti pikslov (na primer MVA — minimalne, maksi-
malne in srednje odbojne letne vrednosti; Quegan et al., 2000), njihove okolice ali objektov (na primer
OBIA TWDTW,; Belgiu in Csillik, 2018). Spremembe lahko zaznavamo s statisti¢cnim modeliranjem
(na primer uporabo regresijskega modela) ali kompleksnejsimi metodami strojnega ucenja (na primer
globokim uc¢enjem GRU; Niculescu et al., 2018).

Obstaja ve¢ Studijskih primerov, ki so pokazali u¢inkovitost radarskih ¢asovnih vrst za spremljanje goz-
dov. Quegan et al. (2000) so prikazali uporabnost polarizacije VH in njene binarne klasifikacije glede
na razlike med dvopolnimi in enopolnimi kombinacijami. V $tudiji so ugotovili, da je na obmo¢ju
gozdov vrednost dvopolne kombinacije VH vedno nizja od 2 dB. Razlike v VH in VV so uporabljene
v razli¢nih $tudijah z namenom ovrednotenja biomase in njihovo vrednost lahko definiramo z razli¢ni-
mi transformacijami in algoritmi (na primer algoritmom BIOMASAR; Santoro et al., 2010). Primer
$tudije, namenjene identifikaciji vetroloma, so izvedli Erikkson et al. (2012), kjer so pokazali, da je z
visoko locljivimi posnetki SAR mogoce identificirati vetrolome. Riietschi et al. (2019) so v nadaljevanju
raziskali uporabnost Sentinel-1 pri identifikaciji vetroloma. Njihova ¢asovna vrsta je bila sestavljena iz
razlik dvopolnih in enopolnih vrednosti mere odbojnosti y zaporednih podatkov IW GRDH. Predlagali
so indeks vetrolomov (W1):

— (y0 0 0 0
Wi= (YLRWWTZ N yLRW,VV,TZ) + (YLRW,VV,TI B YLRWWTI)’

kjer je v9,,, casovni kompozit vseh y” odbojnosti ¢asovne vrste, T, in T, pa predstavljata podatke pred
vetrolomom in po njem. Pri terenskih podatkih so uporabljali digitalne modele povrsja locljivosti 2 metra
in 25 metrov, ki so jih z bilinearno interpolacijo prevzor¢ili na lo¢ljivost 10 metrov. Njihova $tudija se
je izkazala kot ucinkovita za kartiranje vetrolomov, vedjih od 0,5 hektarjev (85-odstotna natan¢nost).
Povpre¢na vrednost W1 na obmogdjih vetroloma je bila enaka ali ve¢ja od 0,5 dB (Riietschi et al., 2019).
Tezava glede uporabnosti njihove raziskave je, da je metoda zasnovana za ¢asovno serijo, ki zahteva 5
posnetkov pred dogodkom in 10 posnetkov po njem. Pri Sentinel-1 to pomeni, da lahko z analizo W1
posredujemo rezultate pristojni sluzbi priblizno dva meseca po dogodku, kar je prevec ¢asa za ustrezen
odziv. V tem obdobju bi najverjetneje imeli na voljo Ze ustrezno pokritost z brezobla¢nimi opti¢nimi
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posnetki Sentinel-2, na podlagi katerih lahko tudi identificiramo vetrolome, tako z izra¢unom kot
fotointerpretacijo (na primer AlpMon, 2018). V ¢lanku predlagamo pristop detekeije vetrolomov, s
katerim nadgrajujemo metodologijo, ki jo predlagajo Riietschi et al. (2019). Namen nase nadgradnje je
pridobiti ¢im ve¢ informacij iz podatkov, ki so sestavljeni iz krajse ¢asovne vrste, in torej skrajsati ¢as do
pridobitve rezultatov, uporabnih za odlo¢anje in izvajanje ukrepov. V nasem primeru ponujamo indeks,
ki je lahko uporaben za oceno poskodovanih obmodij in s katerim je mogode zmanjgati obseg terenskih
kontrol ter posledi¢no skrajsati ¢as, v katerem pristojne sluzbe izdelajo sanacijske naérte. Metodologijo

in postopek izra¢una opiSemo v poglavju 3.

3 METODE

Identifikacijo obmodij vetroloma smo izvedli z analizo ¢asovnih vrst radarskih podatkov. Diagram razi-

skovalnega nacrta je prikazan na sliki 4.

A

Prevzem Priprava
Sentinel-1 GRD DMP (CAS)

Y

S|

Priprava podatkov

(0]
o
2 \ J
(0]
c
(2]
[0]
g e "
P Redukcija
-% dimenzionalnosti
B \ J
IS
(0]
(2]

T T2

6.-24.10.2018 4-17.11.2018
[ ]
PCA-WI
(razlika med

reduciranimi obdobji)

!

Ovrednotenje
(terenski podatki in
fotointerpretacija)

Slika 4:  Diagram raziskovalnega nacrta.
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Pri predlagani metodologiji identifikacije obmocij vetroloma se uporabljajo do sedaj preverjeni vhodni
podatki, in sicer razlike med VH in VV (Quegan et al., 2000; Eriksson et al., 2012; Riietschi et al.,
2019). Pri tem smo nadgradili pristop primerjave ¢asovnih obdobij, pri katerem kanalov dvopolnih in
enopolnih kombinacij ne od$tevamo, temve¢ z multivariantno transformacijo zmanj$ujemo dimenzio-

nalnost ¢asovnih kombinacij VH-VV v dveh obdobjih.

3.1 Predlagana indeksa

Domnevamo, da so vrednosti pikslov VH in VV na obmo¢jih, na katerih se je topografija spremenila, bolj
razpriene in torej manj korelirane. To pomeni tudi, da imajo obmogja vedjih sprememb vedje vrednosti
po redukcijah dimenzionalnosti, kot je analiza glavnih komponent (angl. principal component analysis,
PCA). PCA zmanjsa korelacijo med posameznimi kovariatami tako, da transformira potencialno koreli-
rano mnozico podatkov v mnozico linearno nekoreliranih spremenljivk oziroma v glavne komponente.
S transformacijo se odstranijo nadstevilni podatki ter zmanj$a korelacija med posameznimi VH- in
VV-kanali. Tako zagotovimo enodimenzionalni kompozit normaliziranih ¢asovnih vrst dveh obdobij,
ki pojasnjuje ve¢ji del razprienosti vhodnih podatkov oziroma ima najvedjo informacijsko gostoto (Ho-
telling, 1933; Ostir, 2006; Mesner, 2016).

Predlagamo nova indeksa — PCA-CI (angl. PCA change index) in PCA-W1 (angl. PCA windthrow index):
PCA-CI= PCA(PCA(Y;,, 71)’ PCA(y?/Wl)) - PCA(PCA(y;,, Tz)’ PCA(V?/V@))Z’ (1)
PCA-WI = |PCA-CI| (2)

| PCA~ CI| - min| PCA - Cl|

PCA-WI, =
" max|PCA~CI|~min|PCA~CI|

(3)

kjer je PCA(x, y) prva normalizirana glavna komponenta (PCA-1). Vhodni vzorec smo, tako kot Riietschi
et al. (2019), razdelili na dva dela, T, inT, ki predstavljata podatke pred vetrolomom in po njem.
Glavno komponento najprej izratunamo posamezno za odboje y° dvopolnih in enopolnih kombinacij,
nato $e za vsako ¢asovno obdobje zdruzenih PCA-1 posebej. PCA-CI predstavlja razlike vrednosti glav-
nih komponent enopolnih in dvopolnih kombinacij ¢asovnih obdobij pred dogodkom in po njem ter
posledi¢no prikazuje obmodja, ki so doZivela najvecjo spremembo med obdobji. PCA-WI izratunamo
kot absolutno vrednost PCA-CI, saj pri vetrolomu domnevamo, da smer razprienosti spremenljivke
ni pomembna, v prvem koraku nas namre¢ ne zanima, ali je drevo izruvano ali prelomljeno, temve
le velikost spremembe. Zaloga vrednosti PCA-WT je med 0 in 1. PCA-WI je absolutni indeks in je
primeren za primerjavo razli¢nih dogodkov, ki imajo razli¢éne magnitude, lokacije in Case. PCA-WI je
relativni indeks in je primeren za lazjo interpretacijo dogodka na specifi¢nem obmo¢ju v specifi¢nem
Casu, saj je rezultat normalizacije Min-Max. Normalizacijo izvajamo na podatkih, ki so inverzno maski-
rani (maskirana obmodja so naslikah 5, 6 in 7 oznacena s ¢rno) ter vsebujejo informacije le na gozdnih
sestojih. Casovna vrsta je sestavljena iz osmih posnetkov (nara$¢ajole in padajoce tirnice, od 6. do 24.
oktobra 2018) pred dogodkom in Sestih posnetkov (naras¢ajoce in padajole, od 4. do 17. novembra
2018) po dogodku $tudijskega obmodja, prikazanega na sliki 5. Posnetkov iz 29. in 30. oktobra 2018
nismo upostevali, ker ne vemo, za katero obdobje, T, ali T, bi jih upostevali. Proces obdelave podatkov

opisujemo v nadaljevanju.
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Slika 5: Studijsko obmocje.

3.2 Priprava vhodnih podatkov in vmesni rezultati
Podatke Sentinel-1 GRD smo obdelali po naslednji korakih:

1.

6.

posodabljanje s preciznimi tirnicami;

2. radiometri¢na kalibracija VH in VV v odboja y° (Laur et al., 2004);
3.
4

. odstranjevanje pegastega Suma z uporabo »enkrat pogledanega filtra Lee-Sigma s parametri: premi¢no

radiometri¢ni terenski popravek odboja na podlagi digitalnega modela povrsja locljivosti 1 m;

okno velikosti 7 x 7, tarca velikosti 3 x 3 in vrednost 6 0,9;
geometri¢ni terenski popravek Range-Doppler z radiometri¢no normalizacijo na podlagi digitalnega
modela povrsja locljivosti 1 m;

transformacija iz linearnih vrednosti v decibele.

V nasprotju z raziskavami Quegan et al. (2000), Eriksson et al. (2012), Riietschi et al. (2019) predlaga-
mo enocasovno odstranjevanje Suma ter geometri¢ni terenski popravek Range-Doppler (Logan, 1995).

Odstranjevanje pegastega Suma z enocasovnim filtrom izvajamo, ker lahko ve¢¢asovni filtri minimalne

razlike v pikslih identificirajo kot $um in jih odstranijo (Mirelva et al., 2017). Dodatni geometri¢ni

popravek je potreben, ker Studijsko obmocje stoji v visokogorju. V navedenih raziskavah so $tudijski

primeri obravnavali ravninska obmod¢ja, zato dodatni terenski popravki niso bili izvedeni.

Alen Mangafc, Martin Puhar, Blaz Barboric | IDENTIFIKACIJA OBMOCI) VETROLOMA NA PODLAGI CASOVNE VRSTE S PODATKI C-SAR | WINDTHROW IDENTIFICATION WITH C-SAR TIME SERIES
|335-347]

RECENZIRANI CLANKI | PEER-REVIEWED ARTICLES

S| EN

1383



o)
~
=
oy

RECENZIRANI CLANKI | PEER-REVIEWED ARTICLES

Sl

|344]

GEODETSKIVESTNIK

4 REZULTATI IN NJIHOVO OVREDNOTENJE

PCA-WT je rastrski sloj, ki vsebuje vrednosti o obsegu spremembe na obmo¢ju. Rezultate smo najpre;j

primerjali s prvim brezobla¢nim posnetkom Sentinel-2 iz 30. junija 2019 (slika 6).

PCA-WI

0

maskirano
obmocje

Vir: Copernicus ESA

Slika 6:  Primerjava posnetka Sentinel-2 in rastrskega sloja PCA-WI za Studijsko obmocje s slike 5.

Pri fotointerpretaciji lahko opazimo, da so obmo¢ja, ki so najbol;j prizadeta z vetrolomom (slika 5 prikazuje
stanje pred tem), skladna z najvisjimi vrednostmi indeksa PCA-W1I. Vrednosti smo primerjali s podatki
terenske kontrole ZGS, ki vsebujejo areale obmo¢ij vetroloma s pripisanim odstotkom poskodovanih
dreves. Vrednosti PCA-WI na obmodcju smo primerjali z odstotkom poskodovanih dreves z uporabo
Kendallovega (7) in Pearsonovega korelacijskega koeficienta (p). Vrednost korelacijskega koeficienta 7 je
popolna (1), medtem ko je vrednost p 0,96. Kendallov korelacijski koeficient je primernejsi za manjse
vzorce od Pearsonovega (Bonnet et al., 2000). Na podlagi izracunanega lahko trdimo, da je skladnost
terenskih kontrol z vrednostmi nasega indeksa boljsa od 0,96. V nadaljevanju smo $e pregledali gruce
najbolj poskodovanih obmocij. PCA-WI smo samodejno klasificirali z metodo grucenja k-voditeljev
(angl. k-means, Rubin, 1967) v pet razredov. Izbrana je metoda k-voditeljev, ker PCA in k-voditelji izva-
jajo primerljivo objektno transformacijo, pri ¢emer k-voditelji izvajajo diskretno transformacijo, PCA pa
zvezno (Ding in He, 2004). Na sliki 7 lahko vidimo, da gruce, ki predstavljajo najmocnejse spremembe
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(4 in 5), najdemo na obmo¢jih golih tal, kjer je bil vetrolom najmoénejsi. Na prvi pogled bi lahko trdili,
da PCA-WTI pridobiva podatke o golih tleh, kar ne drZi, saj je izra¢unan za datum nastopa vetroloma
(pred sanacijo), ko je bilo poskodovano obmocgje sestavljeno le iz poskodovanih dreves (kot je vidno na
sliki 1). Posnetek satelita Sentinel-2 iz junija 2019 smo uporabili za primerjavo, ker je fotointerpretacija

saniranih obmodij veliko lazja od fotointerpretacije poskodovanih, nesaniranih obmocij.

Gruce: k-voditelji

maskirano
obmoctje

Vir: Copernicus ESA

Slika 7: Primerjava terenskih kontrol ZGS (levo) in gru¢ PCA-WI.

5 SKLEP
Predlagana metoda obdelave ¢asovnih vrst podatkov C-SAR s pridobivanjem indeksa PCA-WT se je iz-

kazala kot izjemno koristna pri identifikaciji obmocij vetroloma, saj omogo¢a hitro ugotavljanje najbolj
prizadetih obmodij. Tovrstni rezultati so lahko podlaga za optimizacijo operacij pristojnih sluzb. Na podlagi
izjemno visoke korelacije s terenskimi podatki domnevamo, da PCA-WI omogoc¢a izvajanje napovedi
odstotka poskodovanih dreves. Ocene poskodovanih obmodij trenutno potekajo le s terenskimi analizami.
S kombinacijo terenskih analiz in predstavljenih analiz podatkov daljinskega zaznavanja bi lahko zmanjsali
stroske in pospesili izvedbo sanacijskih nacrtov. Rezultati raziskave odpirajo nova vprasanja, kot je na
primer preizkus uporabe PCA-WI-gru¢, zdruzenih z metodo k-voditeljev, kot objektov za strojno ucenje
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pikselskih ali objektnih klasifikatorjev (na primer z metodo podpornih vektorjev in naklju¢nimi gozdo-

vi). Tako bi lahko izra¢unali odstotke poskodovanih dreves na poljubnih arealih. Identifikacija obmocdij

vetroloma je bila izvedena z analizo podatkov, ki so bili na voljo 18 dni po dogodku. Zanimivo bi bilo

izvesti Studijo, s katero bi ocenili moznost identifikacije obmo¢ij vetroloma v $e kraj$em ¢asu po dogodku

in ovrednotili, kako se spreminja skladnost terensko ovrednotenih in izra¢unanih poskodb s spremembo

povrsine raziskovanega areala, ter primerjali rezultate s tistimi, ki so bili pridobljeni z drugimi metodami.
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IZVLECEK

V Studiji primerjamo rezultate razlicnih drevesnib
algoritmov razvrséanja obmolij za zajem pogorelih gozdov
v sredozemskem delu Turcije, to so nakljucni gozd (angl.
random forest), rotacijski gozd (angl. rotation forest),
J48, izmenicno odlocitveno drevo (angl. alternating
decision tree), gozd z izloéanjem atributov (angl. forest
by penalising attributes), logi¢na analiza podatkovnih
algoritmov (angl. logical analysis of data algorithm)
in funkcionalni gozd (angl. functional forest). lzvedli
smo objektno analizo (OBIA, angl. object-based image
analysis) izostrenih satelitskib podob Landsat 8. V studijo
so bila vkljucena stiri pogorela obmocja oziroma regije,
to so Kumluca, Adrasan, Anamur in Alanya. Kumluca,
Anamur in Alanya so bili izbrani za ucenje, medtem ko
Jje bil Adrasan uporabljen kot studijsko obmocje. Rezultate
smo ovrednotili z matriko razvrstitev in statisticnimi
analizami. Rezultati so bili najboljsi pri uporabi algoritmov
Sfunkcionalnih dreves in rotacijskib dreves, pri cemer so se
rezultati izkazali tudi statisticno znacilni, medtem ko so

bili pri drugih algoritmib slabsi.

KLJUCNE BESEDE

drevesni algoritmi, strojno ucenje, daljinsko zaznavanje,
nadzorovana klasifikacija, Landsat
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ABSTRACT

In this study, we compared the performance of tree-based
classification algorithms — Random Forest (REF), Rotation
Forest (RotF), J48, The Alternating Decision Tree (AD Tree),
Forest by Penalising Attributes (Forest PA), Logical Analysis
of Data Algorithm (LAD Tree) and Functional Trees (FT) —
Jfor mapping burned forest areas within the Mediterranean
region in Turkey. Object-based image analysis (OBIA) was
performed to pan-sharpened the Landsat 8 images. Four
different burned areas, namely Kumluca, Adrasan, Anamur,
and Alanya, were used as study areas. Kumluca, Anamur,
and Alanya regions were used as training areas, and Adrasan
region was used as the test area. Obtained results were
evaluated with confusion matrix and statistically significant
analysis. According to the results, FT and RotF produced
more accurate results than other algorithms. Also, the results
obtained with these algorithms are statistically significant.

KEY WORDS

tree-based algorithm, machine learning, remote sensing,
dupervised vlassification, Landsat
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1 INTRODUCTION

Forest fires threaten the forest ecosystems in the Mediterranean region as well as in forest ecosystems
all over the world (Gongalves and Sousa, 2017). Although the fires in the Mediterranean ecosystem are
an expected consequence due to climatic effects (hot and dry summers), it has been observed that they
have increased dramatically in recent years. Only in 2017, a total of 50,727 fires occurred in countries
located in the Mediterranean climate zone (Italy, Portugal, France, Greece, Turkey, Spain), which nearly
1 million hectares of forest were damaged (San-Miguel-Ayanz, 2019). As a result of increasing fire events,
the Mediterranean ecosystem may expose to loss of biodiversity, desertification and soil erosion. Fires

also cause economic losses, human life losses, and greenhouse emissions (Vilén and Fernandes, 2011).

After a forest fire, rapid mapping of the burned area is an important task to determine the effects of
fires and to plan and manage the reforestation activities (Palandjian, Gitas and Wright, 2009; Vallejo,
Arianoutsou, and Moreira, 2012; Chen et al. 2017; Meng et al., 2017). Also, burned area maps can
be used as input to produce future fire risk maps (Filippidis and Mitsopoulos, 2004). Satellite imagery
has provided very important contributions in the mapping of burned areas since the 1980s (Flannigan
and Haar, 1986). The most commonly used method for extracting information from satellite images is
image classification. Many image classification algorithms have been applied in mapping burned areas
from past to present (Pereira, 1999; Chuvieco Martin and Palacios, 2002, Epting, Verbyla and Sorbel,
2005; Loboda, O’neal and Csiszar, 2007; Escuin, Navarro and Fernandez, 2008; Palandjian, Gitas and
Wright, 2009; Petropoulos et al., 2010; Bastarrika, Chuvieco and Martin, 2011; Mitrakis et al., 2012).
These studies were generally based on classical classification algorithms such as rule-based classification
or change detection. On the other hand, Machine learning algorithms that can successfully classify many
variables in large data sets have become more popular in remote sensing applications (Lary etal. 2016). A
limited number of machine learning algorithms such as Random Forest (RF), Support Vector Machine
(SVM), Neural Networks (NN) and a well-known decision tree algorithm (C5.0) were used for mapping
burned areas from satellite images (Petropoulos, Kontoes, and Keramitsoglou, 2011; Dragozi etal., 2014;
Ramo and Chuvieco, 2017; Pereira et al., 2017; Ramo et al., 2018; Comert, Matct, and Avdan, 2018).

In recent years, fast and efficient classification algorithms have been developed for classifying data in
complex data sets, particularly in the classification of satellite images for the production of thematic
maps. Among these methods, tree-based classification algorithms are proposed as an effective classifica-
tion algorithm which is used to solve many application problems (Pal and Mather, 2001; Tan, Dowe
and Dix, 2007; Al Snousy et al., 2011; Sothe et al., 2018). Tree-based machine learning algorithms are
effective algorithms for accurate classification of large datasets with many variables. These algorithms
have been successfully implemented in different field of data mining applications (Nithya and Santhi,
2015; Estuar etal., 2017). Rotation Forest (RotF), J48, and RF were the algorithms currently used in the
classification of satellite images (Vieira et al., 2012; Sharma, Ghosh and Joshi, 2013; Kavzoglu, Colkesen
and Yomralioglu, 2015; Du et al., 2015; Belgiu and Drigut, 2016). On the other hand, there are many
tree-based algorithms that can be used successfully in satellite image classification. Forest by Penalizing
Attributes (Forest PA) (Adnan and Islam, 2017), Alternating Decision Tree (AD Tree) and Logical Analysis
of Data Algorithm (LADTree) have not been used in remote sensing applications.

This study aims to investigate the success of the different tree-based classifiers that can be used for

mapping burned areas with medium spatial resolution and no-cost satellite image. For this aim, seven
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tree-based classification algorithms (RF, RotF, J48, ADTree, Forest PA, LADTree, FT) were compared
on the Landsat 8 images of burned forest areas within the Mediterranean region in Turkey. The accuracy
of the results was evaluated according to the confusion matrix. Then, Mcnemar’s test was performed to

compare the classification algorithms based on the accuracy results.

2 STUDY AREA AND DATASETS

The study areas are located in the Mediterranean region of Turkey (Figure 1). Kumluca, Adrasan and
Alanya are within the province of Antalya, and Anamur is within the province of Mersin. These cities are
the Mediterranean cities which have a first-degree fire risk potential. Mediterranean climate characteristics
such as unfavourable meteorological conditions, flammable Mediterranean vegetation, and rugged topo-
graphic structure, increase the forest fire risk in these areas. Most of the forest areas in Antalya and Mersin
provinces consist of red pine forests (Pinus brutia Ten.). 65 % of the forests in the province of Antalya,
and 79 % of the forests in the province of Mersin consist of red pine forests. There is a long dry period,
characterised by high temperatures and relatively low humidity in the summer months, in areas where red
pine forests are spread. During this period, since the moisture content of both the living vegetation cover
and the dead vegetation cover is decreased significantly, the risk of fire is extremely high (Kiigiikosmanoglu,

1990; Duran, 2014). The four burned forest areas selected as the study area consist of red pine forests.
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Figure 1: Study areas a) Kumluca (The First Training Area) b) Adrasan (Test Area) ¢) Alanya (The Second Training Area) d)
Anamur (The Third Training Area).
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The Adrasan and Kumluca fire events occurred on 24-27 June 2016. During these events, 1320
ha forest area in Kumluca and 520 ha forest area in Adrasan were burned. The Alanya fire event
occurred on 31 June-2 July 2017. In this event, 1 500 hectares of forest area were damaged. The
Anamur fire event occurred on 1-3 July 2017, and during this event, 200 hectares of forest area

were burned.

The USGS Landsat mission is one of the longest moderate- resolution free satellite image resources for
agriculture, geology, forestry, regional planning, education, and mapping resource all over the world.
Landsat 8 that is the last satellite of Landsat mission has two sensors that are Operational Land Imager
(OLI) and Thermal Infrared Sensor (TIRS). In this study, OLI Level-1 Processing Terrain Precision
(L1TP) post-event satellite images (08 July 2016 for Adrasan and Kumluca, 4 July 2017 for Anamur
and Alanya) were used. The Landsat L1TP collection is radiometrically calibrated and orthorectified
using ground control points and digital elevation model (DEM) data, to correct for relief displacement
(URL 2). In this study, six multispectral bands (Blue, Green, Red, NIR, SWIR 1, SWIR 2) of Landsat
8 were used for burned forest area mapping using tree-based algorithms. Also, the panchromatic band

was used for the pan-sharpening of these spectral bands.

3 METHODS

Object-based image analysis approach was used to compare the success of tree-based classification
algorithms. Training and test datasets were generated for comparison. The training data was used to
determine the optimal classification models by testing different parameters for every classification
algorithm. Then, the optimal classification models were applied to the test data set. The accuracy
analysis of the results was performed according to the confusion matrix. Mcnemar’s test was ap-
plied to the comparison of the classification algorithms. Applied methods of this study consist of
six steps which are pan-sharpening, image segmentation, calculation of image objects attributes,
creating training and test data, classification with tree-based algorithms, accuracy assessments and

comparison (Figure 2).

ACCURACY
ANALYSIS AND
COMPARISON

CLASSIFICATION
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ATTRIBUTES

|
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Figure 2:  Applied methodology for comparison of tree-based classification algorithms.
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a. Pan-Sharpening

During pan-sharpening steps, 6 multispectral bands were pan-sharpened using a 15-meter spatial resolution
panchromatic band. During the pan-sharpening phase, the intensity—hue- saturation (IHS) algorithm was
applied to spectral bands. In this method, the image is converted from RGB colour space to IHS colour space.
The Intensity band is replaced by a panchromatic image, assuming that the band is equivalent to a panchromatic

image. A high-resolution multi-band image is obtained by reverse IHS conversion (Rahmani et al., 2010).

b. Image Segmentation

Pixel-based image analysis (PBIA) and object-based image analysis (OBIA) are two main image classification
approaches in remote sensing applications. Many studies have compared the performance of these two ap-
proaches. OBIA gives more accurate results when applied to very high-resolution images (Ghosh and Joshi,
2014; Sertel and Alganci, 2015; Kavzoglu and Erdemir, 2016), it gives almost close or slightly outperforming
results with PBIA when applied to medium resolution images (Esetlili et al., 2018). In this study, OBIA
was preferred because the two approaches were not statistically different in medium resolution images.

Image segmentation is the first stage of the OBIA. The main aim of this stage is the creation of homogeneous
and meaningful image objects for image classification. The multi-resolution segmentation (MRS) that were
commonly used algorithm in OBIA was preferred as image segmentation (Baatz and Schape, 2000). The
MRS is a region enhancement algorithm that combines pixels or existing image objects. The method starts
at the one-pixel level and combines neighbouring pixels depending on a spectral and geometric homogeneity
criterion. In the study, MRS was implemented using Ecognition Developer (version: 9.0) software. In the
segmentation process, six pan-sharpened spectral bands were used. To obtain optimal image objects, the scale
parameter, shape, compactness and layer weight were specified by the trial and error method (Benz etal., 2004).

c. Calculation of image object metrics

The forest fires directly affect the vegetation. There are many studies on burned area mapping and burned
severity assessment, which used burned area indices and vegetation indices for the increasing success of
the methods (Fraser, Li, and Cihlar, 2000; Chuvieco, Martin, and Palacios, 2002; Loboda, O’neal, and
Csiszar, 2007; Schepers et al., 2014).

Table 1:  Spectral bands indices using for the classification process.

Band Index Formulation References

Brightness values (B) B ( 1 )* i . (Stumpf and Kerle,2011)
== ci
n i=1

n= indicates of number band

ci: sum of the object mean values in the bands

Burned Area Index (BAI) 1/((0.1-Red)? + (0.06 - NIR)?) (Chuvieco Martin, and Palacios, 2002)
Normalized Burn Ratio (NBR) (NIR -SWIR 2) / (NIR + SWIR 2) (Key and Benson, 2006)

Normalized Burn Ratio 2 (NBR2) (SWIR 1 -SWIR 2) / (SWIR 1 + SWIR 2) (USGS)

Normalized Difference Vegetation (NIR-Red) / (NIR+Red) (Tucker, 1979)

Index

Soil-adjusted Vegetation Index ((NIR — Red) / (NIR + Red + 0.5)) * (1.5) (Huete, 1988).
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The eighteen object attributes were used in the classification. These attributes consist of six spectral
bands mean values (Blue, Green, Red, NIR, SWIR 1, SWIR 2), six standard deviations of spectral
bands and six band indices The mean values of the bands are obtained by dividing the total value
of the pixels falling into an image object by the number of pixels. When calculating the standard
deviation values of the bands, firstly, the sum of the differences of each pixel value forming the
image object from the average value is calculated. The calculated value is divided by one minus
the total number of pixels, and the square root of that value is calculated. The names and formulas

of the band indices used are given in Table 1.

d. Classification

Seven tree-based algorithms were tested in this study. The common feature of these algorithms is that they
are the tree-based supervised classification methods. In this context, training and test data are needed.
Within the scope of the study, we collected the training data from the different parts of the Mediterranean
region. The common characteristics of these regions are that they have similar geographical specifications
and vegetation types as the test area. These training data collected from the regions affected by the fires
occurred in the Kumluca, Alanya and Anamur regions (Figure la, lc, 1d). Adrasan burned area was
used as the test dataset (Figure 1b).

In this study, one of the methods used for mapping burnt areas is the random forest (RF) method. The random
forest method developed by Breiman (1996), creates multiple decision trees and combines them to get a more
accurate and stable forecast (Breiman, 2001). Random Forest adds additional randomness to the model as it
grows trees. Rather than searching for the most important feature when splitting a node, it looks for the best

feature among a random subset of features. This results in a wide variety that often results in a better model.

In the rotation forest algorithm (RotF), more than one tree is used as it is in the random forest algorithm.
Unlike the random forest algorithm, the data set to be used in the training of each decision tree in the
forest is determined by the main component analysis. With the rotation forest algorithm, the training
data set is randomly divided into subgroups during the training of the decision trees in the forest and
feature extraction is performed by applying the analysis of the main components to each subgroup
(Rodriguez, Kuncheva and Alonso, 2006).

The ]48 classifier begins with the tree structure, dividing the trees and selecting the best root variable
for the tree, and constructing from top to bottom. J48 is able to do an effective pruning to cut weak
branches. One of the reasons is that the purpose of the decision trees is not to discover data but to create
a simple classification model on the data (Patil and Sherekar, 2013).

The Alternating Decision Tree (ADTree) applies boosting procedures to produce accurate classifiers.
The algorithm consists of decision nodes and prediction nodes. Decision states indicate an action result.
Classification for a record is made by following the correct path of each prediction node, and all decision
nodes passed through it (Freund and Mason, 1999).

The Forest by Penalizing Attributes (ForestPA) algorithm generates a very precise set of decision trees
using all out-of-class attributes present in a data set. At the same time, penalties are imposed on the at-

tributes of the most recent tree to form the next trees (Adnan and Islam, 2017).
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Logical Analysis of Data Algorithm (LADTree) is a decision tree for the multi-class produces. So, it has
the ability to enter more than one class. The modelling for a given set of data is based on creating large
group patterns and choosing subgroups within each group by specific requirements in terms of prevalence
and homogeneity (Boros et al., 2000).

Functional trees (FT) use the information of all input properties in both the nodes and leaves. The
decision nodes in functional decision trees include a test data set based on attribute combination, and
leaf nodes are in estimates due to a combination of attributes. The decision tests for multiple variables
are performed in internal nodes, while class estimates are carried out using approximation curves in leaf

nodes (Gama, 2004).

e. Accuracy Assessment

The classification results were evaluated using a confusion matrix, that summarises the classification
performance of a classifier to test data (Table 2). The performance measures that are sensitivity, preci-
sion, f-score and overall accuracy were calculated from the confusion matrix (eq. 1-4) (Sokolova and
Lapalme, 2009).

Table 2:  Confusion matrix parameters.

Predicted Class
(TP) True Positive (FN) False Negative
Actual Class
(FP) False Positive (TN) True Negative
P
Sensitivity = ————— 1)
TP+ FN
r
Precision = ———— )
TP+ FP
F— score = 2 *semz"tz'.vity * pre.cz.'sz'on 3)
sensitivity + precision
TP+TN
Accuracy = (4)
TP+ FN +FP+TN

In order to calculate performance measures of tree-based classification algorithms according to the confu-
sion matrix, 626 control points were randomly assigned to the test area (Figure 3). The ground truth class
of the control points were determined using Google Earth software as they provide high-resolution images
of the test area. Obtained results were evaluated using McNemar’s statistically significant test. This method
used to analyse whether the two methods applied to the same data set are different (McNemar, 1947).
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Figure 3: Red dots indicate the control points that were used at accuracy assessment.

4. RESULTS AND DISCUSSION

During the segmentation process, to obtain optimum MRS segmentation parameters, the trial and error
method was applied. As a result of the trial and error method, the appropriate parameter values for the
data set were determined as scale factor 100, shape 0.3 and compactness 0.5. The equal weight values were
assigned to all bands. These parameters were used for both training and test areas when creating image
objects. After the segmentation process, image object attributes were calculated. Using image objects
and their attributes, training and test datasets were generated for the classification step. In the training
areas, image segments were defined in two classes, burned area (BA) and non-burned area (NBA). The
classification models for each forest algorithms were developed by using the training database. These de-
veloped classification models were applied to the test data set, which cover the Adrasan burned area region
to evaluates their success (Figure 1b). The obtained result maps for each classifier are shown in Figure 4.
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Figure 4: Result Maps of the applied tree-based algorithms. Red colour indicates the burned area (BA) and grey colour shows
the non-burned area (NBA).

The confusion matrix of the results is given in Table 3. According to the sensitivity values, the best results

were obtained by the FT algorithm, and the worst results were obtained by the Forest PA algorithm.
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Furthermore, high accuracy value was produced by the RotF algorithm. It is seen that the precision
values of all algorithms are high. According to the F-score, which are the harmonic balancer of precision
and sensitivity, the highest results were obtained by FT and RotF algorithms. All these algorithms give

higher overall accuracy results.

Table 3:  Performance measures for all classifier.

Algorithms RF RotF J48 ADTREE FORESTPA LADTREE FT
Sensitivity 0.62 0.73 0.67 0.64 0.59 0.60 0.89
Precision 1 1 0.98 0.98 1 0.96 0.98

F-Score 0.76 0.84 0.79 0.77 0.74 0.74 0.93
Overall Accuracy 0.95 0.96 0.95 0.95 0.95 0.95 0.98

To estimate statistical significance of the results obtained with the applied classifiers, McNemar’s test was
used to compare the classifiers in two subset combinations (Table 4 and Table 5). McNemar’s tests were
performed at %95 confidence interval. Also, the p-value was calculated according to the significance level
of a = 0.05. The results obtained with the FT algorithm according to Table 4 and Table 5 were found
to be statistically significant compared to all other algorithms. Also, the RotF algorithm was found to
be statistically significant compared to other algorithms except for the J48 algorithm.

=
L

Table 4: McNemar's test results for all classifiers.

J48 LADTREE RotF FT RF FORET PA
ADTREE 0.17 1.50 4.90 15.04 0.00 0.44
J48 3.125 1.76 13.14 0.80 1.45
LADTREE 10.08 18.89 0.80 0.00
RotF 6.72 7.11 7.69
FT 14.81 19.36
RF 0.17

Table 5:  p-values of the classifiers according to McNemar's test.

J48 LADTREE RotF FT RF FORET PA
ADTREE 0.34155 0.11034 0.01343 0.00005 0.5 0.25249
J48 0.03855 0.09072 0.00014 0.18555 0.1139
LADTREE 0.00075 0.00001 0.18555 0.5000
RotF 0.00476 0.00383 0.00277
FT 0.00006 0.00001
RF 0.34155

When the result maps were evaluated visually, the FT algorithm extracted some small areas as burned
area according to the RotF algorithm. Although the RotF algorithm produces less noisy results, it was
unable to extract some areas within the burned area. This has led to a decrease in the accuracy of the
RotF algorithm. RotF algorithm is a method used in the classification of satellite images in different
studies (Akar, 2017; Zhang et al., 2018; Pham et al., 2019) FT algorithm can be used in the mapping
of burned forest areas. In this study, the FT algorithm provided better results than the RotF algorithm.
The results showed that FT can be used for mapping burned areas.
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5 CONCLUSION

This study aimed to compare the performance of seven tree-based classification algorithms for mapping burned
areas using Landsat 8 images. As the study area, the Antalya and Mersin cities were selected, because these
areas are one of the most affected regions from the summer fires in Turkey. In the implementation of the seven
algorithms used in this study, the same data sets, including 18 variables (6 spectral indexes, 6 mean values of
spectral bands, and 6 standard deviations of spectral bands) were used. In order to evaluate the ability of these
algorithms to map burned areas, confusion matrices were created, and the statistical indicators were calculated
based on these matrices. Also, McNemar's test statistics were used to compare to evaluate the results. The result
of the evaluation process indicated that the FT algorithm gives more accurate results than the other tree-based
algorithms. These results show that FT can be used as a classifier for burned forest area mapping. Future stud-
ies will be based on the comparison of these algorithms more complex datasets and different satellite images.
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IZVLECEK

V prispevku predstavijamo rezultate analize turisticnih
dejavnosti v okroZjih in obcinah ezmejne regije 0b meji med

Litvo in Poljsko, in sicer z vidika cezmejnega povezovanja. Cilj
raziskave je bil izvesti analizo prostorskih interakeij turisticnih
tokov v navedeni regiji ter oceniti stopnjo Cezmejne povezanosti
na obmodju. Ilzbrana metodologija vkljucuje primerjalno
analizo statisticnih podatkov ter razvoj in analizo rezultatov
dveh gravitacijskih modelov, pri éemer eden temelji na oceni
turisticnih tokov, kjer je predvidena prenocitev, drugi pa
vkljuéuje dolocitev mej lokalnih trgov, opredeljenih z glavnimi
turisticnimi sredisti, v obravnavani regiji. Rezultati analize so
pokazali asimetrijo razvoja turizma v obmejnih regijah dveh
drZav, vendar je dolotitev mej obmocij lokalnib turisticnih
trgov pokazala na stalen proces povezovanja v tej ezmejni
regiji. Izkazalo pa se je, da predlagan gravitacisjka funkcija,
ki temelji na oddaljenosti, ni najbolj primerna za modeliranje
tursiticnih tokov iz vejih mest do turisticnibh sredis¢ zaradi
pomangkljivosti uporablienib statisticnih podatkov, kjer ni
maogoce lociti med enodnevnimi obiski in tistimi s prenocitvijo.
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ABSTRACT

In the context of cross-border integration, this article analyses
the tourism market in counties and municipalities in the
Lithuanian-Polish cross-border region. The aim of the research
has been to perform analysis of spatial interaction of tourist
flows in this region and to evaluate the integration progress
in that field. The methods chosen for this purpose comprised
a comparative analysis of statistical data, and construction
and analyses of two types of gravity models, one for estimation
of the potential overnight tourist flows, and the other for the
determination of market boundaries of the main centres of
tourist attraction in the investigated region. The analysis
revealed the asymmetry in tourism development in border
regions of those two countries, but the determination of tourism
market boundaries testified the ongoing process of integration of
the tourism market in this cross-border region. However, using
gravitational distance decay function for potential tourists flows
modelling from the bigger cities to the resorts appeared to be
inappropriate in this research due to the contradiction to the
statistical data about the number of overnight tourists and
the disability to separate the overnight tourists and one-day
visitors in the model.
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cross-border integration, gravity model, market sharing
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1 INTRODUCTION

Travel and tourism activities have been playing a certain role in each countries economy for a number
of years. Although it may vary along different countries and years, the travel and tourism as well as
the related expenditures of this business, governmental spending and induced consumption of people
employed there made up as much as 9.8% of GDP in the whole world economy in 2015, according to
the World Travel Tourism Council data (Travel..., 2016).

According to Cérdenas-Garcia et al. (2013), many scholars agree that tourism stimulates economic growth,
although some scholars noted, that in some countries or regions tourism had a negative impact on the
economic development, since it had lead to the loss of control over local resources and, consequentially,
to a decrease of profits and vulnerability of tourism revenues. The study of data of 144 countries over 20
years have proved, that the economic growth experienced in some countries as a result of the expansion
of tourism activity has raised the level of economic development of those countries, especially in more

developed countries.

From the point of view of the national economy, scholars distinguish between domestic tourism within a
country, and international tourism, where tourism services are provided with either for incoming foreign
tourists and treated as an export (inbound tourism), or for local people going abroad and treated as an
import (outbound tourism). Globally, in 2015 foreign visitors’ spending made up as much as 27.7%
or nearly one-third of GDP portion directly generated by travel and tourism (Travel..., 2016). This
figure, calculated out of data of 184 countries, indicates the importance for national economies of people
travelling and spending for business and leisure purposes abroad, which, on the other hand, makes it a

subject of interest for national and regional development planning in many countries.

One possible way to increase export of tourism services is to ease access to tourism resources for foreign
tourists in border regions or, in case of countries of the European Union (EU), to take advantage from
benefits associated to the free movement of people and various programmes aimed for cross-border

cooperation between local municipalities of neighbouring countries.

De Sousa (2013) in his article describes how the basic idea of European integration and globalisation has
lead to the incentives to support and promote cross-border cooperation at several different levels and to
the creation of INTERREG in the 1980s — a special financial instrument for stimulating interregional
cooperation in the EU. Need for better administration of various financial programmes and projects
lead to the emergence of Euro-regions and, later on, to the emergence of its standardised alternative for

territorial cooperation arrangement, called the European Grouping of Territorial Co-operation.

Since the EU has undergone several phases of its expansion, the level of integration, as well as the extent
of interregional cooperation, differed along the countries and years. The extent of various cross-border
organisations or Euro-regions in Central and Eastern Europe countries prior to the EU accession, ac-
cording to Turnock (2002), amounted to 30, covering the whole perimeter of such countries as Poland,
Slovakia, the Czech Republic, Hungary, Slovenia, Croatia and western or northern borders of the rest
of the countries in the region. Before the commencement of cooperation programs, i.e. in soviet times,
the cross-border contacts among most of these countries were close to a minimum. After the contacts
were established and the cross-border cooperation started, it involved such activities as production (by
investing in manufacturing, agriculture or state-owned objects), commerce, transport and tourism (often

Mo A
viarus
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tourism involved shopping or selling various merchandise in the marketplace), environment protection
(Turnock, 2002).

Nevertheless, issues related to integration and cross-border cooperation are still of great relevance in coun-
tries that joined the EU much earlier than the Central and Eastern Europe countries. Perkmann (2003)
reckons more than 70 cross-border regions (CBR) in the EU, often overlapping. The interregional or
cross-border cooperation there might take different forms. By geographical scope, there can be CBRs as
contiguous territories or just interregional cooperation. Another dimension for classification is the scale
of activities, so there can be Micro-CBRs (EUREGIO) and Macro-CBRs as contiguous territories, and
interregional or inter-urban cooperation at a smaller scale and some peak associations at a larger scale.
For more precise classification there can be used more characteristics, such as the cooperation intensity,
or administration autonomy level which may be high or low, and the type of actors, i.e. whether they are
local authorities or regional. Hence, it is possible to distinguish so-called integrated micro-CBRs with high
cooperation intensity, and the emerging micro-CBRs with low cooperation intensity (Perkmann, 2003).

In respect of cross-border cooperation, Lofgren (2008) draws attention to the changes of country bor-
ders and changes of the ethnicity of the population that happens in history all the time and talks about
cultural borders that do not necessarily coincide with the political boundaries of the state (which in case
of Sweden are delineated by natural borders). Hence, talking about cross-border cooperation and per-
forming case studies with three different situations in Sweden, he tries to find and illustrate similarities
in their cultural processes (often due to their common past), but also differences that have to do with
their history, economic profile or social and political organisation.

In all three studied cases, the analysed cross-border regions were once a part of the same state. The nowa-
days border lies along with the natural water bodies, constraining the interregional migration. Despite
the bridges built to ease the access, the cross-border integration of those regions proceeded in a different
way and with different success over time. The Lofgren’s study presents a detailed description of each
case, paying great attention to the social aspects of cross-border contacts, nature and direction of those
contacts, emergence of new social behaviour or social groups that extend their live or activity over the
cross-border region. Like in many other countries, a common phenomenon for Swedish border regions
were foreign shoppers looking for bargains and goods on the other side of the border, and leisure tourists,
but differences in housing prices, rate of unemployment or pension system also induced many people
to commute across the border or to settle abroad (even if not permanently). Business contacts have lead

to the emergence of shared markets for goods or services and industrial integration (Léfgren, 2008).

Another study of Swedish borderlands which focused on Swedish-Finish border territory has shown that
the common development of tourism in a cross-border region could be a good instrument for inducement
of cross-border integration by raising the knowledge and self-identification with that region on both
sides of the border. Although the impact of this cooperation on tourism flows and revenues is unclear, it
played its role in transforming national borderlands that once served as a barrier for tourist movement,

into tourism landscapes or places for a tourist attraction (Prokkola, 2007).

The situation in the cross-border region at the Lithuanian-Polish border resembles that in the Nordic
countries from the historical point of view, since this borderline and the composition of the population,

its national and ethnic identity have also experienced many changes in the past.
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Poland takes part in many cross-border cooperation initiatives, various aspects of which attracted the
attention of many scholars. For example, Perkmann (2007) in his study of organisational aspects of co-
operation in different Euroregions, as one of the study cases analyses the cooperation between Poland and
Germany in the framework of Euroregion “Pro Europa Viadrina”. Kisielowska-Lipman (2002) analyses
from the historical perspective the present inter-ethnic relations at the Eastern borderlands of Poland
inhabited by ethnic minorities of Lithuanians, Belarusians, Ukrainians and the others. Kuemmerle et
al. (2008) focus their research on problems of farmland abandonment in the border triangle of Poland,
Slovakia and Ukraine. Walancik and Kurowska-Pysz (2015) focus their analysis on the cross-border
cooperation of local governments concerning safety issues in common Polish-Slovak projects.

Economic, operational and sociocultural aspects of early cross-border integration in Polish-German border
area and some peculiarities of ‘bazaar economics’ of those days in Poland close to the other bordering
countries and in bigger cities were analysed by Kritke (1998). In more recent studies, Dolzbtasz (2015)
draws attention to the issues of symmetry in putting efforts for the integration of customers and busi-
nesses from the other side of the border. After analysing of two twin towns located on both sides of the
Polish-German and the Polish-Czech borders, she discovered a significant asymmetry for the former and
relative symmetry for the latter. A study of integration processes at the Polish-Czech border region con-
ducted by Kurowska-Pysz (2016) reveals the uneven development of integration in social and economic
spheres. While effects of cross-border cooperation in the study region are clearly visible in the social
sphere, primarily in the fields of culture, education sports and tourism, this cooperation developed to
a much lesser extent in the development of cross-border entrepreneurship, i.e. in the economic sphere,

which is the problem that she tries to solve in her paper.

Bar-Kofelis and Wiskulski (2012) investigated the cross-border shopping tourism in Poland and
noticed that the most active shopping tourists at that time came from outside the European Union,
namely from Russia, Belarus, and Ukraine. In that context, the study was focused on the shopping
tourists who came from the Kaliningrad Oblast, the Russian exclave between Lithuania and Poland,
to the urban area of Tri-City consisting of Gdansk and Gdynia cities and the Sopot resort in North-
ern Poland. Anisiewicz and Palmowski (2014) carried out a detailed analysis of cross-border tourism
between Poland and the Kaliningrad Oblast of Russia in territory favoured by small border traffic
agreement between those two countries. They noticed a positive effect of the agreement for the number
of shopping tourists in both countries and for the number of leisure tourists in Poland, although this
agreement failed in trying to attract Polish tourists to the most attractive tourist locations and resorts

in Kaliningrad Oblast.

However, among all those numerous studies, studies in respect of the Lithuanian-Polish cross-border
region are rather scarce, which makes it a good subject for the research. A particular interest in the light
of cross-border integration and experience of the Nordic countries represent issues concerning tourism
market sharing and impacts on tourism development in this cross-border region since it experiences

large flows of international traffic and people moving in both directions.

Many theoretical models can illustrate tourism development in a region from an economic point of
view (Streimikiené¢ and Bilan, 2015). However, the land use and transportation models give a better

understanding of the spatial dimension in respect of those economic driving forces of tourism. Usually,
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they deal with a number of tourists or visits, or a number of second homes (houses for weekend, sum-
merhouses, etc.) and other facilities for an overnight stay in a spatial context (Hall, 2005, 2006), but
some of them deal with individual choice of a tourist and model tourist behaviour, i.e. their movement
patterns or trip preferences (Lew and McKercher, 2006; Flognfeldt, 1999).

The earliest form of models of spatial interaction between various zones is the gravity model (Iacono
et al., 2008; Hall, 2012). Such models, although in different mathematical form, were also applied in
econometrics for modelling of various international trade flows between different countries. In addi-
tion to the distance, they could involve various economic and non-economic indicators. Keum (2010)
states that the gravity model is indispensable for analysing the flows of spatial interactions which could
involve both flows of goods, and flows of humans. Many researchers (Petit and Seetaram, 2019; Porto
et al., 2018; Marti and Puertas, 2017; Kaplan and Aktas, 2016; Santeramo and Morelli, 2016; Malaj
and Kapiki, 2016; Keum, 2010, etc.) were using it for modelling the international tourist flows between
countries, generally using national GDP as a measure of each country’s economic size or mass, and the
geographical distance as the distance, and also including some other variables following their hypotheses.
While most of them carried out their analyses from the perspective of one country or in respect of the
bilateral exchange of tourists between single countries, the others, like Porto et al. (2018), were also
modelling tourist flows between a block of several countries ant the rest of the world.

Hence, the gravity model could be the appropriate model to start with for the analysis of spatial interac-
tion of tourism in the Lithuanian-Polish cross-border region, too. However, the use of the econometric
model would be inappropriate in this case due to the absence of statistical data about inter-regional and
intra-regional tourist flows within a country and in the study region.

The main objective of this paper is to perform analysis of spatial interaction of tourist flows in the
Lithuanian-Polish cross-border region and to evaluate the integration progress in that field. It embraces
the following tasks:

1. To verify the suitability of gravity models for tourist flows modelling in the selected cross-border
region using the aggregated data from other researches or statistics;

2. To estimate a possible asymmetry in tourism development across the Lithuanian-Polish border;

3. To evaluate the integration of tourism in the cross-border region, by looking for evidence of market
sharing using gravity models.

2 METHODOLOGY OF RESEARCH AND MATERIALS

This article represents a comparative analysis of domestic and foreign tourist flows data in Lithuanian-

Polish cross-border region in relation to their demographic and geographic characteristics.

The analysis makes use of regional statistics data of 2015 in Warmian-Masurian and Podlaskie voivode-
ships in Poland and in Marijampolés, Alytaus and Kauno counties (‘apskritis’) in Lithuania. Although
various cross-border cooperation programmes involved up to five counties in Lithuania (except for
Vilnius city municipality) and 3-4 subregions of variable composition in Poland, the analysis embraced
only those municipalities and counties that were in closer proximity to the state border. On the Polish
side, these were the counties of Goldap, Olecko, Etk, Suwalki (rural), Suwalki city, Sejny, Augustéw,

and Grajewo. On the Lithuanian side, these were the municipalities of Sakiai, Vilkaviskis, Kazly
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Rada, Marijampolé, Kalvarija, Prienai, BirStonas, Lazdijai, Alytus (rural), Alytus city, Druskininkai,
and Varéna. The geographical location of those territorial units and their arbitrary notation is shown
on the map (see Fig.1).
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Selected counties and municipalities:

In Poland In Lithuania
e counties in Warmian-Masurian voivodeship: e municipalities in Marijampolé county:

W1 - Gotdap, W2 - Olecko, W3 — Etk M1 - Sakiai, M2 — Vilkavidkis, M3 — Kazly Rada,
e counties in Podlaskie voivodeship: M4 — Marijampolé, M5 — Kalvarija

P1- Suwatki and Suwatki city (two counties), o municipalities in Kaunas county:

P2-Sejny, P3 —Augustéw, P4 — Grajewo K1 — Kaunas city, K2 — Prienai, K3 — BirStonas

e municipalities in Alytus county:
A1l — Lazdijai, A2 — Alytus, A3 - Druskininkai,
A4 —Varéna

e municipalities in Vilnius county:
V1 - Vilnius city

Figure 1:  Geographic situation of territorial units used in the analysis.
In this study region, both Polish counties and Lithuanian municipalities usually have a smaller

town as their administrative centre which can not be characterised as a place of big tourist attrac-

tion. However, some of these centres represent larger cities, namely, Suwalki (P1 on the map) and
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Etk (W3) in Poland, and Alytus (A2) and Marijampolé (M4) in Lithuania. Such cities could be
attractive for business travellers or for transiting tourists, but not that much for leisure tourists.
However, they themselves could be treated as major sources of visitors for the tourism services
providers. Among those administrative centres, there are also the resorts, namely, Augustéw (P3),
with its size close to a city, and Gotdap (W1) in Poland, and Druskininkai (A3) and BirStonas
(K3) in Lithuania. They are the places of tourist attraction whose influence extends even beyond
the study region.

Opverall, the study region is exposed to transiting road traffic of two types, one passing through the
Lithuanian-Polish border on two main roads to the Northern part of the EU, not crossing its outer
borders, and the other passing through over different routes through Poland or Lithuania from Kalin-
ingrad Oblast of Russia to Belarus. This implies large flows of international travellers, a possible source
of tourists, moving in both directions there.

Most of the investigated counties (in Poland) and municipalities (in Lithuania) lie within a circle
with an approximate diameter of ~160 km and have a noticeable percentage of Lithuanian or Polish
tourists among their foreign visitors. However, statistical data provides accurate numbers only for
those visitors who have stayed over-night, but the number of one-day trip visitors remains unclear.
In the context of cross-border integration, this might be a serious limitation of the analysis, since it
prohibits the comparative analysis of one-day cross-border visitors” and local one-day visitors” flow,
which otherwise would have been a possible indicator of the degree of integration. Another limita-
tion is the inconsistency of data originating from different sources. For example, figures provided by
EUROSTAT might imply other components than those published by national statistics offices at the
national or regional level.

The main indicators used for the analysis and comparisons along different counties (in Poland) or
municipalities (in Lithuania) were as follows: density of population, the density of tourist accom-
modations, the density of overnight tourists (in the area and per 1,000 inhabitants), number of
domestic tourists, the composition of foreign visitors by the country of origin, and travelling time

and distance between the major cities or resorts estimated by Google maps interactive services.

Analysis embraced the investigation of spatial interaction between the major cities and resorts that have an
attraction power for local, inland and foreign visitors. As Hall (2012) states, one of the most common ways
to express the decay of various spatial flows in the distance is the Pareto function, which takes the form:

F=a-D7? (1)

where F denotes the flow, D is the distance, and « and 4 are empirical constants. A special case of this

model at 6=2 represents the gravitational concept of spatial interaction model:

F=a—. (2)

2

This article also employs the gravitational form of distance-decay function for modelling and analysis of
two possible types of spatial interaction concerning tourism in the investigated region. The first model-
ling function provides a basic distance-adjusted indicator of possible resorts’ visitors flow from the cities
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or major towns:

P

F=tl'—2, (3)

where P denotes the number of inhabitants in cities or major towns which are close enough to resorts for
exploiting their recreational assets, and 2=1 for the simplicity reasons. Although the number of people
returned by the function does not represent the actual number of visitors from each particular city, it is
applicable for the comparison of different, and presumably competing among themselves, resorts, and
for the analysis of the spatial preferences of their potential visitors.

The second function represents the results of competition between two competing places of local
tourist attraction, i.e. resorts or bigger cities, by estimating the distance at which their target market
boundaries meet. Like in Reilly’s law of retail gravitation (Reilly, 1931) and in Converse’s Breaking-
Point model (Converse, 1949), this estimation makes use of the gravitational form of interaction
between the number of visitors and the distance or travelling time, except for it considers only the

customers, but not the whole population. Directly at the market boundary, the following equality

should hold:
n_v 4)

D} D’

where V, and V, denote the number of tourists in two competing places, and D, and D, represent the
distance (or time) from the corresponding place to the market boundary, thus the total distance between
those two places is D, + D,. This representation implies the presence of a common market area in which
two places compete for the same local customers from that area. In other words, this function might
indicate the presence of market sharing in the tourism market across the border, which makes it a good

indicator of cross-border integration, too.

3 RESULTS AND DISCUSSION

The number of people living in the area of research on both sides of the border is of similar range (-17%
greater in Polish side), although the area of selected for the research Polish territories is considerably
smaller than in Lithuania (see Table 1).

This reveals the first difference in population structure of these territories, namely, that the density of
population on the Polish side is a way bigger (-70% higher) than that on the Lithuanian side. Conse-
quently, such a situation should have lead to uneven development of tourism infrastructure intended
for local population.

However, looking at the statistics we might notice that the density of tourist accommodation provid-
ers in total is pretty much the same if calculated per 100 km?, or even bigger on the Lithuanian side if
calculated per 1,000 of inhabitants (see Table 2).
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Territorial unit

Table 1:  Population density in selected counties and municipalities in 2015.
Territorial unit Population, Area, Density, per
persons km? 1 km?

Population,

persons

Area, km?

Density, per

1 km?

Counties in Warmian-Masurian voivodeship (Poland)

Municipalities in Marijampolé county (Lithuania)

Goldap 27,280 772 35.3 Sakiai 30,007 1,454 20.6

Olecko 34,745 874 39.8 Vilkaviskis 39,030 1,262 30.9

Efk 90,080 1,113 80.9 Kazly Rida 12,436 555 22.4

Counties in Podlaskie voivodeship (Poland) Marijampolé 57,565 755 76.2

Suwatki 35,932 1,307 27.5 Kalvarija 11,397 440 25.9

Suwatki city 69,370 66 1,051.1 Municipalities in Kaunas county (Lithuania)

Sejny 20,606 855 24.1 Prienai 27,929 1,032 27.1

Augustow 59,103 1,659 35.6 Birstonas 4,351 122 35.7

Grajewo 48,357 968 50.0 Municipalities in Alytus county (Lithuania)

In total 385,473 7,614 50.6 Alytus 26,978 1,403 19.2

In average (without Suwatki city) 41.9 Alytus city 55,023 40 1,375.6
Druskininkai 20,564 453 45.4
Lazdijai 20,626 1,306 15.8
Varéna 23,268 2,216 10.5
In total 329,174 11,038 29.8
In average (without Alytus city) 30.0

Table 2:  Density of tourists accommodated in selected counties and municipalities, in 2015.
Territorial unit Tourist All Domestic Territorial unit Tourist All Domestic
accommodation tourists, tourists, accommodation tourists, tourists,
providers per km? per km? providers* perkm?  per km?
per per per per
100 1,000 100 1,000
km? inh. km? inh.
Counties in Warmian-Masurian voivodeship (Poland) Municipalities in Marijampolé county (Lithuania)

Goldap 1.3 0.36 19.6 18.7  Sakiai 0.2 0.10 0.6 0.5

Olecko 1.0 0.26 10.4 10.2 Vilkavigkis 0.3 0.10 5.8 5.5

Etk 1.5 0.19 21.0 18.6 Kazly Rada 0.2 0.08 0.5 0.5

Counties in Podlaskie voivodeship (Poland) Marijampolé 2.4 0.31 23.3 11.4

Suwatki 2.0 0.72 14.1 12.1 Kalvarija 0.2 0.09 0.6 0.6

Suwalki city 15.2 0.14 655.6 516.8 Municipalities in Kaunas county (Lithuania)

Sejny 2.2 0.91 12.7 12.2 Prienai 1.6 0.57 20.4 19.7

Augustéw 2.1 0.59 31.6 25.8 Birstonas 13.9 3.91 478.8 430.9

Grajewo 1.1 0.22 15.0 14.9 Municipalities in Alytus county (Lithuania)

In total 1.8 0.36 24.6 21.2 Alytus 0.4 0.19 1.0 1.0

Without 1.7 0.40 19.1 16.9 Alytus city 37.5 0.27 225.8 153.7

Suwaltki city Druskininkai 20.1 4.43 654.0 426.2
Lazdijai 0.7 0.44 3.0 2.8
Varéna 0.5 0.47 3.6 3.5
In total 1.7 0.58 38.4 27.3
Without Birstonas 0.7 0.27 5.8 4.8
and Druskininkai

resorts and Alytus
city

Note: * Based on data from national statistics office, which do not

correspond to the EUROSTAT data
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If we look at the density of all accommodated tourists, we might notice one municipality in Poland,
the Suwalki city, and three in Lithuania, namely Alytus city, BirStonas resort, and Druskininkai resort,
featuring abnormally high figures in comparison to the rest of the municipalities. As a result, the average
figures become bigger than they should be and no more reflect the true situation in ordinary munici-
palities. Therefore, the table also presents the average figures which were calculated without taking into

account data of the abnormal municipalities.

Exclusion from the calculations of two resort municipalities and Alytus city reveals just the opposite to
the aforementioned preliminary findings, namely, that the density of tourist accommodation providers
in the rest of selected Lithuanian municipalities makes less than a half of that figure on the Polish side,

or is about 33% less if calculated in relation to the local population.

In the selected counties in Poland, the exclusion of Suwatki city has little impact on the density of tourist
accommodation providers, but it diminished the density of all accommodated tourists in the research
territory by ~22% (from 24.6 to 19.1) and the density of accommodated local tourists by ~20% (from
21.2 to 16.9). However, the density of tourists in the remaining counties (19.1 tourists per km?) is still
very high, if compared to the Lithuanian municipalities after the exclusion of the resorts and Alytus
city, where it makes only 5.8 tourists per km?. This suggests that, unlike in Lithuania, on the Polish
side all the counties are an integral part of the tourism landscape, having developed the entire necessary

infrastructure for tourism attraction.

On Lithuanian side, the main tourism activity is not that evenly spread across the territory and concen-
trates in Druskininkai and Bir§tonas resorts and, to a lesser extent, in Alytus city. The rest of the territory
presumably attracts mainly one-day visitors or local tourists not reflected in the statistics. This means that
those two resort municipalities having the biggest attraction power for local, inland and foreign visitors
should suit the best for testing gravitational interactions of tourist flows. Only there the number of ac-
commodated tourists exceeds the number of local inhabitants, judging by the density figures provided
in Table 1 and Table 2.

A closer look at the statistics reveals that Druskininkai being about five times bigger town than Bir$tonas
also has a better-developed tourism infrastructure, since the density of tourist accommodation providers
there is ~45% higher than in BirStonas, and the density of all tourists accommodated in the area of the

municipality is also ~37% bigger.

The density of domestic tourists, however, in both resorts is almost identical, featuring about 430 tourists
per km?, which indicates the different preferences in target market selection of those resorts. Although
both spa resorts have evenly distributed domestic visitors, Druskininkai gets a greater share of foreign

tourists flow.

Presumably, resorts should benefit more from the cities in closer proximity. However, the analysis of Drus-
kininkai and Bir§tonas contradicts to that assumption. The distance decay functions that relate population
in cities and travelling distance or time to the selected resorts suggest that BirStonas should experience a
significantly greater than in Druskininkai overall tourist flow from cities in Lithuania, with just slightly
worse results from Polish counties (see Table 3). The tourism statistics, however, proves just the opposite,

that it is Druskininkai where the number of tourists is significantly greater. It is, however, possible that a
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part of estimated potential visitors were one-day tourists who are not reflected in the statistics, and that a
portion of one-day tourists in Bir§tonas is considerably larger than in Druskininkai due to the proximity of
Kaunas city. Nevertheless, this can not be testified by the available data without a more thorough analysis,

which makes the gravitational function hardly usable in this research for modelling of potential visitors” flow.

Table 3:  Modelling of possible tourist flow from larger cities towards Druskininkai and Birstonas resorts using the gravitational
distance decay function.
Modelling for Modelling for
Druskininkai (LT) resort Birstonas (LT) resort
c'lI:ratlvelhng Flow modelling "iI:retwellmg Flow modelling
Cities (possible Population l,s ance or (number of potential l,s ance or (number of potential
. time (on . time (on .
source of visitors) (2015) visitors) visitors)
roads) roads)
. using using Using using
in km n travelling travelling in km travelling travelling
min min
distance time distance time
Cities in Lithuania (LT)
Vilnius (V1) 532,336 130.0 108 31.5 45.6 93.5 88 60.9 68.7
Kaunas (K1) 299,602 130.0 102 17.7 28.8 46.1 45 141.0 148.0
Alytus (A2) 55,023 58.6 48 16.1 23.9 35.9 31 42.7 57.3
Marijampolé (M4) 37,972 94.3 81 4.3 5.8 50.5 44 14.9 19.6
Average distance / total flow  103.2 85 69.5 104.1  56.5 52 259.4 293.6
Cities (and towns) in Poland (PL)

Suwatki (P1) 69,370 97.8 88 7.3 9.0 105 90 6.3 8.6
Augustéw (P3) 32,807* 107.0 85 29 4.5 139 110 1.7 2.7
Etk (W3) 60,462 152.0 122 2.6 4.1 167 150 2.2 2.7
Olecko (W2) 16,460*  133.0 121 0.9 1.1 142 125 0.8 1.1
Gotdap (W1) 13,726 154.0 137 0.6 0.7 151 139 0.6 0.7
Grajewo (P4) 27,241*  151.0 120 1.2 1.9 183 146 0.8 1.3
Average distance / total flow  132.5 112 15.4 21.3 147.8 127 12.4 17.0
Cities in Lithuania and Poland ) o o) 85.0 1254 1113 97 2718 3106

in total

Note: * All urban population in the county; The code in parentheses is the notation of the spatial unit on the map, as in

Fig.1; The flow of potential visitors was estimated using the equation (3)
Hence, we can conclude that the distance from bigger cities does not play a big role in overnight tourist
flows to Druskininkai and Bir$tonas resorts in Lithuania, at least for domestic tourists. Being nationwide
resorts, those two attract their visitors perhaps for other reasons, and from the whole country. However,
differences in foreign tourists’ structure of those two resorts, which could be observed from the statistics,
might have something to do with the distance from the state border, which needs a closer examination

in the context of the whole cross-border region.

According to the statistics, all counties on the Polish side of the cross-border region have a certain num-
ber of foreign visitors, although their share in the total tourists’ structure is insignificant for Grajewo,

Olecko, Sejny and Gotdap counties (see Table 4).
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Table 4 Number and country of origin of foreign tourists in selected counties and municipalities, in 2015.

Foreign tourists Composition of foreign tourists by country of origin, in %
Territorial unit % of The
number  total LT RU BY PL LV DE EE FI rest
tourists
Resorts in Lithuania (LT)

Druskininkai (A3) 103,207 34.8 - 22.4 21.5 19.6 15.9 6.7 1.8 ND 12.2
Birstonas (K3) 5,850 10.0 - 16.6 7.6 6.3 14.2 37.8 2.1 ND 15.4
Counties (and resorts) in Poland (PL)

Suwatki (P1) 2,621 14.2 17.2 11.2 2.6 - 9.0 7.6 20.6 8.2 23.5
Suwatki city (P1) 9,165 21.2 13.7 6.6 3.8 - 9.0 9.7 159 13.8 27.5
Sejny (P2) 402 3.7 10.9 10.2 2.5 - 8.2 5.2 1.2 0.7 60.9
Augustéw (P3) 9,618 18.3 19.5 7.9 6.8 - 8.0 9.1 15.0 7.6 26.1
Grajewo (P4) 74 0.5 10.8 0.0 0.0 - 0.0 74.3 0.0 0.0 14.9
Gotdap (W1) 717 4.7 10.9 30.0 18.7 - 3.2 20.9 2.2 0.0 14.1
Olecko (W2) 113 1.2 5.3 31.9 0.0 - 0.0 19.5 0.0 0.9 42.5
Etk (W3) 2,636 11.3 14.2 3.5 7.6 - 6.0 27.9 3.4 3.5 34.0

Note: A country codes in the table mean: LT — Lithuania, RU — Russia, BY — Belarus, PL — Poland, LV — Latvia, DE —
Germany, EE — Estonia, FI — Finland; ND in the table stands for “no data” if a national statistics office does not provide such
figures; The code in parentheses is the notation of the spatial unit on the map, as in Fig.1
Territories around Augustéw, Suwatki and Elk cities in Poland have attracted a significant number of
tourists from Lithuania. This might indicate a merging of tourism area across the border, but similar
figures for Estonian tourists and slightly smaller for Latvian, German and Finish tourists suggest that this
might as well be just overnight stay of transiting people, since all the transiting road traffic to Lithuania,

Latvia, Estonia and Finland not crossing the EU borders goes through that region.

Elk has a noticeable percentage of foreign tourists, and Lithuanian tourists as well, but the closer analysis
reveals that the most significant portion of foreign tourists came from Germany, like in two other coun-
ties that once were part of former Eastern Prussia, Goldap and Olecko, where German tourists are on
the second place after the Russian, and also in Grajewo county. Counties close to the Russian border,
especially Gotdap and Olecko, also have a significant portion of Russian and Belarusian tourists, which
is a good indicator of integration of tourism areas going on there, although the total number of foreign

tourists there is rather small.

Although local cross-border tourists at Polish-Lithuanian border are not traceable in the statistics, especially
if they choose short one-day trips, the statistics can reflect inland tourists from both countries attracted
by compound tourism assets across the border. In this sense, it seems rational to determine the tourism

market boundaries of the main centres of tourist attraction and check if they extend across the state border.

Modelling the spatial interaction between two centres of tourists’ attraction in Lithuania and three in
Poland based on the simple gravitational determination of boundaries between any two competing
markets showed that market boundaries indeed extended across the border from both the Lithuanian
and the Polish sides (see Table 5).

ystyna Kurowska | ANALIZA TURISTICNIH INTERAKCLJV PROSTORUY CEZMEINI REGUI LITVE IN POLISKE NA PODLAGI GRAVITACISKEGA MODELA
OURISM IN LITHUANIAN-POLISH C DER REGION USING GRAVITY MODELS | 361-375 |

navicius, Audrius Aleknavicius,

| ANALYSIS OF SPATIAL INTERACTIONS OF




GEODETSKIVESTNIK

Table 5: Determination of tourism market boundaries for two Lithuanian resorts in relation to centres of tourist attraction in
Poland, in 2015.

Centres of Market si Foreign Modelling for Modelling for
ar i
tourism (all ¢ € s tz:) tourists Druskininkai (LT) resort Birstonas (LT) resort
attraction ourts from PL/ LT
@ U e (T Rout. Route Rout. Route
esorts in Lithuania (LT) di (t)u ¢ Market distance di (t)u ¢ Market distance
S istance istance
Druskininkai 296,278 20275 10 the boundary  from the w0 the boundary  from the
A3) . extent, resort to . extent, resort to
Polish Polish
Birstonas (K3) 58,418 369 . km the state . km the state
city, km bord city, km border

Cities and resorts in Poland (PL) orden, orden
Suwatki
city+county 61,765 1,704 97.8 67.1 55.7 105 51.8 79.6
(P1)

) 88.6*
Augustéw (P3) 52,419 1,874 107.0 75.3 55.7 139 71.4 (79.6)

88.6*

Etk (W3) 23,323 373 152.0 118.7 55.7 167 102.3 (79.6)

Note: * Distance to the state border on the shortest route to the corresponding foreign cities; The code in parentheses is the
notation of the spatial unit on the map, as in Fig.1; The market boundary extent was calculated by solving the equation (4)
from the perspective of Druskininkai (LT) or Bir§tonas (LT) resorts in respect of the corresponding Polish cities so that it
could be compared to the distance from these resorts to the state border
In the case of Suwalki city with its surroundings (PL) and Bir$tonas resort (LT) interaction, the modelled
market boundary extends inwards Lithuania along the route by almost 28 km. In the case of Augustéw
(PL) and Birstonas (LT), it extends in a range of about 8-17 km. Consequently, the number of Lithua-
nian tourists in Suwatki (PL) and Augustéw (PL) is by 4.6-5.1 times bigger than that of Polish tourists
in Bir§tonas (LT). Nevertheless, in case of interaction with Etk (PL), the Bir§tonas resort (LT) attraction
extends beyond the border inwards Poland by about 14-23 km, although the quantity of Polish tourists
in Bir$tonas (LT) and Lithuanian tourists in Etk (PL) is almost equal.

A different situation is with Druskininkai resort (LT). The number of Polish tourists there is akin to that
of Polish domestic tourists in Etk (PL) and is close to half of the domestic tourists in Augustéw (PL).
These quantities indicate that this resort should have a strong influence that extends beyond the border.
The modelling suggests that the market boundary of Druskininkai resort (LT) in relation to Suwatki city
with its surroundings (PL) lies inward Poland by about 11 km, in relation to Augustéw (PL) by about
20 km, and in relation to Etk (PL) even by 63 km.

Hence, the analysis proves the bidirectional character of cross-border interaction at the Lithuanian-Polish
border concerning the number of accommodated tourists and their country of origin, despite the structural

differences of tourism in that region and different level of development of tourism accommodation providers.

4 CONCLUSIONS AND PROPOSALS

Overall the use of two chosen forms of gravity models for the analysis ended up with different success.
The assessment of potential tourist flows from bigger cities by using the gravitational distance decay
function did not suit well for the tested resorts in Lithuania, Druskininkai and Bir$tonas, since neither

the distance nor the size of the closest cities had an impact on the actual overnight tourist flow in these

us, Audrius Aleknavicius, Krystyna Kurowska | ANALIZA TURISTICNIH INTERAKCLV PROSTORUY CEZMEJNI REGUI LITVE IN POLISKE NA PODLAGI GRAVITACIISKEGA MODELA
\LIINTERACTIONS OF TOURISM IN LITHUANIAN-POLISH CROSS-BORDER REGION USING GRAVITY MODELS | 361-375 |

16473

[
=
[l
e
T

o
]
L

o

RECENZIRANI CLANK

1373



o)
~
=
oy

RECENZIRANI CLANKI | PEER-REVIEWED ARTICLES

EN

|374]

GEODETSKIVESTNIK

resorts. However, using the gravity model for the determination of market boundaries between the
competing centres of tourist attraction proved to be a successful choice, which has provided interesting
data for the analysis.

The analysis has revealed the essential differences in the structure of tourism across the border in the
Lithuanian-Polish cross-border region. On the Lithuanian side, the main activity of overnight tourists
in terms of density of tourist accommodation providers and density of accommodated tourists concen-
trates in Alytus city and in two resorts, Druskininkai and BirStonas, while the rest of the territory lacks
overnight visitors. On the Polish side, the highest density of tourist accommodation providers and ac-
commodated tourists are in Suwatki city, but in the rest of the examined counties, these figures are also
high and rather evenly distributed.

In respect of tourism market sharing across the border, the analysis has confirmed the presence of Lithu-
anian and Polish tourists in the study region on both sides of the border. Moreover, the amount of Polish
tourists attracted to one of the Lithuanian resorts (Druskininkai) resembled that in some centres of a
tourist attraction on the Polish side. Judging by the market size expressed in the total number of overnight
local, domestic and foreign tourists, five centres of tourist attraction could be identified within the scudy
region, two on the Lithuanian and three on the Polish side. The determination of market boundaries
between the Lithuanian and the Polish centres of tourist attraction by using the gravity model revealed
that their target markets extended across the state border in both directions, which also had a relation to

a quantity of Polish tourists on the Lithuanian side and Lithuanian tourists on the Polish side.
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IZVLECEK

V prispevku je predstavijena alternativna metoda za sledenje

prostorsko-Casovne dinamike socialnih interakeij v kontekstu
procesov urbane regeneracije javnega prostora evropskih
prestolnic kulture. Analizirani so javno dostopni geolocirani
podatki z druzbenih omrezij Instagram in Flickr, za kateri
Jje znacilno spletno objavljanje fotografij. Kolicina objav
na druzbenih omreZjih v nekem Casovnem obdobju je
proksikazalnik za prepoznavanje in retrospektivno analizo
priviacnosti ter analizo prostorsko-casovne dinamike socialnih
interakcij v javnih prostorih. Na podlagi pridobljenih
podatkov sta predstavijena dva primera regeneriranih
Jjavnih prostorov iz dveh evropskih prestolnic kulture, in
sicer obmocje DEPO2015 v mestu Plzen (CZ) ter DOKKI
urbano nabrezje v mestu Aarhus (DK). Rezultati kaZejo,
da lahko podatki s platforme Flickr, ki omogoca dostop
do natanéne geolokacije objavljenih fotografij, razkrijejo
atraktivnost javnega prostora. Analiza podatkov z druzbene
platforme Instagram, ki uporablia geografsko referiranje,
pa omagola zaznavo pomembnejsih dogodkov. Rezultate
analize podatkov obeh virov je treba razumeti kot dragocen
vir za doloéanje splosne ravni socialnib interakcij v javnem
prostoru. Predstavljena metodologija je posebej primerna za
analizo centralnih lokacij in posebnih dogodkov, kot je projekt
evropske prestolnice kulture.
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ABSTRACT

The paper presents an alternative method for tracking the
spatiotemporal dynamics of social interactions in public space
in the context of the European Capital of Culture-based urban
regeneration. The paper analyses publicly available geolocated
data from two social media platforms, Instagram and Flickr,
which are characterised by the posting of photos on the Internet.
The quantity of social media posts in a given time period is used
as a proxy indicator to identify and retrospectively analyse the
attractiveness and spatiotemporal dynamics of public spaces.
Using georeferenced interaction data from social media platforms,
two case studies of regenerated public spaces from ECoC cities are
presented: the DEPO2015 area in Pilsen (Czech Republic) and
the DOKK1 urban waterfront in Aarhus (Denmark). The results
show that the data from the Flickr platform, which allows access
to the exact geolocation of the posted photos, can reveal attractive
public spaces, as the popular landmarks were clearly identified on
the generated heatmaps. The analysis of data from the Instagram
social media platform, which uses georeferencing, can reveal the
most important events and should be thus considered a valuable
proxy for determining the overall level of social interaction in
a public space. The methodology presented is particularly well
suited for the analysis of central locations and special events, as
is the case with the ECoC.

KEY WORDS

Flickr, Instagram, geolocated data, public space,
spatiotemporal dynamic, European Capital of Culture,
urban regeneration
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1 INTRODUCTION

Traditional approaches to analysing the dynamics, liveability and quality of public spaces by Jacobs (1961),
Appleyard (1982), Gehl (2010) and others include quantitative and qualitative methods, such as counting
the number of people gathered in public spaces, tracking their activities and movement paths, and observ-
ing and describing their social behaviour (Gehl and Svarre, 2013). These early beginnings of research into
public space dynamics mainly involved analogous techniques and tools which, characterised by rather small
research samples and the personal presence of the researcher on-site, could only measure current activities.
In the 1970s, Donald Appleyard first used a video camera to record activities in public plazas in New York
(Appleyard, 1982). Since the advent of information technologies, however, new approaches to measuring,
recording and tracking the activities of people in public places have been introduced. Data is provided by
surveillance cameras, mobile phones and other sensors installed on various devices. The advantage over tra-
ditional methods lies in the larger quantity and continuous collection of data, which can provide important
information for successful urban management. However, these new approaches also raise the questions of
data ownership and accessibility, as well as issues of personal data protection. These often-proclaimed negative
aspects of the ICT"-driven transformation of public space through the instruments of control can contradict
the very idea of the publicness. In this paper, we propose an alternative method that uses data collected from
the digital layer (Zizek, 2018) of actual public spaces, which represent a digital footprint of existing social
interactions and are not collected with any intent related to the described privacy issues. With the increas-
ing number and reach of social media platforms, the availability of the associated metadata also increases,
which improves application in urban research (Chae et al., 2014; Zizek, 2018; Barros, Moya-Gémez and
Garcfa-Palomares, 2019; Han, Nguyen and Sahito, 2019). In addition to traditional methods, this alterna-

tive approach also enables retrospective research, overview and evaluation, as well as temporary data analysis.

By analysing publicly available geolocated data gathered from social media platforms using the REST API*
technology (Barros et al., 2019), it is possible to track the spatiotemporal dynamics of social interactions in
public space through their different development stages. Photo-sharing social media platforms have become
interesting for urban research because photos have an emotional connection to places, events and people and
contain a symbolic value when published on social media platforms (Iglesias-Sanchez et al., 2020). In addition,
photos as social media posts contain valuable metadata that can be used for analysis and information discovery.
Using the described approach, this paper presents two case studies of the cities of Pilsen (Czech Republic)
and Aarhus (Denmark), both European Capitals of Culture (ECoC). Cities associated with the ECoC? were
selected for the case study because it is known that this program has a significant impact on the urban regen-
eration of public spaces (Garcia, 2005; Richards and Wilson, 2004). The program attracts a lot of attention

with various events and activities and offers an opportunity for posting photos on social media platforms.

The aim of the research is to present an alternative method for tracking attractiveness and dynamics of
social interactions in selected public spaces. Two types of changes will be tracked, the first referring to the
attractiveness of a particular public space observed from the social media perspective. The second will refer
to changes in dynamics and the intensity of social interactions in public space. In both cases, the main

I ICT - Information and Communications Technology

2 REST API - Representational State Transfer / Application Program Interface

3 Since its launch in Athens in 1985, the ECoC programme has focused on providing the selected cities with a comprehensive cultural program for one
year, promoting cultural objectives, intercultural dialogue and cultural diversity between European countries and citizens. Culture has been recognised
as a catalyst and driver of urban regeneration and image renaissance.
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indicator is the quantity of social media posts related to the particular location acquired from the two
social media platforms, Flickr and Instagram in a given time period. We want to show that data collected

from the social media platforms reflects these changes as a consequence of the urban regeneration process.

2 STUDY AREA

2.1 Selection of public space

Main research locations were selected with the focus on open public spaces. For the selection of public spaces,
two main criteria were used. The first related to the availability of data, while the second criterion was based
on the prerequisite that the open public space was repurposed or renewed in connection to the ECoC. Main
development plans and infrastructure investments in the urban renewal of the ECoC program were identified
for each city through various sources, such as official evaluation reports, official websites, etc. Related to the
availability of data, all ECoC cities between the beginning of 2015 and the end of 2018 were considered. This
was because, in the period before 2015, not enough data was available on both platforms and, after 2018,
there was no possibility to track the immediate impacts after the conclusion of the ECoC. The observation
period was divided into three parts: the period prior to the ECoC, the whole year of the ECoC and the period
after, at least one year or more. By searching for appropriate research locations, all cities in the aforementioned
period were analysed as follows: the ECoC cities of Pilsen (Czech Republic) and Mons (Belgium) from 2015,
San Sebastian (Spain) and Wroclaw (Poland) from 2016, Aarhus (Denmark) and Paphos (Greece) in 2017
and Leeuwarden (Netherlands) and Valleta (Malta) in 2018. All these cities® invested in public space renewal

and revival activities, though sufficient data was not available in all cases, therefore the decision was made to
select the city of Pilsen and the location of the DEPO 2015 (Figure 1), as well as the city of Aarhus, with the
renewal of a former docks area into a contemporary urban waterfront area (Figure 2).

industrypunk « Folgen

DEP02015
~
\\ < ] W industrypunk Kreativni zéna
2 o @depo2015_plzen vznikla v roce

2015, kdyZ byla Plzeii Evropskym
hlavnim méstem kultury. Misto,

které vzniklo jako do¢asna

intervence a prirozené se

transformovalo do dlouhodobé
aktivity @ Ustredni dilny

elektrickych podniki a autobusové
garaze nyni slouZi jako oteviena v

Qv N

Gefallt 2222architekti und
weiteren Personen

Figure 1: Example of a posted photo of DEPO2015 in Pilsen, retrieved from the Instagram social media platform (Source:
Instagram).

4 Projects related to ECoC cities that haven't met the criteria for selection: i.e. Strait Street project in Valleta, renovation of the public space in front of the
0] 0]

main train station in Leeuwarden, Harmonickwartier in Leewwarden, artistic activation of a public square in Mons with the Passenger Project, the
‘Open Air Factory' in the climate-friendly city of Paphos, which enabled around 70% of events to be organised outside, in squares and natural sites, etc.
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= dokk1aarhus - Folgen

dokk1aarhus § Smuk belysning

#dokk1 #toldboden #aarhus
#debynasrehavnearealer #navitas

15 Wo

&% candyy_white Psoo cute ©
>

2Wo. Antworten

Qv N

Gefallt syddjursbibliotek und
weiteren Personen

Figure 2: Example of a posted photo of DOKK1 urban waterfront in Aarhus, retrieved from the Instagram social media platform
(Source: Instagram).

2.2 Study areas and ECoC context

Investment in the cultural infrastructure in the city of Pilsen included several projects, among them
DEPO2015, which was found to be most appropriately related to the research criteria and was, accord-
ing to the official final evaluation document by the European Commission, named as one of the most
important projects of the ECoC (Fox and Rampton, 2016). It represents the reconstruction of a derelict
bus depot into a cultural zone with a large open space that was renovated using a design that still indi-
cates former use and the industrial character of the zone. The zone, which brings together business with
cultural and creative industries, was opened in 2015 and offers co-working spaces, exhibitions space, art
residences and more. The former bus yard was transformed into a multifunctional space, where different
workshops, events and concerts are held (the largest with 20,000 people) (Fox and Rampton, 2016).

In Aarhus, a large part of the ECoC’s planning focused on construction and infrastructure developments
around the waterfront area of the city. A former industrial harbour was, as part of the ‘Urban Mediaspace
Aarhus’ project (Jensens Tegnestue, 2015), transformed into a new central urban waterfront, compris-
ing several public squares (Harbour Square, Tolbod-Plads and Europaplads), including the construc-
tion of DOKKI, the largest library in Scandinavia. The waterfront is the size of four football stadiums
(23,000 m?) was converted into public and recreational spaces (i.e. for concerts, flea markets, funfairs,
Aarhus Festival, circus, beach volley, ice skating, open-air cinema and more) (Fox and Rampton, 2018).
The DOKK]1 urban waterfront® area was completed in the summer of 2015.

5

The observed area includes the new library building DOKKI and approx. 800 m of the waterfront area located next to this building. As there are
many different names appearing for this area in literature, a decision was taken to use the name DOKKI urban waterfront (and DOKKI u.w. for
tables and figures).
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3 METHODOLOGY

A methodology is proposed for verification of general observations on the increase in public space interactions
caused by the associated investment in spatial improvements, in the new landmark architectural projects
and other spatial upgrades. The methodology applied in the research consists of four general steps (Table 1).

Table 1:  Methodology in steps.

1. step 2. step 3. step 4. step
selection of public space data collection data visualisation data analysis and
(repurposed/renewed) (from Flickr and Instagram)  (via heatmaps and time-series) interpretation

3.1 Data collection

Data was collected from social media platforms on selected public spaces using the REST API technology.
Two social media platforms, Instagram and Flickr, were selected based on the availability of metadata on the
locations and the relevant semantic relationship of the analysed posts to the observed locations. Besides, both
Instagram and Flickr use the posting of photos as the central prerequisite for user interaction. Posted digital
photos contain useful metadata, including time and location. At the same time, posted images represent a
symbolic link to public space, depicted either as background or as the main object of interest (Figure 1 and
Figure 2). Flickr was one of the first photo sharing and storage platforms, created in 2004. Instagram, an even
younger platform, was launched in 2010. In addition, the two selected platforms, Flickr and Instagram, differ
in the key areas of research as the use case, the tools used, and interaction motives are also different (Table
2). Another difference is related to the availability of location data. In the case of Flickr, access to the location
metadata is not restricted, and the exact location of the post is transmitted with latitude and longitude. In the
case of Instagram, as of May 2018, the location metadata of each individual post is deleted and replaced with
the location 1D, which represents the general geographic location, i.e. square or a street with a recognisable
name, but it does not reveal the exact location originally stored in the uploaded photo. The described differ-

ences in the collected data from the two social media platforms dictate two varied approaches to the analysis.

Table 2: Differences between Flickr and Instagram.

use case tools motives
Flickr designated for a hobby, posted images are often artistic motives and
amateur photographers made with photographic architectural highlights
cameras
Instagram casual photography, visual images are taken mostly with ~ casual images of persons,
messaging mobile phones places and food (lifestyle)

3.1.1 Flickr data

The Flickr REST API was used to collect metadata from geolocated posts within a radius of 500 metres
around each city centre. This wide coverage enables the mapping of several public spaces in the vicinity
of the ECoC-designated public space, thus enabling the identification of those most frequently pho-
tographed. Duplicates were removed from the collected data, as well as chain uploads represented by
multiple photos with the same location and time stamps. Subsequently, heatmaps for both cities were
created with GIS software, using the exact geolocations of the posts. The analysis of temporal dynamics
based on Flickr data was not considered due to the lower data frequency.
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Furthermore, it must be mentioned that data from Flickr is not appropriate for showing temporal

dynamics and is only used to identify locations; therefore two maps were prepared for each location
(A - before the ECoC and B - during and after the ECoC). The presentations based on the Flickr data

are constructed considering the limits of the data availability. Further dispersion in time slots (before,

during and after) would not provide relevant results. To identify temporal dynamics, Instagram data was

provided after the location had been identified as relevant and attractive in Flickr.

3.1.2 Instagram data

In order to enable an analysis of the temporal dynamics of interactions in public space, data from the

second social media platform, Instagram, was collected. As mentioned above, Instagram enables a more

casual interaction with the platform by using personal devices, such as mobile phones, to generate posts.

Asaresult, the number of posts related to the observed locations is much higher. The locations of the posts

were identified using Instagram’s location (Clement, 2020). The temporal dynamics of the collected data

points are presented as a time series showing the weekly number of posts within the defined time span.

The availability of data from both platforms and for both locations is presented in Figure 3 and Table 3.

b
Figure 3:
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a) Flickr social media data availability for Pilsen and Aarhus, b) Instagram social media data availability for DEPO2015,
Pilse

n and DOKKT1 u.w., Aarhus (in quarters).
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Table 3: Number of collected posts from Flickr and Instagram.

ECoC city Pilsen Aarhus
Flickr

radius 500 m 500 m
research period 2009-2020 2009-2020
posts collected (total/used) 1470/445 2205/565
Instagram

focus location DEPO2015 DOKK1 u.w.
research period 2015-2020 2015-2020
posts collected 7470 14774

3.1.3 Social media data as a proxy value

The use of social media data does not directly correspond to the data collected, i.e. through manual
counting of visitors in public spaces (Gehl and Svarre, 2013) or through various observation methods,
such as behaviour mapping (Goli¢nik and Ward-Thompson, 2002). However, geolocated data from
social media can and should be considered a valuable proxy for determining the general level of social
interaction in a public space (Cheliotis, 2018; Cvetojevic and Hochmair, 2018; Taylor et al., 2014). The
final evaluation of the data underlies demographic representation bias, such as the local adoption level
of ICT and population groups using online platforms to varying degrees, depending on age, gender,
education, etc. (Greenwood, Perrin and Duggan, 2016).

3.2 Data visualisation and analysis

In the third step, collected data was visualised, and in the fourth step, data was analysed according to

two aspects, as a basis for the quick evaluation of the impact of the ECoC programme:
a) The change in the attractiveness of a public space observed from the social media perspective.

When trying to capture the changing dynamics of public space and the impacts of urban regeneration,
the adjective liveable (Gehl, 2010) could be more appropriate, but because this study uses posted photos
as an indicator, it was decided to use the term ‘attractiveness’. The attractiveness of a particular space,
observed from the social media perspective, is retrieved from the heatmaps of city centres generated by
the Flickr posts, as the ambition of photographers and the quality of the images is in general higher
when compared to the images posted on Instagram.

b) 7he change in dynamics and the quantity of social interactions in a public space based on social media
interaction data.

This aspect relates to the general daily interactions and activities of residents and visitors. The dynamics
of social activities is visible from the number of weekly posts on Instagram, where peaks in the number
of posts are understood as a result of special circumstances, such as public events, which could reflect

the particular nature of the observed space (i.e. as an event space) and its dynamics.
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4 RESULTS

4.1 Pilsen case study

The data collected from the Flickr social media platform for the defined area in the centre of Pilsen
(Figure 4) shows changes in highlighted locations resulting from two observation periods. Map A shows
the period between 2009 and 2014, where the highest concentration of posts was identified along the
axis between the main train station building in the east and the old city centre. The observed location
of the former bus depot on the map A does not show any accumulated posts in the aforementioned pe-
riod. However, posts collected in the period between 2015 and 2020 show a significant increase in their
number as a result of the transformation of the site into DEPO2015, visible in map B. Within the area of
observation, the location of DEPO2015 is the most exposed, also in comparison to other marked areas.

' Wl Legend:

PILSEN
23 DEPO2015

Figure 4: Heatmap compiled according to the frequency of data-points for Pilsen city centre: A) shows a period between
2009-2014, B) a period between 2015-2020 (map scale 1:10,000).

In the second phase of the analysis, the impact of the DEPO2015 project on the temporal dynamics of
the related public space was analysed. Figure 5 shows the temporal dynamics of posts collected from the
Instagram social media platform for the location of DEPO2015. No data was available before 2015, be-
cause the area opened in 2015, just before the ECoC began; the data available since then reflects the social
interactions in the observed space.
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Figure 5: Weekly number of posts for DEPO15 on Instagram (2015-2020).
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It is noticeable that, during the 2015 ECoC period, several events are clearly present, which can be seen
in the higher number of posts. They show the emergence of dynamic activity in the observed area, which
is more pronounced in the second half of the year, indicating an increase in the activity and popularity
of the site (Figure 5). Furthermore, a steady increase is visible in the number of posts from 2015 to
2020. Although it was expected that the year of the ECoC 2015 would be more explicitly accentuated
on the graph, the data availability was low, reflecting the limited use of Instagram at that time. Just for
orientation, the dynamics of the events and the numbers of visitors measured on-site, as indicated in
the final report, showed that 100,000 people visited the area in 2015 as a whole and, for some events,
more than 10,000 people were present at the weekends (Fox and Rampton, 2018). It is not possible to
establish a direct correlation between the number of posted images and the number of visitors counted
on-site, but it is possible to identify a pattern of spatial dynamics shown in the data, as individual events

are visible on the trendline and the trendline seems to be rising.

4.2 Aarhus case study

The data collected from Flickr for the centre of Aarhus (Figure 6) shows several accentuated areas of at-
tractiveness. Between 2009 and 2016 (map A), the waterfront area does not show a significant number
of posts. The most accentuated areas are located between the Aarhus Central Station and around the
Aarhus City Hall, as well as in the space around the Cathedral. Between 2017 and 2020, the waterfront
area is, however, visibly accentuated. It is also noticeable that the general attractiveness of the observation
area increased significantly, probably as a result of the rich programme implemented during the ECoC.

A total of 88 projects were focused only on developing urban space and the environment. The most

highlighted area among them shows the location of the popular rooftop terrace of the Salling.

Figure 6: Heatmap compiled according to the frequency of data-points for the Aarhus city centre: A) shows a period between
2009-2016, B) a period between 2017-2020 (map scale 1:10.000)

The temporal dynamics of posts collected from the Instagram social media platform for the location of
the DOKKI1 urban waterfront area (Figure 7) show that no data was available in the period before 2015,
as the area was opened in the summer of 2015. The graph shows a significant increase in the number of
posted images taken in the year of the ECoC. The day of the opening ceremony, on January 21, 2017,
is the day with the highest number of posts (the first spike in Figure 7 in the year 2017). During 2017

several other events, seen in the higher number of posts, are noticeable, reflecting the particular event
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dynamics. Data on the number of people visiting the location of the waterfront area was not available,
though the general number of visitors stated in the final report is remarkably high. The decline in the
number of posts after 2018 can be explained with the lower number of events and visitors in the city of
Aarhus compared to the ECoC year 2017.

220

200 ECoC Aarhus

140
120

100

Number of posts

2015 2016 2017

Years

Figure 7: Weekly number of posts for DOKK1 u.w. area (2015-2020).

According to Fox and Rampton (2016), the Aarhus ECoC project was, in terms of sustainability, de-
scribed as an example of good practice, being a key part of the ECoC’s overall legacy, which can also be

confirmed by the research results.

5 DISCUSSION

In this paper, we have investigated how data posted on social media platforms can show the attractiveness
and spatiotemporal dynamics and intensity in specific public spaces in relation to the ECoC programme.
Although the proposed method is not precise, it works well as a proxy evaluation tool. It enables research

based on the georeferenced data covering several years of activity available on social media platforms.

It has been shown that the data from the Flickr platform, which allows access to the exact geolocation
of the posted photos, can identify attractive locations, as the well-known landmarks in both cities have
been clearly identified on the generated heatmaps. All the maps presented showed locations that were
perceived as sufficiently important and attractive by the inhabitants or visitors to document them, which
speaks of a certain motivation or even quality that conforms to the expected correlation.

With regard to the evaluation methodology using the data collected from the Instagram social media
platform to analyse the spatiotemporal dynamics of activities, it has been shown that the generated time-
series reflect the intensity of activities carried out in public spaces, even if they fall short of providing a
complete picture, mainly due to the relatively small data pool. However, as the example from the Aarhus
shows, even a relatively small number of posts can help to identify the dynamics of activities in public
spaces, as the day of the ECoC opening event in the Aarhus was clearly identified in the time-series
presented, as well as the whole year of the ECoC. Other, more time-limited events or activities, which

last only minutes or an hour, would require additional research to be consistent with the available data.
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In combination with additional data-sources, this method could become more reliable, as it currently
only provides basic insight and can, therefore, serve as a guide for future research and action. It is also
not possible to redetermine the types of activities from the graphs, but rather the dynamics behind the
pattern. It is assumed that the data collected does not reflect the actual daily activities of the residents,
as they are not motivated to post photos while they are going about their necessary daily tasks (e.g. go-
ing to the library, reading the newspaper on a bench, waiting for a friend, eating ice cream), but rather
to show special events that take place and that can be photographed by both locals (i.e. their children
singing in the choir in the public space) and visitors (i.e. attending the concert in the public space). The
method provides information about the nature of the public space rather than the actual daily routine.
In addition, larger amounts of data would allow a better link to the activities actually performed in
public spaces. Combining the presented data-sourcing method with additional data-sourcing approaches
can expand its practical applicability, i.e. by using other types of Volunteered Geographic Information
(VGI) in many ways related to georeferenced data from social media, as discussed by authors such as
Capineri et al. (2016) presenting the use of the Flickr data, and Cekada and Lisec (2019), who describe
the possible use of VGI for administrative purposes. However, to analyse the temporal dynamics of
interactions in public space, more specific approaches are needed, based on personal mobile devices
and different scenarios of public data participation, such as gamification as described by Martella et al.
(2019) or the provision of smart information services by public authorities that enable the collection of

high-frequency real-time data.

When comparing the proposed methodology with similar research, both similarities and important key
differences were identified. In the introduction, two main research works were cited, both of which use
social media data as a proxy value for general physical activity in observed public spaces (Barros et al., 2019;
Iglesias-Sanchez et al., 2020b). In the first example, Barros et al. (2019) used the Flickr data to evaluate the
visitor activity in the Spanish nature parks. The temporal distribution of visitors, activity peaks and the most
frequently visited places were identified and analysed. The second research example by Iglesias-Sdnchez et al.
(2020) uses the Instagram data to identify the most attractive places for tourists in the Algarve and the Costa
del Sol regions. The emotional tone of related posts has also been analysed, providing additional qualitative
information. Alternatively, the presented study on the ECoC’s locations suggests combining both social
media platforms as a source of research data, focusing on the specific features they offer: (1) high location
accuracy of the Flickr data versus (2) high temporal frequency of the Instagram data. This approach allows
the most efficient identification of attractive locations and the identification of related temporal dynamics

and provides a more effective tool for research on ECoC-driven impacts in urban public spaces.

The proposed methodology can, therefore, help urban planners and city managers to plan and latter assess
the distribution of activities and ensure a better balance in urban planning for complex public events,
rather than allowing overcrowdingin just a few specific locations. Finally, in order to apply the presented
methodology, it is necessary to understand the different groups of people who use social media platforms
while visiting places of interest. In the case of a well-designed and vital public space in a residential area,
used only by residents who may not wish to post photos of their children playing in the playground, the
proposed methodology would make it difficult to identify the attractiveness and usage patterns of such
public spaces. Therefore, this method is only suitable for the analysis of central locations and popular
public events, as it is in the case of the ECoC.
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6 CONCLUSIONS

The research has shown that the methodology presented can be used for rapid evaluation of the ECoC,
but also for other similar projects, i.e. investments in the new spatial interventions and public space ac-
tivities. Especially for ongoing events, this can be combined with the tracking of additional information
and indicators. Finally, both observed public spaces from Pilsen and Aarhus show many differences in
size, approach, investment and planning. Nevertheless, the proposed methodology has recognised both
of them as important spaces in their respective cities, with a vibrant dynamic of use. It is also valuable

to be able to collect data on specific activities in the observed public space long after the actual events

have finished.

In the future, more metadata from other social media platforms and alternative sources will be available,
allowing for a more detailed analysis and effective detection of deficiencies in public spaces. Mainstream
ideas about smart cities (with technical devices, connected devices for monitoring) will be further de-
veloped with alternative approaches to the rigid idea of IoTs and will enable wider access to useful data.

In conclusion, there is enormous potential for retrospective research using the comparative method, but

also for linking new ICT-driven approaches with traditional methods.
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IZVLECEK

Razvoj naselij je odvisen od Stevilnih dejavnikov, med
drugim od razpoloZljivosti komunalne infrastrukture. V
zvezi s tem znanstveniki ugotavljajo, da le integrirano
naclrtovanje komunalne infrastrukture in nacrtovanje
razvoja naselij ustvarjata razmere za trajnosten in
ekonomicen urbani razvoj, kar pa se v praksi prostorskega
nacrtovanja v Sloveniji ne uposteva. V' &lanku smo iskali
odgovor na raziskovalno vprasanje: Na podlagi katerih
podatkov in na podlagi kaksnega modela lahko v Sloveniji
ocenimo zmaogljivost vodovodnega sistema, ki je strokovna
podlaga za odloéanje o razvoju naselij na lokalni ravni? V
ta namen smo analizirali rezultate Ze izdelanih raziskav z
obravnavanega podrocja in oblikovali integriran dinamicni
model za oceno zmogljivosti vodovodnega sistema, ki izhaja
iz simulacije gradnje na nepozidanih stavbnib zemljiscib

‘‘‘‘‘

Hidravliéna preveritev za oceno zmogljivosti vodovodnega
sistema je izvedena z racunalniskim programom Aquis 7.0.
Glede na rezultate hidravlicne preveritve so predlagani
ukrepi in ocenjeni stroski ustreznih izboljsav obstojecega
vodovodnega sistema oziroma njegove dograditve. Model
za oceno zmogljivosti vodovodnega sistema je bil apliciran
na primeru mestne obcine Kranj.
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ABSTRACT

Settlement development depends on many factors, including
the availability of municipal infrastructure. Scientists find
that only integrated municipal infrastructure planning
and settlement-development planning create conditions for
sustainable and economical urban development. This is not
taken into account in spatial planning practise in Slovenia.
This paper seeks a response to the research question: Based
on what data, and based on what model can the capacity
of the water supply system in Slovenia be assessed, which
constitutes the expert basis for settlement development
decision-making at the local level. 10 this end, we analysed
the results of relevant existing research and devised an
appropriate integrated and dynamic model for assessing the
capacity of the water supply system, which was generated
from a simulation of construction on vacant building land
and relevant water requirements of new water consumers.
In assessing the capacity of the public water supply system,
the Aquis 7.0 Software was applied in accomplishing the
hydraulic system validation. In line with the hydraulic
system validation results, the respective measures are
proposed, and the costs of necessary improvements of the
existing water supply system or its upgrading are envisaged.
The model was applied on the example of the Municipality
of Kranj.

KEY WORDS

spatial planning, expert basis, settlement development,
water distribution system capacity, municipal economics
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1 INTRODUCTION

Slovenia, like many other Eastern European countries, switched to market economy in the early 1990s.
In transition from the so-called “per agreement” spatial planning system to the spatial planning system
in market economy, the foundations for preparing expert bases of decision-making in spatial planning
process should have changed as well. Not only that this was not done, as noted by Niedziatkowski and
Beunen (2019) for Poland, along with principles and tools of integrated spatial planning at local level,
the long-term aspect of spatial planning was ignored, though it had existed in the spatial planning acts

of the former socio-economic system.

Only after 27 years from transition to the new system, the importance of professionally substantiated
spatial planning with clearly defined planning stages was highlighted in the Spatial Planning Act (ZUreP
-2,2017). Introduced were feasibility studies (Rules on feasibility studies / Pravilnik o elaboratu ekono-
mike, 2019), on which basis the economics of planned spatial arrangements, including the municipal
infrastructure, are verified, the investment is assessed, the sources of funding and stages of implementation
of planned arrangements are defined. Such expert bases facilitate a more transparent decision-making
as to settlement-development orientation, where the status of existing municipal infrastructure and its

capacity are taken into account.

In this regard, the following research question was posed within the research study: Based on what data
and what model may already within the spatial planning process be assessed the capacity of the water
supply system in Slovenia that is applied as expert basis for decision-making on settlement development
at local level?

The method of work and the structure of the article are designed in accordance with the research ques-
tion. First, the research already done in this field is presented. Taking into account the results of research
studies accomplished, and the situation in Slovenia, the method of assessing the capacity of the water
supply system is presented. Possible improvements and upgrading of water supply system are defined, as
well as the associated costs, and the envisaged stages of construction. To date, such assessments have at
the stage of spatial act preparation not been conducted in Slovenia, though they constitute an important

expert basis in settlement development planning, and vice versa (Kafol Stojanovi¢, 2018).

2 SPATIAL PLANNING AND MUNICIPAL INFRASTRUCTURE

In the past, the dilemma existed as to whether or not the municipal infrastructure constituted one of
the bases of dimensioning different functions and sizes of settlements and of determining the use of
space. Nowadays, scientists (Brown, Keath and Wong, 2009) find that this does not apply. By consecu-
tively taking into account the individual factors in settlement development planning, the conditions
for sustainable and economical urban development are not created, and this is currently confirmed by
the works of many authors (Kathlene et al., 2010; Beckwith, 2014; Grimaldi, Pellecchia and Fasolino,
2017; Sproul, 2017).

In their respective research studies, they highlight the importance of integrated municipal infrastructure
planning and settlement development planning. Frequent problems mostly appear because the municipal

infrastructure planning system does not take into account the planned use of space in a certain area, the
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assessment of future service needs does not take into account the envisaged settlement development spatial
plans, and because of insufficiency of spatial data on distribution of service needs and future investments
(Grimaldi, Pellecchia and Fasolino, 2017). Similarly, the municipal infrastructure management elements
should be taken into account in spatial planning and included in spatial plans (Kathlene et al., 2010).

Construction of municipal infrastructure is associated with relatively high costs, so it is extremely impor-
tant for rational and economical planning to take into account not only its physical presence, but also its
capacity, including the relevant overdimensioning. In our case, the capacity of municipal infrastructure
is defined as the capability of municipal infrastructure to satisfy a certain scope of needs. The capacity
of municipal infrastructure may be higher or lower than the existing or anticipated needs, or very rarely,
it may be on an equal level.

In the municipal infrastructure planning process it is also important to assess the feasibility of different
options for municipal infrastructure development, which means a more sustainable approach to plan-
ning and deciding on further settlement development (Mitchell, Mein and McMahon, 2001; Hardy,
Kuczera and Coombes, 2005; Mitchell and Diaper, 2005; Brown, Keath and Wong, 2009). To this end,
a number of water supply system design models have been developed that include different elements
affecting their water balance.

First, static models of water supply system planning were developed that do not include the long-term
aspect of settlement development due to population number changes and changes in the economy.
Models suitable for long-term planning of water supply systems need to be dynamic and include social
and economic variables (Mitchell et al., 2007). In a dynamic water supply planning model applied in
Dublin, Willuweit and O’Sullivan (2013) combined the urban water balance concepts with the land use
dynamics model and the climate model, thus providing a platform for the long-term planning of urban

drinking water supply and water demands.

There are also integrated models of municipal infrastructure planning that include different variables and
models from other fields (Schénhart et al., 2018). An example of integrated model is the DynaMind
model used in a study by Mair et al. (2014), which comparatively analyses the impacts of new connec-
tions on changes to the existing sewage system.

The VIBe (Virtual Infrastructure Benchmarking) and DynaVIBe (Dynamic Virtual Infrastructure Bench-
marking) models play an important role in the field of models for municipal infrastructure planning and
land use. The tools can be used to generate a network of urban water supply systems for an area, taking
into account the population change and land use data. The models facilitate the inclusion of probability
scenario analysis in the future (Sitzenfrei et al., 2010; Sitzenfrei, Méderl and Rauch, 2013).

Currently in Slovenia, the practice of inclusion of municipal infrastructure in spatial planning process
is in its initial development phase. The applicable municipal spatial plans (Spatial Planning Act / Zakon
o prostorskem naértovanju. ZPNadrt, 2007) mostly do not adequately define the envisaged municipal
infrastructure, including the envisaged dynamics of its construction as a consequence of the spatial de-
velopment needs. This is normally planned only in the following phases of the detailed spatial planning,
or when preparing the conceptual design or project documentation for the issuance of a building permit
(MOP, 2018); the financial and time aspects are frequently ignored (Stravs, Dekleva and Ivani¢, 2010).
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For this reason, a first attempt of setting up the relevant data and creating an integrated dynamic model
for deciding on the future settlement development at local level according to the status and capacity of

the water supply system is presented hereinafter.

3 METHODOLOGY OF ASSESSMENT OF WATER SUPPLY SYSTEM CAPACITY AS EXPERT
BASIS FOR SETTLEMENT DEVELOPMENT DECISION-MAKING

The model designing methodology for water supply system capacity assessment is designed in several steps.
As first it is necessary to set up new data on envisaged surfaces for spatial development of settlements and
the envisaged drinking water consumption. Hydraulic evaluation of the water supply system capacity
is conducted and, based on hydraulic analysis results, the necessary capacity improvement measures are

decided on, and costs of such measures are estimated.

The capacity of the water supply system, appropriate measures and related costs represent one of the
criteria for defining the intended use of space and the stages of development of settlements. The capacity

evaluation is periodically repeated according to the dynamics of changes in the development of settlements.

3.1 Hypotheses and limitations
The water supply system capacity evaluation model is based on several hypotheses and limitations.

— In the research, we limited ourselves to drinking water supply activity and water supply system
capacity assessment. The water supply system facilities and network are divided into the main,
primary and secondary, which are entirely in public domain. Privately owned connections (tertiary
network) are not included in the research.

— In contrast to many studies from the more arid areas of the world (Kathlene et al., 2010; Urban
Water Management Plan, 2010; Sproul, 2017), we hypothesized that in the area under consideration,
i.e. in the area of the selected local community, water resources are sufficiently abundant, and our
interest was limited to water supply system capacity only. In the opposite case, the model should
include an estimate of sufficient water quantity to supply new consumers.

— In capacity assessment, the essential input data constitute the existing and envisaged consumption of
water in the selected and/or hypothesized period. Water consumption is not constant, but depends
on numerous factors, changes during the year, month or day. Typology of settlements and density
of built areas are strongly impacting the consumption of water (Rakar, 1980; Urban Water Mana-
gement Plan, 2010; Kenway et al., 2013). To a large extent, water consumption depends also on
activities and/or consumer groups, changes in numbers of population, climate conditions, impacts
of infrastructure ageing, economic development, technological development, changes in land use,
settlement sizes, standard of living, and behaviour of consumers (Petresin, 1980; Panjan, 2005). In
dimensioning the water supply system, we took into account fluctuations in water consumption
during the day, calculated on the basis of the coefficient of diurnal water consumption, which re-
presents the ratio between the maximum daily and average daily water consumption.

— Initial data for deciding on settlement development at local level include also the envisaged areas of
unbuilt building land, and areas envisaged for densification, renovation or restructuring. Included

in the analysis is the unbuilt building land that is not identified in the existing municipal spatial
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planning acts and/or in other building land records. In their definition within the research we took
into account the detailed intended use of the space, the spatial implementing conditions, the size, and
legal regimes within the relevant areas of unbuilt building land. The envisaged water consumption is
estimated on the basis of the envisaged size and activity of unbuilt building land, taking into account
the hypothesis that the relative existing water consumption per capita will not increase in the future.

— The existing water supply system capacity is the key initial point in the process of spatial planning
and deployment of activities in space (Haynes et al., 1984). The capacity of a water supply system
can be verified by hydraulic evaluations of the existing water supply system, i.e. by simulation of
actual operation of the water supply system, using mathematical models. The basic condition for
conducting different simulations is an established and calibrated model of the water supply system
(Walski et al., 2003). To assess the water supply system capacity, we applied in the research the Aquis
7.0 (Petrol d. d., 2018) computer software.

— An important element in verifying hydraulic conditions in the network in the future, which
frequently constitutes an unknown, is the future development by stages of settlements within
the area of local community (Haynes et al., 1984). Dependent on the envisaged development
by stages are the scenarios for which the water supply system capacity is subjected to hydraulic
verification. Water supply planning models are usually applied for analysing different planned
scenarios as to the water supply system capacity: current status, envisaged status in five years,
ten years, twenty years, and the status when the envisaged water supply system capacity is fully
attained (Planning Guidelines ..., 2010). Mutschmman and Stimmelmayr (2011) indicate that
periods coinciding with the national and municipal plans should be selected for scenarios. It
is reasonable to analyse water supply system capacity first, provided that all the envisaged con-
struction is instantly implemented. If the water supply system capacity is not sufficient for all
the envisaged construction, then verifications are to be conducted for every five years at least.
The subsequent planning by stages of settlement development depends on when all the system
capacities are filled.

— In assessment of costs for implementation of measures enabling the envisaged settlement develo-
pment, only the investment costs for the implementation of measures and for construction of new

network within the water supply system shall be taken into account.

3.2 Model for water supply system capacity assessment and for decision on development
of settlements in the selected local community

Step 1: Estimation of envisaged water consumption according to construction by stages.

First, the extent of unbuilt building land in the local community shall be determined. The existing records
do not contain such data, and thus, for the purposes of this research, we defined the unbuilt building land
in accordance with the law (ZUreP-2, 2017). These are plots, where it is possible to construct facilities
requiring municipal infrastructure for their operation (ZUreP-2, 2017) or, in our case, drinking water
supply. Areas in which the detailed intended land use does not envisage the construction of buildings
(for instance, green surface areas, and transport infrastructure areas) are not taken into account. Nor are
taken into account the areas, in which the legal regimes, area size, or other spatial implementing condi-
tions from the spatial act do not permit the construction of buildings.
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For each area of unbuilt building land, the envisaged water consumption is estimated on the basis of the
existing average annual water consumption in comparable built-up areas. The comparability of areas is
determined according to the location of the area, the envisaged intended use of space, spatial implemen-

tation conditions, area size, the envisaged activities, and the type of construction.
Step 2: Hydraulic verification of the existing water supply system according to the estimated water consumption.

The hydraulic verification is conducted using the Aquis 7.0 (Petrol d. d., 2018) computer software. A
point layer of new water consumers is prepared (obtained in step 1), then the points are connected on
the shortest distance to the existing water supply network according to the Thiessen polygon principle.

Fluctuations in water consumption during the day, i.e. coeflicients of diurnal water consumption, are

defined.

The hydraulic verification shall be performed for the hour in the day, when the consumption is highest,

or when the coeflicient of non-uniformity of hourly consumption is highest, in the following order:

— Hydraulic evaluation of the existing water supply system (without new consumers).

— Hydraulic evaluation of the existing water supply system with added new water consumers.

— Adequacy verification of water tank capacities in terms of additional water consumption.

— Adequacy verification of the existing water supply system for fire flow loading conditions at average
daily water consumption on the day with the highest annual water consumption, i.e. the highest

annual unevenness coefficient.

Step 3: Deciding on measures to cover water needs, and estimation of costs.

Results of hydraulic evaluation of the existing water supply system show whether the capacity of the
existing water supply system meets the increased needs even after connection of envisaged new water
consumers. If the capacity of the water supply system as a whole is insufficient, the construction of a new
water supply network is envisaged and, where applicable, incorporation of new water source or water
tanks in the system. In case of insufficient capacity of a certain network part, concrete improvements
are envisaged there, including installation or replacement of pumping units, replacement of individual

pipeline sections with larger diameter pipes, and similar. All measures are cost-related.

The research takes into account the results of studies (Rakar, 1979; Rakar and Makuc, 1985; Komunala
Kranj, 2018), which reflect the situation in Slovenia. The cost of water supply system construction
consists of the costs of material, excavation, backfilling and laying (work). It depends on the location of

and type of soil, as well as the length of the pipe and its diameter.

Step 4: Inclusion of results of estimated water system capacity and costs into decisions on settlement

development at local level.

Results concerning the estimated water supply system capacity, measures and costs for ensuring the en-
visaged water consumption are taken into account in defining the new intended use of space or spatial
implementing conditions in the spatial planning process and in planning settlement development by
stages. Through properly planned settlement development stages, the envisaged water consumption needs
may be covered, and costs for ensuring the envisaged water consumption may be optimised, so that the

envisaged needs may be covered with minimum costs.
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These four steps are repeated every five years at least, so that the dynamics of settlement development
changes at the local level is included in the model.

4 APPLICATION OF THE MODEL FOR EVALUATION OF WATER SUPPLY SYSTEM CAPACITY:
EXAMPLE OF WATER SUPPLY SYSTEM IN THE MUNICIPALITY OF KRANJ

Evaluation of water supply system capacity and of costs for improvement of the existing water supply
system and its possible expansion was prepared for the Municipality of Kranj. Municipality of Kranj is
one among eleven city municipalities of Slovenia, it is located in the Gorenjska statistical region in the
west of Slovenia, and has an area of 151 km2; in 2018, it had a population of 55,795 (SORS, 2019).
Komunala Kranj, a public utility company, provides drinking water in seven communities (the Munici-
pality of Kranj, and the communities of Naklo, Preddvor, Senéur, Jezersko, Cerklje na Gorenjskem, and

Medvode), while managing 19 water supply systems.

First, unbuilt building land within the Municipality of Kranj was determined according to the listed
criteria, estimating the envisaged water consumption on such land. Hydraulic evaluation of water supply
system was conducted, taking into account that all the existing and envisaged new water consumers on
unbuilt building land would be connected to the existing water supply system. Hydraulic evaluation of
the system was done based on verification of pressure conditions in the existing water supply system, and
on verification of adequate water tank capacity. Additionally, hydraulic evaluation of pressure conditions

for fire flow conditions was conducted as well.

Through hydraulic evaluation of existing water supply system, the difference between the pressure in
the system at existing water consumers and upon connection of envisaged new water consumers was
determined. This is important information, on which basis the possible inadequate parts of the system
are identified in terms of pressure and reasons for inadequate properties (Figure 1). At most water supply
system junctions, these differences were minimal (maximum 0.1 bar) and pressures within the adequate
range from 2.5 to 6 bar. Greater differences were found only in junctions of the network part close to
Hrastje business zone, where upon connection of new consumers the pressure dropped by 0.86 and
down to 0.78 bar. Noticeable difference in pressure was recorded also in a small area in the north of the

Municipality of Kranj, where the pressure increased by 0.25 bar.

Hydraulic evaluation of pressure conditions during fire flow loading conditions showed in one area that
due to large flows through a secondary pipe of smaller diameter (DN 80) the energy losses in that pipeline
section increased, with resulting pressure in the system that was too low. Thus, in the pipeline section

with inadequate conductivity, the existing pipes shall need to be replaced for pipes of larger diameters.

Based on hydraulic evaluation within the research we found that the existing water supply system of
the Municipality of Kranj can withstand an increase in drinking water consumption even when all new
consumers are connected to it. So there is no need for construction of new main lines, primary lines
or integration of new water sources or water tanks into the water supply system. Thus, no additional
verification of short-term scenarios, i.e. in every five years, was reasonable in this case. To connect new
consumers, a connection to the network only shall need to be constructed, including the upgrading of

the existing secondary network, or upgrading and additions to the existing secondary network.
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Costs of envisaged measures for individual areas of unbuilt building land were calculated based on

hydraulic evaluation results and with the help of average lengths of water supply network per hectare

of gross building land.

RTTA

Difference between existing and simulated pressure in nodes

LEGEND:

- Pressure drop for more than 0,7 bar
Pressure drop of 0,7 to 0,1 bar

- Negligible difference (from -0,1 to 0,1 bar)

- Pressure rise for more than 0,1 bar

—— Water supply network

D City Municipality of Kranj boundary

Created by: Ajda Kafol Stojanovié,
Faculty of Civil and Geodetic Engineering, N
Chair of Spatial Planning A

Date: May 2018 Scale: 1:50.000

Data source: komunala Kranj 2017; GURS, 2017, Petrol 2018

Figure 1: Difference between existing and simulated pressure in water supply system, arising from connection of new consu-
mers on currently unbuilt building land.

Areas (Figure 2) marked with numbers 1-4 constitute the areas with highest envisaged drinking water
consumption. For these areas, the estimated costs of investment into the existing water supply network
are shown in Table 1. As many as 78 % of unbuilt building land areas in the Municipality of Kranj
do not require any additional investment; connection to existing network is possible by constructing
a connection and, where applicable, installing a pressure regulation instrument at the outlet point. In
the remaining 22 % of unbuilt building land areas, the secondary water supply network shall need to
be constructed, or replaced, for which the construction cost has been estimated based on locality, soil

type, and pipe length and diameter.
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Figure 2:  Areas of unbuilt building land according to the class of estimated costs of construction of a secondary water supply
system.

Table 1 shows areas with envisaged maximum drinking water consumption, and envisaged measures and
costs, which constitute the quantitative basis for reciprocal comparison of areas, and the expert basis for
deciding on development by stages of individual areas or settlements, and for planning the water sup-
ply system development. In addition to total costs, in the case of deciding on development by stages of
settlements, also the relative costs relevant to the number of newly supplied inhabitants per particular
areas of unbuilt building land, and other similar relative costs would be possible to define, depending

on spatial policy objectives within the local community.
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Table 1:  Estimation of measures, including costs, for areas with envisaged maximum water consumption.

. . 2. “Zlato polje’ 3. ‘Planina’ 4. ‘Struzevo’ business,
1. ‘Hrastje’ business K . .
education and other residential trade, supply and
zone central activities community service activities
Average drinking water
K 2.03 1.69 0.78 0.73
consumption (L /s)
Envi ipeline -
nvisaged pipeline 3,585 2,563 347 624
pipe length (m)
Envisaged pipeline -
. 125 and 100 125 and 100 100 100
pipe DN (mm)
Indicative costs (EUR) 430,720 316,500 64,000 71,500

5 DISCUSSION AND CONCLUSIONS

The research provides answers to the following questions: (1) based on what data, and (2) based on what
model can we assess water supply system capacity in Slovenia that is applied as expert basis for deciding

on settlement development at local level already within the spatial planning process, as follows:

(1.) To assess water supply system capacity, we need data on the envisaged unbuilt building land areas,
and on estimated drinking water consumption by inhabitants envisaged for these areas. Currently, data
on envisaged unbuilt building land areas cannot be obtained from any existing database, so we have
estimated them for the purposes of this research. Estimation of envisaged water consumption in indi-
vidual areas is difficult in the early spatial planning process stages due to unknown numbers of potential
inhabitants or water consumption in each area. Such estimation is associated with uncertainty and risk.
Numbers of inhabitants and their water needs were estimated with the help of data on unbuilt build-
ing land areas for each detailed intended land use, on envisaged activity, and on current average water

consumption in comparable areas.

(2.) Based on the presented integrated dynamic model, the water supply system capacity may be estimated.
The model is so designed as to allow continuous system capacity monitoring, and system free capacity
monitoring. The model may be applied also for planning of settlement development by stages, and for
verification of cost-effectiveness of planned arrangements. Hydraulic evaluation results within the model
constitute the basis for estimation of measures, and of costs of their implementation. Additionally, they
constitute an adequate expert basis for decision-making within the spatial planning process. It is reason-
able that in interpreting the results obtained, experts in spatial planning cooperate with those in water

supply system design and management.

Key added value of hydraulic evaluation in the model presented is the identification of weak points of a
water supply system as a whole, at different numbers of new consumer connections. In phases of spatial
planning in greater detail, with particular areas in focus, this is frequently overlooked. It is reasonable
therefore that hydraulic verification is conducted several times, for different scenarios of development in
space, simultaneously with spatial act preparation, settlement planning and other activities in space, at
the level of the entire local community. Water supply system capacity is not the only factor influencing
the decisions on settlement development, and results of analysis of water supply system capacity are only

one of expert bases for decision-making in spatial planning process. The very decision on settlement
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development depends on many other factors (Fischel, 1999). According to Deng et al. (2013), the deci-
sions on long-term projects, as in infrastructure, are difficult to make or linked to uncertainties and risks

on account of climate changes and rapid urbanization.

To integrate such models into spatial planning practice and into water supply system planning, the ap-
propriate, comparable and accessible set of input data should be set up for at least: unbuilt building land
areas; existing drinking water consumption quantities per activity on built building land; and costs of
construction / replacement of individual parts of the water supply system. A greater circle of professional
public should get familiarised with hydraulic verification, and an interdisciplinary expert team should be
set up for interpreting the results in conjunction with settlement development in local community. The
model presented could be part of expert bases in preparing municipal spatial plans, as for instance the
feasibility study (Rules on feasibility studies / Pravilnik o elaboratu ekonomike, 2019), within which,
and in conjunction with the building land records (ZUreP-2, 2017), the data necessary for application

of the aforementioned model would be set up.

On the example of water supply system capacity analysis in the Municipality of Kranj it was found that
all new water consumers can be connected to the existing water supply system. Construction by phases
in terms of water supply system capacity could be conducted with regard only to different costs of invest-
ment into the existing water supply system, or with regard to construction of a new (secondary) water
supply network. Should the existing water supply system capacity be insufficient, the procedure would
need to be repeated by hypothesizing different settlement development scenarios, and by analysing, what
period of time would elapse for the water supply system to reach its full capacity. This would impact

decisions as to which area to build in first.

Prior to incorporation of municipal infrastructure capacity assessment into spatial planning procedures
for the purposes of reasonable settlement development, it would be necessary to conduct subsequent
research so as to verify the assessment methods for areas under renovation, concentration or restructuring,
which are important in terms of changing municipal infrastructure needs in the future. It is reasonable
to develop and test the capacity assessments for other types of municipal infrastructure as well, especially
for the sewage system and power supply system. Owing to the nature of municipal systems that exceed
the municipality boundaries, the municipal infrastructure planning and capacity verification is reason-
able at regional level as well.
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MREZA MEJA IN MEJNIKOV: THE NETWORK OF
NOMINACIJA ZA UNESCOVO BOUNDARIES AND ITS
SVETOVNO DEDISCINO  MONUMENTS: UNESCO
WORLD HERITAGE
NOMINATION

Anka Lisec, Joze Dajnko, Erna Flogie Dolinar, Marjan Ceb

1 UVOD
UNESCO (angl. United Nations Educational, Scientific and Cultural Organization) je Organizacija Zdru-

zenih narodov za izobrazevanje, znanost in kulturo, katere konvencija o svetovni dedis¢ini je zagotovo
ena izmed najbolj prepoznavnih med mednarodnimi konvencijami. Sama konvencija je namenjena varo-
vanju kulturnih in naravnih znamenitosti, ki imajo izredno univerzalno vrednost na mednarodni ravni.
Spomeniki in spomeniska obmo¢ja, ki so na Unescovem seznamu, ne pomenijo le identitete, prestiza
ali promocije drzave, temve¢ lahko odlo¢ilno vplivajo na razvoj kulturnega turizma, posebej izrazito v
manj$ih drzavah z manj prepoznavno identiteto (Stokin, 2016). Med izjemno svetovno dedis¢ino lahko
spadajo tudi tehnoloski dosezki, a je bilo Ze v letu 2004 izpostavljeno, da jih je na Unescovem seznamu

zal premalo (ICOMOS, 2004).

To velja tudi za dosezke na podro¢ju geodezije. Kljub izredno kompleksnemu podrodju z dolgo tradicijo
in izjemnemu pomenu na svetovni ravni vse do leta 2005 na Unescovem seznamu ni bilo nobenega
vnosa s podro¢ja geodezije in zemljemerstva. Nanj je bila kot prvi izjemen dosezek uvr$¢ena Struvejeva
triangulacija. Ta je bila izvedena na pobudo nemsko-ruskega astronoma in geodeta Friedricha Georga
Wilhelma von Struveja, ki je deloval na Univerzi v Tartuju in je iskal nacine za ¢im natan¢nej$o dolocitev
oblike in velikosti Zemlje. Na podlagi obsezne triangulacije v letih med 1816 in 1855 je bila dolodena
dolZina poldnevnika, ki se v razdalji 2821,9 kilometra razteza med ¢rnomorsko obalo (Staro-Nekrasovka,
Ukrajina) in severom Norveske (Hammerfest). Glavni razlog za tako obsezen projekt je iskati v Zelji ta-
kratnih evropskih vladarjev, da se obdobje miru po Napoleonovih vojnah izkoristi za temeljito razmejitev
in kartiranje mej med drzavami, vendar je bila oblika Zemlje, pomembna za natan¢no merjenje razdalj
na povrsju, takrat $e neznanka. Ruski car Aleksander 1. je tako dal Struveju na voljo sredstva, da najde
odgovor na to vprasanje in vzpostavi ustrezno dolgo mrezo triangulacijskih to¢k vzdolz poldnevnika.
Trinagulacijska mreZa je obsegala 265 triangulacijskih tock, ki so sestavljale 258 trikotnikov. Danes jih je
ohranjenih 34 v vseh desetih drzavah, ki pa tudi po mnenju Unesca pri¢ajo o neverjetnem znanstvenem
dosezku ¢lovestva (UNESCO, 2005).

Tako imenovani Struvejev lok (angl. Struve Arc) je do danes edini spomenik s podrodja geodezije, ki je
uvr$¢en na Unescov seznam. Ravno zaradi tega je bila — ne le v geodetski stroki, ampak tudi $irse — z

izjemnim zanimanjem sprejeta pobuda za razglasitev geodetske terenske kulturne dedis¢ine kot Unesco-
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ve svetovne kulturne dedis¢ine. Navedena pobuda, ki prihaja iz Avstrije, nas sicer spremlja Ze nekaj let
(Waldhiusel et al., 2014; Waldhiusl, Konig in Mansberger, 2016), Slovenija se ji je prek Zveze geo-
detov Slovenije priklju¢ila leta 2017, in sicer na povabilo avstrijskega zdruzenja geodetov OVG (nem.
Osterreichische Gesellschaft fiir Vermessung und Geoinformation), ki tesno sodeluje z drzavno geodetsko
upravo BEV (nem. Bundesamt fiir Eich- und Vermessungswesen) in tamkaj$njimi univerzami (TU Dunaj
in BOKU). Za samo nominacijo pri Unescu se v koordinaciji avstrijske ekipe pripravlja obsezna temat-
ska Studija (Waldhdusel et al., 2019), kjer je predvideno, da se s svojimi predlogi in vsebinami vkljudijo
tudi drzave, ki bodo pristopile Ze v prvi fazi. Ciljne drZave so evropske drzave, ki so med prvimi na
svetu sistemati¢no za celotno ozemlje vzpostavile parcelno utemeljen zemljiski kataster, ki temelji na
kakovostni geodetski osnovi, in kjer se je koncept katastra ohranil vse do danes (s tem se poudarjata
tradicija in kulturni pomen). Na predlog pobudnice, to je Avstrije, so to predvsem drzave, v katerih je
bil v zacetku 19. stoletja vzpostavljen franciscejski kataster. V ta namen je Zveza geodetov Slovenije Ze
navezala stik z ministrstvom za kulturo RS. Predlogi dedis¢ine in utemeljitev morajo biti pripravljeni v
skladu z zahtevami mednarodnega sveta za spomenike in spomeniska obmo¢ja ICOMOS (angl. Inter-
national Council on Monuments and Sites), ki podaja metodoloske okvire ohranjanja in zasite svetovno
pomembne dedif¢ine v okviru pobude.

2 UTEMELJITEV ZA NOMINACIJO PRI UNESCU

Zamisel za nominacijo za uvrstitev mreze mejnikov in geodetskih tock na Unescov seznam svetovne
dedi$¢ine izvira iz izjemnega dosezka geodetske stroke in na sploh druzbe, ki je s celovitim in strokovnim
pristopom zagotovila na udelezbi posestnikov utemeljeno ureditev posestnih meja. Meje z mejniki tran-
sparentno opredeljujejo prostorsko razseznost lastninske pravice na zemljis¢ih, ki poleg »razmejevanja«
ozemlja posamezne drzave pomembno prispevajo k dobrim medsosedskim odnosom, s tem pa h kakovosti
zivljenja. Pobuda je utemeljena na Splosni deklaraciji o ¢lovekovih pravicah ZdruZenih narodov, ki je bila
sprejeta 10. decembra 1948 na generalni skup$¢ini Zdruzenih narodov in med drugim navaja pravico
do lastnistva premozenja. S sistemskim pristopom je geodetska stroka torej Ze pred dvema stoletjema
zagotovila celovito razmejevanje ozemlja znotraj drzav in tudi med drzavami, kar je izrednega pomena
tudi za ohranjanje miru. Z vidika izjemnega dosezka stroke in pomena kulturne dedis¢ine so v okviru
pobude predlagani trije tematski sklopi materializirane katastrsko-geodetske kulturne dediscine, ki so
(Lisec et al., 2020):

— izjemna katastrska mejna znamenja, ki simbolno predstavljajo mrezo meja in praviloma izkazujejo
dogovor med sosedi;

— izjemna geodetska znamenja (geodetske tocke), ki simbolno predstavljajo geodetsko infrastrukturo
za izvedbo kakovostne izmere in kartiranja teh meja;

— izjemna stavbna dedi$¢ina, povezana z zemljiskih katastrom in sistemom zemljiske administracije.

Pomembno merilo pri pripravi predlogov posameznih spomenikov, ki bi bili uvr§¢eni na Unescov seznam,
je, da so spomeniki dobro ohranjeni, mejniki naj bi imeli $e vedno funkcijo mejnega znamenja, v skladu
z zahtevami varovanja kulturne dedi$¢ine pa morajo imeti predlagani spomeniki tudi institucionalnega
skrbnika, ki skrbi za njihovo vzdrZevanje in obnovo. Dodatno je bil na delovhem sestanku novembra
2019 na Dunaju podan predlog, da se med spomenike ne uvrs¢ajo mejniki drzavnih meja, $e posebej
ne, kjer te niso urejene in so predmet dogovarjanj, morda celo sporov.
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3 GEODETSKA KULTURNA DEDISCINA V SLOVENLI

Kljub izredni kulturni dedi$¢ini je zanimivo, da je na Slovenskem o mejnih katastrskih znamenjih malo
napisanega. O zgodovini kartiranja slovenskega ozemlja sicer govori monografija Korosca (1978), ki pred-
stavlja pomembne mejnike na podrodju razvoja kartografije in geodezije na Slovenskem, manj pa je govora o
materializirani kulturni geodetski dedis¢ini na terenu. Nekaj vec zapisov se nanasa na tocke trigonometri¢ne
mreZe, kjer velja izpostaviti dela Crnivea in Goloreja (1976), Cerneta (1988), Jenka (1996, 2008, 2019) ter
Deléeva, Timarja in Kuharja (2014). Podrobnejsa predstavitev teh del z navedbo zanimivih trigopnometri¢-
nih in drugih geodetskih tock se pripravlja v okviru ciljnega raziskovalnega projekta (Triglav Cekada et al.,
2020). Mlakar (1993a in 1993b) je sicer ze v 90. letih opozoril na izjemno geodetsko kulturno dedis¢ino
v povezavi z gornistvom, kjer je predlagal, da se vsaj tocke trigonometri¢ne mreze prvega reda razglasijo za
kulturno dediscino. Ceprav je pozornost namenil predvsem tockam trigonometri¢ne mreZe prvega reda,
je izpostavil moznost promocije geodetske stroke v povezavi s sodobnim planinstvom. Pri tem je navajal
pomen geodezije za gorniStvo in kulturno dedis¢ino predvsem na podro¢jih triangulacije, topografske izmere,
zemljiskokatastrske izmere, viSinomerstva in geodetskih del na drzavni meji (Mlakar, 1993a).

Malo pa je zapisanega o izjemni katastrski kulturni dedis¢ini. Zanimiv pregled nad mejnimi znamenji na
severnem Primorskem v svojem prispevku podaja Kozorog (2008), ki poudarja, da so mejna znamenja
pomembna kulturna dedis¢ina in edini pricevalci dogovarjanja in miroljubnega posedovanja zemljis¢,
ozemlja. Ta poleg ohranjenih mejnikov, povezanih z mejno ¢rto med Benesko republiko in Habsbursko
monarhijo, posebej izpostavlja mejnike med posestvi takratnih gospostev. Zanimivo je, da so tam zaradi
Stevilnih sporov sredi 18. stoletja odredili izdelavo pregledne karte dezelnoknezjih gozdov. Ob izmeri je
bila izdelana pregledna karta vseh dezelnoknezjih gozdov na severnem Primorskem, pregledna karta po
posameznih kapitanijah in karta vsakega gozda posebej z vrisanimi mejnimi znamenji, kompasnico, v
spodnjem levem delu pa so podatki o povrsini gozdov in izmeri. V mapah prikazana mejna znamenja
so bila skoraj gotovo vklesana v ras¢ene skale hkrati z izmero gozdov. Poleg krizev so bile na nekaterih
mestih vklesane tudi letnice 1736, Zal pa so bili ti mejniki uni¢eni, predvsem med sosko fronto. Tako
edino najdeno mejno znamenje z letnico najdemo visoko pod Golicico, na zgornji gozdni meji drzav-
nega gozda Veliki Prosek, saj je bilo odmaknjeno od vseh uni¢ujocih dejavnikov v zadnjih 280 letih
(Kozorog, 2008). Iz kartografskega gradiva je mogoce sklepati $e o $tevilnih drugih mejnikih na terenu,
ki so oznacevali posestne meje nekdanjih gospostev, meje nekdanje dominikalne in cerkvene posesti ter
dezelne meje (glej tudi Korosec, 1978).

Po pregledu stanja na terenu in registrirane kulturne dediS¢ine v registru kulturne dedis¢ine pa smo
ugotovili, da je na lokalni ravni prisotnih in tudi realiziranih kar nekaj pobud v povezavi z ohranjanjem
starih mejnih znamenj, mnoga so tudi Ze pridobila status kulturnega spomenika lokalnega pomena. Gre

predvsem za izjemne mejne kamne, ki so pogosto oznadevali tudi meje katastrske obéine ali celo meje dezel.

3.1 Predlog izjemnih mejnih znamenj v Sloveniji

Prva skupina mejnih znamenj, ki spadajo med izredno kulturno dedis¢ino na Slovenskem, so torej Ze
omenjeni stari mejniki, ki so oznacevali meje posesti starih gospostev, cerkve, dezelne meje ipd. Na
podlagi doslej pregledanih arhivov in obiskov na terenu ugotavljamo, da so mnogi mejni kamni unide-

ni. Med ohranjenimi je pa veliko taksnih, ki so vse do danes ohranili vlogo mejnika na parcelni meji,
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eprav datirajo dale¢ pred franciscejski kataster. Med najstarej$imi najdenimi mejniki, ki ima tudi status
kulturnega spomenika, je mejni kamen s Planine pod Sumikom (postavljen v obdobju 1653-1671),
izklesan iz pohorskega marmorja, z reliefno upodobljenim grbom grofov Vetter-Lilie (Weikharda) na
vzhodni in grofov Tattenbach (Erazma) na zahodni strani. Oznaceval je mejo med gospos¢ino Bistriski

grad in posestjo Konjice (eHeritage, 2020a).

Na ozemlju danasnje Slovenije je bilo veliko zanimivih mejnih kamnov postavljenih med vladanjem
cesarice Marije Terezije (1740-1780), ki je v okviru notranje reorganizacije monarhije med drugim
urejala meje s sosednjimi drzavami. Dodatno iz tega obdobja izhajajo obelezbe in popisi poteka katastr-
skih obéin. V okviru popisa prebivalstva (1770—1772) so se namre¢ dolocile tudi meje naselij, obmocja
vaskih skupnosti pa so postala pomembna administrativna enota monarhije, to so tako imenovane
katastrske ob¢ine, nekdaj davéne obcine (Twaroch et al., 2016; Lisec in Ferlan, 2017). Iz teh obdobij

je tudi v Sloveniji najve¢ izjemnih znamenj, ki smo jih nasli na terenu in jih uvrs¢amo na prednostni

seznam (slika 1).

Slika 1:  Fotografije izbranih katastrskih mejnih znamenj — mejnih kamnov, ki oznacujejo ali so oznacevale parcelne meje in/ali
meje katastrskih obcin (Lisec, 2019; foto: E. Kozorog, 2008; J. Dajnko, 2019; A. Lisec, 2019; M. Logar, 2019; spletni viri).

Zal so mnogi mejniki premaknjeni in nimajo ve¢ vloge mejnega znamenja, kar je pomembno merilo za

vpis na Unescov seznam. Med take uvrs¢amo na primer zanimive mejne kamne, kot so:
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— deelni mejni kamni med nekdanjo Kranjsko in Stajersko, ki so danes na ogled v Posavskem muzeju

v BreZicah in pred samim gradom Brezice (slika 2);

dezelni mejni kamen med Stajersko in Ogrsko iz Ljutomera, ki je bil leta 2002 s polja blizu Mote
prestavljen pred stavbo pisarne Geodetske uprave RS v Ljutomeru;

mejni kamen tromeje Drage, Grcarice in Gotenice, ki je bil pred kratkim ukraden in nato vrnjen
na priblizno lokacijo — lokacijo je treba $e preveriti, in ¢e je mejnik na prvotnem mestu, je $e vedno

lahko uvri¢en na Unescov seznam (slika 2).

Slika 2:  Fotografije prestavijenih katastrskih mejnih znamenj: levo dezelni kamen med Stajersko in Kranjsko pred gradom BreZice

(foto: A. Lisec, 2019), desno tromeja med katastrskimi ob¢inami Draga, Grcarica in Gotenica (foto: B. Kovac, 2019).

Na podlagi zbrane dokumentacije iz arhivov in na terenu ter ob upostevanju meril, ki so pomembna

pri uvr$¢anju materializirane kulturne dedis¢ine na Unescov seznam, smo pripravili prednostni seznam

katastrskih mejnih znamenj, ki so:

mejni kamen 1: mejni kamen na Planini pod Sumnikom (17. stoletje), Planina pod Sumnikom, Slo-
venska Bistrica (kulturni spomenik lokalnega pomena, ZVKD Maribor; ESD: 20150);

mejni kamen 2: mejni kamen iz Vestice — $t. 22 (iz leta 1674, slika 3), Razkrizje (kulturni spomenik
lokalnega pomena, ZVKD Maribor; ESD: 20001);

mejni kamen 3: mejni kamen iz Vestice — §t. 5 (iz leta 1754, slika 4), Razkrizje (kulturni spomenik
lokalnega pomena, ZVKD Maribor; ESD: 20002);

mejni kamen 4: Livek — mejni kamen (iz leta 1753, slika 5), Livek pri Kobaridu (kulturni spomenik
lokalnega pomena, ZVKD Nova Gorica; ESD: 325);

mejni kamen 5: mejni kamen na Kozjem vrhu (18. stoletje), Murnhof med Radljami in Dravogradom
(kulturni spomenik lokalnega pomena, ZVKD Maribor; ESD: 7458);

mejni kamen 6: mejni kamen pod staro cesto (iz leta 1823), Veliki otok, Postojna (Kulturni spomenik
lokalnega pomena, ZVKD Nova Gorica; ESD: 23902);

mejni kamen 7: dezelni kamen med dezelama Kranjska in Smjers/m (iz leta 1845, slika 6), Zajasovnik
(kulturni spomenik lokalnega pomena, ZVKD Celje; ESD: 10469).
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Slika 3:  Mejni kamen iz Ves¢ice — $t. 22, na nekdanji meji med Spodnjo Stajersko in Ogrsko. Mejo so dolocali kamniti mejniki,
ki so jih postavljali ze v ¢asu Leopolda I. (1658-1705), dela pa so koncali po zaklju¢enih sporih in regulacijskih preu-
smeritvah toka reke Mure med vladavino Marije Terezije (vir: eHeritage. 2020b; foto: A. Lisec, 2019).

Slika 4:  Mejni kamen iz Ves¢ice - st. 5, na nekdanji meji med Spodnjo Stajersko in Ogrsko. Kamen sega v ¢as vladanja Marije
Terezije, ki je v okviru modernizacije drzave in uvajanja centralizirane uprave zahtevala tudi natan¢no dolocitev meja
med upravnimi deli monarhije. Mejo med Stajersko in Ogrsko so natan¢no dolocili leta 1755, ko so postavili tudi
pri¢ujoci mejni kamen z letnico 1754 (vir: eHeritage. 2020¢; foto: J. Dajnko, 2019).
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Slika 5: Mejni kamen Livek je oznaceval mejo med nekdanjo benesko in avstrijsko drzavo. Razmejitev sega v ¢as vladanja Marije
Terezije, in sicer so mejo dolocevali v letih 1751-1755. |z leta 1753 je v zaselku Golobi ohranjeno mejno znamenje, na
eni strani skale je avstrijski grb in na drugi strani beneski grb z levom in rimsko letnico (vir: eHeritage. 2020d; foto: U.
Drescek, 2020).

Slika 6:  Mejni kamen med deZelama Kranjska in Stajerska (1845), ki je oznaceval mejo med Stajersko in Kranjsko. Na njem je
napis »dezelna meja«in oddaljenost v kilometrih do Vranskega, Celja, Domzal in Ljubljane (vir: eHeritage. 2020e; foto:
M. Krivic, 2019).

Dodatno smo identificirali zanimiva mejna znamenja, ki pa $e nimajo statusa kulturnega spomenika, a
so zaradi izjemnosti zanimiva kot kulturna dedi$¢ina. Med temi predlagamo, da se na prednostno listo

za razglasitev kulturnega spomenika uvrstijo naslednji mejniki:

— mejnik Ortneskega in Turjaskega gospostva (iz leta 1673), ki je sicer ze imel status lokalne kulturne
dedis¢ine, vendar ga v novem registru kulturne dedis¢ine ni najti, zato je treba status preveriti (ZVKD

Ljubljana; ESD: 30429);
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—  simbolni mejni kamen na Vacah, Mackovec (slika 7), ki je miza z vklesano letnico 1304 in je bila last
grofice Nezke Ketzenberg z gradu Mackovec (v postopku razglasitve lokalne kulturne dedis¢ine);

— mejno znamenge gospostva Vipava na tako imenovani »nevidni meji«, kjer je tudi pohodniska pot
med Smarjami in Ustjem. Tu je Ze okoli leta 1200 potekala meja med posestvi gospodov Goriskih
in Andeskih, kot dezelna meja pa se je uveljavila v 16. in 17. stoletju;

— mejni kamen gospostva Ortnek (iz leta 1706) stoji na juznem delu posestva Ortnek, ki je razmejeval
ortnesko in ribnisko posest;

—  mejnik kanalskega gospostva (iz leta 1716): leta 1706 je bila ustanovljena posebna komisija za ureditev
meje med kanalskim in tolminskim gospostvom. V naslednjih desetletjih je potekala razmejitev s
trajnej$im oznacevanjem meje tudi na jugu kanalskega gospostva, kjer so ohranjeni redki samostojni
mejniki z vklesano letnico 1716 in grbom gospostva (glej Kozorog, 2008);

— mejnik dezelnoknezjih gozdov na severnem Primorskem (iz leta 1736), ki izvira iz Casa dolocevanja
poteka mej dezelnoknezjih gozdov (glej Kozorog, 2008);

— dezelno mejno znamenje med Korosko in Kranjsko (NP) v zaselku Spodnje Fuzine, kjer stojita ob cesti
med Preddvorom in Jezerskim visoka sivkasta kamna zaobljene oblike;

— mejni kamen blizu Kaliéa (iz leta 1823), ki je podoben predlogu mejnega kamna stevilka 6 blizu

Postojne.

Slika 7: Simbolni mejni kamen na Vacah (Mackovec), kjer je mejnik miza z vklesano letnico 1304, ki je bila last grofice Nezke
Ketzenberg iz gradu Mackovec. Brata Stermljan sta jo pri delitvi posesti postavila na posestno mejo in je bila simbol
dobrih sosedskih odnosov (foto: M. Ceh, 2019).

V predlogu se nismo dotaknili to¢k drzavnih mej, so pa te tudi zagotovo zelo pomembna kulturna
dedi$¢ina. Drzavna meja mnogokrat poteka po mejah starih katastrskih ob¢in, tako je na teh obmog¢jih

zanimivo preucevati tudi ta stara mejna znamenja, suhe kraske zidove in druge oblike obelezij.

3.2 Predlog izjemnih geodetskih tock v Sloveniji

S ciljem zagotoviti kakovostno geodetsko podlago za vojasko-topografsko izmero so se na nafem ozemlju

zacela prva obsezna geodetska opazovanja ze v 18. stoletju, ko je jezuit Joseph Liesganig za stopinjsko
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merjenje ob tako imenovanem dunajskem meridijanu v letih 1762—1767 razvil mrezo trikotnikov od Brna
do Varazdina. Na obmod¢ju Slovenije so bile v mrezo vkljucene naslednje trigonometri¢ne tocke oziroma
cerkveni zvoniki: sv. Urban nad Mariborom, Kapela pri Radgoni, Jeruzalem in sv. Urban na Belskem vrhu
(Jenko, 1996; Juzni¢, 2006; glej tudi Triglav 2014, 2015, 2017, 2018). V zaletku 19. stoletja se na naSem
ozemlju pojavi teznja po povezovanju trigonometri¢nih mrez Severne Italije in avstrijskih dezel severno
od obmo¢ja danasnje Slovenije. Tako je do leta 1811 nastala nova trigonometri¢na mreza na zahodnem
Koroskem in na Stajerskem, v Ilirskih provincah pa so se triangulacijska dela izvajala $e na Krasu in v Istri.
Iz tega obdobja med drugim izvirajo trigonometri¢ne to¢ke I. reda Jeruzalem, Donacka gora, Peca, Kosuta
in Slavnik (ter U¢ka (HR) in Op¢ine (I)). Ze omenjena povezava je bila vzpostavljena prek trigonometri¢ne
mreze na Notranjskem in Kranjskem, ko je bila leta 1817 vzpostavljena tudi trigonometri¢na tocka I. reda

na Krimu (slika 8), ki je postal izhodis¢e tako imenovanega krimskega koordinatnega sistema (Jenko, 1996).

Slika 8: Obelezji krimskega koordinatnega sistema na Krimu — desno spominska plos¢a nad tocko izhodis¢a koordinatnega
sistema (foto: Ljubljansko geodetsko drustvo, 1998).

Navedena mreza je bila namenjena predvsem vojasko-topografski izmeri, ki se je za vedji del monarhije
izvajala v enotnem koordinatnem sistemu z izhodis¢em na Dunaju (cerkev sv. Stefana). Sprva je bilo
sicer predvideno, da se bo tudi za kataster uporabila mreza to¢k tako imenovane vojaske triangulacije 1.
in II. reda, ki bi se zgostila z numeri¢nimi tockami mreze III. reda in nato $e z grafi¢no triangulacijo, a je
bila kakovost vojaske triangulacije Zal zelo omejena, dodatna tezava pa je bila velika ¢asovna zamuda pri
njeni izvedbi. Da bi zagotovili geometri¢no podlago za sistemati¢no kartiranje mej zemljis¢, namenjeno
vzpostavitvi katastrskih podatkov v celotni monarhiji, so ozemlje razdelili na obmodja ve¢ pravokotnih
koordinatnih sistemov, pri ¢emer je bilo obmo¢je danasnje Slovenije razdeljeno na dva (oziroma tri) dele

(Linden, 1840; Lego, 1968; Lisec in Ferlan, 2017):
— Kranjska, Koroska in Primorje s krimskim koordinatnim sistemom, katerega izhodisée je bil Krim
pri Ljubljani, triangulacija se je izvajala v obdobju 1817-1825; merilo in orientacija krimskega sis-

tema sta bila povzeta po francoski triangulaciji, in sicer bazne linije Slavnik—Uc¢ka (32,7 kilometra),
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ki je bila povezana s Krimom prek to¢k Sneznik in Nanos (glej tudi Jenko, 2008; Delcev, Timar in
Kuhar, 2014);

— Stajerska: izhodis¢e Schécklbergu pri Gradcu, triangulacija v obdobju 1819-1823 s hkratnim
razvijanjem mreze 1., I in III. reda; bazna linija je bila med vrhovoma Schéckl in Riegersberg
(Tiirmchen) z dolzino 41,4 kilometra;

— Prekmurje: izhodis¢e Gellérthery v Budimpesti, kot madzarski del monarhije je bil vkljuéen v tri-

angulacijo in katastrsko izmero v drugi polovici 19. stoletja.

Naslednje pomembno obdobje razvoja trigonometri¢ne mreze na nasem ozemlju je med letoma 1860
in 1910, ko se je na eni strani izvedla reambulacija trigonometri¢ne mreze za namen obnove katastra in
nove topografske izmere, omeniti pa moramo tudi evropska stopinjska merjenja, v katera se je vkljudila
avstro-ogrska drzava, ki je podobno kot druge srednjeevropske drzave zelela vzpostaviti enoten referencni
koordinatni sistem. Trigonometri¢na mreza 1. reda iz tega obdobja je na ozemlju avstro-ogrske monarhije
obsegala ve¢ kot 600 tock, kjer je bilo vzpostavljenih in izmerjenih 16 baz, od tega tudi baza v Mariboru
z dolZino 5697,405 metra (slika 9). Sledilo je ve¢ projektov izmere in obnove trigonometri¢ne mreze,
kar so podrobno predstavili tudi Jenko (1996) ter Deléev, Timar in Kuhar (2014), trenutno pa obsezno
$tudijo o geodetskih to¢kah in triangulaciji na naSem obmoéju pripravljajo Triglav Cekada et al. (2020) v
okviru raziskovalnega projekta Stalna geodetska znamenja kot temelj za kakovostno delovanje geodetske
stroke, ki ga sofinancirata Geodetska uprava RS in Javna agencija za raziskovalno delo RS. Pomemben
nabor zanimive geodetske kulturne dedis¢ine so zagotovo vse trigonometri¢ne tocke prvega reda pa tudi
nizjih redov, za katere geodetska uprava v svojih arhivih hrani podrobne topografske opise, mnogi od
teh izvirajo iz 18. in 19. stoletja (glej tudi Mikli¢, 2013). V povezavi z zemljiskim katastrom je treba
poudariti, da so se na obmod¢ju grafi¢nega katastra podatki katastra in nekateri mejniki ohranili, takratna
geodetska (triangulacijska) osnova pa je z nastankom novih mrez precej fizi¢no propadala (Jenko, 1996).

V okviru predloga za vpis na Unescov seznam smo se osredotoc¢ili na geodetske tocke, ki so povezane z
zemljiskim katastrom in imajo izjemen kulturni pomen na mednarodni ravni. Podobno kot za mejnike
in mejna znamenja smo pripravili prednostni seznam takih tock, v tem prispevku pa predstavljamo $tiri
najbolj zanimive z vidika kulturne dedis¢ine in tehnoloskega dosezka stroke, to so:

—  Krim — izhodisée nekdanjega krimskega koordinatnega sistema, ki je tudi trigonometri¢na tocka 1.
reda, kot ze omenjeno, pa je izhodis¢e nekdanjega krimskega koordinatnega sistema iz leta 1817
(slika 9);

— tocki mariborske baze (slika 9), ki je bila v okviru izmere MGI z imenom Kranichsfeld (nemsko
ime za Race) vzpostavljena pri Mariboru leta 1860. Skrajni tocki sta juzna bazna tocka (JBT) 217
Staroince in severna bazna toc¢ka (SBT) 218 Orehova vas. Izhodna ra¢unska stranica bazne mreze je
bila med to¢kama Donati (Donacka gora) in Bacher (Zigartov vrh), vmesni tocki sta bili Wurmberg
(Kr¢evina) in Buchberg (Bukovec);

— trigonometricna tocka Triglav, ki sicer ni tocka I. reda, s trigonometri¢no izmero, prvi¢ izvedeno
leta 1822 pod vodstvom Antonia von Bosia, ki pa je podcenjeval nevarnost gora; ekipo je na gori
pri¢akala huda nevihta, zato to odpravo radi povezujemo s prvo gorsko resevalno akcijo na Sloven-
skem. Leta 1895 je bil na vrhu Triglava na pobudo Zupnika Jakoba Aljaza postavljen Zelezni stolp,
ki ga danes poznamo pod imenom Aljazev stolp in ima status lokalne kulturne dedis¢ine (ZVKD

Kranj; ESD: 5531);
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— trigonometriina tocka — cerkev v Jeruzalemu, ki je povezana s stopinjskim merjenjem ob tako

imenovanem Dunajskem meridijanu, ki si je izvajala med letoma 1762 in 1767 in jo je naértoval

jezuit pater Joseph Liesganig. Sama cerkev ima status lokalne kulturne dedis¢ine (ZVKD Maribor;

ESD: 3183).

Slika 9:  Tocki mariborske baze iz leta 1860: severna bazna tocka 218 Orehova vas (levo) in juzna bazna tocka 217 Starosince
(desno) (foto: J. Dajnko, 2018; A. Lisec, 2019).

Dodatno je zanimiv geodetski spomenik, ki je Ze razglasen kot lokalna kulturna dedis¢ina, in sicer je
to fundamentalni reper Smolnik iz leta 1878 (ZVKD Maribor; ESD: 6399). Med izredno zanimive
trigonometri¢ne tocke, ki imajo $e danes taksen status, pa lahko zagotovo uvrs¢amo $e trigonometri¢ne
tocke 1. reda, ki so povezane s prvo triangulacijo na slovenskem ozemlju, kot so Donacka gora, Peca,
Kosuta in Slavnik.

3.3 Predlog izjemne stavbne dedi$¢ine v Sloveniji, povezane z geodezijo

V povezavi z zemljiskim katastrom in geodetsko stroko je v Sloveniji ve¢ zanimivih stavb, ki so tudi
pomembna arhitekturna dedi§¢ina in so s tega vidika Ze zavarovani spomeniki. Ker je predvsem za tako
kompleksne kulturne spomenike izrednega pomena, da so stavbe ze razglaSene kot kulturna dedi§¢ina in
da so znani tudi njihovi vzdrzevalci, smo se predvsem v tretji skupini osredoto¢ili na stavbno dedi$¢ino,

ki ima status lokalnega ali drzavnega spomenika:

—  Arhiv Slovenije — Gruberjeva palaéa, ki je poznobaro¢na palaca, zgrajena v obdobju 1773-1777 po
nacrtih G. Gruberja za potrebe Sole. Danes je tu arhiv bogate zemljemerske zapuscine v Sloveniji v
okviru Arhiva RS (kulturni in zgodovinski spomenik, ZVKD Ljubljana; ESD: 330);

— grad Bogensperk, ki ga je v sedanji obliki zadela graditi plemiska rodbina Wagen po znamenitem
potresu leta 1511. Leta 1672 ga je kupil Janez Vajkard Valvasor, znani kartograf in avtor knjige
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Slava vojvodine Kranjske. Danes v prostorih gradu med drugim gostuje geodetska zbirka (kulturni
spomenik drzavnega pomena, ZVKD Ljubljana; ESD: 29s).

Zanimivi spomeniki so lahko povezani tudi s prvo zemljemersko Solo v Idriji, jezuitsko $olo z zemlje-
merskim te¢ajem v Ljubljani ter druge stavbe, povezane z znanimi geodeti in geografi v Sloveniji, kot so
Mrak, Vega, Valvasor, Steinberg ipd.

4 NAMESTO SKLEPA

Namen prispevka je bil predstaviti dejavnosti v povezavi z aktualno nominacijo geodetske terenske kulturne
dedi$¢ine za uvrstitev na Unescov seznam svetovne dedis¢ine, katere prva pobudnica je Avstrija. Predstavili
smo prve predloge izjemne geodetske kulturne dedis¢ine, ki bi jih Slovenija predlagala za uvrstitev na
prednostno listo. Dovolj je $e ¢asa tudi za dodatne predloge, zato vabljeni, da nam posredujete svoje
predloge/mnenja. Cisto mogoce je, da smo kakien zanimiv spomenik spregledali.

V imenu ozje delovne skupine pa se zahvaljujemo vsem, ki ste nam predloge Ze posredovali. Mnogo
gradiv se je zbralo v teh treh letih in upamo, da je to tudi zacetek sistemati¢nega popisa zanimive geo-

detske dedi$c¢ine na terenu.
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VIRTUALNI GEORADAR VIRTUAL GEORADAR

Joc Triglav

1 UVOD

Takoj na zacetku je treba povedati, da je to zgodba brez dejanskega georadarja. Ta je v njej prisoten le kot
zelja, zato naslov zgolj metafori¢en in dodatno podkrepljen s pridevnikom ,virtualni‘. Glavni nastopajoci
so bager, kramp in lopata, skupaj z njihovimi skrbnimi in ves¢imi upravljavci, pri delu pa jim je ‘svetil
zraven s karto’ $e en geodet.

Zgodba se je zacela pisati to poletje, ko se je enostaven projekt prenove dotrajane domace terase in tlakoveev
okrog hige razsiril z nenadrtovano zamenjavo hi$nega prikljucka na mestni vodovod. Med zemeljskimi deli
na parceli je namre¢ postalo pomembno dejstvo, da obstojeci priklju¢ek na javni vodovod za naso hiso
poteka iz sosednje ulice prek sosednje parcele in brez lastnega zunanjega ventila ter zunanjega vodomera.
Ker upravljavec javnega vodovoda ze nekaj let po programu izvaja adaptacije vodovodnih prikljuckov in
montazo zunanjih vodomerov na obmodju mesta, je bila smiselna odlocitev, da parcelo Se ‘malo dodatno’
razkopljemo in izvedemo novi hisni priklju¢ek na javni vodovod iz nase ulice. Zemljis¢e je bilo namre¢
ze razkopano zaradi terase in tlakovcev, bager pa je bil na njem. Skratka, bolje, da kopljemo zdaj po Ze

razkopani parceli kot pa ¢ez kaksno leto po na novo urejeni trati.

2 OBSTOJECI KOMUNALNIVODI IN ZBIRNI KATASTER GJI

S strokovnjaki upravljavca javnega vodovoda smo hitro dolo¢ili tako reko¢ edino mozno traso izkopa
in potek nove vodovodne cevi po hisi tako, da je bilo ¢im manj vrtanja skozi stene. Izkop trase za nov
priklju¢ek na javni vodovod je nac¢eloma enostavno strojno mehansko opravilo, zahteva pa upostevanje
poteka obstoje¢ih komunalnih vodov v okolici hiSe in pod javno cesto. Izvajalca izkopa sem vprasal,
ali je od nadrejenih prejel kaksno ‘karto” poteka komunalnih vodov na obmodju nase parcele. Njegov
odgovor je bil hiter in jasen: »Ne. Rekli so mi le to kot vedno, to je, da naj pri izkopu pazim, da kaj ne
pretrgam.« To je pomenilo, da moram takoj pogledati v geodetske evidence poteka komunalnih vodov.
Prvivir podatkov je bil aktualni sloj grafi¢nega prikaza zbirnega katastra gospodarske javne infrastrukeure

(GJI) v spletnem vpogledovalniku Preg (slika 1).

Ker ta grafi¢ni prikaz ni popoln, sem si pomagal s skeniranimi prosojnicami nekdanje evidence katastra
komunalnih naprav (tako imenovanimi KKN). Prosojnice smo na pokalonskih folijah, skladno z razdelbo

detajlnih listov katastrskih na¢rtov na geodetski upravi v Murski Soboti, vzdrzevali nekje do sredine 90.
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let. Tja do konca 90. let smo jih dopolnjevali digitalno v obliki vektorskih na¢rtov v dwg-datotekah. Te
so nam po dogovoru posredovala geodetska podjetja, ki so za upravljavce komunalnih vodov ali izvajalce
izkopov opravljala terenska geodetska snemanja polozenih komunalnih vodov. Vse te podatke smo potem
na geodetski upravi predali pristojnim ob¢inam v nadaljnjo uporabo, kot arhivski podatek pa obdrzali

le kopije v digitalni rastrski in/ali vektorski obliki.

S i J =

Slika 1:  Grafi¢ni prikaz poteka vodov gospodarske javne infrastrukture iz zbirnega katastra GJI za obmocje domacega delovisca.
Vir: GURS, vpogledovalnik Preg, julij 2020.

Prosojnice so se v starih analognih ¢asih uporabljale skupaj s podlago katastrskih na¢rtov. Skupna uporaba
je bila enostavna, saj so imeli nadrti in prosojnice enak koordinatni okvir, skladen z uradno razdelbo in
nomenklaturo detajlnih listov katastrskih nacrtov v nekdanjem Gauf3-Kriigerjevem drzavnem koordi-
natnem sistemu. Za mesto Murska Sobota so bili to naérti v merilu 1 : 1000, doti¢no delovisce je na
detajlnem listu 17.V digitalnih ¢asih je uporaba vsebinsko enaka in izvedbeno $e enostavnejsa, saj je treba
le prosojno poloziti skenogram prosojnice KKN na skenogram katastrskega nadrta, kot je na primeru

prosojnice elektri¢nega omrezja prikazano na sliki 2.
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Slika 2: Skenogram prosojnice podzemnega elektricnega omrezja, poloZzen na skenogram katastrskega nacrta — detajlni list
17 vizvornem merilu 1: 1000, k. 0. 105 Murska Sobota. Vir: Arhiv OGU Murska Sobota in GURS, eZKN.

3 PAZI, DA KAJ NE PRETRGAS ...
Ob pregledu aktualnih podatkov GJI in arhivskih prosojnic KKN se je pokazalo, da na obmo¢ju pred-

videnega izkopa po parceli poteka dodatni elektri¢ni vod za oskrbo ve¢ ulic naselja, na katerega bo treba
‘paziti’, da $irSa sosescina ne bi slucajno ostala brez elektrike. Ugotovil sem tudi, da ni potek obstoje-
ega hisnega priklopa vodovoda na glavni vod v sosednji ulici prikazan v nobeni grafiki. Poznal sem le
priblizni potek vodovodnega prikljucka po parceli, na meter to¢no, nesporno pa je potekal pre¢no na
linijo predvidenega izkopa novega voda. To je pomenilo, da bo spet treba ‘paziti’, da ne bi v hisi zacasno
ostali brez vode. V grafiki zbirnega katastra GJI je vod telefonskega prikljucka potekal pre¢no na linijo

predvidenega izkopa, v resnici pa poteka drugje, torej nanj pri izkopu ne bo treba ‘paziti’.

Na podlagi podatkov GJI in KKN ter pribliznega poznavanja poteka vodovoda sem v treh izvodih hitro
izdelal priro¢ni izris poteka vseh znanih podzemnih vodov po parceli in cesti — en izvod za bagrista, en
izvod za delavce in en izvod zame (slika 3). Sledil je skupinski ogled trase in dolo¢itev obmodij na parceli,

kjer bo treba ob izkopu posebej ‘paziti’, z opisom poteka vodov pod cesto, kjer so bili med parcelo in



GEODETSKIVESTNIK

vodovodnim priklju¢kom horizontalno drug ob drugem, a na razli¢nih visinah, vodi elektrike, plina in

optike ...

Slika 3:  Dopolnjen prikaz vodov zbirnega katastra GJI za lastne potrebe — stanje pred izkopom vodovoda (levo) in po izkopu
(desno). Vidna je sprememba poteka vodovoda, prikazana v temno modri barvi.

Da ne bi po nepotrebnem zavlaceval te zgodbe, naj povem, da smo bagrist, delavci in jaz sam ob podpori
‘karte’ dobro ‘pazili’ in med izkopom nismo pretrgali nobenega voda. Zadovoljstvo v ekipi je bilo veliko.
Delavci in bagrist so na koncu povedali, da stranke, ki bi jim dala ‘karto’ v roke in jim ves ¢as izkopa
‘svetila’ ter opozarjala na kriti¢ne lokacije, $e niso imeli. Hkrati so se spomnili zgodb z razli¢nih delovise,
kjer so pri izkopih pretrgali ta ali oni vod, ¢eprav so ‘pazili’, da se to ne bi zgodilo. Sam sem dodal Se nekaj
geodetskih zgodb, kako so kakovostne evidence o komunalnih vodih, ki jih imamo geodeti, prepretile

nastanek gospodarske $kode in delovnih nesreé.

Slika 4: 'Krizanje’starega (¢rna cev) in novega (modra cev) vodovodnega prikljucka na globini enega metra. Foto: Joc Triglay,
julij 2020.
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4 STARA ZGODBA

Tipicen primer je zgodba s konca 90. let, to je iz ¢asa, ko niti pri upravljavcih niti v geodetski sluzbi
ni bilo posebne vneme za vzdrievanje evidence KKN. V Murski Soboti pa smo Se kar ‘trmarili’ ter
vestno zbirali in evidentirali vse grafi¢ne in koordinatne podatke o posnetih novih komunalnih vodih,
ki smo jih dobili od upravljavcev ali geodetskih podjetij. Na obrobju vedjega blokovskega naselja v
severnem delu Murske Sobote je takrat izvajalec ve¢jih gradbenih del za obmogje izkopa od upravljavcev
vseh komunalnih vodov pridobil podatke o poteku njihovih vodov. Med njimi je bil tudi upravlja-
vec plinovodnega omrezja, ki je izvajalcu poslal izjavo, da na obmodju gradbenih del ni njihovega
plinovoda. In tako je nekega jutra izvajalec prisel z bagrom in delavci. Slu¢ajno so se dela lotili ravno
pred vratarnico bliznjega podjetja. Vratar je stopil iz vratarnice in jih vprasal, kaj bodo delali. Ko so
mu povedali, jih je opozoril, da ravno tu poteka glavni vod plinovoda za celoten severni del mesta.
Izvajalec izkopa mu je pokazal izjavo upravljavca, da tu ni plinovoda. Vratar pa jim je odvrnil, da ga
to ni¢ ne briga, ker je on ves ¢as v vratarnici in so mu »prav tu pred nosom pred nekaj meseci ropotali
s tem glavnim plinovodom«. Povedal je tudi, da so geodeti vse snemali in da so ‘karte’ zagotovo na
geodetski upravi. Po nekaj prerekanja, ko vratar ni dovolil izkopa in je hotel poklicati policijo, se je
vodja delovis¢a le odlo¢il, da stopi na geodetsko upravo po informacije. Ko je prisel, sem mu potrdil,
da tu poteka glavni vod plinovoda, in mu predal izris situacijskega nadrta ter disketo z dwg-datoteko
nacrta. Vodja delovis¢a pa si je ob zahvali za *karto’ in podatke le obrisal znoj s ¢ela ob vzdihu »hva-

labogu za vratarja in geodete«.

5 IN NA KONCU VENDARLE: GEORADAR IN NADGRAJENA RESNICNOST

Tudi izkop vodovoda na domaci parceli smo s *karto’ in skrbnim delom torej uspe$no zakljucili in si ga
popestrili s tak$nimi in podobnimi zgodbami. Naj povem e, da je izvajalec po polozitvi vodovoda v okviru

standardnega postopka poskrbel, da je novo traso vodovodnega prikljucka posnelo geodetsko podjetje.

In kje se je izgubil georadar iz naslova? Kot sem zapisal na zaletku, je v konkretni zgodbi le virtualen,
Ceprav v resnici obstaja in se v svetu tudi uporablja za kakovostno in zanesljivo zaznavanje poteka pod-
zemnih vodov. Da bralci ne bi ostali opeharjeni zanj, naj povem, da je nas$ geodetski kolega pred nekaj
leti pripravil krasno doktorsko disertacijo o teoriji in praksi georadarskih opazovanj (Sarlah, 2016), ki

jo priporo¢am v branje.

Nekaj spletnih povezav na temo georadarja in prikazov vizualizacije komunalnih vodov s tehnikami
nadgrajene resni¢nosti sem dal tudi bagristu in mu priporo¢il, naj z njimi seznani svoje Sefe (slike 5, 6 in
7). Bagrist je bil nad videnim navdusen. Upam, da bodo tudi njegovi nadrejeni. Zato zgodbo zaklju¢ujem
z zeljo in upanjem, da georadar ob morebitnem naslednjem izkopu na domaci parceli in vseh drugih
gradbenih delovis¢ih ne bo ve¢ nastopal samo v virtualni obliki. Cas je, da z uporabo novih digitalnih

tehnologij stopimo iz ‘kamene dobe’ evidentiranja v nove Case.
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Slika 5: Dvojno polarizirani georadar v izvedbi vle¢ne prikolice omogoca hiter zajem podatkov o podzemnih komunalnih
vodih na obseznih mestnih obmodjih. Vir: https://www.youtube.com/watch?v=IHHDuocuoT].

Slika 6: Primer vizualizacije poteka komunalnih vodov z mobilno aplikacijo na nacin nadgrajene resni¢nosti, kjer so izmerjeni
podatki o komunalnih vodih uporabniku prikazani v Zivo'skupaj s stanjem dejanskega okolja, ki je v vidnem polju
kamere mobilne naprave. Vir: https.//www.youtube.com/watch?v=WgCOTn80CEM.
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Slika 7: Primer virtualnega izkopa. Zgoraj slika z nastavitvijo nizke prosojnosti vrhnjega sloja. Spodaj slika z nastavitvijo polne
prosojnosti vrhnjega sloja. Vir: https://www.vgis.io/.
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gospodarske infrastrukture. Doktorska disertacija. Ljubljana: Univerza v Ljubljani, php?lang=sIv&id=85605. Pridobljeno 29. 8. 2020.
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PTICJIPOGLED Z DRUGE A BIRD'S EYE VIEW FROM
PERSPEKTIVE ANOTHER PERSPECTIVE

Andreja Svab Lenarcic

1 UVOD

Velik del $ir$e javnosti pozna ali celo uporablja letalske posnetke Geodetske uprave RS, najpogosteje kot
vizualno podlago za orientacijo v prostoru. Geodeti vemo, da so ti posnetki v resnici digitalne ortofoto
podobe (DOF), torej podobe, ki so z upostevanjem parametrov centralne projekcije podobe in modela
reliefa transformirane (razpadene) v ortogonalno projekcijo podobe v izbranem koordinatnem sistemu.
Izdelek je metri¢no enak linijskemu nadrtu ali karti. Morda je manj znano, da je DOF daljinsko zazna-
na podoba, ki je kot takina uporabno vrednost dobila $ele po zapletenih postopkih predobdelave. Se
manj splo$no razsirjeno je zavedanje, da imamo DOF posnet v §tirih spektralnih kanalih. V razpravi je
zato zelo splosno opisana vedinska uporaba DOF ter manj znane lastnosti DOE, ki bi jih bilo smiselno
izkoristiti pri postopkih dela na GURS.

2 ZELELI SMO VIDETI KOT PTIC

Cloveka je Ze od nekdaj zanimalo, kako vidi pti¢, medtem ko leti po zraku. Konec devetnajstega in na
zacetku prej$njega stoletja smo dobili prve zraéne posnetke. Prve platforme so bili baloni in zmaji, nato
pa tudi golobi (slika 1 levo). Taksni posnetki res ponujajo pogled na povrsje Zemlje iz pti¢je perspektive.
Do danes so snemalne tehnike ze mo¢no napredovale. V prejénji Stevilki Geodetskega vestnika (Krotec,
2020) smo lahko prebrali, koliko znanja in truda je bilo vloZenega v to, da so danasnje podobe DOF na
tako visoki kakovostni ravni. Zdi se, da celo na visji, kot jo pri delu potrebuje obi¢ajen uporabnik podob
DOE Vetinoma namre¢ uporabljamo DOF v tako imenovanih vidnih barvah — barvah, ki jih zaznava

¢lovesko oko (slika 1 desno). Kaj pa ¢e DOF vsebuje ve¢ kot samo te barve?
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Slika 1: Levo: golob kot platforma letalskega snemanja (Imgur, 2020a); desno: DOF v barvah vidnega dela spektra (eGP, 2020).

3 KAKO DEJANSKO VIDI PTIC?

Uspelo nam je torej dobiti pogled iz pti¢je perspektive. Ampak ali smo se vpradali, kako dejansko vidi
pti¢? Vidi enake dele spektra kot ¢lovek? Tudi glede tega bi bili marsikdaj veseli, ¢e bi imeli pti¢ji pogled.
Pti¢ namre¢ vidi v $tirih barvah, v $tirih jasno lo¢enih spektralnih kanalih. Poleg treh kanalov, ki jih vidi

¢lovek, lahko pti¢ zaznava predmete, ki oddajajo ultravijoli¢no svetlobo (slika 2).
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Slika 2:  Grafi¢na primerjava ¢loveskega in pti¢jega spektralnega vida. Medtem ko so ptici tetrakromati in vidijo Stiri barve: UV,

= e

4

modro, zeleno in rde¢o, smo ljudje trikromati in svet zaznavamo v zgolj treh barvah: modri, zeleni in rdeci. Na sliki je

treba upostevati, da je UV-svetloba prikazana v »barvi« magente, da je vidna ¢loveskim o¢em (Boredpanda, 2020).
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Kako pticu to koristi? Ena izmed koristi je zagotovo dobro zaznavanje lokacije izlezenih jajc (slika 3). Bi
lahko tudi ljudem koristil pogled v drugih delih spektra?
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Slika 3: Pogled na jajca v pesku s ¢loveskimi in pticjimi o¢mi (Boredpanda, 2020).

4 ALILAHKO KAMERA PRESEZE CLOVESKI VID?

Pti¢ pa ni edina Zival, ki vidi v ve¢ spektralnih kanalih kakor ¢lovek. Ultravijoli¢no svetlobo pravzaprav
zaznava vecina vretencarjev razen sesalcev (Davis, 2020). Po drugi strani ve¢ina hladnokrvnih Zivali (kace,
insekdi, ribe, Zabe) vidi svetlobo infrardec¢ega dela spektra. Zanimivo bi bilo videti svet skozi o¢i razli¢nih
zivali (slika 4, zgornji del). V nasprotju s ¢loveskimi o¢mi so snemalne kamere lahko »hladnokrvne«. Veliko
kamer (obi¢ajno names¢enih na satelite) zajema svetlobo valovnih dolZin, ki segajo zunaj vidne svetlobe.
Sateliti Sentinel-2, trenutno eni najbolj priljubljenih, snemajo v 13 spektralnih kanalih. Obstajajo seveda
senzorji s $e visjo spekeralno locljivostjo, vse tja do hiperspekeralnih senzorjev z ve¢ kot sto spektralnimi
kanali. Ce pokukamo zunaj obsega opti¢nih kamer, se nase »oci« nadgradijo $e na podrodje radarskega

in lidarskega zaznavanja. Pa ostanimo v tej razpravi pri podobah DOE

Zelo dobra lastnost podob DOF je, da vsebujejo tudi bliznje infrardeé kanal. Na sliki 5 je prikazan DOF
v tako imenovanih laznih barvah: bliznji infrardeci, rde¢i in zeleni. Ce primerjamo to sliko s sliko 1, na
kateri je prikazano isto obmodje v tako imenovanih resni¢nih barvah (v barvah vidne svetlobe), lahko
opazimo, da je voda, predvsem vodni kanali v gozdu, veliko bolje vidna na posnetku, ki zajema bliznjo

infrardeco svetlobo.

Torej imamo celotno Slovenijo posneto tudi v infrarde¢em kanalu. Zdi se, da je vizualna interpreta-
cija tega kanala tezja kakor interpretacija podob v resni¢nih barvah. Ker so nase o¢i navajene vidne
svetlobe, je verjetno res tako, le da v dobi strojnega ucenja res ni treba uporabljati zgolj vizualne

interpretacije.
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Slika 4:  O¢i razli¢nih zivali in ¢loveka (Imgur, 2020b) ter kamera, namesc¢ena na letalo (Resolveoptics, 2020).

Slika 5:  DOF v barvah: bliznje infrardeca, rdeca in zelena (GURS, 2020).
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5 JEVIZUALNA INTERPRETACIJA EDINI NACIN UPORABE DOF?

Vizualna interpretacija je najbolj intuitivna, ¢lovekovemu razumu najblizja in zelo prav je, da DOF
uporabljamo kot vizualno podlago. Vendar pa se je ob tem priporocljivo zavedati, da DOF ni zgolj
posnetek povrsja, »slikica za gledanje«, temve¢ daljinsko zaznana podoba, ki kot taksna vsebuje veliko
informacij. Ostir (20006) je termin podobe razlozil kot digitalno predstavitev podatkov daljinskega za-
znavanja v obliki matrike slikovnih elementov oziroma pikslov. Podoba lahko predstavlja odbojnost ali
lastno sevanje povrsja in je — odvisno od Stevila kanalov — eno- ali vecrazsezna. Izraz poleg tega zajema
vse rezultate obdelav, od predobdelave prek izboljsanja in transformacij do klasifikacije, modeliranj in
simulacij. V naj$irfem pomenu je podoba vsaka slika v rastrski obliki. Pojem je $ir$i od posnetka, ki je

predstavitev resni¢nosti, kot jo je zajel senzor.

Na sliki 6 je prikazano, da vsak piksel podobe DOF vsebuje neko numeri¢no vrednost. Celotna podoba
vsebuje toliko $tevil¢nih rastrov/matrik, kolikor je spektralnih kanalov, v primeru DOF torej tiri.
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Slika 6:  DOF je rastrska podoba, pri kateri vsak piksel v vsakem kanalu vsebuje neko vrednost. Vrednosti so simboli¢ne (NEON,
2020).
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Ob pogledu na vse te Stevilke se lahko vprasamo: ja, kdo pa bo vse to racunal in interpretiral? Na sreco
je tehnologija digitalne interpretacije podob daljinskega zaznavanja Ze tako napredovala, da z uporabo
logi¢nega razmisljanja ter razli¢nih ukazov v ustreznih programskih orodjih hitro pridemo do koristnih
rezultatov. Podobe lahko vizualno izboljSamo (kontrast, filtriranje, barvni kompoziti), izvedemo njiho-
ve razliéne transformacije (aritmeti¢ne operacije, vegetacijski indeksi, analiza osnovnih komponent),
klasifikacijo (spektralni prostor, nenadzorovana in nadzorovana klasifikacija, ovrednotenje klasifikacije).
Izdelamo lahko poligone razli¢nih objektov in te podatke potem uporabimo pri analizah GIS. Ra¢unamo
lahko statistike, zaznavamo spremembe.

Slika 7 prikazuje odbojnost razli¢nih valovnih dolzin pri razli¢nih predmetih na povr$ju Zemlje. Ljudje
vidimo zdrav list v zeleni barvi, saj v vidnem delu spektra odbija najve¢ zelene. Ovenel list vidimo v ru-
meni, rdei ali rjavi barvi, saj &loveske oci zaznajo najve¢ rdece. Cloveskim o¢em neviden je odboj bliznje
infrardece svetlobe, ki je za rastline velikega pomena. Slednje namre¢ za fotosintezo vpijajo svetlobo iz
rdecega dela elektromagnetnega spektra in oddajajo elektromagnetno sevanje v bliznjem infrardecem delu
spektra, s ¢imer se ohlajajo. Koli¢ino odbojnosti posamezne pokrovnosti pri razli¢nih valovnih dolzinah
obi¢ajno prikazujemo z grafom, imenovanim spektralni podpis. Razli¢ne pokrovnosti (drevesa, stavbe,
prst, voda ...) so na daljinsko zaznani podobi dejansko »podpisane«. Le prepoznati moramo njihov podpis.
Ve kot pri snemanju uporabimo spektralnih kanalov in o0zji kot so, bolj lahko razli¢ne objekte lo¢imo
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med seboj. Eden najpogosteje uporabljenih nacinov primerjave objektov je izratun razli¢nih indeksov.
Za analizo vegetacije je najbolj znan normiran diferencialni vegetacijski indeks NDVI, ki se izratunava
iz odboja vidne in bliznje infrardece svetlobe.
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Slika 7: Levo: spektralni odboj razli¢nih valovnih dolZin zdrave in nezdrave vegetacije (MIDOPT, 2020); sredina: spektralni
podpis vegetacije, vode in prsti (BrainKart, 2020); desno: izracun indeksa NDVI za vegetacijo in prst glede na vrednosti
spektralnega podpisa. Spektralni podpis prsti je podoben podpisu ovenelega lista. Stevilke na sliki odrazajo realne
vrednosti, ki pa so v resni¢nosti spremenljive v odvisnosti od lastnosti pokrovnosti.

Indeks NDVI izra¢dunamo za vsak piksel podobe, s ¢imer dobimo podobo NDVI. Primer taksne po-
dobe je prikazan na sliki 8, kjer uporabimo kombinacijo vegetacijskega indeksa NDVI ter vektorskega
sloja tlorisov katastra stavb. Vegetacijski indeks za vegetacijo je zelo visok (svetle barve na sliki 8 desno),
medtem ko je za poskodovano vegetacijo ali nevegetacijo (kamor Stejemo tudi ceste, stavbe in golo prst)
nizek (temne barve na sliki 8 desno).

Slika 8: Tlorisi katastra stavb (oranzno), prikazani na DOF v resni¢nih barvah (levo), ter na podobi NDVI (desno), izdelani na
podlagi podobe DOF s kombinacijo rdecega in bliznjerde¢ega kanala. Z izra¢cunom mediane vrednosti NDVI na ob-
mocdju posameznih tlorisov lahko hitro in u¢inkovito dolocimo tlorise, na katerih v resnici ni stavbe. Primer tak$nega
tlorisa je oznacen z modro puscico.
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Z izra¢unom statisti¢nih vrednosti pikslov na tlorisih (v tem primeru mediane) lahko hitro, u¢inkovito
in s samodejnim postopkom doloé¢imo tlorise, pod katerimi ni stavbe. Z nekaj ve¢ truda bi lahko dolo¢ili

tudi obmodja, kjer stavbe so, vendar pa v katastru stavb nimajo svojega tlorisa.

S podobno obdelavo podatkov lahko naredimo tudi druge analize, na primer odstotek ozelenitve v mestih,
dolocanje lokacij s spremembami (na primer v¢asih je bila stavba, zdaj je ni ve¢), bolj usmerjeno lahko
dolo¢imo obmodja bonitete, dolo¢imo lahko obliko strehe idr.

6 SKLEP

Cilj te razprave je podati poljudno predstavitev in povecati zavedanje, kaj DOF dejansko je in kaj vse
omogoca. Ni zgolj lepo ozadje, temvec skupek matrik, ki kar kli¢ejo po avtomatiziranih preracunavanjih
in drugih obdelavah za najrazli¢nejse potrebe. Z malce prilagoditev lahko uporabimo veéino algoritmov,
namenjenih analizi in interpretaciji opti¢nih satelitskih podob. Pri tem gre omeniti, da je v primerjavi s
slednjimi DOF vrhunska daljinsko zaznana podoba: zelo visoka prostorska lo¢ljivost, primerna spektralna
locljivost, pokritost ozemlja celotne drzave, zajeta v enakih in kar najbolj ustreznih razmerah (brezobla¢no,
¢im manj senc, ¢im manj bujna vegetacija) idr. Zato bi morali DOF izkoristiti, kolikor je le mogoce. Ideje
na plano, zagotovo jih ne manjka pri nobenem od uporabnikov. Za tehnolosko izvedbo z analiti¢nimi
orodji za obdelavo in interpretacijo podatkov daljinskega zaznavanja pa bodo znale poskrbeti znanstvene
institucije, ki sodelujejo z geodetsko sluzbo.
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REPUBLIKA SLOVENIJA
MINISTRSTVO ZA OKOLJE IN PROSTOR

GEODETSKA UPRAVA REPUBLIKE SLOVENIJE

NOVICE GEODETSKE UPRAVE RS
REDNO VZDRZEVANJE PODATKOV IN OZNACBE POTEKA DRZAVNE MEJE

Na delovno podroéje geodetske uprave RS spada tudi vzdrzevanje ozna¢b poteka drzavne meje, vzpo-

stavitev podatkovne zbirke in posodabljanje podatkov o drzavni meji. Geodetska dela pri vzdrzevanju
drzavne meje z Italijo, Avstrijo in Madzarsko se izvajajo skladno z dolo¢ili meddrzavnih pogodb in na
podlagi sklepov meddrzavnih komisij. V evidenci drzavne meje, ki je temeljna evidenca o mejnih tockah
na drzavni meji, se shranjujejo in posodabljajo podatki o $tevilkah to¢k drzavne meje, sektorju drzavne
meje, nalinu oznacitve tock ter oznakah in koordinatah tock v obeh drzavnih koordinatnih sistemih.
Mejne tocke opisujejo potek drzavne meje Republike Slovenije, ki je skladen z opisom drzavne meje iz
meddrzavnih pogodb. Poleg vzdrzevanja same evidence je treba izvajati strokovno-tehni¢na opravila v
zvezi z oznacevanjem mejne Cree. To v praksi pomeni vzdrzevanje mejnih znamenj, dolo¢anje njihovih

koordinat in zagotavljanje vidnosti mejne ¢ree.

Slika 1: Helikopterska pomoc policije pri delu na terenu (foto: K. Medved).

Eden najzahtevnejsih odsekov (v smislu terenskega vzdrzevanja) je I. sektor drzavne meje med Slovenijo
in Iralijo, ki poteka od Tromeje do prelaza Predel. Meja je speljana ve¢inoma po visokogorju, njena
najvisja tocka pa je Mangart z 2679 metri. Na terenu je mejna ¢rta tega sektorja oznacena z ved kot
dvesto mejnimi znamenji, ki pa niso bila pregledana (vzdrzevana) ze ve¢ kot dvajset let, saj je dostop do
posameznih tock zelo oteZen in na nekaterih odsekih zahteva »alpinisti¢no znanje«. Poleg tega je Cas za

sanacijo odseka relativno kratek, saj morajo vremenske razmere omogocati gibanje v visokogorju (pozno

16473

|431]



o)
~
=
oy

NOVICE | NEWS

432

GEODETSKIVESTNIK

poleti, zgodaj jeseni), da se terenskim ekipam zagotovi varno delo. Na sre¢o imamo na geodetski upravi

posameznike, ki v prostem ¢asu radi planinarijo in so torej vajeni tudi nekoliko zahtevnejsih terenov.

Tako smo v zadnjih letih na uradu za geodezijo sistemati¢no pregledovali/vzdrzevali/merili ta mejni
sektor in dela letos tudi dokonéali. Pri tem smo sodelovali z letalsko policijsko enoto, ki je poskrbela za
helikopterski prevoz materiala in ljudi na tezko dostopne lokacije v visokogorju. S svojim strokovnim
znanjem, izkus$njami in zanesljivostjo so omogo¢ili predvsem varno ter hitro opravljanje nalog, zato se

jim ob tej priloznosti zahvaljujemo za sodelovanje.

Veseli nas, da je uspesno opravljeno obsezno, zelo zahtevno in nevarno terensko delo pri rednem vzdrze-

vanju slovensko-italijanske drzavne meje.

Slika 3:  Primer oznake poteka drzavne meje v skali (levo) in dolocevanje poloZaja mejnega znamenja z izmero GNSS (desno)
(foto: K. Medved).

Zapisal: mag. Klemen Medved, za Geodetsko upravo RS
e-naslov: klemen.medved@gov.si
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OBJAVLJENI PRELIMINARNI PODATKI O SLOVENSKEM NEPREMICNINSKEM TRGU ZA PRVO
POLLETJE 2020

Geodetska uprava RS je na spletni strani objavila preliminarne podatke o slovenskem nepremi¢ninskem
trgu za prvo polletje 2020. Letos je pandemija covid-19 za nekaj casa tako reko¢ zaustavila sklepanje

poslov na slovenskem nepremi¢ninskem trgu.

V Sloveniji je bilo do 15. julija za prvo polletje letosnjega leta evidentiranih priblizno 10.800 sklenjenih
kupoprodajnih pogodb za nepremi¢nine, katerih skupna vrednost je znasala nekaj manj kot 770 milijonov
evrov. V primerjavi z drugim polletjem 2019 sta se tako evidentirano $tevilo sklenjenih kupoprodajnih
poslov kot njihova skupna vrednost zmanjsali za priblizno 40 %. V primerjavi s prvim polletjem 2019 je
bilo Stevilo poslov manjse za 40 %, njihova vrednost pa za 45 %. Priblizno 5450 transakcij s stanovanjskimi
nepremi¢ninami je bilo evidentiranih do 15. julija za prvo polletje leto$njega leta. Stevilo evidentiranih
kupoprodaj stanovanj se je v primerjavi z drugim polletjem 2019 zmanjsalo za 37 %, v primerjavi s prvim
polletjem pa za 36 %. Stevilo evidentiranih kupoprodaj stanovanjskih his se je v primerjavi s prej$njim
polletjem zmanjsalo za 38 %, v primerjavi z enakim obdobjem lani pa za 37 %.

V marcu 2020, ko je bila razglasena epidemija covid-19, se je Stevilo transakcij s stanovanji zmanjsalo
za 28 %, v aprilu, ko je bilo poslovanje z nepremi¢ninami tako reko¢ onemogoceno, pa $e za nadaljnjih
47 %. Tako je bilo aprila v primerjavi s februarjem $tevilo transakeij manjse Ze za 62 %, v primerjavi z
aprilom 2019 pa za 68 %. Stevilo realiziranih transakcij s stanovanji je takoj po omilitvi omejitev zaradi
prepredevanja $irjenja virusa poskotilo. Maja je v primerjavi z aprilom zraslo za 68 %. Se vedno pa je
bilo $tevilo evidentiranih transakcij s stanovanji za 36 % manjse kot pred epidemijo februarja oziroma
za 45 % manjie kot maja 2019. Stevilo transakcij s stanovanjskimi hiami je bilo marca 2020 za 21 %,
aprila pa ze za 49 % manjse kot februarja oziroma za 67 % manjse kot aprila 2019. V maju se je Stevilo
transakcij s stanovanjskimi hiami povecalo za 54 %. V primerjavi s februarjem 2020 je bilo sicer $e

vedno manjse za 38 %, v primerjavi z majem 2019 pa skoraj za polovico.

Po do sedaj evidentiranih podatkih je epidemija covid-19 vplivala na primarni trg stanovanjskih ne-
premicnin bolj kot na sekundarnega, kar kaze na razumljivo ve¢jo zadrzanost kupcev novogradenj med
epidemijo. Predvsem Stevilo transakeij z novimi stanovanji je v prvem polletju leto$njega leta upadlo
bolj kot $tevilo transakcij z rabljenimi stanovanji. Medtem ko je bilo evidentirano $tevilo kupoprodaj
rabljenih stanovanj v primerjavi s prvim in drugim polletjem 2019 manjse za priblizno 35 %, je bilo
Stevilo kupoprodaj novih stanovanj manjse za ve¢ kot 70 %. Preliminarne analize gibanja cen rabljenih
stanovanj, ki praviloma najbolje odraza trende cen stanovanjskih nepremi¢nin, kazejo, da so v Sloveniji
cene v prvem polletju leto$njega leta $e naprej rasle, ne glede na zmanjsanje prometa zaradi epidemije
covid-19. Po sicer Se precej nepopolnih podatkih so se v prvem polletju leto$njega leta cene rabljenih
stanovanj v Sloveniji v primerjavi z drugim polletjem 2019 zvi$ale za 3 %, v primerjavi s prvim polletjem
2019 za 7 % in v primerjavi s prvim polletjem 2018 za 11 %. Povpre¢na cena rabljenega stanovanja na
ravni drzave je prvi¢ presegla mejo 1900 EUR/m?.

Opozoriti je treba, da gre del statistinega zvisanja povpre¢ne cene na ravni drzave v prvem polletju
2020 tudi na ra¢un ve¢jega deleza Ljubljane, kjer so cene stanovanj najvisje, v skupnem $tevilu transakeij
s stanovanji. Po preliminarnih podatkih se je namre¢ delez Ljubljane v skupnem $tevilu upostevanih
transakcij (skupna velikost vzorca) povecal z obicajnih okoli 25 % na skoraj 30 %.
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Ne glede na vse pa se $tevilo nepremic¢ninskih transakeij v prvem letosnjem polletju vendarle ni zmanj-
$alo tako drasti¢no, kot je bilo glede na okolis¢ine morda pricakovati, predvsem zaradi realizacije poslov,
sklenjenih pred razglasitvijo epidemije, in hitrega okrevanja nepremi¢ninskega trga po preklicu epidemije.
Na splo$no so cene stanovanjskih nepremicnin, kljub velikemu dvomese¢nemu upadu stevila transakeij,
$e naprej rasle. Njihova statisti¢na rast sicer ni presenetljiva. Podobnemu pojavu smo bili prica leta 2008,
ko je bil po nastopu krize nepremi¢ninskega trga upad $tevila transakeij $e precej vedji, cene pa so prav
tako zrasle. V tak$nih razmerah se namre¢ prodajajo le $e »boljsa« in ze tako relativno drazja stanovanja,
katerih cene pa se zaradi inercije trga Se ne znizujejo. Konéne ocene vpliva pomladanskih »protikoronskih«
ukrepov bomo lahko podali v jesenskem porocilu o nepremic¢ninskem trgu, ko bodo podatki o prometu
in cenah nepremi¢nin v prvem polletju leto$njega leta bolj ali manj dokon¢ni.

Za nadaljnjo dejavnost trga in gibanje cen nepremic¢nin v leto$njem letu bodo odlo¢ilne gospodarske
posledice epidemije in njihov vpliv na kupno mo¢ prebivalstva, vsekakor pa tudi nadaljnji potek epide-
mije. Kot kaze, smo se za zdaj vedji krizi nepremic¢ninskega trga izognili, ponovna zaustavitev poslovanja
z nepremi¢ninami zaradi naslednjega vala epidemije pa bi skoraj gotovo vodila v globljo in dolgotrajnejso

krizo slovenskega nepremic¢ninskega trga.

Vir: Geodetska uprava RS

PREDLOG ZAKONA O KATASTRU NEPREMICNIN

Ministrstvo za okolje in prostor RS je konec leta 2019 opravilo medresorsko obravnavo osnutka Zakona
o katastru nepremicnin, ki ga je pripravila geodetska uprava RS. Na podlagi prejetih pripomb je nato v
prvi polovici julija 2020 opravilo ponovno medresorsko obravnavo. Sprejetje zakona je predvideno v letu
2020, najkasneje v zaletku 2021., saj je povezano z informacijsko prenovo nepremi¢ninskih evidenc, ki

se izvaja v okviru projekta eProstor.

Glavni cilj novega Zakona o katastru nepremi¢nin je vzpostavitev enotne evidence, imenovane »kataster
nepremiéning, v kateri bodo zdruzeni podatki o parcelah, stavbah in delih stavb v Republiki Sloveniji.
Namen vzpostavitve enotne evidence o nepremi¢ninah je zagotavljanje medsebojne usklajenosti podat-
kov o posameznih entitetah, s tem pa tudi kakovostnega in laZjega dostopa do evidentiranih podatkov.
Uveljavljajo se novi nadini vlaganja vlog v podpori informacijsko-komunikacijske tehnologije, kar omo-
goca pospesitev postopkov vpisa sprememb, razvijanje novih storitev posredovanja obdelanih podatkov
o nepremi¢ninah in zagotovitev dostopa do celovitih podatkov o nepremi¢ninah na enem mestu. Poleg
katastra nepremicnin zakon obravnava podrocje registra prostorskih enot, evidence drzavne meje in registra
naslovov, ki je nova evidenca in zdruzuje vse podatke, ki sestavljajo naslov v Republiki Sloveniji. Bistvena
novost glede na sedanje stanje je, da bodo vse evidence informacijsko zdruzene v enem informacijskem

sistemu, to je v informacijskem sistemu kataster.

Zakon o katastru nepremi¢nin prinasa spremembe predvsem na podro¢ju naslednjih vsebin:

— vzdrzevanje podatkov o parcelah, stavbah in delih stavb v enotni evidenci,

— dolocitev enotnega postopka — tako imenovanega »katastrskega postopka,
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— evidentiranje obmodja sluznosti in obmodja stavbne pravice v katastru,

— zacasni vpis podatkov v kataster nepremic¢nin za obmod¢je sluznosti in stavbne pravice,

— shranjevanje in vzdrzevanje podatkov o sestavinah delov stavb (na primer atrijev, parkirnih mest),

— evidentiranje podatkov ob upostevanju pravne varnosti lastnikov nepremic¢nin; dodan je nov institut
strokovne napake, v okviru katerega se lahko stranka, ki zatrjuje, da se je v katastrskem postopku
zgodila strokovna napaka, pritozi (tako imenovano drugo mnenje).

Predlog zakona dolo¢a dve poti vpisa podatkov o nepremi¢ninah v kataster nepremic¢nin. Prva je vpis
podatkov o nepremi¢ninah z elaboratom, ki ga izdela geodetsko podjetje, projektant za nekatere spre-
membe podatkov, dogovorjene v zakonu, ali pa sodni izvedenec. Drugi nacin vpisa podatkov pa je vloga

brez elaborata, pri ¢emer podatke predloZi vlagatelj na predpisanem obrazcu.

Vzporedno s pripravo zakona se v okviru projekta eProstor izvaja tudi informacijska prenova nepremic-
ninskih evidenc. Bistven prispevek informacijske prenove je vodenje vseh podatkov v enotni, povezani
podatkovni zbirki (informacijski sistem kataster), elaborate bo v informacijski sistem katastra vlagalo
geodetsko podjetje (ali projektant ali sodni izvedenec), s ¢imer se bodo tehni¢ne pomanjkljivosti elabo-
rata preverile Ze ob njegovi oddaji. Prav tako bo zahtevo za vpis podatkov oddalo geodetsko podjetje (ali
projektant ali sodni izvedenec) kot pooblas¢enec vlagatelja.

Slika 4:  Primer vizualizacije podatkov katastra nepremicnin.

Vir: eProstor in Geodetska uprava RS
Zapisala: mag. Ema Pogorelcnik, za Geodetsko upravo RS
e-naslov: ema.pogorelcnik@gov.si

DESETA FAZA IZBOLJSAVE ZEMLJISKOKATASTRSKEGA PRIKAZA

Projeke Lokacijska izboljsava zemljiskokatastrskega prikaza, ki je casovno umes¢en od marca 2018 do oktobra
2020, se izvaja skladno s sprejetim ¢asovnim nacrtom. Operativna skupina geodetske uprave, ki na podlagi
podatkov iz evidence zemljiskega katastra in dodatno pridobljenih podatkov zunanjega izvajalca skrbi za

izboljsavo po posameznih katastrskih ob¢inah, je v avgustu 2020 koncala obdelavo podatkov iz obmogja
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devete faze (obmoc¢na geodetska uprava Nova Gorica ter geodetske pisarne Ajdovs¢ina, Idrija in Tolmin).

Konec avgusta 2020 se je zacela obdelava podatkov iz obmodja desete faze. V njenem okviru bodo iz-
bolj$ani podatki zemljiskokatastrskega prikaza 207 katastrskih ob¢in na obmo¢ju obmoéne geodetske

uprave Koper ter geodetskih pisarn Postojna in Sezana.

V celoti je izboljsava ze predhodno dokon¢ana na obmogjih geodetskih pisarn: Murska Sobota, Lenda-
va, Novo mesto, Crnomelj, BreZice, Sevnica, Krsko, Trbovlje, Litija, Slovenj Gradec, Velenje, Mozirje,
Slovenske Konjice, Slovenska Bistrica, Gornja Radgona, Ljutomer, Celje, Sentjur pri Celju, Smarje pri
Jelsah, Zalec, Domzale, Grosuplje, Ljubljana, Logatec, Kocevje, Maribor, Ptuj, Kranj, Radovljica, Skofja
Loka in dela geodetske pisarne Koper. Do konca avgusta 2020 je bilo skupno obdelanih ze 2515 kata-
strskih obéin, kar pomeni 93 % vseh katastrskih ob¢in. Zunanji izvajalec, ki s terenskimi meritvami in
drugimi metodami zajema podatke, potrebne za izvedbo izboljsave, je koncal zajem podatkov za vse faze.
Rezultati lokacijske izboljsave se sproti vkljucujejo v evidenco zemljiskega katastra, tako v produkcijsko

kot tudi distribucijsko okolje.
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Slika 5:  Katastrske obcine, v katerih je bila izboljSava ZKP Ze izvedena (avgust 2020; vir: Geodetska uprava RS).

Vir: eProstor in Geodetska uprava RS
Zapisal: Franc Ravnihar, za Geodetsko upravo RS
e-naslov: franc.ravnihar@gov.si
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PROJEKT V ENO MREZO VPETIH 200 LET PROSTORSKIH INFORMACIJ MED FINALISTI
NATECAJA PREMIK NAPREJ 2020

Na Fakulteti za upravo Univerze v Ljubljani so tudi v leto$njem letu v okviru XXVII. Dnevov slovenske
uprave pripravili nate¢aj Premik naprej 2020, katerega namen je predstaviti in promovirati inovativne
reSitve za udinkovitejo in uspe$nejso javno upravo. Na natecaj je prispelo 15 prijav. Vsak prijavljeni
projekt oziroma resitev predstavlja posebno izbolj$avo na posameznem problemskem podroéju. Strokovna
komisija, sestavljena iz strokovnjakov s podrodja javnega sektorja, je na podlagi meril aktualnost, inova-
tivnost, ucinki uporabe izbolj$ave in $ir$a druzbena korist izbrala pet finalistov natecaja (po abecednem

redu naslovov projektov), in sicer:

— Avtomatizacija prenosa podatkov med zaledno aplikacijo prekr$kovnega organa in mobilnimi enota-
mi pri obravnavi in odvozu zapuscenih in nepravilno parkiranih vozil. Prijavitelj: Mestno redarstvo
Mestne ob¢ine Ljubljana.

— Model osrednjega klicnega centra za obves¢anje in ozave$¢anje javnosti v ¢asu epidemije. Prijavitelj:
Urad Vlade Republike Slovenije za komuniciranje.

— Platforma za upravljanje z invazivnimi tujerodnimi rastlinami. Prijavitelj: Mestna ob¢ina Ljubljana.

— Unovc¢evanje turisti¢nih bonov. Prijavitelj: Finan¢na uprava Republike Slovenije.

— Veno mrezo vpetih 200 let prostorskih informacij. Prijavitelj: Geodetska uprava Republike Slovenije.

Predlog geodetske uprave je povezan s programom projektov eProstor. Izvedena izboljsava je na eni
strani tehni¢no in strokovno najobseznejsa naloga, na drugi strani pa velik miselni preskok v dojemanju
prostorskih podatkov, ki najbolj zaposluje Geodetsko upravo RS in tudi druge deleznike geodetske
stroke. Svet je danes zaradi razvoja in splo$ne dostopnosti tehnologij vse bolj digitalen in povezan, zato
je treba tudi prostorske podatke oziroma informacije o nepremi¢ninah in druge podatke pretvoriti v
digitalno obliko ter jih vpeti v enotno drzavno infrastrukturo za prostorske informacije, ki je zdruzljiva

z evropsko infrastrukturo. Taksna digitalizacija prostorskih podatkov omogoca raznoliko uporabnost,
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NOVICA ZVEZE GEODETOV SLOVENIJE
VOLILNA SKUPSCINA ZVEZE GEODETOV SLOVENIJE 2020, SLAP PRI VIPAVI, 4.9. 2020

Tokratni prvi sonéen septembrski petek je v Vipavsko dolino privabil predstavnike Zveze geodetov

Slovenije in sedmih geodetskih drustev. Zbrali smo se v ¢udovitem ambientu gostitelja Vina Petri¢ v

Slapu pri Vipavi.

Zaradi odloditve predsednika mag. Blaza Mozetica, ki je konec leta 2019 ¢lanom izvr$nega odbora
Zveze geodetov Slovenije podal odstopno izjavo, je bila sprva predvidena skups¢ina 12. marca 2020,
na dan pred izvedbo Geodetskega dneva 2020. Takratne negotove razmere in pojav koronavirusa
SARS-CoV-2 ter bolezni covid-19 pa so bile razlog, da je bila skup$éina Zveze geodetov Slovenije

prestavljena.

Slika 1:  UdeleZenci skupscine. Slika 2:  Delovno predsedstvo.

Predsednik Zveze geodetov Slovenije mag. Blaz Mozeti¢ je v uvodu pozdravil vse navzoce ter preveril
sklep¢nost. Skupscina je bila sklepna, saj je bilo prisotnih ve¢ kot polovica delegatov, od katerih so bila
zastopana vsa geodetska drustva. Predsednik je podal predlog delovnega predsedstva, ki je bil soglasno

potrjen.

V nadaljevanju je prevzel besedo predsednik delovnega predsedstva g. Joze Dajnko in glede na dnevni
red predal besedo mag. Blazu Mozeti¢u, da navzodim poda porocilo o delovanju zveze za leto 2019. Na
kratko je bilo predstavljeno vsebinsko in finanéno porotilo, na katerega ni bilo pripomb. Ze pred skup-
§¢ino sta bili namre¢ nadzornemu odboru posredovani v pregled finan¢no porodilo, ¢lanom izvrnega

odbora pa porodilo o delu za leto 2019. Glede ¢lanarine je izvr$ni odbor posredoval mnenje, da ostane
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nespremenjena, kar je bilo tudi izglasovano na skup$¢ini. Predsednik, ki je zvezo vodil od leta 2017, se je
zahvalil za sodelovanje v pred¢asno zaklju¢enem mandatu. Pomembni dogodki so se vrstili v drustvenem,

strokovnem prostoru kot tudi na mednarodni ravni.

Slika 3: Predsednik mag. Blaz Mozetic.

Slika 4: Kandidat za predsednika ZGS dr. Tilen Urbancic.

V nadaljevanju je sledil najpomembnejsi del — volitve novega predsednika Zveze geodetov Slovenije. Za
polozaj sta prispeli dve kandidaturi, in sicer je Ljubljansko geodetsko drustvo predlagalo asist. dr. Tilna
Urbandica, dolenjsko geodetsko drustvo pa mag. Gregorja Klemencica. Kandidata sta predstavila svoje

dosedanje delo, kandidaturo in program za naslednja $tiri leta.

Mag. Gregor Klemendi¢ je predstavil dosedanjo poklicno pot ter kot direktor podjetja v gospodarstvu
podal klju¢ne tocke, na katerih se bo zavzemal ob morebitni izvolitvi. Sledila je predstavitev kandidata
Tilna Urbancica, zaposlenega na Fakulteti za gradbeni$tvo in geodezijo, ter njegovih klju¢nih ciljev na

podrodju delovanja Zveze geodetov Slovenije.
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Oba kandidata sta poudarila, da se bosta zavzemala za krepitev regionalnega, strokovnega, medsektor-
skega in medgeneracijskega sodelovanja. Oba menita, da je treba okrepiti dejavnosti zveze in prispevati
k prepoznavnosti stroke v slovenskem prostoru, pripraviti strategijo geodetske stroke, vzpostaviti aktivni
stik z javnostjo, se zavzemati za pomembnejso vlogo pri pripravi zakonodaje idr.

Sledile so volitve za predsednika Zveze geodetov Slovenije, ki so potekale tajno. Se pred tem je predsednik
delovnega predsedstva podal predlog glede volilne komisije, in sicer je za predsednika predlagal Alesa
Novaka, za ¢lana pa Janeza Dularja in Milana Brajnika. Glasovalo je 32 delegatov sedmih geodetskih
drustev. Z minimalno razliko je $tiriletni mandat dobil mag. Gregor Klemencic, ki je pozel velik aplavz

stanovskih kolegov.

Novoizvoljeni predsednik Zveze geodetov Slovenije mag. Gregor Klemencic¢ se je zahvalil za zaupanje
in ponovno poudaril klju¢ne spremembe, za katere se bo zavzemal. Dejal je, da bosta s protikandi-
datom dr. Tilnom Urbanc¢i¢em sodelovala na ravni Zveze geodetov Slovenije. Glede na izid volitev
je bilo ¢utiti, da so Zelje po skupnem delovanju vseh nas, kajti le s sodelovanjem lahko kot stroka in
posamezniki dosezemo vedjo prepoznavnost. Vsak lahko na svojem podro¢ju dodamo kamencek v
mozaik nove zgodbe.

Slika 5: Novoizvoljeni predsednik mag. Gregor Klemencic.

Skupno petkovo popoldansko sre¢anje smo zakljucili, kolikor je bilo zaradi razmer mogoce, ob izvrstni

hrani in pijaci, spros¢enem klepetu in prijetni druzbi stanovskih kolegow.

Jozica Marinko, za Zvezo geodetov Slovenije
e-naslov: jozica.marinko@gov.si
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DOLENJSKO
GEODETSKO

DRUSTVO
NOVICA DOLENJSKEGA GEODETSKEGA DRUSTVA

DGD IN REDNI LETNI ZBOR CLANOV

Kljub epidemioloskemu stanju nam je junija le uspelo izpeljati leto$nji zbor ¢lanov. Tokrat smo si za cilj

izbrali vodarno Jezero in Matjazevo domacdijo.

Slika 1:  Vodarna Jezero.

Voda je pomembna dobrina, je osnovni pogoj za 7ivljenje vseh zivih bitij. Ceprav prevladuje misljenje, da je
voda nekaj samoumevnega, postaja dostop do nje vse bolj pereca svetovna tezava. Zato treba skrbeti tako za
kakovost kot za kolic¢ino pitne vode. Potrebna je tudi odgovornost, ki se za¢ne Ze pri posamezniku. Za dobro
vodo smo odgovorni vsi! Komunala Novo mesto izvaja sluzbo oskrbe s pitno vodo na obmoéju osmih ob¢in,
kjer upravlja 860 kilometrov vodovodnega omrezja in priblizno 19.000 vodovodnih priklju¢kov, s katerimi
zagotavlja oskrbo za priblizno 63.000 uporabnikov. Voda se zagotavlja iz osemnajstih virov, iz katerih letno
nacrpajo 5,3 milijona m3 vode. Najvedji delez prispevata dva vodna vira (Jezero in Stopice), ki pa sta s stalisca
kakovosti nestabilna, saj vsako obilnejse dezevje povzrodi povisanje motnosti. Tako je bilo nezadovoljstvo
uporabnikov iz leta v leto vedje in iskanje poti za izboljsanje kakovosti vode prednostna naloga pri vlaganju v
vodovodno infrastrukturo. Vodno zajetje sestavlja dvanajst vrtin, izvrtanih v dno zbirnega vodnjaka, v obliki
krozne pahljate z odmikom od vertikale od 0° do 20°, in globokih med 60 in 70 metri, ter zbirni vodnjak
svetlega premera @ 2.000 mm in globine priblizno 4,5 metra, ki sega delno pod objekt ¢rpalisca. Kasneje
(1987) so bile, priblizno pet metrov severno od zbirnega vodnjaka, izvrtane $e Stiri dodatne vrtine, ki so zajele
$e dodatne koli¢ine podzemne vode. Skupna izdatnost je ob izdelavi dosegala 220 I/s, a s je s casom znizala,
tako da trenutno znasa priblizno 160 I/s. Kakovost podzemne vode ve¢inoma ni v skladu s pravilnikom o
pitni vodi. Motnost v povpredju dosega 2 NTU in ob moc¢nejsih padavinah presega vrednosti 10 NTU.
Temperatura vode niha v mejah od 17 do 19° C, odvisno od infiltracije meteorne vode. Tudi bakterioloska
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slika surove vode ne ustreza kriterijem za pitno vodo, pogosto je kontaminirana tudi s klicami fekalnega izvora.

Vodarno Jezero so zaceli graditi v zacetku leta 2016. Postavili so nov del vodarne in v celoti rekonstruirali
stari objekt iz leta 1974. Posebnost projekta je bila v tem, da je med celotno izvedbo del ¢rpalisce Jezero
delovalo nemoteno, saj namre¢ nima rezervnega vodnega vira. Vodarna je bila poskusno zagnana 15. 9.
2016 in od zacetka filtracije vse do danes ni bilo potrebno prekuhavanje kot posledica povisane motnosti.
Na vodnem viru je bila uporabljena tehnologija ¢i¢enja vode, ki je vkljucevala pred¢iscenje z aktivnim
ogliem (GAC) in kon¢no ultrafiltracijo (UF). Cis¢enje poteka v naslednjih fazah:

— zajem vode s ¢rpalkami in dvig tlaka, primeren za postopek filtracije (2 bara),

— (dis¢enje z aktivnim ogljem (GAC),

— (iS¢enje s koagulacijo (samo v izrednih razmerah, dodajanje flokulanta FeCl3),

— ultrafileracija (UF),

— dezinfekcija (C),

— povratno izpiranje in ¢i$¢enje aktivnega oglja ter UF-filtrov.

Slika 2:  Geodeti »nad vodox.

Cis¢enje vode poteka v zaporedno vezanem sistemu, tako da je pretok na vseh tockal linije enak oziroma
je prek vstopnih ¢rpalk enak vtoku v rezervoar iste vode. Pretok vstopne érpalke je krmiljen s frekvenéno
regulacijo, ki regulira pretok med 40 in 160 1/s. Tlak za ¢rpalkami je nekaj visji od dveh barov in je
enoten v celotnem sistemu ¢is¢enja vode. Investicija, ki je bila izvedena v okviru kohezijskega projekta
Hidravli¢na izbolj$ava vodovodnega sistema na obmodju osrednje Dolenjske, je uspesen projekt na
glede na zaplete, ki so ga spremljali in kot poveéini spremljajo vsak vedji gradbeni projekt. Problematika
motnosti vode iz »pipe« je Dolenjce spremljala od samega zacetka vodovoda in je bila tako reko¢ povsem
obi¢ajno stanje, na katero se s¢asoma navadis in se mu prilagodis. Tako ni bilo ni¢ nenavadnega, da so
ob vsakem deZevju na »Komunali« zvonili telefoni z vprasanji, ali je voda $e pitna in ali jo je Ze treba
prekuhavati. Kaj pomeni prekuhavanje vode in kak$ne tezave povzroca, najbolj vedo v velikih obratih
za pripravo hrane in vrecih, kjer ni bilo mogode zagotavljati priprave zivil po predpisanem postopku
HACCP. Zagon vodarne in neposredni u¢inek ¢is¢enja vode je zato takoj zaznalo 50.000 uporabnikov.
Ker je voda prepletena z nadim bivanjem in velik del vseh nas, ni vseeno, kaj popijemo. Ce pogledamo
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na pridobitev tudi s te plati, je to nalozba v zdravje in prav gotovo tudi v vi§jo kakovost bivanja. (Vir:
Odprava motnosti pitne vode s postopkom ultrafiltracije; Komunala Novo mesto, Iztok Zorko) Druzenje
smo nadaljevali na MatjaZevi domadiji v vinorodni gorici Gréevje nad Novim mestom, kjer se druzina Pavlin
ukvarja z vinogradnistvom, nastanitvijo v zidanicah in sprejemi razli¢nih skupin. Ve¢ o prijetni domaciji, kjer

lahko izkoristite tudi turistiéne bone, na njihovi spletni strani https://www.matjazeva-domacija.si/.

Slika 3:  Matjazeva domacija. Slika 4:  Kako je dobro.

Po sprejemu in ogledu domacije smo nadaljevali z rednim zborom ¢lanov DGD. Predsednik drustva
Janez Dular je podal poro¢ilo o delu v preteklem letu. Za nami je delovno leto, saj smo v marcu 2019

uspesno organizirali Geodetski dan v Novem mestu.

Slika 5: Predsedstvo med delom.

Strokovne ekskurzije v leto$njem letu zaradi epidemije ne bomo izvedli v tradicionalnem terminu, ampak
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bomo pocakali primernejée ¢ase. Pred nami je tudi volilna skups¢ina ZGS, kjer bo za predsednika ZGS
kandidiral na$ ¢lan mag. Gregor Klemenci¢. V nadaljevanju je mag. Brane Kova¢ predstavil nastajanje svoje
knjige, povezane z delom geodeta, predvsem na podro¢ju sodnega izvedenistva. Svoja dela je predstavil
tudi mag. Janez Slak. Podal je nekaj informacij o projektu eProstor in o izdaji publikacij v njegovem

okviru. Poleg Ze izdane Dedif¢ine katastrov na Slovenskem sta v nastajanju Se dve, in sicer Katastrski

naérti skozi ¢as ter Od gosjega peresa do ra¢unalniskega oblaka.

Sledil je sprejem novih ¢lanov, in sicer smo v svoje vrste sprejeli: Nataso Jozef, Katjo Andrejci¢ ter Andraza
Erc¢ulja. V leto$njem letu se je vélanil tudi Marko Hribar iz UE Grosuplje, ki se zbora ni udelezil in ga

sprejem $e ¢aka. Na mladih svet stoji, zato smo Se kako veseli vsakega novega obraza!

DRUSTVENE NOVICE | NEWS FROM SOCIETIES

Slika 6:  Sprejem novih ¢lanov.

Zbor smo sklenili v prijetnem klepetu ob kozarcku dolenjskega posebneza. Pozdravila nas je tudi héerka
gostitelja v vlogi vinske kraljice 2020. Nazdravili smo s kralji¢inim vinom — modro frankinjo plus vinarstva

Martindi¢. Ni za verjeti, ampak dolenjski geodeti znamo tudi kak$no zapeti.

Zapisala: Melita Rataj, za Dolenjsko geodetsko drustvo
e-mail: melita.rataj@gov.si

Fotografije: Janko Novak, za Dolenjsko geodetsko drustvo
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IN MEMORIAM

1955-2020

Zapustil nas je nas dobri prijatelj in vedno mladostni sodelavec Marino Vre$nik. Spominjali se ga bomo
kot ¢loveka, ki je bil poln energije, vedno pozitivno naravnan in posten do ljudi, tako do sodelavcev kot

do strank, ki jih je srecal pri delu.

Rojen je bil 8. novembra 1955 v Ljubljani. Po osnovni $oli se je vpisal na gradbeno tehnisko $olo, kjer
je leta 1976 pridobil znanje za poklic geometra. Izobrazevanje je nadaljeval na Fakulteti za gradbenis$tvo

in geodezijo ter leta 1980 diplomiral.

Vecino poklicne poti je prehodil kot vsestranski inzenir geodezije na Geodetskem zavodu Slovenije in
nato od leta 2008 v Geodetski druzbi iz Ljubljane. Ceprav je v glavnem opravljal terenska geodetska
dela, je najvedji pecat pustil na podro¢ju komasacij. Taksno delo mu je bilo pisano na koZo, saj je bil rad
v stiku z ljudmi. Delal je po vsej Sloveniji, najbolj pri srcu pa so mu bila prekmurska delovis¢a. A ne

glede na to, kje je delal, povsod je pustil deléek sebe.

Delati z njim je bilo vedno zanimivo in dale¢ od dolgocasnega. Terenskih in drugih prigod se je v letih
nabralo toliko, da bi za njihov zapis potrebovali kar obsezno knjigo. Mlajsim sodelavcem je bil vedno
pravi neformalni mentor. Zelence, ki so $ele zacenjali spoznavati delo na komasacijah, je usmerjal in
spodbujal ter jim nesebi¢no pomagal, kadar koli so imeli vprasanja, dileme ali tezave. Tako je vzgojil
nekaj mladih nadobudnih projektantov komasacij in jim predal Stafeto.

Leta 2016 se ga je nenadejano lotila zahrbtna bolezen. Njegova energija in pozitivnost ga zal nista ob-

varovali. Zapustil nas je 4. 9. 2020.
Veliko smo se druzili — na terenu, v pisarni in tudi v prostem ¢asu. Vendar, ko gledamo nazaj, $e vedno premalo.
Dragi Marino, pocivaj v miru.

Vsi tvoji sodelavei iz Geodetske druzbe
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RAZNO

MAGISTRSKI STUDIJSKI PROGRAM DRUGE STOPNJE GEODEZIJA IN GEOINFORMATIKA

David Arnu$ Analiza funkcionalnih regij v Sloveniji po spolu delovno aktivnega prebivalstva
Mentor: doc. dr. Samo Drobne
URL: https://repozitorij.uni-lj.si/lzpisGradiva.php?id=117357

Matic Klancisar ~ Obdelava kinematicnih terestricnih meritev s Kalmanovim filtrom

Mentor: izr. prof. dr. Tomaz AmbroZi¢

Somentor: asist. Gasper Stebe

URL: https://repozitorij.uni-lj.si/lzpisGradiva.php?id=116097

Aleksandar Primerjava klasi¢nega in popolnega ortofota z vidika kakovosti in ekonomicnosti izdelave
Sasi¢ Kezul

Mentorica: doc. dr. Mojca Kosmatin Fras

Somentorica:  Katja Sustersi¢

URL: https://repozitorij.uni-lj.si/lzpisGradiva.php?id=117353

Leja Spiler Opazovanje obsega ledu na Grenlandiji z daljinskim zaznavanjem
Mentor: prof. dr. Kristof Ostir

URL: https://repozitorij.uni-Ij.si/lzpisGradiva.php?id=116124

Patricija VrhovSek Prepoznavanje japonskega dresnika s posnetkov multispektralnega fotoaparata

Mentor: doc. dr. Dejan Grigillo
Somentor: asist. dr. Klemen Kozmus Trajkovski
URL: https://repozitorij.uni-lj.si/lzpisGradiva.php?id=117358

MAGISTRSKI STUDIJSKI PROGRAM DRUGE STOPNJE PROSTORSKO NACRTOVANJE

Klemen Beli¢ic  Predlog regionalne zasnove prostorskega razvoja turizma na primeru Bele krajine

Mentorica: doc. dr. Alma Zavodnik Lamovsek
Somentor: doc. dr. Gregor Cok
URL: https://repozitorij.uni-lj.si/lzpisGradiva.php?id=117355
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Marko Jalovec  Analiza umestitve sredisc za oskrbo starostnikov v Sloveniji
Mentor: doc. dr. Samo Drobne
URL: https://repozitorij.uni-Ij.si/lzpisGradiva.php?id=117354

INO | MISCELLANEQUS

Ana Mestnik Sonaravni ukrepi v nacrtovanju rabe prostora za zmanjsanje erozijske nevarnosti na poplavnih obmogjih

RA

Mentor: prof. dr. Franc Steinman
Somentor: doc. dr. Gasper Rak
URL: https://repozitorij.uni-lj.si/lzpisGradiva.php?id=117356

UNIVERZITETNI STUDIJSKI PROGRAM PRVE STOPNJE GEODEZIJA IN GEOINFORMATIKA

Marko Mauhar  Izdelava karte zgornje doline Kolpe iz podatkov OpenStreetMap

Mentor: doc. dr. Dusan Petrovi¢

Somentor: asist. dr. Klemen Kozmus Trajkovski

URL: https://repozitorij.uni-lj.si/lzpisGradiva.php?id=116830

Zan Pleterski lzmera geodetske mreZe za izracun premikov tock plazu Cikla
Mentor: doc. dr. Ale$ Marjetic

Somentor: asist. dr. Tilen Urbanci¢

URL: https://repozitorij.uni-lj.si/lzpisGradiva.php?id=117825

VISOKOSOLSKI STROKOVNI STUDIJSKI PROGRAM PRVE STOPNJE TEHNICNO
UPRAVLJANJE NEPREMICNIN

Andraz Dimc Umestitev Antonijevega rova v Idriji v drZavni koordinatni sistem

Mentor: doc. dr. Bozo Koler
Somentor: asist. dr. Tilen Urbancic
URL: https://repozitorij.uni-lj.si/lzpisGradiva.php?id=117542

Vir: Univerza v Ljubljani, Fakulteta za gradbenistvo in geodezijo UL FGG
Za studijski referat: Teja Japelj
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STRAN ZA POPRAVKE, ERRATA

GEODETSKIVESTNIK ST. 2, LETNIK 64

Stran z napako Vistica z napako Namesto Naj bo

258 27 aerosnemanje aerosnimanje
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APRIHODNOS ]
JE TREBA-SE ZGRADITI

GRADBENISTVOD, DKOLJSKD GRADBENISTVD IN GEODEZIJA
SKOZI CELOTND ZGODOVIND ELOVESTVA PREMIKAJD MEJE INANEGA.
PRIHODNOST PRINASA TRAJNOSTNE IZZIVE NA ZEMLJI IN NOVE V VESOLJL.

BOS ZRAVEN, KD SE Bg GRADILA PRIHODNOST?

Fakulteta za gradbenistvo in geodezijo
Vpisi se na Fakulteto za gradbenistvo in geodezijo
Univerze v Ljubljani z mednarodno priznano diplomo.

Fakulteta redno izvaja bolonjske
studijske programe L., Il. in lll. stopnje!
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GEODETSKI INSTITUT SLOVENIJE

@8 Geodetski referencni sistem, SIGNAL

@ Prostorski podatki, statistike in analize

@ Nepremiéninske evidence in upravljanje z nepremiéninami
@ Daljinsko zaznavanje, fotogrametrija in lasersko skeniranje
@ Hidrografija

@@ Kartografija

@ Geografski informacijski sistemi (GIS)

@ Lokacijske storitve in navigacija

@ lzdelki za orientacijo in mobilnost ranljivih skupin

@ Razvoj kazalnikov in veérazsezna vizualizacija

@ Priprava in vodenje mednarodnih projektov

@ Izobrazevanje

@ Izdelava prostorskih maket

@ Graficne storitve

Geodetski institut Slovenije, Jamova cesta 2, 1000 Ljublijana

<= tel.: 01 200 29 00, faks: 01 425 06 77, e-posta: info@gis.si
medmrezje: www.gis.si

£
o

Laserskega skeniranja Slovenije 2014-2015

Spostovani,

obvesc¢amo vse deleznike, da je delo s strankami na lokacijah Gl na Jamovi cesti 2 in Zemljemerski ulici 12
v Ljubljani za ¢as groznje z okuzbo s koronavirusom COVID-19 omejeno na telefonsko komunikacijo
in poslovanje preko spleta. Dosegljivi smo na telefonski Stevilki 01 200 29 00 in e-naslovu info@gis.si .
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Geodetski vestnik je odprtodostopna revija, ki izhaja Stirikrat letno v tiskani in spletni razli¢ici. V Geodetskem ve-
stniku objavljamo recenzirane znanstvene in strokovne ¢lanke, pregledne ¢lanke, strokovne razprave ter druga
podobna dela s podrocij geodezije, geodetske izmere, daljinskega zaznavanja, fotogrametrije, geoinformatike,
prostorske podatkovne infrastrukture in prostorskega podatkovnega modeliranja, sistemov v podporo odloc¢anju
v prostoru, upravljanja zemljis¢ in prostorskega planiranja. Kot glasilo Zveze geodetov Slovenije objavljamo tudi
novice v geodetski stroki, kar vkljucuje novosti drzavne geodetske uprave, novosti nacionalnih in mednarodnih
strokovnih zdruzenj, porocila o projektih in dogodkih, sporocila ¢lanom zveze in podobne zapise.

Vec informacij o reviji in navodila za pripravo prispevkov najdete na spletni strani revije www.geodetski-vestnik.com.

Geodetskivestnikis an open access journal, issued quarterly in print and online versions. It publishes double-blind
peer-reviewed academic and professional articles, reviews, discussions, and related works from the fields of ge-
odesy, land surveying, remote sensing, photogrammetry, geoinformatics, spatial data infrastructure and spatial
data modelling, spatial decision support systems, land management, and spatial planning. As the bulletin of
the Association of Surveyors of Slovenia, the journal also publishes news in the surveying profession, including
news from the surveying and mapping authority of Slovenia, news from national and international professional
societies, reports on projects and events, communications to members, and similar reports.

More information about the journal and instructions for authors is available at www.geodetski-vestnik.com.
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