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Souhrn

Povrchova téiba téice postihuje krajinu a pUsobi v ni nevratné zmény. PosttéZebni krajiny se
zpravidla velmi lisi od plvodnich krajin. Tato prace ma za cil ukdazat, jak Ize modelovat krajinu pred
tézbou, stavajici i tu cilovou, kdy je vhodné pouzit vektorovy nebo rastrovy model, jak vyuZivat
historickd data k analyze krajinnych a funkénich charakteristik téZebnich krajin v rlznych c¢asovych
obdobich. Na pfrikladech krajiny v Podkrusnohofi a Kladenska je ukdzano, jak lze analyzy pouzit
v hodnoceni zranitelnosti posttézebni krajiny, pfirodniho potencidlu nebo vizudlnich kvalit, aby mohly
slouzit k podpore rozhodovani v rdmci krajinného, Uzemniho nebo regionalniho planovani.

Klicova slova
TéZebni a posttézebni krajina, land use model, hodnoceni funkci, historicka data

Summary

Open cast mining affects landscapes heavily and is mostly irreversible. Post-mining landcapes often
differ considerably from the original ones. This work aims at presenting, how the pre-mining, current,
and post-mining landscapes can be modelled, what is the right choice of raster or vector model, how
to use historical data for analysis of landscape and functional properties of the post-mining
landscapes at various time scenarios. The landscapes of Krusné hory foothills (Sokolovsko) and of the
hard coal mines at Kladno were examined and the landscape vulnerability, nature potential or visual
qualities were derived from the land use models. The obtained classification can be used for further
decisions within landscape management or territorial planning.
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Mining and post-mining landscape, land use model, assessment of functions, historical data
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Uvod

V celém svété Cinnosti spojené s tézbou surovin vazné narusuji kulturni krajiny (Walker et Willig,
1999). Zejména povrchova tézba nahrazuje byvalou dynamickou rovnovahu krajiny nebo vede
k rozvoji novych ekosystémil (Rehounek et al. 2010). Ve 20. stoleti dostupnost primyslové tézby
podporena novymi vykonnymi technologiemi akcelerovala totalni zménu krajiny na regionalni Grovni
témér ve vsech velkych téZzebnich oblastech na svété. V této souvislosti je tézba hnédého uhli
ve stfedni Evropé prikladem nejen devastace ale soucasné i rlznym pfistupem k feseni. Rozsahlé
posttéZebni krajiny jsou znamy z Némecka, Ceskd republiky nebo Polska a proces technické tvorby
novych krajin po povrchové tézbé hnédého uhli je nejen stale v realizaci, ale je predmétem mnohych
zkoumani a diskuzi.

V Ceské republice se posttézebni krajiny, tedy krajiny, ve kterych je téZba nerostnych surovin
urcujicim hybatelem zmén, nachdzeji pfedevsim v mistech tézby hnédého a ¢erného uhli a v mensim
prostorovém rozsahu presto s vyznamnym vlivem na krajinu pri tézbé kamene, vapencl a pisku.
Hnédouhelné panve s aktivni téZbou (Severoceskd a Sokolovskd) lezi na Upati Krusnych hor (Obr. 1)
a vlastni dobyvaci prostory a haldy zde zabiraji plochu vice jak 200 km?, to je asi 0,25 % rozlohy CR,
a pfimo &i neptimo ovliviiuji tvar a fungovani krajiny v Gzemi zhruba 1000 km®.

Uzemi pfimo dotéené té2bou hnédého uhli N e/ ‘\-‘ Koubi Krupka-;'.
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Obr. 1: Uzemi v Podkru$nohorském regionu, na kterych se vyskytuje vysypka nebo d(l. Zpracovano
z dat CENIA — CORINE 2006 a DMU25 ke dni 31.1.2012

Tézba ¢erného uhli ovlivnila neméné rozsahlad Uzemi, prestoe tato surovina se v Ceské republice
dobyvala a dobyva hlubinnou téZbou. V tzemich Kladensko-Sldnské, Rosicko-Oslavanské a Zacléfsko-
Svatofiovické panvi byla tézba utlumena do konce 20. stoleti a jedinym aktivnim a také
nejrozsahlej$im Gzemim tézby zdstava Ostravsko-Karvinska panev (1500 km?) (Dirner et al. 2010).

Dle soucasné platné ceské legislativy (Horni zdkon ¢&. 44/1988 Sb.) musi byt dualni skody
kompenzovany a nasledky dllini ¢innosti zahlazeny. V pribéhu napliovani cilového vyuZziti novych
krajin a v souladu s nimi se modifikuji i kompenzaéni, sanacni a rekultivacni opatfeni. V sedmdesatych
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letech u nds prevaZovala zemédélska rekultivace. V souvislosti s nizSim vyuZivanim zemédélské pldy
se v soucasné dobé méni struktura rekultivaci ve prospéch lesnickych rekultivaci a rekreacniho vyuziti
nové krajiny. Obdobné jako v sousednim Némecku se téZebni spolecnosti snazi uplatnit i hydrickou
rekultivaci a ostatni vhodné rekultivace vyuzitelné pro podnikatelskou ¢innost. V pfipadé, Ze se jedna
o obnovu Uzemi po barnské Cinnosti pro ostatni Ucely Ize vyuzZit i jiné, netradi¢ni formy rekultivaci.
Tézba, kterd novou krajinu formovala, se i vhodnym zplsobem ,,pfiznava“ jako soucast jeji historie
ajeji vyznamné architektonické nebo geologické pozlstatky se stavaji predmétem ochrany
(Stalmachova 2006).

V Némecku se dokonce hovofi o ,nejvétsim krajinném stavenisti“ Evropy, kdyZ se v luZické tézebni
krajiné rozsahlé cca 2500 km? (Pusch et Hoffmann 2000) nebo dolnosaské (cca 680 km?) uskuteériuji
projekty s cilem nejen obnovit vyuZitelné zemédélské a lesni pozemky, ale vytvofit nové usporadani
na vyssi urovni, zhodnocené dalsi pfidanou hodnotou (Bayerl 2006).

V Polsku, kde povrchova tézba surovin probiha na cca 260 km?, se také v ramci rekultivaci uplatfiuiji
holistické ptistupy s cilem vytvofeni multifunkéni krajiny. Taméjsi rekultivace maji v Polsku, tak jako
téZzba samotna, dlouhou tradici. Dnesni park Bednarskiego v Krakowé je dokonce povazovan za jednu
z vlbec prvnich realizaci rekultivacnich praci v Evropé, byla provedena na konci 19. stoleti
(Kasztelewicz 2010).

Cile prace

PouZit nastroje geografickych informacnich systéml pro vytvofeni vhodného modelu krajiny
v oblastech s dominujici funkci produkce surovin (téZebni krajiny) v rtiznych historickych obdobich.

Na vytvoienych modelech analyzovat krajinné a funkéni charakteristiky tézebnich krajin v riznych
casovych obdobich.

Vyuzit téchto analyz pro hodnoceni pfirodniho potencidlu nebo zranitelnosti posttézebni krajiny.

Literarni prehled

Krajina sama je pojem, ktery vznikal historicky na zakladé vnimani lidi predevsim svého dostupného
(dohlédnutelného a dosazZitelného) okoli. Krajinu si vymezuje kazdy védni obor podle svych potreb,
atak jinak chapou krajinu geografové, ekonomové, historici nebo sociologové. Kender (2000)
dokonce shrnuje pristupy ceskych autord ke zkoumani krajiny do kapitoly ,,typologie teorii o ekologii
krajiny“, v niz ukazuje, Ze Uhel pohledu opravdu nelze omezit. V Evropé nakonec doslo k dohodé nad
pojmem krajina v dokumentu Evropska umluva o krajiné, ktery fika, Ze “krajina” znamena ¢ast uzemi,
tak jak je vnimana obyvatelstvem, jejiz charakter je vysledkem cinnosti a vzajemného pUsobeni
pfirodnich a/nebo lidskych faktor( (Council of Europe 2000). Toto pojeti krajiny tedy integruje jak
prirodni kvality krajiny, tak jeji vyznam pro ¢lovéka, ktery ji obyva a vyuziva. V Evropé propagované
holistické pojeti krajiny navazuje na definice napf. Haase (1990): , biofyzikdlni jednotky jsou tvofeny
pfirodnimi procesy (primarni struktura), zatimco krajiny predstavuji interakci mezi primarni



strukturou, land use a dalSimi lidskymi cinnostmi: nebo Zonnevelda (1995 ex Sklenicka 2003):
,Kkrajinu tvofi soustava systém( vyssiho fadu s fadou subsystémU ve vzajemné interakci, které svou
fyziognomii utvareji zfetelné vymezitelnou ¢ast zemského povrchu a jsou spoluvytvareny abiotickymi,
biotickymi a antropogennimi Ciniteli“. Forman a Godron (1993) ve své definici krajiny ptfimo interakci
s Clovékem nezdUrazniuji, ale Ize ji najit o Uroven struktury niZe, jakou souéast chapani antropogenné
ovliviiovanych (a tedy i udrZzovanych) ekosystém{.

S chapanim a zplsobem zkoumani souvisi i klasifikace/typizace krajin nebo krajinnych typa.

V odborné literature se pouzivaji pro popis souhrnu kvalit krajiny terminy jako klasifikace, typologie
nebo stratifikace, na rozdil od regionalizace, ktera vyliSuje jedinecné souvislé casti krajiny od
ostatnich (Lipsky 1999). Klasifikace je obecny termin, znamend systém nebo cinnost tfidéni. Pokud
ale tfidy neznamenaji popisné jednotky, ale predstavuji spiSe intervaly na néjaké skale, davaji
soucasni evropsti autofi prednost terminu stratifikace (Micher et al. 2010 , Metzger et al. 2005).
Oproti tomu typologie se spiSe da pouzit v situacich, kdy jednotlivé typy predstavuji entity jasné
odlisné od ostatnich.

Co vsak determinuje poutziti klasifikace, je metodicky pfistup, podle kterého vznikla. Do konce 20
stoleti prevlddaly expertni pristupy, zaloZené na expertnim posouzeni a syntéze konkrétnich
(zjistitelnych a méritelnych) dat o krajiné. Vlastnosti, pouzité k expertni definici typd krajin, mohou
byt biogeografické (biochory), morfologické (tvary reliéfu), vegetacni stupné, nebo mira pretvoreni
¢lovékem (Skleni¢ka 2003, Low et Michal 2003, Lipsky et Romportl 2007). V ramci projektu MZP CR
"Typologie Ceské krajiny" (Low et al. 2005) vznikla dosud nejucelenéjsi soustava ramcovych typl
krajiny v CR. Cilem bylo vymezeni typ( krajiny a jejich popis z hlediska jejich pFirodnich,
sociekonomickych a kulturnéhistorickych.

Nevyhodou takovychto klasifikaci je ale generace velkého poctu typl danych kombinacemi poctu
existujicich tfid v jednotlivych kategoriich. Vymezeni tfid (typd) pak je navic zatizeno subjektem
autora a tézko je Ize aplikovat na jina Uzemi. Touto metodikou byly vytvoreny napfiklad typologie dle
Culka (2005), Léwa (2005) nebo mapy v Atlase Zivotniho prostiedi a zdravi CSFR (1992).

Radikalni navySeni dostupnych dat a kapacity vypocetnich systém( vedou k novym metodadm
klasifikace krajiny zaloZené na kvantitativni typologii. Ta je nezavisld na subjektivnim hodnoceni,
nebot pouZiva statisticky zalozené metody (napf. shlukovou analyzu nebo objektové orientovanou
analyzu obrazu). Tyto metody jiz umoziuji vytvofit vystiznou typologii pro rozsahla a diverzifikovana
uzemi, kterd soucasné umoziuje sluovat tfidy podle podobnosti nebo naopak vytvaret podttidy
podle potfebného detailu. Takto vytvofend typologie navic umoZiuje vybirat ndhodné
reprezentativni vzorky krajin pro celé Gzemi kontinentu, at jiz pro Ulohy modelovani scénard, nebo
zjistovani zmén v evropském méritku. Na kvantitativni typologii jsou zaloZeny systémy navriené pro
Evropské krajiny Metzgerem et al. (2005), Miicherem et al (2010), van Eupenem et al. (2012) a dalsi.

Pro Ceské krajiny tento pfistup pouZzili Chuman et Romportl (2010), kdyz analyzovali dostupné tdaje o
7 proménnych utvarejicich krajinu: klima, pady, topografie-nadmofrska vyska, sklon a orientace,
potencionadlni pfirozend vegetace a CORINE land cover. Hledisko uzivani ¢lovékem je vyjadfeno
kategoriemi CORINE. Metodou TWINSPAN pak analyzovali shluky hodnot proménnych a identifikovali
11 odlisnych typt krajin pro CR. Reger et al. (2006) poufili shlukovou analyzu k uréeni typ@ krajin



podle zmény jejich land cover a dalSich charakteristik (nadmotska vyska, svaZitost, pddni vlhkost,
stupen LFA).

Typy krajiny podle Lowa et al. v Podkru$nohorské panvi
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(4) Krajiny rovin | (9) Krajiny vatych pisku L (14) Krajiny ledovcovych kara —  (19) Krajiny skalnich mést

Obr. 2.: Oznaceni typl krajin v Podkrusnohorské panvi podle Lowa et al. (2005). Kéd X10 oznaduje
krajinu bez ur¢eného land cover a typ reliéfu téZebni krajina.

Tézebni krajina — hornicka krajina — posttézebni krajina

Oznaceni nebo vymezeni kategorie ,téZzebni krajina“ se blizi individualistickym pfistuplim nebo
regionalizaci, kdy ¢ast Uzemi autofi vymezuji tim, jak se odliSuje od ostatnich. TéZebni krajina se od
ostatnich krajin lisi typem land use, zménou geodiverzity, zménou fragmentace a prostupnosti,
krajinnym razem, zastoupenim ,neidentifikovanych” pld. TéZebni krajiny sice pfitahuji velkou
pozornost, ale svym rozsahem jsou v ramci velkych Uzemnich jednotek zanedbatelné. Typ téZzebni
krajiny je definovan jen v nékterych typologiich (klasifikacich) a vtéch, které jsou zalozeny na
kvantitativnim pristupu, se tento typ nevyskytuje vibec.

V soucasnych evropskych typologiich, hierarchicky usporadanych a statisticky definovanych, jsou
téZebni krajiny pfili§ vzacné a prostorové zanedbatelné, takZe pro né nejsou vytvoreny samostatné
typy (strata, kategorie). VétSinou jsou zatazeny do urbanizovanych uzemi. LANMAP, jak jej vytvorili
Micher et al. (2010), zahrnuje Uzemi postiZzena tézbou do urbanizovanych Gzemi.

U nas téZebni krajinu nejpodrobnéji determinuji tézebni krajinu v rdmci ucelené typologie Low et
Michal (2003) pfi zkoumani krajinného razu. Vychazeji z regionalizace krajiny podle hlediska vyuZivani
krajiny a struktury sidel. TéZebni krajinu determinuji jako krajinu, v niZ je nevratné zménéna primarni
struktura a mira zmény je takova, ze zasadni. Tedy kategorizace expertni a individualisticka, nebot do
téZebni krajiny fadi jen Gzemi povrchovych doll a vysypek. Low (2003) sice do ni zahrnuje textové i
Ostravsko-karvinskou panev, ale v mapé Typologie krajiny podle vyuZiti se téZzebni krajina kromé
Podkrusnohoti vyskytuje jen u Horni Btizy na Plzerisku a Milhostova u Chebu v souvislosti s tézbou



kaolind. Jiné krajiny ovlivnéné tézbou stfedovékou nebo pozdéjsi (Kutnd Hora, Krusné hory
s hlubinnou tézbou, Kladensko) nejsou soucasti Zadné typologie.

Obdobné se tézebni krajiny vylisuji i v nékterych klasifikacnich systémech okolnich statli, metodika
se ale lisi (Tabulka 1).

Tabulka 1. Priklady definovani typu nebo samostatné kategorie pro téZzebni krajinu.

typ
Autor nazev "tézebni | nazev typu Metodika
krajina"
Cesko(-Slovensko)
Biogeografické
Culek et al. ¢lenéni Ceské ne
republiky I1. dil.
5 , téZzebni a vizualni interpetretace
Novacek V. et al. 2;';;.2\5 iizi(:ira\llcl)ch ano devastované LANDSAT TM + vzorky z
VY P plochy mapy land use 1:50000
uzemi
Atlas ZP a zdravi ?;;;jzogane
Lacina J. Bu¢ek A. | CSFR: Ekologickd ano , , neurceno
- vysokym podilem
stabilita o
ruderalni
vegetace
Low & Michal 2003, Typf>log|e Ceské ano Tésebni krajiny vmialtn |,nter‘}:')retace -
2005 krajiny zménény reliéf
Kolejka, Romportl, |Atlas krajiny: Typy ano Tézebni s vizualni interpretace -
Lipsky soucasné krajiny loukami land use
Typ‘( , . . maska na urbanizované
Romportl funkénich/soucasnych | ne
. plochy nad 5 km2
krajin
cela Evropa
Miicher et al. 2003 | LANMAP ne maska na urbanizovana
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Z popsané situace vyplyva, Ze nelze srovndavat vyvoj téchto krajin v rliznych castech Evropy, pokud se
nepfristoupi na ad-hoc model zaloZeni jen na vybranych srovnatelnych komponentach typologie.

Zcela jiné pojeti téZebni krajiny zavadéji Giurco a Cooper (2012), kteti definuji koncept ,surovinové
krajiny“ (mineral resources map) pristupem podobnym sestavovani myslenkové mapy. Surovinova
krajina podle nich zahrnuje 4 slozky — (i) zdroje, (ii) technologie dobyvani a zpracovani, (iii) vyuZiti —
vCetné zahrnuté hodnoty a sluzeb, které zdroje poskytuji, a (iv) miry spotfeby a produkce. Takto
vymezenou krajinu potom predkladaji k diskuzi o variantdch vyuzivani pfislusného zdroje, pficemz
pfinos v definici surovinové krajiny spatfuji v mozZnosti identifikovat zajmy rlznych ucastnikd na
jednotlivé slozky surovinové krajiny.

Tézebni krajiny se lisi krajinnym rdzem —coZ je svou podstatou opét individualistické hodnoceni,
shrnujici v sobé estetické a vizudlni vnimani, prvky historického a socidlniho kontextu. A¢ Low
a Michal (2003) nepfrikladaji ochrané krajinného razu tézebni krajiny zadny vyznam, ve skutecnosti
uzivatelé téchto krajin se chovaji jinak a jak geomorfologické artefakty a na né navazujici vznikajici
a vyvijejici se biotopy, tak industridlni architektura jsou pfedmétem zajmu a ochrany spolecnosti.
Prikladem je zafazeni nékterych historickych hornickych krajin do kategorie tzv. ,fosilnich“ nebo
»reliktnich” krajin, jenz jsou predmétem zajmu UNESCO (2006), a jenZ vychazeji ze zajmu rlznych
Evropskych statl nebo regiont (Conesa et al. 2008, Albrecht et al. 2007, Stalmachova 2006).

Do krajiny hlubinné tézby nalezi o to, co je pozorovateli na povrchu skryto — temna vnitini krajina
(Francaviglia 1991) — rozsahla sit Sachet — kterd méla rozhodné ve své dobé pro obyvatele velky
vyznam a dodnes ma specificky vliv na krajinu na povrchu.

Zmény krajiny

Zména krajiny je povazovdna za jednu ze zdkladnich charakteristickych vlastnosti krajiny, ktera se
projevuje stejnymi zakladnimi charakteristikami jako kazdy jiny systém, at jiz jde o organismus nebo
napr. ekonomicky systém (Lipsky 1998). Studium zmén ve vyvoji krajiny je zaloZzeno na sledovani
zmén zakladnich charakteristik jednotlivych sloZzek krajiny (matrice, plosky, linie). Témito
charakteristikami jsou (Forman et Godron 1993, Lipsky 2000): plosné zastoupeni, dynamika
(rozsirovani, zmensovani) a prostorova konfigurace.

Casovy priibéh zmén neni rovnomérny. Az do priimyslové revoluce byla krajina chapana jako (témé¥)
neménnad, byla soucasti identity obyvatel (naroda), protoZe poskytovala mista, prvky a nakonec i
stavby, které byly povaZovany za vécné a pomahaly upevnit pfislusnost obyvatel k danému mistu.
(Cilek 2002).

Zmény zaznamenatelné v ramci jedné generace nastaly aZ s technickym rozvojem a demografickymi
zménami v 18. stoleti. Antrop (2005) vtéto souvislosti déli krajiny na tradi¢ni, revolucni
a postmoderni. Hlavnim rozdil mezi tradi¢nimi a novymi krajinami spociva v jejich dynamice (rychlosti
i méritka) a zménach vnimani, kdy mame k dispozici nezvladnutelnou zaplavu dat o téchto zménach.
Tradi¢ni krajiny se podle Formana a Godrona (1993) vyvijeji plisobenim tfi mechanism(: specifickych
dlouhodobych geomorfologickych pochodl, forem osidlovani krajiny jednotlivymi organismy
a mistnimi kratkodobymi disturbancemi jednotlivych ekosystému.

Antrop (2005) povazuje za hlavni Cinitele soucasnych zmén kulturni krajiny dostupnost, urbanizaci
a globalizaci, které pUsobi soucasné a zaroven reaguji na jediny prirodni (nepredvidatelny) Cinitel a to
kalamity. Také odvozuje trendy, které jsou ve vyvoji souc¢asné kulturni krajiny nejzretelnéjsi:



Intenzifikace a zemédélské produkce méni mokrady a prirodni oblasti v zemédélské pldy, coz

je pravdépodobnéjsi v husté obydlenych oblastech.

e Zivelny rdst mést, rdst infrastruktury a funkéni urbanizace.

e  Zvlastni turistické a rekreacni formy vyuzivani pldy, jejichZ rozvoj se zrychluje v pobteznich
a horskych oblastech.

e Extenzifikace vyuzivani pldy koncici jejim opousténim, které bude pravdépodobné nadale

ovliviiovat vzddlené venkovské oblasti s méné priznivymi podminkami socidlnimi,

ekonomickymi podminky a Spatné dostupnymi.

Vznik kulturni krajiny, tj. krajiny vyuZivané a ovliviiované ¢lovékem, spadd na Uzemi Ceské republiky
do obdobi neolitu (5. tisicileti pt. n. I.), kdy zemédélci osidlili pouze nejsussi a nejteplejsi, zaroven
nejurodné;jsi oblasti kolem nadmorské vysky 300 m. Odlesnéni Uzemi v neolitu, asi 10% dnesniho
tzemi CR, znamenalo zasadni zvrat v dosavadnim pfirozeném vyvoji krajiny. Zemédélska ¢innost
sméruje proti pfirozenému vyvoiji lesnich spolecenstev a udrzuje v krajiné oteviené nelesni enklavy
i plochy nelesni matrice. Kulturni zemédélska krajina umoznila rozvoj a existenci ekosystému, které
nemaji obdobu v predchazejicich teplych ani studenych obdobich. Udrzovanim kulturni stepi ¢lovék
vytvofil do té doby nezndmou kombinaci oteviené stepni krajiny a relativné vihkého lesniho podnebi
a diky pastveé se vyvinula ndhradni spolecenstva kfovin. Timto ¢lovék zvySoval krajinnou heterogenitu
a druhovou diverzitu (Charvatova, 2004). Krajinna heterogenita i druhova diverzita jsou v soucasné
dobé ohrozeny napftiklad v Podkrusnohorském regionu tézbou hnédého uhli v povrchovych dolech a
na Uzemi sousedniho Ceského stiedohofi ¢&i Slavkovského lesa ubytkem aktivniho managementu
v krajiné (Cermakova et al. 2010).

Zména je jednou z konstant tézebni krajiny (Francaviglia 1991). Na rozdil od urbanizovanych krajin
Ilze u téZebnich predpokladat, Ze (vétSinou, a v Evropé vidy) dojde k pfechodu tézebni krajiny
v néjaky jiny typ.

V soucasné dobé se krajina narusend povrchovou téZzbou hnédého uhli povaZuje za samostatny
podtyp kulturni krajiny, s dominantni produkéni funkci, kterd potlacuje vSechny funkce ostatni.
V pribéhu téZby je obvykle oznacovana jako krajina devastovana. Jeji posttéZzebni obnovou ji Ize opét
vratit do krajinnych typU, které jsou z hlediska polyfunkéniho charakteru relevantné vyvazené na
rozdil od naptiklad méstskych aglomeraci s krajinou srovnatelné devastovanou, avSak bez zfejmé
perspektivy obnovy (Low et Michal, 2003). V typologii krajiny podle Léwa et al. (2005) je pro téZzebni
Casti stanovena samostatna jednotka reliéfu 10 — téZzebni krajina, vétSinou bez vymezeného typu
vyuziti ,X“.

Diagnostika krajiny
Diagnostika soucasného stavu krajiny je vidy vychodiskem pro hospodareni s ni. Haase a Haase
(2002) stanovuji ¢tyri kroky v podrobné analyze krajiny jako metodicky zaklad diagnostiky krajiny:

e Analyza socialnich funkci krajiny zohledrujici také budouci vyuZiti pady.

e Hodnoceni geo- a bio-ekologickych charakteristik krajiny (uréenych ptirodnimi procesy)
s ohledem na socio-ekonomické poZadavky a funkce.

e Analyzu interakci v krajiné vcetné druhotnych a vzdalenych ucinkld stejné jako omezeni
vyvolanych minulymi, sou¢asnymi a navrhovanymi zpUsoby vyuziti krajiny.



e Spolecenské hodnoceni soucasnych a navrhovanych krajinnych forem vztahujicich se ke
konfliktdim rdznych land use a ptipravu strategii feseni.

Obdobné shrnuje postup hodnoceni krajiny Sklenicka (2003) a zdlraznuje, obdobné jako metodika
Haase a Haase (2002), Ze se jedna o antropocentrické hodnoceni, jehoZ metodika vidy vychazi z cile,

ke kterému se ma diagnostika krajiny pouZit.
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Obr. 3.: Zobrazeni zmény reliéfu v oblasti Velké podkrusnohorské vysypky na Sokolovsku s pouZitim
srovnani nadmorskych vysek v letech pred zahajenim tézby (1950) a v soucasnosti (2008)

Krajina postizena tézbou se liSi od bézného schématu — relativni trvalosti a malé proménlivosti
geodiverzity a znacné proménlivosti biodiverzity. Na rozdil od jinych hybateld zmén krajiny povrchova
tézba zasahuje jiz geomorfologickou slozku a podstatné ji pretvari (Obr. 3). Pfesto vidy nemusi jit jen
o negativni zmény, naopak, tézba svym presunem hmot a vytvarenim novych morfologickych utvar(
maze geodiverzitu zvy$ovat a umoznit tak nasledné i zvy$eni biodiverzity (Lipsky 2010, Rehounek et
al. 2010).

S rozvojem dalkového prlzkumu zemé (dale DPZ) Ize velmi efektivné nékteré z geoekologickych,
bioekologickych a funkénich charakteristik zkoumat i z dat DPZ. Uspésné se takto srovnava zdravotni
vyvoj porostll na rekultivovanych lokalitdch (normalizovanym diferen¢nim vegeta¢nim indexem
NDVI) nebo funkéni charakteristiky povrchu (indexem teploty vegetace a indexem vlhkosti) v pracech
napf. (Latifovic et al 2005, Bodlak et al. 2010, Brom et al. 2012, Demirel et al. 2010, Prochazka et al.
2010).

DPZ poskytuje i dalsi druhy dat, nejen zaznam odrazu elektromagnetického zareni, pouzivaného pro
vySe zminéné interpretace. Technologie laserového skenovani povrchu umoznuje ziskavat udaje pro
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velmi podrobné modely terénu (DEM) nebo pro modely odtoku zuzemi a mikromorfologie
hydrologické sité, dilezité pro modelovani erozi na novém povrchu (Pasqualqua, 2009).

Cim dal ¢astéji se soucasny stav krajiny popisuje v kontextu s historickou situaci. Ostatné, v Evropé,
kde je k dispozici dostatek historickych udaji ve formé map, pland nebo leteckych snimkd, je tento
pristup obvykly (Lipsky, 1995). Hladnik (2005) navrhuje zplsob jak méfit rostouci vliv disturbanci na
zakladé historickych map land-use a soucasnych metod GIS a DPZ ve Slovinsku. Obdobné historicky
tvar krajiny vyuziva k popisu soucasné nebo modelovani budouci krajiny Dulias (2010) v Polsku.
Bastian et al. (2006) vychazeji z konceptu diagnostikovani krajiny a s pouzitim historickych dat o land
use modeluji zménu funkcionality krajiny, konkrétné odtoku vody z Uzemi pro modelova Uzemi
v Némecku a Cechach. Haase et al. (2007) ukazuji moznost vyuZiti historickych dat pro kvantifikaci
zmén struktury a modelovdni zmén funkcnosti krajiny, konkrétné hydrologickych funkci, jako je
kontrola odtoku z Uzemi, doplfovani spodnich vod a odolnost proti erozi. Obdobné historicka data
byla pouZita i ke studiu zmén v téZebnich krajinach v ¢eské republice (Trpdk et al. 2006, Trpakova et
al. 2010, Skalos et Kasparova 2012).

Komplexni analyzy krajiny, napt. postupy uvadénymi Skleni¢kou (2003) nebo Ruzickou (2000), a z nich
vyvozené analyzy zranitelnosti dané krajiny nebo efektu planovanych opatfeni na stav a funkénost
nové krajiny (Martis et al. 2008, Martis et al. 2009, Sklenicka et Kasparova 2008, Dirner et al. 2010,
Pecharova, Martis et al. 2011) jsou pak nezbytnym podkladem pro dzemné-planovaci ¢innosti, nebot
do nich se soustfeduje veskera argumentace moznych efektd (Obr. 4) a naslednd rozhodnuti o
hospodareni s krajinou po tézbé a asanaci.
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Obr. 4.: Hodnoceni ekologiéké Zranitelnosti Gzemi s hlubinnou t&2bou na Kladensku. ( Martis et al.
2008)

Funkce krajiny

Krajina po tézbé ma byt multifunkéni. Niemann (1977) pro krajinu identifikoval funkce produkéni,
krajinného managementu, ekologie (z hlediska lidi) a eticko-estetickou. Forman a Godron (1986)
definovali krajinu jako" interakci mezi prostorovymi prvky, to je, jako toky energie, material a druh(
mezi komponenty ekosystéma", Cili funkénost struktur byla jejich vychodiskem definice krajiny. Podle
Haase (1990) je posuzovani spolecenskych funkci krajiny zdkladnim predpokladem k uréeni vztahu
krajiny k ekonomickym kategoriim a procesim a pozdéji de Groot (2006) definuje funkce krajiny jako
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"schopnost pfirodnich procest a komponentd k poskytovani zbozi a sluzeb, které spliuji lidské
pozadavky pfimo nebo nepfimo."

Bastian (1999) odvozuje, Ze pojem krajinnych funkci je spojen s diskusi o udrZitelnosti s jejimi
uznanymi ekologickymi, ekonomickymi a spole¢enskymi kategoriemi udrzZitelného vyvoje. Priklady
takovych krajinnych funkci jsou: biotickd produktivita, odolnost proti erozi pldy, schopnost
zadrzovani vody, doplfiovani zasob podzemnich vod, ochrana podzemnich vod, schopnost poskytovat
habitaty a estetické a rekreacni vyuZiti. Nicméné presna klasifikace neni jednoduchd, nebot existuiji
vzajemné zavislosti a kauzalni vztahy mezi rGznymi krajinnymi funkcemi.

Podobny pristup zastdvaji i dalsi autofi, ktefi se vesmés zaméruji na studium jedné nebo jen
nékterych funkci obnovované krajiny. Jako o funkéni krajiné hovofi tehdy, jestlize tato vykazuje
schopnost udrZovat vyrovnané klimatické podminky (Pokorny, 2001), vyrovnané odtokové poméry
povrchovych vod (Prochazka et al. 2009, Pecharova et al. 2011), nizké latkové ztraty (Prochazka et al.,
2008, Ripl 2010) a spolehlivou urodnost pld (Ripl et Eiseltova, 2010). Vrablikova a Vrablik (2002)
preformulovali funkénost posttéZzebni krajiny do podminek, které by nova krajina méla maximalné
spliovat: ekologickou vyvdienost, zdravotni a hygienickou nezdvadnost, efektivni i potencidlni
schopnost produkce, a esteticky pfiznivou plsobivost a rekreacni vyuziti.

Princip ,udrzitelné krajiny” (sustainable landscape) je Casto diskutovan a autofi se shoduji na
nezbytnosti nejprve jasné definovat funkce dané krajiny (nejen zdroj biodiverzity ale i misto pro
produkci zboZi a Zivot obyvatel), zohlednit pfi managementu krajiny vyvoj klimatu a zménu zpUsobU
hospodareni v krajiné a pak rozhodovat o optimalnim rozlozeni a hospodareni stouto krajinou
(Antrop, 2006, Crossman et Bryan 2009, Dramstad et Fjellstad 2011, Seabrook et al. 2011). K tomu
navic dodavaji Van Andel a Aronson (2006), Zze na zacatku fesSeni je tfeba zodpovédét otdzku, jaka
krajina je cilem rekultivaci — zda plvodni nebo nova, predvidajici budouci stav prostredi. Hranic¢ni je
naopak nazor Eliota (1997), Ze krajiny vytvarené technickou rekultivaci jsou bezcenné.

U nds se stdle vedou diskuze o mife uplatnéni prirozené obnovy — sukcese — v rekonstrukci
posttézebni krajiny. Zatimco jedny studie potvrzuji vhodnost novych Uzemi pro uplatnéni pfrirozené
(¢lovékem neovlivnéné) obnovy bioty a7 z20 % (Rehounek et al. 2010), jiné poukazuji na
ekonomickou a spolecenskou degradaci takovychto Uzemi, kterd by byla nevratna a zabrénila by
trvalé multifunkéni schopnosti (vyuZitelnosti) zemi (Stalmachova 2006, Vrablikova 2010). Zatimco u
standardnich rekultivaci se predpoklada navrat obnovené krajiny do plnohodnotného vyuzivani
(zdkon 44/1988 Sb.) v fadu desitky let, u pfirozené sukcese se k cilovému stavu Ize priblizit za dekady
Ci stoleti, v zavislosti na mire asistence pfirozené sukcesi (Dirner 2010, Vrablikova 2010).

V souladu s holistickym pojetim krajiny v Evropské umluvé o krajiné se védci zabyvaji integrovanim
hodnoceni a planovani funkci krajiny pomoci rlznych nastroji. Jednim znich je uplatnéni
ekosystémovych sluzeb pro celou krajinu (Sejdk et al. 2010). Naptiklad Larondelle a Haase (2012)
hodnotily ekosystémové sluzby jako napf. produkci potravin, produkci drfevni hmoty, zdsoby
podzemni vody, regulaci klimatu, protipovodiovou funkci, rekreaci a biodiverzitu. Kazdou tuto funkci
vyhodnotily pro CORINE CLC tfidy v daném Uzemi pro tfi scénare (turisticky, zemédélsky a lesnicky)
definované podilem patficnych typd CLC land use. Z hlediska zlepseni biodiverzity se nejlépe jevil
model s turistickym vyuZitim krajiny, ve kterém bylo vyssi zastoupeni lest a trvalych travnich porostd.
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Management posttézebni krajiny
V managementu posttézebni krajiny se v zahranicni literatufe zminuji postupy, které se daji zaradit
zpravidla do tfech kategorii:

Landscape ecological restoration: ecological restoration je proces, ve kterém napomahame
obnové ekosystému, ktery byl znicen, rozvracen nebo degradovan (SER, 2004). Cilem ecological
restoration je napravit poskozeni v rozmanitosti a dynamice ekosystému. ER je proces ndvratu
ekosystému co nejblize k podminkdm a funkcim pred disturbanci v€etné nezavisle udrzitelného
chovani ekosystému. Obdobné landscape ecological restoration by mélo vratit do pdvodniho
stavu vSechny komponenty plvodni krajiny. Moreira et al. (2006) za tyto komponenty povazZuje
kompozici a konfiguraci krajiny, tradi¢ni zplsoby obhospodarovani, liniové a bodové prvky
a historické objekty, a tvrdi, Ze restoration krajiny je nedosaZitelnd. Moreira et al. (2006) také
shrnuji hlavni rozdily mezi obnovou ekosystému a obnovou krajinnych ekosystémd.

Landscape rehabilitation: navrdceni produktivity do zni¢eného uUzemi, které bude ekologicky
vyvazené. Uzemi se nevrati do pdvodniho stavu (ani pGvodni biodiverzita nebude obnovena), ale
krajina bude vesmés plnit vétSinu funkci. Rehabilitation tedy predstavuje cCastecné obnovy
puvodni (referencni) krajiny.

Landscape reclamation: velmi blizké pfistupu popsanému jako Landscape rehabilitation.
Reclamation pocita s velkou mirou neplvodnich druhd, pouzitych k napInéni funkci nové krajiny.
(Van Diggelen et al. 2001, Gilmour et al. 2000).

V Ceské literatufe se pouzivaji tradicné terminy ,rekultivace” ve smyslu landscape rehabilitation
i landscape reclamation a ,obnova krajiny” spiSe ve smyslu landscape ecosystem restoration. Jak
shrnuje Vrablikova a Vrablik (2009), rekultivace jsou postupy na mensich Gzemich, které se pouzivaji
k obnové (nékterych) funkci celé krajiny, krevitalizaci a nasledné resocializaci celého Uzemi.
Rekultivace podle nich patfi k dalsim termin(im, které se vazou k pojmu revitalizace krajiny, jako jsou
rekonstrukce, optimalizace, rehabilitace, regenerace, remediace nebo obnova a asanace.

Zajimava je reserse literarnich zdroja, kterou provedli Holl et al. (2003) nad bibliografickou databazi
Biosis. Je zni patrné, jak se na prelomu tisicileti zvysSil pocCet publikaci o tématu ,landscape
restoration”. Ze zhruba 300 titul(, které se v obdobi 1985-2000 opravdu zabyvaly otdzkami néjak
souvisejicimi s obnovou krajiny, jich pouze 22 % opravdu teSilo krajinu, Cili obnovu rozsdhlého uzemi
v krajinnych souvislostech. Ukazalo se, jak je sloZité v tomto studiu néjak prikazné dokladat Uspéch
obnovy krajiny nebo rozdily mezi rGznymi lokalitami. Souc¢asné autorky doporucuji vyuzivat pti studiu
obnovy krajiny meta-analyzy (srovnavani vysledkli zrlznych predchozich studii) a vyuZiti
Bayesianskych statistik nebo AIC (Aike Information Criterion) statistik. Obé metody jsou podle nich
vhodné k testovani shody nékolika modeld s pozorovanymi daty a obé metody jsou robustné;jsi vici
k malému poctu vzorkl a a environmentdlnimu ,,Sumu” nez klasické statistické metody. Obé metody
se nyni jiz bézné pouZivaji pfi studiu rozsiteni konkrétnich druh( bioty v krajiné ale také ve studiich
souvisejicich s rekultivacemi (Alday et al. 2011, Oster et al. 2007)

Dle soucasné legislativy Ize nasi krajinu ménit pfedevsim nastroji Uzemniho planovani a stavebniho
radu (Stavebni zakon €. 183/2006 Sb.) Rekultivace jako takové pfimo stavebni zdkon neupravuje, jsou
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stanoveny Hornim zdkonem &. 44/1988 Sb., a pfislusnymi pravnimi Gpravami. Pfesnéji, zakon uklada
téZebni spolecnosti sanovat prostor pouzity pro dobyvani uhli. Za sanaci se povaZuje odstranéni skod
na krajiné komplexni Upravou Uzemi a Uzemnich struktur. Organizace je povinna zajistit sanaci, ktera
obsahuje i rekultivace podle zvlastnich zakon(l viech pozemk( dotéenych téZbou (zakona CNR ¢&.
334/1992 Sb., o ochrané zemédélského pudniho fondu a zakona €. 61/1977 Sb., o lesich). Rekultivaci
tedy zakon mini navrat k pdvodnimu zpUsobu uZivani pldy — land use.

Obecné se o rekultivacich a sanacich zminuje Stavebni zakon €. 183/2006 Sb. v cilech Gzemniho
pldnovani, kde jednim z nich je ,urCovat nutné asanacni, rekonstrukéni a rekultivacni zdsahy do
Uzemi“. Pfestoze lze predpokladat, Zze Gzemné planovaci ¢innosti vyuZivaji v maximalni mire vysledky
diagnostiky krajiny, vyzkum srovnavajicich efekty riznych opatfeni ve vyhodnoceni budoucich stavd,
vysledna formulace cild hospodareni s krajinou v zdvaznych dokumentech mize byt obecna. Ke
srovnani jsou dva platné dokumenty zasad uzemniho rozvoje Podkrusnohofi.

Pozadavky na krajinu po tézbé v Usteckém kraji jsou formulovany takto: ,Zlep$ovat Uzemni
podminky pro ptiznivé Zivotni prostiedi zejména v Usecich v kontaktu s provozy tézby uhli, energetiky
a tézkého pramyslu, dosdhnout markantni zlepseni Zivotniho prostredi a krajiny (rekultivace krajiny
postizené tézbou, revitalizace opusténych prostor a aredld typu brownfield), podporovat rychly
a efektivni postup rekultivace a revitalizace GUzemi s ukoncenou tézbou hnédého uhli, se zamérenim
na vznik plnohodnotné polyfunkéni (pfiméstské) krajiny (se zddraznénim slozky rekreace),
odpovidajici specifickym vlastnostem a predpokladdim konkrétnich Gzemi (ZUR Usteckého kraje,
2011)“.

Stejny dokument Karlovarského kraje (2010) si klade za cil ,,obnovu a rozvoj jedine¢né urbanistické
struktury uzemi, osidleni i kulturni krajiny, pokud jsou tyto hodnoty zachovdny a lze je rozvijet Ci
obnovit, pfitom respektovat stavajici historicky utvorené sidelni struktury, tradi¢ni obraz méstskych
a vesnickych sidel v krajiné a kulturni pamatky. Pokud je tato struktura nendvratné preménéna,
napfiklad jako ndsledek tézby nerostnych surovin, navrhovat specifickd feseni nové krajiny
a urbanistické struktury, které prinesou do Uzemi novy potencial hospodarského, socidlniho
i kulturniho rozvoje. Zaméry rekultivace a revitalizace ploch po povrchové tézbé je tieba koordinovat
s cilovou urbanistickou koncepci vyuziti Uzemi a novym formovanim krajiny; protoZe rekultivace jsou
zpravidla zahajeny jiz v prlibéhu tézby a casto jen podle Uzce oborovych podkladd dle horniho zédkona
a souvisejicich predpisl, je nezbytné cilovou koncepci vyuZiti Uzemi a formovani krajiny schvalit
v dostateéném predstihu“. Vymezeni skladebnych ¢asti USES v Gzemi loZisek tudiz neni prekazkou
k pfipadnému vyuZiti loZiska za podminky, e pokud budou funkce USES vyuZitim loZiska nerostd
doc¢asné omezeny, budou po ukonéeni té7by obnoveny v potiebném rozsahu. ZUR Karlovarského
kraje prosazuji koncepci, aby pro Uzemi dotéend tézbou byla v dostatecném predstihu stanovena
urbanistickd koncepce revitalizace a cilového vyuZiti prostoru zohlednujici ochranu a rozvoj
kulturnich a civilizac¢nich hodnot v Gzemi. Na jejim zdkladé se pak budou koordinovat a usmérriovat
formy sanace a rekultivace Uzemi provadéné jiz v pribéhu a po ukonceni tézby. Soucasné plochy
tézby predstavuji do budoucna vyznamny rozvojovy potencial kraje v oblasti cestovniho ruchu,
rekreace a sportu i relaxace obyvatel (ZUR Karlovarského kraje 2010).

Konkrétné pak jsou cile rekultivaci formulovany tak, Ze se ma co nejdfive dostat krajina na
narusenych plochach do , funkéniho” stavu. Jde zde zejména o ochranu pudy, zadrZeni a kvalitu vody,
zvysSeni diverzity a zlepseni mikroklimatu. Klimatotvorna funkce krajinného krytu je dana schopnosti
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vegetace Ucinné transformovat tok solarni energie na jednotlivé slozky tepelné bilance, které se pak
podileji na utvareni mistniho klimatu. Jednd se zejména o schopnost vegetacniho krytu aktivné
regulovat vypar vody, pfi kterém dochazi ke spotfebé znacné Casti prichazejici solarni energie, a
zadrZovat vodu v prostredi. Timto zplsobem dochazi ke zvySovani pldni a vzdusné vihkosti prostredi
a diky vyparu vody ke stabilizaci teplotnich pribéht a tlumeni teplotnich extrém (Schwartz et Karl,
1990, Brom et Pokorny 2009, Brom et al. 2010). Jak ukazuje fada praci, vegetacni kryt ma vyznamny
vliv na cirkulaci vzduchu v mezni vrstvé atmosféry (McPherson 2007), na klimatické charakteristiky a
na hydrologicky rezim daného Uzemi (Avissar et al. 2004, Makarieva et al. 2006, Piao et al. 2007,
Jackson et al. 2008, Makarieva et Gorshkov 2010). Pfitomnost nebo nepfitomnost vegetacniho krytu
na velkych plochach pak mlze mit vliv na klima celé oblasti. Zmény mistniho a regiondlniho klimatu,
daného krajinnym krytem se vysledné mohou odrazet ve skladbé jak terestrickych, tak i vodnich
spolecenstev. (Pielke a Avissar 1990, McPherson 2007, Pokorny et al., 2010, Brom et al. 2011).

Diagnostika krajiny na zakladé analyzy funkcénich aspektl vegetacniho krytu spjatych s utvarenim
klimatickych faktorl mlzZe byt vyznamnym nastrojem pro identifikaci problémovych ploch a pro
planovani rekultivaénich postupl a mlZe byt s Uspéchem vyuZita pro jejich optimalizaci. V soucasné
dobé se problematice vlivu ploch narusenych povrchovou téZzbou a vlivu rekultivacnich postupt na
klimatické parametry, pfipadné na ekohydrologické vlastnosti (tedy na vztah vegetacniho krytu
a vodniho rezimu Uzemi), vénuji napf. (Wechsung et al. 2000, Pokorny 2001, Pecharova et al. 2006,
Pokorny et Sima 2006, Pokorny et al. 2007, Moreno-de las Heras et al. 2009, Dulias R., 2010, Brom et
al. 2012).

Vyznamnou zménou topografie je uplatnéni hydrické rekultivace, tj. zatdpéni zbytkovych jam jezery.
Tento zpUsob se v evropském pristupu k rehabilitaci posttéZzebni krajiny ¢asto uplatiiuje. Z hlediska
formovani reliéfu se fesi tvar (profil) zatdpénych jezer i konstrukce nebo rekonstrukce vodnich tokd
pod jezery (Hangen-Brodersen 2005, Dulias R. 2010, Pecharova et al. 2011).

Pro popis nebo vysvétleni dynamiky zmén krajiny se pouzivda mnoho modeld. Konceptualni modely
hospodareni s krajinou jsou s oblibou zobrazeny pomoci vyvojovych diagramd, jejichz chovani vsak je
tézké kvantifikovat. Pravidla pfechodu z jednoho stavu do druhého se stanovuji vétSinou statistickymi
metodami na zdkladé znalosti referencnich systém(. Vidy vsak jsou tyto modely zatizené chybou,

v vy

a ¢im je model slozZitéjsi, tim je téZsi popsat jeho parametry (Pastorok et al. 1997, Holl et al. 2003).

Baker (1987) zaradil modely krajiny do tfech ttid: (a) modely celé krajiny, (b) distribu¢ni modely
krajiny a (c)prostorové modely.

Modely celé krajiny se zabyvaji hodnotami nebo proménnymi charakterizujicimi celou konkrétni
krajinu. Casto jsou takto (,landscape model“) oznatovany modely topografie nebo geomorfologie
Uzemi, predevsim v souvislosti s modelovanim hydrologickych a s nimi souvisejicich jevl (Schoorl et
Veldkamp 2001, Martin et Church 2004, Passalacqua 2009).

Toy and Chuse (2005) se zabyvali rekonstrukci topografie v nové krajiné tak, aby se minimalizovaly
budouci geomorfologické procesy (napt. eroze), které by mohly ztizit nasledné rekultivace. Nové
formované utvary by mély mit takové geomorfologické charakteristiky podobné plvodnim krajinam,
aby co nejdfive dosahly stabilniho tvaru. Vyznam modelovani topografie doklada i studie o souvislosti
Uspéchu rekonstrukce vegetace a orientace stanovisté na posttéZebnich novotvarech (Gonzdlez-
Alday et al. 2008).
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Distribuéni modely popisuji zmény nebo charakter zastoupeni jednotlivych typl charakteristik,
napriklad land cover. V souvislosti se zménami krajiny v dlsledku tézby nerostnych surovin je poufzili
napt. (Dulias 2010, Hsu et Cheng 1999, Munsi 2010, Latifovic et al. 2005) nebo Wozniak et al.( 2009)
pro studium zmén biodiverzity v povodi Wisly. Stejné tak sem patfi i model, ktery pouzily Larondelle a
Haase (2012) pro stanoveni ekosystémovych sluzeb krajiny v posttézebni krajiné v LuZici. Také model
obnovy ptirodniho kapitdlu (Crossman et Bryan 2009) patfi do této skupiny, kdyz na zdkladé nékolika
vrstev charakteristik dané krajiny (klima, hydrologie, pldy a nékolik vrstev vztahujicich se
k biodiverzité a ekosystémlim) modeluje v krajiné ohniska (hot-spots) nejefektivnéjsi obnovy funkci
krajiny. Hsu a Cheng (1999) pouzili Markovské ftetézce (modelovani pravdépodobnostné
definovanych procesll) pro odhad vyvoje zastoupeni jednotlivych plosek typl lesnich porostd.
Pravdépodobnosti odhadli ze dvou historickych zastoupeni jednotlivych plosek. Munsi et al. (2010)
pouzili Markovské retézce k modelovani distribuce land cover odvozené ze satelitnich snimka.

Prostorové modely vyuZivaji znalosti umisténi a rozloZzeni prvkd krajiny k popisu a progndze zmény a
mohou byt zdrojem pro mapové vyjadieni téchto zmén. Tyto modely jsou nejcastéji pouzivany pro
interpretaci vice jevll najednou a jsou typickym prikladem vyuZiti GIS. Kasparova et Zdrazil (2006)
timto zplsobem hodnotili turistickou atraktivitu a soucasné zatéz priméstskych lesti Prahy, kdy se pro
vymezeni miry atraktivity a zatéZze kombinovalo nékolik kritérii sou¢asné. Podobny postup poutzil
napf. Vizzari (2011) pro modelovani potencialni kvality kulturné-historické krajiny Umbrie nebo
Hladnik (2005) pti definovani struktury krajiny Slovinska.

Metodické postupy disertacni prace

Model terénu

Znalost tvarovani povrchu — morfologie — je pro zkoumani krajiny dllezita. Morfologie ovliviiuje toky
energii a informaci mezi slozkami krajiny a urcuje tak jejich sloZeni a fungovani. Pfi zkoumani chovani
sloZek krajiny se bez zohlednéni terénu Ize jen tézko obejit.

Topografie — popis pribéhu zemského povrchu - pouZiva tfi zdkladni modely. Prvni tvofi soubor
izolinii - vrstevnic, tedy Car, které spojuji mista o stejné nadmorské vysce. Druhym je model rastrovy,
ktery pokryva uzemi pravidelnou siti ¢tvercovych bunék a pro uzemi v kazdé jednotlivé burice
pfifazuje jednu hodnotu nadmofrské vysky. Tretim je pak sitovy model, ktery dané Gzemi pokryva
souvislou siti z nepravidelnych trojahelnik(. Pro kazdy trojuhelnik udava nadmorské vysky vrcholli a z
nich odvoditelné charakteristiky Sikmé plochy trojuhelnika v prostoru jako jsou sklon nebo orientace
sklonu ke svétovym stranam.

Model vrstevnicovy je tradi¢ni zplsob zobrazovani tfirozmérnych objektd v ploSe mapy. Pouceny
¢tenat mapy v ném mize vycist pribéh terénu. Pro Ucely zkoumani funkénosti krajiny, jak bude
pozadovana v metodice feSeni zvolené problematiky, jej vSak nelze pouZit, nebot neposkytuje
informace o nadmorské vysce v kazdém bodu Uzemi a neumoziuje tedy zkoumat vzdjemné vztahy
s dalSimi ploSnymi Utvary. Proto se vrstevnicové modely pfevadéji na modely sitové nebo rastrové.
Vrstevnice se nejprve z papirové mapy prevedou do vektorového modelu (vektorizuji se), v némz
kazda vrstevnice je slozenou carou (linii) a jej ji pfifazena jedna hodnota nadmotské vysky jako
atribut. Z tohoto modelu se vhodnou transformaci vytvofi souvisly prostorovy model terénu.

16



Zdroje dat pro poufiti fe$eni disertacni prace, ktera se vaze k feseni projektd MSMT 2B08006 a MZE
QH82106 zavisi na zkoumaném casovém obdobi, technickych moznostech a financnich moznostech.

Model historického terénu

Historicka data — tedy udaje, z nichz lze vytvofit model historického terénu pfed zahajenim rozsahlé
pretvorby krajiny nasledkem povrchové tézby, lze ziskat pouze ze starych map. Prvni mapy, které
obsahovaly model terénu, vychazely ze Ill. Vojenského mapovani a z ndhledu starych tisk( Ize
dovodit, jak rychle probihaly méficské prace na trigonometrické siti a zni domérovanych
nadmofrskych vyskach.

Pro historické obdobi vzniku stabilniho katastru, ktery byl pouZit pro model land use v zajmovém
uzemi, nejsou k dispozici Zadné zdroje s presnym modelem terénu. Do topografickych map se
postupné zakreslovala morfologie pomoci Sraf, jak je vidét napfiklad v topografickych sekcich .
vojenského mapovéni (VUGTK 2011), které se staly zakladem topografického mapovani zemi
Rakouska-Uherska v méFitku 1:25 000.

Po vzniku samostatného Ceskoslovenska se tomto mapovém dile dale pracovalo a v reambulovanych
(doplnénych) mapdach 1:25000 je jiz zachycen model terénu pomoci vrstevnic se zakladnim
intervalem 20 m, doplnénym vedlejsimi vrstevnicemi po 10 metrech.

Pro vytvoreni pravého modelu terénu zakres vrstevnic v toposekcich specidlnich map ve zvoleném
Uuzemi pomérné hruby, proto zjistit moznost doplnéni z jinych map. K dispozici byly historické listy
tematickych map (zakresy vodohospodarskych dél) nad vyskopisnou a polohopisnou slozkou
Technicko-hospodafského mapovani 1:25 000, 1:10 000 a Statnich map 1:5000 z archivu Sokolovské
uhelné, prdvni nastupce a.s., pofizené do roku 1955. Tyto mapy jiZz maji vySkopis zachyceny
v intervalu 5 m respektive 1m.

Pro vektorizaci vrstevnic byla pouzita podkladova mapa Technicko-hospodaiska v méritku 1:25000
stim, Ze model byl v potfebnych lokalitich doplnén zvektorli vrstevnic digitalizovanych nad
technicko-hospodafskymi mapami 1: 10000. Takto bylo zvektorizovdno cca 177 km vrstevnic.
V mistech bez terénnich zmén byly vrstevnice automaticky vektorizovany z DMU25 z geoportalu
CENIA. V pribéhu prace na tvorbé modelu historického terénu byl pofizen datovy model ZABAGED
pro dané Uzemi a vrstevnice pro mista bez terénnich zmén byly prevzaty z tohoto modelu.

Vektorizace povrchl pred zménou byla velmi ¢asové naroénd a véetné dohledani chyb a jejich
odstranéni trvala cca 30 dni. Vlastni vektorizace probihala v prostfedi ArcGIS. Zvalidovaného
vrstevnicového modelu pak byl odvozen v prostiedi ArcGIS rastrovy DEM zkoumaného uzemi.

Model soucasného terénu
Pro soucasny terén existuji dva modely rastrové a samoziejmé téz model vrstevnicovy.

Obraz vrstevnic lIze pro vizudlni interpretace ziskat z nékolika zdrojli a to jak v analogové podobé
papirovych map nebo prostrednictvim datovych sluZeb. Vrstevnicovy model terénu je soucasti
statniho mapového dila Statni mapy 1:5 000, Zakladnich map v méfitcich od 1:10 000, vydavanych
Ceského Uradem zeméméFitskym a katastralnim. Vy$kopisna slozka map je dostupna v digitalni
podobé za Uplatu..Obdobné je vektorovy model terénu soudasti Digitalniho modelu Gzemi (DMU 25),
vytvofeného Vojenskym topografickym Ustavem v Dobrusce. VSechny zminéné modely jsou
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k dispozici k nahlizeni  prostfednictvim sluzby WMS  zgeoportdlu  statni  spravy
(http://geoportal.gov.cz)

Nevyhodou vygkopisu Zakladnich map nebo DMU 25 jsou chybéjici tidaje pro nové vytvorend Gzemi,
takZe tyto podklady nelze pouZit pro zkoumani zajmovych geomorfologickych utvar( jako jsou
vysypky nebo jamy otevienych loma.

Pro analyzy je vhodnéjsi souvisly model terénu, ktery je potizen z pfimého souvislého snimkovani
celého Uzemi a nikoliv dopoctem z vrstevnic. Takovéto modely jsou v sou¢asné dobé pro zajmové
uzemi dva — celosvétovy ASTER GDEM a DEM GEODIS.

Jako prvni byl ovérovan ASTER Global DEM. Tento digitalni model terénu vznikl ze spoluprace
Ministerstva hospodafrstvi, obchodu a primyslu (METI) Japonska a Narodniho Gfadu pro vesmir a
letectvi (NASA) Spojenych statll Americkych a pro verejnost byl uvolnén v ¢ervnu 2009. Tento model
je vytvoren na zdkladé snimkovani celého povrchu zemé ve viditelném a infraerveném pésmu
magnetického zéareni s vyslednym prostorovym rozliSenim 30 m a vySkovym 10-25 m. Tento model je
bezplatné distribuovan v georeferencovanych rastrovych souborech tiff, a kazdy snimek pokryva
uzemi 1° zemépisné Sitky x 1° zemépisné délky. Ke kazdému snimku je zdroven pfipojen druhy
soubor, popisujici kvalitu dat, tj. pocet scén, které slouzily k vypocCtu nadmorské vysky pro dany pixel
rastru a popripadé lokalizace anomalit, které byly v modelu odstranény a udaje pouZité pro
odstranéné anomalit (Obr. 5). Polohova presnost celého modelu je vypocCtena na 30 m
s pravdépodobnosti 95 % a vyskova presnost 20 m s pravdépodobnosti 95 % .

Zkoumané uzemi Sokolovska pokryva dlazdice (snimek) ASTGM N50 E12, model je pfipojen
k zemépisnym souradnicim WGS84. Snimek zobrazuje i aktualni tvary na povrchu — jak Velkou
podkrusnohorskou vysypku (stav jaro 2009) tak i tehdejsi usporadani loma.

[ hranice katastri

poéet snimkd
. -
I
I -
i -

uzemi (Sokolovsko)
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Obr.6: Navyseni hodnoty nadmorské vysky v modelu ASTER GDEM o vysku porostu na modelovaném
terénu — vlevo model ASTER GDEM, vpravo stejné uzemi na ortofotomapé (CENIA, 2010)

Bohuzel kvalita modelu neni v celém Uzemi stejna. Polovina Uzemi ma hodnoty vypoctené z méné jak
10 snimkd a tudiz chyba vypocétenych hodnot vétsi nez 20 m se vyskytuje s pravdépodobnosti > 95 %.
Kromé toho model nefiltruje navyseni hodnoty nadmorské vysky zplsobené porostem, predevsim
lesem, na modelovaném Uzemi a tak je do modelu vnasena dalsi chyba (Obr. 6).

Druhym zvaZovanym modelem terénu byl DEM GEODIS v rastrovém rozliSeni 5 m a vySkovym 1 —
1.5m v otevieném terénu, kolem 2 — 3 m v zalesnéném terénu (PlSek, 2007). Tyto Udaje platily na
zacatku feSeni préace, v roce 2011 byl jiz k dispozici model v rastrovém rozliSeni 1 m (www.geodis.cz).

Ze srovnani obou modell vyplynulo, Ze pro potieby zkoumdni vztahl funkcénosti krajiny a jeji
topografie je tfeba pofridit podrobny DEM GEODIS pro vybrana tzemi.

Model land use

Metody analyzy funkénosti zajmového Uzemi pracuji s klasifikaci land use (vyuZiti ptdy) nebo land
cover (krajinny pokryv). Land use je termin ¢asto pouZivany v krajinné ekologii, pfestoZe pochazi z
Uzemniho planovani. V prekladu znamena vyuziti pldy, nebo druh povrchu pozemku z hlediska jeho
vyuzivani.

Vyuziti pady je dalezitym ukazatelem ekonomického a ekologického potenciondlu daného Uzemi, tak
jak jej uZivatel deklaruje nebo zamysli vyuzivat a pretvaret. Krajinny pokryv obvykle vyjadfuje popis
uzemi pomoci fyziognomickych atributd, zatimco land use pouziva funkéni atributy. Oba pojmy zavisi
na krajinnych slozkach v daném Gzemi a jsou zpravidla i vymezovany hranicemi téchto sloZzek v Uzemi.
Soucasné jsou také zavislé na Case, ve které, se zjistuji a obdobi, pro které se budou pouzivat.

Zatimco land use je klasifikace vyuzivana predevsim pro ucely evidence a hospodareni v krajiné, land
cover se pouzivd k zachyceni aktudiniho stavu, pro detailnéjsi studium krajiny, pro navrhy
hospodareni ve specifickych Uzemich nebo situacich (chranéna uUzemi, rekultivované plochy, atd.).
Land cover je zpravidla kombinaci charakteristik struktury krajiny, land use a vegetacniho krytu
(Sklenicka, 2003).
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Termin land use zcela odpovida charakteristice uzivani pldy ve zkoumaném historickém obdobi
vzhledem k plvodu dat z operatu Stabilniho katastru.

Pfi mapovani soucasnosti, kdy se podjednotky land use vyliSovaly predevsim podle charakteru
porostu na urcované plose, by bylo pfihodnéjsi pouzivat kombinovany termin Land use- land cover,
jak jej naptiklad pouziva projekt CORINE (CEC 1994, Feranec 2010), ale pro srozumitelnost srovnavani
historického a soucasného zplsobu uZivani krajiny i odvozeni hydrickych vlastnosti Gzemi se v celé
praci pouziva termin land use.

Vychodiskem pro konstrukci funkénich modell byly vektorové modely land use ve dvou casovych
fezech — v obdobi mapovani stabilniho katastru a ve vegetaéni sezéné 2010. V obou pfipadech byly
vytvoreny polygonové vektorové modely, které pro kazdou jednotlivou homogenni plosku land use
zaznamenavaji jeden objekt — zaznam v databazi, a k nému popisné informace, prfedevsim kod
podjednotky land use a geometrické miry plochy a obvod.

Model historického land use

Idealnim podkladem pro ziskani Gdajd o historickém pokryvu a vyuZiti pldy — land use a land cover, v
dobé pred zapocetim intenzivni povrchové tézby hnédého uhli, jsou mapy stabilniho katastru. Mapy
stabilniho katastru byly zpracovény pro celé Uzemi Rakouska Uherska a tedy i pro dnesni Ceskou
republiku, byly zaloZzené na zakladé trigonometrického méreni veskeré pldy, doplnéné pisemnym
operatem zaznamenavajici kvalitu a vyuZziti kazdé parcely. Zakladnim mapovym podkladem z tohoto
pramene byly indikaéni skici tvofici prvni pracovni mapovy materidl, totoZny s origindlnimi mapami
stabilniho katastru, na kterych jsou vSak indikovany vSsechny navrzené a probéhlé zmény v pribéhu
tvorby a vyuzivani stabilniho katastru. Poskytuji informace o typové rozmanitosti zastoupenych land
use, vzdjemnych vztazich mezi jednotlivymi prvky krajiny, o mite strukturalizace krajiny, tj. velikosti
zrn krajinné matrice vyplyvajici z velikosti jejich jednotlivych segmentd, jejich prostorového
usporadani (Trpdkova et. al. 2009). Seznam a vyklad kategorii land use ve Stabilnim katastru je
uveden v Pfiloze 1.

Jako mapovy podklad slouZily kolorované kopie Indikaénich skic stabilniho katastru v méfitku
1:2880, ulozené v Narodnim archivu. Tyto skici byly naskenovany, takto vzniklé rastrové obrazy
potom georeferencovdny a nad nimi v ru¢né vektorizovany v prostfedi GIS Topol nebo ArcGIS
(Trpakova et. al. 2009) a doplnény identifikdtorem land use (Pfiloha 2). V soucasné dobé jiz byly
oboji tisky Stabilniho katastru vsemi zucastnénymi archivy odborné naskenovdny a jsou k dispozici
v digitalni podobé prosttednictvim mapovych sluzeb geoportalu CUZK (geoportal.cuzk.cz).

Jiz z metodiky ziskavani dat pro vektorovy model historického land use plyne, Ze model je postaven
na druhotnych datech, tedy datech odvozenych z jiz generalizovanych a kartograficky prizptsobenych
dat zanesenych do skic stabilniho katastru. Z tohoto dlivodu také nema model historického land use
tak dobrou polohovou presnost, jako model sou¢asného land use. Zdrojem chyb v tomto modelu byly
chyby vzniklé pti historickém kartografickém zdznamu skutecnosti do mapy, pti kopirovani listl
historickych map, nasledném skenovani, a pfi jejich kompozici do souvislého Uzemi,
georeferencovani i pfi nasledné vektorizaci.
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Data pro soucasny land use

Pro Gzemi CR jsou k dispozici dva systémy pokryvajici informacemi o land use a land cover beze$vé
celé Uzemi. Jsou jimi Katastr nemovitosti a evropsky projekt CORINE. Katastr nemovitosti vede ke
kazdému pozemku Udaj o druhu a zplUsobu vyuZiti pozemku. Charakteristika jednotlivych druhd
pozemkl a zplsobu vyuZiti pozemku evidovaného jako druh ,ostatni plocha” je stanovena v
katastralni vyhlasce CUZK €. 26/2007 Sb., (Piilohy 1 a 2). Zplsob evidovani téchto dat je dan
zakonem ¢. 111/20009 Sb., o zakladnich registrech.

Katastr nemovitosti navazuje historicky na Stabilni katastr. Zaznamenava Udaje o vyuZiti pozemku
k administrativni jednotce prostorové vymezené hranicemi parcely. Kategorii land use Ize odvodit
z klasifikace druhu parcely (Pfiloha 3a) a zpresnéni vyuzZiti pozemkd druhu ,ostatni plocha“
(Priloha 3b).

Druhym zdrojem informaci o soucasném krajinném pokryvu je evropsky projekt CORINE. Tento
projekt Evropské agentury pro Zivotni prostiedi (EEA) ma za ukol poskytovat aktudlni a pravdivé
informace o krajinném pokryvu — land cover, které budou srovnatelné a konsistentni pro Uzemi celé
Evropy. Data do databdaze land cover jsou ziskavana interpretaci satelitnich snimk( povrchu Zemé a
pro rok 2000 a novéjsi maji prostorové rozliseni 1 ha (étverec 100x100 m) a nejmensi velikost jedné
mapované jednotky land cover je 25 ha. Narodni databaze je vedena v soufadnicovém systému S-
JTSK. Systém CORINE LC zatazuje land cover do 44 kategorii (Pfiloha 4), které jsou hierarchicky
usporadany do 5 tfid v Urovni 1 odpovidajicich zhruba zakladnim krajinnym prvkiim a jsou dale
v urovni 2 ¢lenény do kategorii zohlednujicich i typ land use (Feranec 2010).

Model soucasného land use

Model soucasného vyuZivani krajiny musel respektovat vychodisko historického land use, aby bylo
mozné srovnavat krajinné charakteristiky mezi obéma obdobimi véetné odvozené charakteristiky
funkcnosti krajiny.

Druhym poZadavkem, ktery model soucasné krajiny musi poskytnout, je maximalni detail popisu
vegetacniho krytu, ktery bude potieba pro analyzy fungovani krajiny vyuzivajicich nastrojl dalkového
prizkumu zemé i pro analyzy fungovani konkrétnich ekosystém, zkoumanych v terénnim Setreni.

Data z databaze Katastru nemovitosti nelze pro uvedené zadani pouzit. Clenéni jejich kategorii druhu
pozemku a vyuZiti pozemkU (Pfiloha 3b) nekoresponduje Uplné s kategoriemi historického katastru a
neregistruje nékteré vyznamné krajinné prvky, jako napf. mokfady. Ve zkoumaném Gzemi Sokolovska
jesté nebyla dokoncéena digitalizace katastru nemovitosti pro vsechna katastrdini Uzemi, takie
databaze hranic parcel nepokryva celé Uzemi. Pro zkoumani vyuZiti a fungovani krajiny navic
nevyhovuje, jestliZe se na jedné parcele muZe vyskytovat vice ¢asti plochy srlznou krajinnou
funkénosti. Ze studii v daném Uzemi je také znamo, Ze se nelze spolehnout na soulad udaji o druhu a
vyuziti pozemku se skutecnosti (Matiskova 2011).

Databaze CORINE 2000/2006 svym ucelem vice koresponduje s cili zkoumani na Sokolovsku. Jeji
nevyhodou je ale hrubé méfitko pro identifikaci jednotlivych mapovanych jednotek, které je 25 ha, a
neumoziuje srovnavat data v jemnéjsi struktufe definované Stabilnim katastrem. Zaroven posledni
aktualizace dat pochdzi z roku 2006 a nezachycuje rychlé zmeény v krajiné Sokolovska, souvisejici
s postupnym ukoncovanim tézby.
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PouZitd metoda vlastniho sméru dat vychazi z ovéfené metodiky inventarizace land use, pouZitou pfi
zkoumdni fungovani krajiny v Jiznich Cechach (Bodlak 2008). Pro zkoumani funkénich charakteristik
byla kategorie ,sukcesni plochy” podrobnéji ¢clenéna do podkategorii a také byly pridany kategorie
souvisejici s rekultivacemi v izemi.

Z definice mapovacich jednotek je ziejmé, Ze tato metodika v mapovanych jednotkdach kombinuje
hledisko land use i land cover. Vzhledem k ndvaznosti na mapovani historického land use proto
oznacuji resitelé projektu nazev predmétu mapovani pouze terminem land use.

Soucasny model land use vznikl z primarnich dat, tj. dat pfimo zakreslovanych.

Pro zakres slouZily otisky aktudlni ortofotomapy CR (geoportal.cuzk.cz) v méfitku 1: 5 000, do kterych
se zakreslovaly hranice homogennich ploch podjednotek land use a kéd podjednotky (Pfiloha 5).

Obraz téchto hranic byl potom nad ortofotomapou ru¢né vektorizovan, pfiéemz pro zpfesnéni polohy
hranice se pouzivaly jesté dalsi dostupné datové zdroje — ZABAGED, LPIS a DIBAVOD.

| pfesto vsak je v datovém souboru tfeba uvaZovat s chybami, které vznikly pfi identifikaci
nejednoznacné hranice mezi podjednotkami land use, nepfesnostmi pfi vektorizaci malych objekt(,
jako napf. cest, nebo meandr( potokd.

Data pro verifikaci sou¢asného land use

Zaznamy metadat na geoportdlech CENIA a CUZK uvadéji, e ZABAGED® je zakladni baze
geografickych dat Ceské republiky, digitalni geograficky model Gzemi Ceské republiky odvozeny z
mapového obrazu Zakladni mapy Ceské republiky 1:10 000 v soufadnicovém systému S-JTSK a
vyskovém systému baltském - po vyrovnani. ZABAGED® je soucasti informacniho systému
zeméméFictvi a patii mezi informaéni systémy vefejné spravy. Vlastnikem dat je Cesky ustav
zem&méfFiésky a katastralni. ZABAGED je udriovana v podobé bezesvé databdze pro celé tzemi CR, v
centralizovaném informacnim systému spravovaném Zemémérickym urfadem (geoportal.gov.cz,
geoportal.cuzk.cz).

Obsah modelu ZABAGED® je v soucasné dobé (rok 2011) tvoren 123 typy geografickych objekt(
zarazenych do polohopisné nebo vyskopisné ¢asti ZABAGED®. Polohopisna ¢ast ZABAGED® obsahuje
dvourozmérné vedené prostorové informace a popisné informace o sidlech, komunikacich,
rozvodnych sitich a produktovodech, vodstvu, tzemnich jednotkdch a chrdnénych Uzemich, vegetaci
a povrchu, terénnim reliéfu. Jeji soucasti jsou i vybrané Gdaje o geodetickych bodech na uzemi CR.
Vyskopisna ¢ast ZABAGED® obsahuje trojrozmérné vedené prvky terénniho reliéfu a je
reprezentovana souborem vrstevnic. Dopliikové informace resp. identifikdtory nékterych typl
objektl (vodstvo, komunikace) jsou prebirany z databazi jejich odbornych spravcu.

ZABAGED® zacal byt vytvaren jiz v roce 1995 vektorizaci tiskovych podkladd ZM 10. V celém rozsahu
tzemi CR a nadefinovanych objekt(i byla ZABAGED® naplnéna v roce 2004. V letech 2000 a? 2005
byla s vyuZitim fotogrammetrickych metod a terénniho Setfeni provedena prvni aktualizace a
soucasné zpresnéni polohy objektd. V letech 2006 az 2009 probéhl druhy cyklus aktualizace a zahdjen
byl cyklus treti. Perioda aktualizace byla postupné zkrdcena na tfiletou, jsou maximalné vyuZity
letecké méfické snimky a barevna ortofota kaidoroéné vytvarend pro jednu tfetinu Uzemi CR.
Nékteré vyznamné objekty (silnice, spravni hranice a dalsi) jsou celoplosné aktualizované castéji,
minimalné jednou roc¢né, na zakladé ziskanych zménovych informaci od jejich spravc(. V roce 2009
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byla na celém tzemi CR ukoné&ena fotogrammetrickymi metodami kontrola a aktualizace 3D vrstevnic
vySkopisné casti ZABAGED® soucasné s doplnénim vyznamnych terénnich hran. V roce 2011 byl pro
celé uzemi CR vytvoren digitalni model reliéfu v podobé pravidelné miize (10 x 10 m) trojrozmérné
vedenych (3D) bodd.

Prostorové organizacnimi jednotkami ZABAGED jsou mapové listy 1:10 000 v kladu listl Zakladnich
map stfednich méfitek Ceské republiky. Data ZABAGED se dodavaji po celych mapovych listech jako
vektorové soubory polohopisu a vyskopisu ve zvoleném formatu DGN nebo shapefile nebo je Ize
nahlizet prostfednictvim sluzby WMS (Web Map Service). Sluzba WFS nebyla do konce roku 2010
spolehlivé v provozu.

Pro ucely vektorizace land use a jeji nasledné verifikace bylo tfeba mit k dispozici nejen obraz modelu
zprostfedkovany sluzbou WMS, ale skutecny vektorovy model, ktery dovoli provadét nad objekty
zakladni analyzy jako je vyhledavani objektl podle atributli, vyhledavani podle polohy objektl
z jinych vrstev, a pri vektorizaci pfichytavani k objektiim ZABAGED.

Pokud ma uZivatel k dispozici ZABAGED ve formatu dgn, ziskava vSechny typy car (polygon)
v jednom souboru. Pokud ma k dispozici data ve formatu shapefile, ziskal pro kazdou entitu, tj.
topograficky prvek, jeden soubor.

Pro praci s daty v prosttedi ArcGIS nebo JANITOR bylo tfeba nejprve data ve formdatu dgn klasifikovat
s pouzitim katalogu prvkd ZABAGED a popisu vrstev dgn v polohopisu. Tato klasifikace se provede po
pripojeni tabulky kédu typl objektl pres spolecny kli¢ s atributovou tabulkou v souboru dgn. Timto
spolec¢nym klicem je polozka MSctlg-ODBC v souboru DGN a polozka Entitynum v tabulce MSCatlog.
Ptres kddu objektu lze pfipojit Uplny nazev objektu a jeho popis, vzdjemné relace jsou vyznaceny v
Obr. 7.

Pro ucely verifikace dat o land use byly ve zkoumaném Uzemi ze ZABAGED vybrany jen polohopisné
objekty o vegetaci a povrchu, které poslouZily pro vyhledani pfipadnych chyb v zapise kéda nékterych
zakladnich jednotek land use (les, orna plda, trvalé travni porosty, chmelnice, ovocné sady
a zahrady, vinice). Vysledkem bylo vymezeni polygond, v nichZ se Udaje o land use neshodovaly,
a tento vybér byl nasledné pouzit ke kontrole dat.

Z uvedeného vystupu lze naptiklad dohledat odlisnou klasifikaci porostl typu les v ZABAGED
a terénnim mapovani (Obr. 8). Svétle zelena znamena lesni plochy, které jsou ve skutecnosti
v mapovani 2010) opravdu lesem nebo lesni rekultivaci, zatimco v ZABAGED jsou vedeny jako jiny
druh porostu. Zluté plochy jsou mista, kde ve skutec¢nosti jiz les neni, ale databaze ZABAGED z roku
2009 jej stale uvadi (vétsinou mista aktivnich lomU nebo skryvek).

LPIS — plnym jménem Land Parcel Information System — je geograficky informacni systém pro
evidenci zemédélské pady z hlediska uZivatelskych vztahG. Vznikl v souvislosti se vstupem CR do
Evropské unie, nebot podminkou pro poskytovani dotaci vazanych na zemédélskou ptdu je moZnost
jejich ovérovani proti registru pUdy.

Jadro registru pady — evidence pldy dle uZivatelskych vztahl je vedena na zdkladé § 3a
a nasledujicich zdkona ¢. 252/1997 Sb. o zemédélstvi. Zakon upravuje jednak prvotni vznik evidence
a rovnéz veskeré aktualizani procesy.
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Atributy zaznamu Tabulka ZBGD polohopis
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Obr. 7: Ukazka relace tabulek souboru polyline.dgn, MSCatlog a ZBGDpolohopis (z podkladt
http://geoportal.cuzk.cz)

Shoda mapovani LULC lesni puda a lesnich ploch podle ZABAGED
Sokolovsko stav ¢erven-¢ nec 2010

- Jindfichovice

Legenda

[ | shoda mapovani | ZABAGED - nelesni typ
I =5 v mapovani oproti nelesni piidé v ZABAGED
l:l nelesni typ v mapovani oprofi lesu v ZABAGED

.03 mapovini a ZABAGED - lesni typ
Obr. 8 : Shoda mapovani LULC lesni pada a lesnich ploch podle ZABAGED (KasSparova, |. 2011a)
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Ze zadkona LPIS eviduje vyuZiti pldy ve tfech slozkach — pady, objekty uréené k chovu evidovanych
zvitat a krajinnych prvka.

Zakladni jednotkou evidence pudy je ptdni blok o minimalni vymére 0,1 ha, kterym muze byt:

a) souvisla plocha zemédélsky obhospodarované pldy zretelné v terénu oddélena zejména lesnim
porostem, zpevnénou cestou, vodnim Utvarem povrchovych vod nebo zemédélsky neobdélanou
pldou, poptipadé obsahujici krajinny prvek nachazejici se uvnitf pddniho bloku,

b) souvisla vodni plocha vyuzivand pro ucely chovu ryb, vodnich Zivocich(i a péstovani rostlin ve
vodnim utvaru povrchovych vod a podobné,

c) souvislda plocha zalesnéné pady, kterd byla v evidenci pldy vedena jako zemédélsky
obhospodarovana puda se zemédélskou kulturou (kromé rybnika nebo porostu rychle rostoucich
drevin).

Padni blok se mlze dale délit, pokud na ném hospodafi vice uZivatelll nebo se na ném péstuje vice
druhl zemédélskych kultur nebo pokud pro jeho ¢ast plati, Ze je obhospodarovana podle zasad
ekologického zemédélstvi nebo neni zpUsobild pro poskytovani primych podpor nebo uZivatel na ni
hodla uplatfiovat agroenvironmentalni opatfeni nebo zalesfiovat podle zvlastniho predpisu.

K pldnimu bloku jsou ze zakona evidovany mimo jiné tyto udaje: identifikacni Cislo, vyméra, uZivatel,
druh zemédélské kultury, zarazeni do rlznych ochrannych pasem, existence odvodnovaciho nebo
zavlaZzovaciho systému, hospodareni v rdmci ekologického zemédélstvi, zafazeni do horské oblasti,
oblasti s jinymi znevyhodnénimi (LFA — Less Favoured Agriculture) a oblasti Natura 2000.

K pldnimu bloku je také evidovan pfislusny krajinny prvek, ktery lezi uvnitf bloku nebo s nim aspon
na Casti hranice sousedi. Druhy krajinného prvku jsou definovany Natizenim vlady ¢. 335/2009 Sb.
takto: mez, terasa, travnatd udolnice, skupina drevin, stromoradi, solitérni dfevina.

Majitel nebo uzivatel definuje krajinny prvek proto, aby na jejich udrzbu mohl zadat podobné dotace,
jako na hospodafeni na zemédélské pudé. Zahrnuti krajinnych prvk( do LPIS vyplynulo z
implementace povinnych standard( Dobrého zemédélského a environmentainiho stavu, zakotvenych
v legislativé Evropské unie.

Vymezeni pldnich blok( a kultury jsou stanoveny v metodikach Ministerstva zemédélstvi. Zde plati,
Ze se vidy posuzuje, zda uzivatel danou plochu vyuZiva primdrné k zemédélskym ucellm a zda je
obhospodarovana v souladu s béZznou zemédélskou praxi. Pokud tomu tak neni, mize ji evidovat jen
jako kulturu jinou — podkulturu ,,jind kultura neopravnéna pro dotace”.

Do kultur, kterym nepfislusi dotace, dale napfiklad patfi napriklad plantaze vanocnich stromkd,
kuchyniské-zelinarské zahrady, z nichZz vypéstky neslouZzi k prodeji, zahrady pro rekreacni a podobné
ucely, golfova hristé, stala letisté, sportovni stfelnice.

Geograficky informacni systém LPIS je vytvoren jako jedna databaze. lJeji obsah garantuje
Ministerstvo zemédélstvi a to také udrZuje online aktualnost dat. Presto, Ze LPIS byl vybudovan
predevsim pro statni spravu, ktera jim kontroluje pridélovani podpor do zemédélstvi, okruh jeho
uzivatelll je podstatné Sirsi. BéZna verejnost ma také pfistup do Verejného registru pldy, a to bud’
prostfednictvim samostatné aplikace nebo sluzeb WMS/WFS a pfimého exportu dat
(http://eagri.cz/public/app/Ipisext/Ipis/verejny/).
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Shoda mapovani LULC "Louky a pastviny (TTP)"
a trvalych travnich porostu podle ZABAGED a LPIS Sokolovsko
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Obr. 9: Shoda mapovani LULC "Louky a pastviny (TTP)" a trvalych travnich porosti podle ZABAGED a
LPIS (Kasparova, |. 2011b)

Z hlediska pokryti zemédélskych ploch pldnimi bloky nebo krajinnymi prvky je tfeba mit na paméti,
Ze tyto jsou do databaze vloZeny pouze tehdy, kdyZ jejich uZivatel ma zdjem o néjakou podporu
hospodareni na téchto plochach a splfiuje podminky pro zarazeni ploch do LPIS.

vs s

Verejny LPIS jesté poskytuje dalsi udaje o Uzemi, které se zemédélskym vyuzivanim pldy mohou
souviset a pochazeji z vefejnych zdroju, napf. hydrologické Gdaje (meliorace, zamokfené pldy, 25m a
50m okoli vodnich utvart), idaje o erozi (plidy ohroZené erozi, eroze a protierozni opatfeni), zakladni
- podkladové — mapy a mapy katastru nemovitosti (Snablova, Otradovcovda 2009). P¥i mapovani land
use/land cover v panevnich oblastech byla data LPIS vyuzita pro ovéfeni spravnosti mapovani
zakladnich jednotek orna plda, louky a pastviny.

Opét tato data byla vhodnym zdrojem pro ovéreni terénniho mapovani. V Obr.9, jasné zelené plochy
vyznacuji louky a pastviny, které jsou shodné dokumentovany v terénnim mapovani a/nebo LPIS a
ZABAGED. Barevné plochy potom symbolizuji Uzemi, ktera jsou v LPIS a/nebo ZABAGED vedena jako
trvalé travni plochy, ale pfi fyzickém mapovani byly zafazeny do jiné kategorie na zadkladé pouzité
metodiky mapovdni land use.

DIBAVOD je digitalni baze vodnich utvard, jejimz spravcem je Vyzkumny Ustav vodohospodarsky
T.G.Masaryka. DIBAVOD je referencni geografickd databaze vytvorend primarné z odpovidajicich

vrstev ZABAGED®. DIBAVOD umoziuje stazeni vektorovych dat pro jednotlivé typy vodnich utvar(
prostfednictvim internetového portalu DIBAVOD (VUV TGM,2011).
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Obr. 10: Shoda mapovani vodnich Utvar( mezi databazemi ZABAGED, DIBAVOD a mapovanim land

use (Kasparova, I. 2011c)
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use (Kasparova, I. 2011c)
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Z této databaze byly ve zkoumaném Uzemi pouZity objekty vodnich nadrzi a baZzin a mocala pro
verifikaci mapovanych podobnych ploch land use. PrestoZe by obsah objektl (tj. vodnich Utvara a
jejich lokalizace) mél byt shodny s databazi ZABAGED, je zfejmé, Zze tomu tak neni (Obr. 10 a 11).
Vyméra odlisné zarazenych kategorii land use sice neni velka, ale pro zjistovani pohybu vody a
energie v Uzemi ma spravné urceni skute¢ného krajinného pokryvu a vyuziti velky vyznam.

Vysledky

PouZiti land use/land cover jako indikatoru zmén a funkcnosti krajiny

PFi zkoumani antropogennich krajin se zpravidla setkdvame s pojmy land use (vyuZiti krajiny) anebo
land cover (krajinny pokryv). Oba terminy se casto vyskytuji spolu, VyuZiti pady je dualezitym
ukazatelem ekonomického a ekologického potencionalu daného uzemi, tak jak jej uZivatel deklaruje
nebo zamysli vyuZivat a pretvaret. Krajinny pokryv obvykle vyjadfuje popis Uzemi pomoci
fyziognomickych atributd, zatimco land use pouziva funkéni atributy. Oba pojmy zavisi na krajinnych
slozkach v daném Uzemi a jsou zpravidla i vymezovany hranicemi téchto sloZzek v Uzemi. Soucéasné
jsou také zavislé na Case, ve které, se zjistuji a obdobi, pro které se budou pouzivat.

Zatimco land use je klasifikace vyuzivana predevsim pro ucely evidence a hospodareni v krajing, land
cover se pouzivd k zachyceni aktualniho stavu, pro detailnéjsi studium krajiny, pro navrhy
hospodareni ve specifickych Uzemich nebo situacich (chranéna uzemi, rekultivované plochy, atd.).
Land cover je zpravidla kombinaci charakteristik struktury krajiny, land use a vegetacniho krytu
(Sklenicka, 2003).

Vysledky praci vyuZivajicich land use a land cover v souvislosti s diagnostikou téZzebni a posttézebni
krajiny jsem publikovala v pracech Skalo$ et Kasparova (2012), Pecharova et al. (2011), Kasparova
(20113, 2011b, 2011c), nebo v pracech pfipravenych k publikaci KaSparova et al. (2012), Skalos et al.
(2012).

Pamét krajiny
Skalos, J., Kasparovd, I., 2012. Landscape memory and landscape change in relation to mining .
Ecological Engineering, 2012, Volume 43, Pages 60—69.

Prace méla za cil identifikovat pamét krajiny jako nastroje pro popis a kvantifikaci vlastnosti ,bézné“
krajiny, tj. krajiny bez vyjimeénych pozoruhodnosti. Pojem pamét krajiny se v Ceské literature
v souvislosti s krajinou pouzivd ve smyslu ,schopnosti regenerovat pfedchozi stav” (Sadlo 1994),
yudrZet nékteré atributy krajiny anebo schopnost regenerovat je” (Skleni¢ka 2003). Pamét krajiny se
vztahuje jak na hmotné charakteristiky, tak na nehmotné vlastnosti. Jestlize se hovofi o ztraté paméti
krajiny (Cilek 2002), uvazuje se o nendvratném zaniku nehmotnych soucasti krajiny souvisejicim
vétsinou s radikdlni a nevratnou zménou fyzickych vlastnosti.

Zakladem hmotné paméti krajiny jsou trvalé krajinné struktury. V této praci byly za takové struktury
povazovany ty prvky pfirodni nebo kulturni krajiny, které se vyznacovaly relativni stalosti mista a
krajinného pokryvu po urcitou delsi dobu az dosud.
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Zajmové Uzemi je vymezeno katastrem obce Sticany, ktery se nachazi v tzv. staré kulturni krajing,
ktera zde byla obydlena jiz od neolitu. Pfes ponékud monoténni charakter, ve kterém prevazuje
zemédélské vyuziti pldy, se v omezené mife vyskytuji i dalsi typy land use. Zhruba 1/8 Gzemi (20 ha)
zaujima byvala cihelna a souvisejici dnes jiZz nevyuzivana tézba jili. Dle evropské typologie LANMAP
patfi tato ¢ast do typu Chs-al: ,,Continental — hills (pahorkatiny)- sediments — agricultural land use).
Dle typologie Lowa patfi do krajiny plosSin a pahorkatin dle reliéfu a zemédélské krajiny podle vyuZiti.
Podnebi patfi do mirné teplé oblasti s primérnou teplotou 8,2°C (Novakova 1991).

Pro ucely této prace byly pouZity listy mapy Stabilniho katastru nemovitosti z roku 1839 v méfitku
1:2880 (CUZK, 2002). Diky detailnim informacim, které mapové dilo poskytuje, se povaZuje za
zakladni historicky zdroj. Letecké snimky zapUjcil pro tuto praci Okresni urad v Chrudimi. Jednalo se o
skutecné fotografie ve skutecnych barvach, pofizené v kvétnu 2002.

Oba analogové podklady byly naskenovany na velkoformatovém skeneru ve vysokém rozliseni (900
dpi). Rastr byl dale georeferencovan pomoci afinni transformace do kartografického zobrazeni S-
JTSK. Pro identifikaci vlicovacich bodd byla pouZita pomérné husta sit komunikaci, ktera se zachovala
z minulosti do soucasné doby. Rozliseni vysledného rastru ortofota bylo 30 cm. Nad témito podklady
byl v prostfedi ArcView vytvoren vektorovy polygonovy model land use/land cover pro kazdé ¢asové
obdobi.

Pro urceni struktur paméti krajiny vzajmovém uzemi byly stanoveny dvé podminky: stalost
prostorové struktury v éase a typ land use/land cover. Prostorova charakteristika byla zachycena
vektorovym modelem, land use/land cover v atributech jednotlivych objektd. Vzhledem k tomu, Ze
klasifikace vyuZiti pozemku zachycena Stabilnim katastrem je ve srovnani se sou¢asnymi evidencemi
bohatsi, byly vytvoreny sdruzené typy pro: zastavéna uzemi, zahrady, trvalé travni porosty, ornou
pGdu, ostatni plochy, silnice, mimolesni dfeviny. Pro rok 2002 pfibyl jesté typy prlmysl. V Gzemi
nebyl zadny les, proto se tento typ pokryvu pouZil. Prvky paméti krajiny byly vymezeny pouZitim
nastroje prostorové analyzy v ArcView, kdyz funkci Intersection byly vymezeny plochy uzemi se
stejnym pokryvem udanym ve Stabilnim katastru a v leteckém snimku a prostorovd odchylka hranice
nebyla vice jak 1 m.

Kvantifikace paméti krajiny pak vychazela z téchto souhrnnych hodnot:
e zastoupeni vsech kategorii tvoficich pamét krajiny ve srovnani se zastoupenim typu
krajinnych pokryvi v roce 1839 v procentech
 zastoupeni jednotlivych kategorii tvoficich pamét krajiny v porovnani se zastoupenim typt
krajinnych pokryvl v roce 1839 v hektarech a procentech
e zastoupeni tzv. ekologickych typ( (zahrad, TTP, mimolesnich dfevin), tvoficich pamét
krajiny v porovnani se zastoupenim typl téchto krajinnych pokryvl v roce 1839, v%

Ve sledovaném Uzemi doSlo ke zméné land use a zaroven se zde vyliSily prvky paméti krajiny.
Zastavéné plochy, louky a mimolesni dieviny jsou typy, které se zménily vyrazné. Zastavéné a dalsi
plochy spolu s prdmyslem vzrostly 8-nasobné z 1,3 na 10,7%, vétsinou na ukor trvalych travnich
porostl (pokles ze 17,6 na 5,9.%) a zahrad.

Ve struktufe paméti krajiny rozsahem prevlada orna pida — 76 % tj. 87, 7 ha bylo v roce 2002 na
stejném misté, jako v roce 1839. Nejmensi zména se udala v mimolesnich drevinach, kterych zlstalo
na puvodnim misté 83,6 %. Naopak nejvétsi zmény postihly trvalé travni porosty (setrvalo 9,7 %) a
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zahrady (14 %). Souhrnné se na paméti krajiny podileji mensi mérou ekologicky stabilni typy land use
(zachovalo se jich pouze 16 %), zatimco ostatnich se dohromady zachovalo 59,8 %.

Koncept paméti krajiny v sobé spojuje hodnoceni diverzity typd land use spolu s trvalosti jejich
struktury. Jeho pouZiti musi vhodné zobecnit mozné odlisnosti v definici typd land use ve dvou
Casové odlisSnych zdrojich (napf. mimolesni zelené, viz SkaloS et Engstova 2010) a zhodnotit
predpoklad stalosti typd mezi obéma hranicemi zkoumaného obdobi, nap¥, zjinych zdroji potvrdit,
Ze pole nebylo do¢asné prevedeno na louku a pozdéji opét rozorano.

Tato pripadova studie ve svém casovém intervalu nezaznamenala postupnou sukcesi na plose jiz
ukoncené tézby jilli. JAmy jsou dnes zaplaveny vodou a ostatni plochy osidluji lu¢ni nebo kfovinna
spolecenstva (ortofoto CENIA 2011).

Vysledky prace jsou také v souladu se studii Verburga et al. (2006), ktera mimo jiné na prikladu Ceské
republiky modelovala scénaf vlivu globalni ekonomické spoluprace na strukturu land use. V jejich
modelu se i pro toto Uzemi jevil pro obdobi let 2000-2010 pokles trvalych travnich porostl ve
prospéch orné pudy, nasledovany opousténim orné pldy a jeji pfirozenou pfeménou v sukcesni
stadia (lze predpokladat typ mimolesni zelené) vlivem ukonceni dotaci do zemédélstvi. Vysledky se
shoduji i v tom, Ze pfi této zméné dochazi k homogenizaci struktury krajiny a negativnimu dopadu na
estetickou kvalitu a diverzitu téchto krajin.

Funkéni zmény krajiny Sokolovska 1842 — 2010
Skalos, J., Pecharovd, E., Kasparovd, I. a kolektiv:. Funkéni zmény krajiny Sokolovska v obdobi 1842 a
2010. Kostelec nad Cernymi lesy, Lesnickd prdce s.r.o., 2012

V letech 2008-2011, v ramci rozsahlého projektu ,Nové pfistupy umoznujici vyzkum efektivnich
postupl pro rekultivaci a asanaci devastovanych oblasti” jsem se podilela na analyze zmény land use
v téZebni krajiné v Podkrusnohofi. Jednim z vystupl je soubor 28 specializovanych map zobrazujici
zmény ve vyvoji vyuziti krajiny (land use) a funkéniho vyufZiti krajiny (vodniho potencialu krajiny) v
zajmovém uzemi Sokolovsko. Studie byla zpracovdna na dvou urovnich. Jednak pro celé zajmové
Gzemi zahrnuijici 50 historickych katastralnich Gzemi o celkové vyméte cca 210 km?, a zéroveri byl
vyzkum proveden jako pfipadova studie v ramci vybranych historickych katastralnich Uzemi. Tato
katastrdlni Uzemi reprezentuji jednak krajinu ovlivnénou povrchovou tézbou (Chodov 1169 ha, Tyn
545 ha, Lomnice 860 ha), a také krajinu nezasaZzenou tézbou, tzv. referencni uzemi (k.4. H3j 644 ha,
Nové Domy 205 ha, a Hluboka 331 ha). V soucasné dobé je stejné Gzemi vymezeno 46 katastralnimi
Uzemimi, které vétSinou zachovavaji hranice byvalych katastr(. Jako zdroj historickych dat pro urceni
land use (Obr. 12) a vodniho potencidlu krajiny (Obr. 13) slouZzily indikacni skici stabilniho katastru
(1841-1842). Pro ziskani informaci o sledovanych atributech soucasné krajiny bylo provedeno
mapovani soucasného stavu krajiny v terénu v roce 2010. Pro hodnoceni historické funkénosti krajiny
byla zavedena klasifikacni stupnice vodniho potencialu krajiny, ktera vznikla rozfazenim historickych
kategorii land use do 15ti kategorii dle hypotetické potenciadlni schopnosti udrzeni vody v krajiné ve
sledovaném land use (Obr. 14). Pro hodnoceni soucasného vodniho potencidlu (Obr. 15) vznikla
prevodni tabulka, v niz kazdé jednotce land use byla pfifazena kategorie vodniho potencialu krajiny
dle hypotetické potencidlni schopnosti evapotranspirace daného land use a krajinného pokryvu. Pro
stanoveni historického land use byla sestavena legenda land use dle vyuZiti krajiny na mapdch
stabilniho katastru. Legenda mapovani souc¢asného vyuziti krajiny byla kompatibilizovana s legendou
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land use na mapach stabilniho katastru. Pfi zpracovani map byly vyuZity nastroje ArcGlIS, konkrétné
software ArcMap 9.3 firmy ESRI.
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Obr. 13: Soucasny land use krajiny Sokolovska v roce2010
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Legenda vodniho potencialu krajiny
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Obr. 14: Historicka funkcnost krajiny Sokolovska — mapa vodniho potencialu v roce 1842
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Obr. 15: Soucasna funkénost krajiny Sokolovska — mapa vodniho potencidlu v roce 2010
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Kasparovad, I., Pecharovd, E., Justovd, H., Gillarovd-Hrajnohovd, H. 2012. Unique Approach to Land
Reclamation After Brown Coal Mining , 12th International GeoConference SGEM 2012, procceedings,
held 17 - 23 June, 2012 in Albena, Romania, procceedings ISSN: 1314-2704

Metoda stanoveni struktury paméti krajiny byla pouZita i v Uzemi Sokolovské panve v ptipadové
studii o $ir$im zazemi napousténého jezera Medard. Zde se jedna o Uzemi asi 40 km?* vybrané tak,
zahrnulo okoli zbytkové jamy povrchového dolu Medard-Libik a shodovalo se suzemim
pojednavanym ve studii (Pecharova, Martis et al. 2011). Pamét krajiny zde byla studovana srovnanim
land use/land cover ziskaného z map Stabilniho katastru zroku 1842 a terénniho mapovani na
podkladu ortofotomap v sezéné 2010.

V tomto Uzemi doslo k drastickému poklesu zastoupeni zemédélské pldy (ze 41 % na 6 %) a trvalych
travnich porostl (z 39 % na 9 %) z divodd povrchové tézby uhli. Prirlst lest ( 216 % na 21 %) je
vysledkem postupné ukoncené rekultivace.

2
km 5% Continuous fand use types

Obr. 16: Prvky paméti krajiny v SirSim zazemi napousténého jezera Medard

V této krajiné, tak rychle se ménici a docasné ztracejici vSechny funkce kromé produkéni, je
management prvkd paméti krajiny zvlast dilezity. Hmotné prvky paméti krajiny pomahaji nastartovat
obnovu Uzemi po tézbé a zapojit obnovované biotopy do fungujici kostry stability krajiny (Sklenicka et
Charvéatova 2003). V uzemi Medard-Libik jsou vlastné jedinymi typy land use, které jsou soucasti
struktury paméti krajiny, les a intravilan (zastavéné Uzemi uvnitf obci). Les zUstal v prostorové
struktufe 37 % svych plvodnich porostd, intravilan v 63 %. Oboji ma pro budouci regeneraci Uzemi
vyznamny prinos: les je ekologicky stabilni prvek, na ktery navazuji rekultivace, plvodni struktura
sidel podporuje souvislost nehmotné paméti krajiny a umoziuje identifikace obyvatel s mistem, kde
ziji.
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Pecharovd, E., Martis, M., Kasparovd, I, ZdraZil, V. 2011. Environmental approach to methods of
regeneration of disturbed landscapes. Journal of Landscape Studies - online version, 2011, roc. 4, ¢. 2,
s. 71-80. ISSN: 1802-4416.

Hodnoceni budouci stability zminéného Uzemi Medard-Libik pfi scénari hydrické rekultivace zbytkové
jdmy Medard a navazujicich rekultivaci bylo publikovano ve studii (Pecharova, Martis et al. 2011).
Uzemi bylo pokryto pravidelnym rastrem, jehoz buriky nabyvaly diskrétni hodnoty (- 3, -2, -1, 0, 1, 2,
3) predstavujici kladné, stagnujici nebo zdporné trendy ve vyvoji klicovych funkci krajiny v daném
Case. Scénar zachytil tfi obdobi — minulost, sou¢asnost a budoucnost. Trendy v minulosti byly
odvozeny zmapy land use zpracovaného =z Udaji Stabilniho katastru, trendy v budoucnosti
z predpokladaného stavu Uzemi po Uspésné realizaci rekultivaci (Leitgeb 1999a, 1999b).

Ovéreni mapovani kategorii land use/land cover termosnimkovanim

Kasparovd, 1., Berchovd, K., Jirka, V. 2011. Use of Thermovision Photography for Land Cover
determination in Post-mining Locations. International Journal of Mining, reclamation and
environment, Tylor and Francis, UK, odesldno k redakci

PfestoZe rozmisténi land use vkrajiné se béiné pouzivda jako indikdtor fungovani krajiny,
v posttézebni krajiné v rlznych stadiich rekultivace a rehabilitace mUzZe byt typologie land use pfilis
hrubd, generalizujici, na to, aby zachytila rlizné funkcni ¢asti krajiny. V pfipadové studii (Kasparova et
al. 2011) byla vyuZita data z pokusného termalniho snimkovani nad Velkou podkrusnohorskou
vysypkou k ovéreni spravnosti metodiky mapovani land cover - krajiného pokryvu na rekultivovanych
plochach. Dostupné termalni snimky byly zpracovany do rastrli skute¢né odrazené ranni a odpoledni
teploty, z nichZ byl vypocten rastr rozdila téchto teplot D. PoloZili jsme si Ctyfi otazky: 1. Zda jsou
rozdily mezi primérnou hodnotou D v zéndach rastru urcenych hranicemi jednotlivych typ( land
use/land cover (dle Pfilohy 5) vyskytujicich se vzabéru snimkovéani, 2. Zda jsou rozdily mezi
sdruzenymi typy land use/land cover do 7 zakladnich typ( land use, 3. Zda jsou rozdily mezi lesnimi a
nelesnimi plochami a 4. Zda jsou rozdily mezi plochami uméle rekultivovanymi a ponechanymi
prirozené sukcesi. Analyza variance potvrdila rozdily pro vSechny ¢tyfi otdzky. Tato diléi studie tak
ovéfila spravnost metodiky mapovani krajinného pokryvu na rekultivovanych plochach.

Topografie jako diagnosticky nastroj
Sklenicka, P., Kasparovd, I. 2008. Restoration of visual values in a post-mining landscape. Journal of
Landscape Studies - online version, 2008, roc. 1, ¢. 1, s. 1-10. ISSN: 1802-4416.

V pribéhu feseni projektu QH82106 jsem vytvorila vektorovy model a nasledné rastrovy DEM pro
Velkou Podkrusnohorskou vysypku z obdobi pfed zménou reliéfu téZzbou a vysypkou. Studie zmény
reliéfu byla zpracovdna pouze jako soucast pfipravnych praci na projektu QH82106. Srovnani zmény
topografie z modelu historického DEM a soucasného DEM Aster GDEM po tézbé ilustruje Obr. 3. Pfi
interpretaci vysledku je tfeba zohlednit v metodice diskutované vlastnosti modelu ASTER GDEM.

Podrobnéji byla geomorfologie nové krajiny zkoumana v praci Sklenicka et Kasparova (2008). Nova
geomorfologie Uzemi Sokolovské panve byla vychodiskem pro analyzu zmény pohledového vnimani
nové krajiny po Uspésné rekultivaci vSech ukoncenych dol( a vysypek v rozmezi let 2000-2025.

V Gzemi o rozsahu cca 250 km? byla provedena analyza viditelnosti novych geomorfologickych tvar(
za predpokladu, Ze tyto utvary jsou v dobé svého vzniku vnimany velmi negativné, zatimco po

34



rekultivaci uz jejich negativni vizualni hodnoceni pomine. Vysledky ukazaly, Ze v roce 2000 bylo na
zkoumaném uzemi vice jak polovina (53,8 %) krajiny zafazena do nékteré kategorie s negativnim
vizualnim hodnocenim (lze to chéapat tak, Ze z daného mista v Uzemi pozorovatel vidél aspon jeden
negativné vnimany geomorfologicky utvar), zatimco po rekultivacich by krajina pohledové negativné
vnimana ovliviiovala pouze 12 % Uzemi. Obdobny postup ovéfovany v Recku oznacila M. Menegaki
,vykroCenim spravnym smérem” (Menegaki et Kaliampakos 2012).

Komentar k souboru praci

Digitalni a informacni revoluce konce 20. stoleti umoznila proniknout digitadlnim mapam mimo Staby
armad a diky vyuziti v mnoha hospodarskych odvétvich umozZnila rozvoj geografickych informacnich
systém( nejen jako systému pro shromazdovani dat o Uzemi a pro jejich kartografické zpracovani,
ale soucasné poskytla nastroje a prostor pro vyvoj postupd, které zkoumaji vlastnosti a zavislosti
mezi jevy, které jsou spojeny s mistem svého vyskytu. Geografické informacni systémy (GIS)
umozniuji praci s daty v uréitém prostorovém kontextu, pricemzZ nepracuji pfimo s pavodnimi
namérenymi Udaji, ale s konceptudlnimi modely. Ty umoZniuji pfiblizit se realité do takové miry,
ktera je umoznéna vychozimi Udaji a ktera je vhodnd pro navrhované analytické metody.

Se stéle rozsitujici se nabidkou nastroji nebo celych soubor( nastrojli pro analyzu dat je mozné
pfi vhodném modelu dat provadét analyzy vzajemnych vztaha v rznych méfitcich krajiny, tedy
»pribliZovat” nebo ,,oddalovat” pohled na zvolenou krajinu, aniz by se ménila metoda hodnoceni.

Krajina, nebo nékteré jevy v krajiné, se staly jednou z prvnich oblasti geoinformaci, pro které byly
modely GIS vytvafeny. Shodou historickych okolnosti se rozvoj technik a technologie GIS , rozjel”
ve stejné dobé, jako ve stfedni Evropé zdjem Zivotni prostredi, ktery se v oblastech dotéenych
tézbou transformoval do Usili o celostni, komplexni pristup k obnové krajiny devastované tézbou
uhli.

Vsechny prace zde predkladané maiji spole¢ny zaklad, a to pouZiti

1. nékterého z datovych konceptl pro sestaveni modelu geografického jevu a
2. metod a nastroji pro analyzu vzajemnych vztah( téchto (modelovanych) jevl v ¢ase a
prostoru.

| souhrn téchto praci doklada, ze zména je zdkladnim charakterem tézebni a post-tézebni krajiny.
Vsechny prace néjakym zplsobem pojednavaji zménu néjaké charakteristiky v krajiné zvoleného
Uzemi, zménu souvisejici s téZbou suroviny.

Proto prvnim krokem ke splnéni cile, je volba vhodného datového modelu, ktery bude nejlépe
zménu zachycovat a bude se na ném nejlépe zména zkoumat. Geofgrafické informacni systémy
nabizeji dva koncepty datovych modell — rastrovy a vektorovy.

Rastrovy model pokryva zvolené Uzemi siti pravidelnych bunék, pricemz kazdé burice pfifazuje
jednu hodnotu charakteristiky. Velikost burnky urCuje prostorové rozliSeni jevu v Uzemi, ¢im
mensi je bunka, tim je hustéjSi rastr a dovoluje zachytit vétsi prostorovou podrobnost jevu.
Podstatnou vyhodou rastru je vSak jeho jednoducha datova struktura ve formé matice, ktera
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umozniuje snadno modelovat procesy zmény bunky v zdvislosti na vlastnostech bunék
sousednich (modelovani spojitych ploch).

Vektorovy model zachycuje jednotlivé objekty v prostoru, pficemz je minimalizuje do
jednoduchych tvar( popsatelnych geometrickymi primitivy bodem a useckou a z nich slozenych
linii (sled navazujicich usecek) a polygonll (plocha vymezena uzavienou hranici). Vektorovy
model se vice pribliZzuje skuteénym objektdm v redlném svété, a s kazdym objektem lze spojit
potfebné individualni vlastnosti. Na druhou stranu se pro tento model hlife programuji
procedury pro modelovani spojitych jevli, a proto nastroje GIS obsahuji postupy, jak prevadét
vektorové modely na rastry a obracené.

V metodice bylo ukdzdno, Ze nejvhodnéjsim modelem pro zkoumdni zmény terénu
(geomorfologie) je rastrovy model. V prdaci Skleni¢ky a KaSparové (2008) byl pouzZit rastrovy
model, odvozeny z vrstevnicového modelu Uzemi Sokolovské panve pred a po rekultivacich.

Tyto dva modely terénu mély stejné umisténi a rozliSeni 50 m. Odvozeni modelu a vypocet rastru
viditelnosti bylo provedeno nastroji GIS pro prostorovou analyzu, v tomto pfipadé byly pouZzity
nastroje Spatial Analyst extension ArcView 3.1. Na takto vytvorenych modelech byla potom
zkoumana zmeéna vizualni kvality celého Uzemi v souvislosti s predpokladanymi ukonéenymi
rekultivacemi. Ve shodé s dalsimi autory (Toy et Chuse,2005, Dulias 2010, Menegaki et
Kaliampkos, 2012) prace potvrzuje, Ze rekonstrukce vizudlnich kvalit by méla byt kli¢ovou sloZzkou
rehabilitace posttézebni krajiny. PredevSim pak tato metoda nachdzi uplatnéni v zapojeni
informované verejnosti do rozhodovani o cilovém stavu posttéZebni krajiny a strategii, jak
tohoto cilového stavu dosahnout. MuZe byt podkladem pro rozhodnuti, zda je vefejnym zdjmem
»Zzahladit veskeré stopy”, anebo které naopak ponechat nebo podtrhnout, protoze tézba z(istava
do urcité miry v paméti krajiny a obyvatelé, uzivatelé i navstévnici posttézebni krajiny by méli mit
moznost si uvédomit, jaké sily ji formovaly (Francaviglia,1997).

Studie také ukdzala moZnosti ,pfibliZit” stejny postup méfitka krajiny do méfitka lokalniho,
zobrazujiciho efekt konkrétni modelace terénu na vnimani vyznamné kulturni dominanty (Chlum
Sv. Mari).

Obdobné bylo vhodné pouZit rastrovy model pro popis scénafe vyvoje v krajiné, tak jak je
vytvofen v praci Pecharové et al. (2011). Rastrovy model byl pouZit z divodu, Ze pro néj GIS
poskytuje jednoduché postupy pro zménu meéfitka a tim umoznuje zjednodusit zkoumané
charakteristiky. Rastrovy model téZebni a post-tézebni krajiny v okoli budouciho jezera Medard
je vytvoren z priimérné hodnoty ekologické stability zemi pokrytého kazdou burkou, pficemz
ekologicka stabilita (nebo zranitelnost) byla odvozena z majoritniho land use zastoupeného
v kazdé jednotlivé burce. Vysledny rastrovy model pak reflektuje zménu ekologické stability a
zvyseni prirodniho potencidlu v rekultivovaném Uzemi podle toho, jaké stability dosahnou
jednotlivé rekultivované plochy v soubéhu s dalSimi prepoklddanymi zménami vyuZiti Uzemi,
vyplyvajicimi napf. z plan0 rozvoje uUzemi. Celosvétové se takovyto postup prosazuje pfi
rozhodovani o mistnich strategiich a vénuji se mu odbornici jak z oboru Uzemniho planovani a
krajinného managementu (Sterk et al. 2009, Larondelle et Haase, 2012) tak geoinformatiky
(Steinitz 2012, Mclintosh et al. 2009).
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Naopak pro podobny cil v praci Martise al. (2008) byl pouzit vektorovy model. Studie zachycovala
krajinu po tézbé c¢erného uhli v Kladenském regionu v jednom ¢asovém obdobi, jednotliva tzemi
s homogennimi charakteristikami tedy zlstavala prostorové neménna a bylo vhodnéjsi pro né
zvolit vyjadreni pomoci prostorovych objektl — polygon(. Jednotlivé haldy byly chapany jako
ostrovy a jejich vlastnosti byly odvozeny z vlastnosti okolni krajiny. Vysledek prace — klasifikace
pfirodniho a estetického potencidlu vyjadrena stupni ohrozZeni bioty, bohatstvi bioty jedine¢nosti
bioty, zdrojem biodiverzity a estetickym vlivem na krajinny raz — je prikladem metody vhodné
pro vyjadreni budoucich efektll planovanych Cinnosti v krajiné a je uplatnitelny v procesech
hodnoceni vlivi zdmér( nebo strategii a planl na Zivotni prostredi (procesech EIA nebo SEA).

Do souboru praci jsem zaradila jesté ¢lanek Kasparova et Zdrazil (2006). Sice se nezabyva pfimo
tézebni krajinou, ale popisuje metodiku, kterd hodnoti spoleéenskou sluzbu krajiny pro rekreacni
vyZiti Prazand. Tato metodika vychazi z kombinace nékolika charakteristik pfiprazské krajiny, které
jsou vyjadreny kazda samostatnym rastrovym modelem, a nasledné jsou kombinovany do jedné
stupnice vyjadfujici potencialni turistickou atraktivitu hodnoceného Uzemi. Klasifikace se svou
konstrukci podobad vyjadieni ekosystémovych sluzeb podle Sejaka et al .(2010) nebo Verje (2010). Na
rozdil od zminénych nevyuzivala expertniho hodnoceni zucéastnénych charakteristik krajiny, ale
kombinovala charakteristiky kvantifikovatelné: dostupnost, vzdalenost od hromadné dopravy,
intenzitu chatafeni aj. Tim se bliZila spiSe postuplm, vyZzadovanym pro systémy EDSS (Mclntosh
2011), jak je uplatnily pro vypocet ekosystémovych sluzeb pro obnovovanou LuZickou posttéZzebni
krajinu Larondelle a Haase (2012).

Prezentovana metoda se stala podkladem pro vymezeni rekreacnich lest v okoli Prahy.

Vsechny dosud popsané metody se daji zafadit mezi nastroje v systémech podpory rozhodovani
o zivotnim prostredi (EDSS), jak byly shrnuty kolektivem autord McIntosh et al. (2011).

Nasledujici prace vystavély model krajiny na vektorovém konceptu. Vsechny zkoumaly historické
struktury krajiny ziskané z mapovych podklad( Stabilniho katastru, ktery byl svym ucelem
pozemkového katastru determinovan jako polohové presny popis land use. Tomuto vychodisku
odpovida objektovy koncept vektorového modelu, ktery tim, Ze definuje kazdou plochu jeji
hranici, neztraci Zddnou informaci o tvaru a poloze plochy-parcely.

Vektorovy model land use byl pouZit pro analyzu krajinné charakteristiky ,pamét krajiny”
v pracech SkaloS et Kasparova (2012) a KaSparova et al. (2012). Pfesné urceni hranic prvki
krajinnych struktur, vymezujicich pamét krajiny, je nejlépe moziné s vektorovym modelem.
ProtoZze vtomto modelu je stejny prvek krajinné struktury vkazdém casovém obdobi
reprezentovan samostatnym objektem, je pfi konstrukci modelu tfeba zajistit maximalni
prostorovou shodu vyslednych objektl, které se vyskytuji na stejném misté. Proto je pfi praci
s vektorovym modelem nezbytna dlkladna analyza vstupnich dat a pouZiti potfebnych technik
GIS pro zajisténi topologické presnosti zaznamenavanych dat.

Urceni paméti krajiny bylo navrZeno jako identifikace ploSek v krajiné, jejichZz poloha a land use
zGstaly stejné jak v obraze krajiny zachyceném mapou Stabilniho katastru, tak v obraze krajiny
soucasné, zachycené leteckymi snimky nebo terénnim mapovanim. Pamét krajiny predstavuje

37



nejen koncept vhodny pro popis ,,oby&ejnych“ krajin, o kterych hovofi Umluva o krajiné (Council
of Europe, 2002), ale v téZebni a posttézebni krajiné predstavuje i zdroj diverzity a vazbu na
krajinu pred devastaci. V tomto smyslu chapou i Sklenicka a Charvatova (2003) princip trvalosti
porostl, ktery Ize pouZit k planovani novych casti ekologickych siti na nové rekultivovanych
plochach. Podobné pristupuje k hodnoceni krajiny Stephensonova (2008), kterad rozdéluje
hodnoty krajiny na vnofené a povrchové: povrchové jsou zjistitelné pozorovanim aktualniho
stavu, zatimco vnorené predstavuji pozlstatky minulych forem, historicky vklad predchozich
uzivatell do krajiny a dokonce soubor jejich vztah( ke krajiné a sobé navzajem.

Pfripadova studie Kasparové et al. (2011) analyzovala data z termalniho snimkovani nad Velkou
podkrusnohorskou vysypkou. Vstupni data byla pfevedena do rastrového modelu rozdild rannich
a odpolednich teplot a tento byl podroben rastrové statistické analyze. Statistiky byly pocitany
pro Casti rastru vymezené shodnym typem land use a nasledné byl testovan rozptyl takto
seskupenych hodnot. Vysledky potvrdily rozdily termaini odpovédi jednotlivych typl i podtypt
land use/land cover, které byly pouzity pro mapovani aktualniho stavu téZebni krajiny
v Podkrusnohofi v ramci projektll NAZV QH82106 a NPV Il 2B 08006. Dokladaji vyuZiti zvoleného
modelu k analyze

Zaveér

TéZebni krajina je docasna kategorie. Jejim nejvyraznéjsim a sjednocujicim atributem je rychla zména
od funkéni krajiny ke krajiné produkéni a snaha o co nejrychlejsi navrat k plnéni optimalni kombinace
krajinnych funkci po ukonceni tézby. Zatimco dfive zahlazovani nasledk( tézby smérovalo k obnové
lesni nebo zemédélské produkce, od konce minulého stoleti se uplatiiuje komplexni pohled na
obnovu krajiny, jejich struktur a funkci. Tato prace ukazala, Ze testované charakteristiky (land use/
land cover a geomorfologie), pouzivané k diagnostice funkci béznych krajin, jsou schopné zachytit
rychlou zménu i v krajiné téZebni a mohou byt pfinosem pro rozhodovani o jeji budoucnosti.

Pfinosem ve znalostech krajinné ekologie jsou Uspésné modely krajinnych struktur, které zahrnuji
vyuziti historickych dat o land use a geomorfologie daného Uzemi. Tento pohled umoziiuje metodicky
posun, jak zaclenit historickou zkuSenost s vyuzivanim krajiny do soucasnych rozvojovych planl a
vyrazné tak zlepsit vnimani posttéZzebni krajiny. Soucasné tyto poznatky lze vyuzit i k naplfiovani
zavazk( vyplyvajicich napt. z Evropské imluvy o krajiné.

Prace ovéfila, Ze pouziti téchto zakladnich charakteristik splfiuje poZadavek na kvantitativné
hodnotitelna data: jsou dostupnd ve stejné kvalité pro vSechna Uzemi, jsou ovéfitelnda a pouzité
postupy lze opakovat pfinejmensim v celé Stfedni Evropé. Déle prace ukazaly, jak Ize vhodné modely
krajiny vyuZit pro hodnoceni ptirodniho potencidlu (nebo zranitelnosti krajiny) pfi posuzovani vyvoje
posttézebni krajiny.
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Prilohy:

Pfiloha 1. Historicky land use zajmového tzemi dle kategorii Stabilniho katastru (1842 —

43).
Kategorie Popis
Pole Cista Polni ptda Cista, polni pida s vedlejsim uZitkem jako jsou pole s ovocnymi stromy,

Pole s ovocnymi stromy

stfidavé louky a pole, stfidani s pastvinou (Uhory)

Pole stridajici se s pastvinou

Louky bez dfevin

Pida porostla travou, kterd se kosi a susi na seno (louky suché, mokré, louky|

Louky s ovocnymi stromy

s vedlejSim uzitkem — s ovocnymi stromy, lesnimi stromy a kfovinami

Louky s ostatnimi dfevinami

Pastviny bez drevin

Spore travou porostlé, patii sem téz pazity podél cest, na navsich, meze a pastviny|

Pastviny s ovocnymi stromy

s vedlejsim uzitkem, s ovocnymi a lesnimi stromy a kifovinami

Pastviny s ostatnimi drevin.

Lesy nizké

IVysoké (jehlicnaté, listnaté, smiSené€), lesy nizké (vétSinou listnaté), houstiny a

Lesy vysoké jehlicnaté

porostliny.

Lesy vysoké listnaté

Lesy vysoké smisené

Houstiny

Ovocné zahrady

Ovocné (sady), zeleninoveé, okrasné.

Okrasné zahrady

Zeleninové zahrady

Chmelnice

Chmelnice

Neplodna puda

Kazi, skalni vychozy, pisecné lavice, prostory u vyrobnich podnik(

Raselinisté

Baziny a raselinisté bez uzitku z rakosi.

Baziny bez rdkosu

Rybniky bez rakosu

Reky, potoky, rybniky bez uzitku z rakosu

IToky — reky, potoky

Cesty

Silnice, polni, lesni cesty.

Kamenolomy

Drobna tézba stavebniho materialu.

Piskovny

Hliniky

Stérkovny

Stavebni plochy

Domy a budovy - kamenné stavby, difevéné, hospodarské s plochami ptiléhajicich
dvora
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Pfiloha 2: Kategorie historického land use sjednocené na zakladé provedené vektorizace

Kod | Kategorie Popis

| Intravilan Stavebni parcely

Sl Hlavni komunikace Silnice

C Polni cesty Polni a lesni cesty

N Neplodna plda Neplodna plda, piskovny, hliniky, Stérkovny
S Sady Ovocné zahrady

L Travni porosty Louky a pastviny bez drevin

P Ornd plda Vsechny historické typy poli

CH | Chmelnice Chmelnice

LS, R | Lesy, rozptylena zelen | Louky a pastviny s dievinami, vysoké i nizké lesy a houstiny.
RY | Vodni plochy Rybniky bez rdkosu

T Toky Reky, potoky

M Mokrady Baziny bez rakosu, raselinisté

Pfiloha 3a: Klasifikace druhli pozemki v katastru nemovitosti

Koéd Nazev Charakteristika druhu pozemku pro tcely katastru

2 orna pada Pozemek:a)na némz se pravidelné péstuji obilniny, okopaniny, picniny,
technické plodiny a jiné zem. plodiny, b) ktery je doCasné zatravnén
(viceleté picniny na orné padé).

3 chmelnice Pozemek, na némz se péstuje chmel.
4 vinice Pozemek, na némz se péstuje vinna réva.
5 zahrada Pozemek: a) na némz se trvale a prevazné péstuje zelenina, kvétiny a

jiné zahradni plodiny, zpravidla pro vlastni potfebu, b) souvisle osazeny
ovocnymi stromy nebo ovocnymi kefi, ktery zpravidla tvori souvisly celek
s obyt.a hospodarskymi budovami.

6 ovocny sad Pozemky souvisle osazeny ovocnymi stromy nebo ovocnymi keti nebo
pozemk tvofici s okolnimi pozemky takto osdzeny souvisly celek [§ 3
pism. e) zdkona €. 252/1997Sb.].

7 trvaly travni | Pozemek porostly travinami, u néhoz hlavni vytézek je seno (trava), nebo
porost je uréeny k trvalému spasani, i kdyZ je za ucelem zdrodnéni rozordvan.

10 lesni Pozemek s lesnim porostem a pozemek, u néhoz byly lesni porosty
pozemek odstranény za ucelem jejich obnovy, lesni prisek a nezpevnéna lesni

cesta, neni-li Sirsi nez 4 m, a pozemek, na némz byly lesni porosty
docasné odstranény na zakladé rozhodnuti organu st. spravy lest [§ 3
odst. 1 pism. a) zak. ¢. 289/1995 Sh.].

11 vodni Poz.,na némz je koryto vodniho toku,vodni nadrz,mocal,mokrad nebo
plocha bazina.

13 zastavéna Pozemek, na némz je a) budova nebo rozestavéna budova (dle §2 odst.1
plocha a pism. b),d),e) kat. zak.) véetné nadvofi, vyjma skleniku, ktery je v kat.
nadvori evidovany jako bud’, postaveného na zem. nebo lesnim pozemek,

budovy postavené na lesnim pozemek a budovy evidované na pozemku
vodni plocha,b) spole¢ny dvir (dle §4 odst.4 pism. c), c)zborenisté, d)
vodni dilo.

14 ostatni Pozemek neuvedeny v predchazejicich druzich pozemka.
plocha
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Priloha 3b: Klasifikace vyuziti pozemki druhu ,ostatni plocha”

Kod Nazev Zpusob vyuZiti pozemku druh ,ostatni plocha“
3 plantaz Na pozemku je semenna plantaz, plantaz energetickych drevin,
dfevin vanocnich stromkd, lignikultury apod.
14 draha Pozemek, na kterém je draha Zelezni¢ni, tramvajova, trolejbusova nebo
lanova (§ 1 zadkona €. 266/1994 Sb.) s vlastni dopravni cestou.
15 dalnice Pozemek, na kterém je délnice a jeji soucasti (§ 4zdkona ¢. 13/1997
Sb.).
16 silnice Pozemek, na kterém je silnice I. az lll. tfidy a jeji soucasti (§ 5 zakona ¢.
13/1997 Sb.).
17 ostatni Pozemek, na kterém je mistni nebo ucelova komunikace (véetné zpev.
komunikace | lesni komunikace) a jeji soucasti (§ 6 a 7 zakona ¢. 13/1997 Sb.).
18 ost. dopr. pl. | Letisté, pristav, verejné parkovisté (pokud neni soucasti poz. kom.).
19 zelen Okrasnad zahrada, uli¢ni a sidlistni zelen, park a jind plocha funkéni a
rekreacni zelené.
20 sportovisté a | Hristé, stadion, koupalisté, sportovni draha a jizdarna, strelnice,
rekreacni pl. | autokemp, taboristé apod.
21 hrbitov, Hrbitov, urnovy haj.
urnovy. haj
22 kultur. a Botanicka a zoologicka zahrada, skanzen, amfiteatr, pamatnik apod.
osvét. pl.
23 manipulaéni | Manipulacni a skladova plocha [§ 4 odst. 4 pism. d)].
plocha
24 dobyvaci Prostor jednoho nebo vice vyhradnich loZisek nebo prostor jen ¢asti
prostor vyhradniho loZiska.
25 skladka Skladka odpadu.
26 jind plocha Pozemek nevyuZivany Zadnym z ostatnich vyjmenovanych zpGsobi

véetné pozemku, na kterém je postavena stavba, kterd se v KN
neeviduje.

49




Pfiloha 4: CORINE hierarchie CLC kategorii.

Uroven 1 Uroven 2 Uroven 3
1. Umélé 1.1. Méstské zastavby 1.1.1. Souvisla méstska zastavba
plochy 1.2. Primyslové, 1.1.2. Nespojitd méstské zastavby
obchodni a prepravni 1.2.1. Pramyslové, obchodni jednotky
jednotky 1.2.2. Silniéni a Zelezniéni sit€ a pozemky
1.3. Doly, skladky a 1.2.3. Pristavy
staveniste 1.2.4. Letiste
1.4. Uméle, 1.3.1. Mista té¢Zby nerostnych surovin
nezemédélské porostlé 1.3.2. Skladky
plochy 1.3.3. Staveni§ts
1.4.1. Méstské zelené plochy
1.4.2. Sportovni zafizeni, z. Pro volny ¢as
2. Zemédélské | 2.1.Orna pada 2.1.1. Nezavlazovana orna puda
plochy 2.2. Trvalé kultury 2.1.2. Trvale zavlazované pudy
2.3. Pastviny 2.1.3. Ryzova pole
2.4. Heterogenni 2.2.1. Vinice
zemédeélské plochy 2.2.2. Ovocné stromy a bobuloviny
2.2.3. Olivové haje
2.3.1. Pastviny
2.4.1. Jednoleté plodiny spojené s trvalymi
kulturami,
2.4.2. Komplexni zptisoby obhospodafovani
2.4.3. Pozemky obsazené predevsim
zemédélstvim s vyznamnou plochou pfirozené
vegetace
2.4.4. Zemédélsko-lesnické plochy
3.Lesa 3.1. Lesy 3.1.1. Listnaty les
polopfirozené 3.2. Kfovinna a/nebo 3.1.2. Jehli¢naty les
plochy bylinnd spolecenstva 3.1.3. SmiSeny les
3.3. Oteviené prostory 3.2.1. Pfirodni louky a pastviny
s malou nebo Zadnou 3.2.2. Stepi a viesovisté

vegetaci

3.2.3.
3.2.4.
3.3.1.
3.3.2.
3.3.3.
3.3.4.
3.3.5.

Tuholisté vegetace

Pfechodné porost lesa a kiovin
Plaze, duny, pisek

Holé skaly

Oblasti s fidkou vegetaci
Spaleniska

Ledovce a vécny snih

4. Mokrady

4.1. Vnitrozemské
mokrady
4.2. Mofiské mokrady

4.2. Morské mokrady

4.1.1.
4.1.2.
4.2.1.
4.2.2.
4.2.3.

Vnitrozemské baZiny
Raselinisté

Slaniska

Saliny

Prilivové plosiny

5. Vodni plochy

5.1. Vnitrozemské vody
5.2. Mofské vody

5.1.1.
5.1.2.
5.2.1.
5.2.2.
5.2.3.

Vodni toky
Vodni utvary
Pobteini laguny
Usti Fek

Mofre a ocedn
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Pfiloha 5: Zakladni jednotky a podjednotky mapovaného land use v roce 2010

zakladni jednotka Podjednotka Kéd LU
Orna plda hola plda 1.1
Strnisté 1.2
PSenice 1.3
JeCmen 1.4
Oves 15
Zito + triticale 1.6
Kukufice 1.7
Repka 1.8
Hrach 1.9
Bob 1.10
Brambory 1.11
Mak 1.12
sméska pSenice, jeCmen, oves 1.3/1.4/1.5
sméska oves a hrach 1.5/1.9
sméska oves, hrach a jetele 1.5/1.9/2.1
sméska oves a bob 1.5/1.10
louky a pastviny Jetele 2.1
suché louky 2.2
mezofilni louky 2.3
vihké a podmacené louky 2.4
mezofilni louka s nalety drevin 2.3/4.1
mezofilni louka s ¢etnymi ostrivky lada 2.3/4.2
mokrady rakosiny, ostfice, nivy 3.1
vrbiny, olSiny, nivy 3.2
bfehy rybnikl porostlé Calamagrostis, jetely, $toviky a rakosem | 3.3
sukcesni plochy polozapojena sukcesni stadia 4.0
nalety drevin 4.1
lada (pudy ulozené do klidu) 4.2
ruderdly (hnojisté, smetisté) 43
sukcesni plochy s pfevahou Calamagrosits 4.4
zapojend sukcesni stadia lu¢niho typu 4.5
hola vysypka 4.6
subxerofytni porosty 4.7
Calamagrostis s rozptylenou zeleni 4.8
nalety drevindo 1 m 4.1.1
nalety drevin do 2 m 4.1.2
nalety dfevin do 3 m 4.1.3
nalety drevin do 4 m 4.1.4
nalety drevin do 5 m 4.1.5
nalety drevin do 6 m 4.1.6
nalety drevindo 7 m 4.1.7
nalety drevin do 8 m 4.1.8
nalety drevin nad 10 m 4.1.10
polozapojena sukcesni stadia s naletem drevin 4.0/4.1
ruderdl s ndletem dfevin 4.1/4.3
prechod mezofilni louky na ruderadl 4.3/2.3
ruderdl s ndletem dfevin 43/4.1
listnata rekultivace zarostld Calamagrostis 4.4/10.0.2.|
subxerofytni porosty s naletem drevin 4.8/4.7
ovocné sady sady, zahrady 5.1
Aleje 5.2
Lesni plochy listnaté lesy 6.1
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zakladni jednotka Podjednotka Kéd LU
jehli¢naté lesy 6.2
smisené lesy 6.3
paseky, mytiny 6.4
vodni plochy 7
obnaZend dna a brehy 8
zastavéné plochy souvisla zastavba méstského typu 9.1
roztrousenad zastavba vesnického typu 9.2
lom piskovna, holé lomové povrchy 9.3
Komunikace 9.4
rekultivacni plochy lesnicka rekultivace vyssi nez 2 m —jehli¢nata 10.0.1,j
lesnicka rekultivace vyssi nez 2 m -listnata 10.0.1.1
lesnicka rekultivace vyssi nez 2 m —smisena 10.0.1.s
lesnicka rekultivace 1-2 m — jehli¢nata 10.0.2,j
lesnickd rekultivace 1-2 m -listnata 10.0.2.1
lesnickd rekultivace 1-2 m — smiSend 10.0.2.s
lesnicka rekultivace 0,5-1 m — jehli¢nata 10.0.3,j
lesnicka rekultivace 0,5-1 m -listnata 10.0.3.1
lesnicka rekultivace 0,5-1 m — smiSena 10.0.3.s
lesnicka rekultivace do 0,5 m — jehli¢nata 10.0.4.j
lesnicka rekultivace do 0,5 m -listnata 10.0.4.1
lesnicka rekultivace do 0,5 m — smiSena 10.0.4.s
skryvka ornice 10.0.5
lesnicka rekultivace sucha 10.0.6
Dalsi typy ploch Areal elektrarny 13

Priloha 6. Klasifikace a popis kultur na ptdnich blocich v LPIS

ZRATKA | NAZEV POPIS Poznimka
Orna puda Zemédélsky obhospodarovana plda, na které
péstovani plodin na orné pidé | se péstuji v pravidelném sledu zemédélské
R plodiny a kterd neni travnim porostem
C Chmelnice péstovani chmele
co Chmelnice osazend
CN Chmelnice neosazena
v Vinice péstovani vinné révy
WV Vinice vyklucena
VN Vinice neudrZovana
Ovocny sad péstovani ovocnych strom( a
S kerl
Rezim obhospodarovani
SO intenzivnim hospodarstvim
S| Bez zapisu
Travni porost Travni porost je stala pastvina, poptipadé
souvisly porost s prevahou travin nebo jinych
bylinnych picnin, uréeny ke krmnym tGéelim
nebo k technickému vyu?ziti, ktery mGze byt
nejvyse jednou za 5 let rozoran za ucelem
Travni porosty (louky a pastviny) zurodnéni. Porost na pfirodnich loukach nebo
P ¥ yap ¥ pastvinach nebo obvykle pfitomnych ve
smésich osiv pro louky ¢i pastviny v Ceské
republice, ktery vznikl pfirozené nebo osevem
bez ohledu na to, zda je travni porost na plose
stalé pastviny vyuzivan k pastveé zvirat. Jako
T travni porost nelze uznat pozemky leZici ladem,

52




ZRATKA

NAZEV

POPIS

Poznamka

TSP

T0

plochy s rakosim, sitinou, jestlize takové plochy
nejsou vymezeny v LPIS jako raselinné a
podmacené louky, plochy drevin a ovocnych
dfevin o hustoté vétsi nez 50 dfevin/ha a
zaroven jednotlivé zabirajici plochu vétsi nez
1000 m2, plochy, které se vyuZivaji pro jiny
hospodarsky ucel — napt. pro volny vybéh
prasat, vybéhy pro chovné stdje, stanové
tabory, sportovni letisté, travnaté sportovni
plochy, vefejnd prostranstvi, zatravnéné
soucasti vefejnych komunikaci (naspy,pfikopy)
apod. V pripadé vyskytu extenzivnich ovocnych
sadud s velmi nizkym poétem ovocnych dfevin,
se za jednoznacnou hranici pro rozhodnuti bere
pocet stromU na hektar ve vysi 50 ks. Pozemky s
nizsim vyskytem ovocnych strom musi byt
evidovany jako travni porost, poptipadé jina
kultura, neni-li pod stromy souvisly travni
porost

Stdld pastvina

Ostatni

Porosty, které vznikly v rdmci zvlastnich
dotacnich tituld jako zatravnéni orné pady a
tvorba travnatych pasl na svazitych ptdach a
nesplnuji podminku existence travniho porostu
na pozemku po dobu alespon 5-ti kalendarnich
let

OSK

Jind kultura

Ostatni jina kultura (stran, svah,
atd.)

Ovocné aleje - samostatné jednotlivé rady
ovocnych stromi se nezahrnuji do ovocnych
sadud. Ovocné aleje se zarazuji do kultury jind
opravnéna pro dotace. Nepatii sem ovocné
aleje vysazované na pozemku, ktery je soucasti
silnicniho télesa, tzn. ovocné aleje, vysazené v
koruné prikopu priléhajiciho k silnici.

Skolka

Zalesnéni

oznaceni zalesnéné zemédeélské
pidy

Porost RRD

porosty rychle rostoucich drevin
na zemédélské ptdé

Rybnik

Rybnik

53




Priloha 7. Seznam autorskych vystupt

Clanek v ¢asopise s IF

Berchova, K., Manddk, B., KaSparova, I.: 2004. How does Reynoutria invasion fit the various theories
of invasibility?. Journal of Vegetation Science; Volume 15, Issue 4, pp. 495-504, ISSN: 1100-9233 (cit.
29)

Martis, M., Pecharova, E., Kasparova, I.: 2006. Landscape ecological consequences of suburban-
sprawl development demonstrated on the sewage conduit construction. Ekologia-Bratislava, roc. 25,
€. 0, pp. 171-179. ISSN: 1335-342X. (cit.1)

Martis, M., Zdratzil, V., Kasparov3, I.: 2006. The possibilities and limits for development of specially
protected nature sites case study: the golf course in the Klanovice forest. Ekologia-Bratislava, roc. 25,
. 0, pp. 68-90. ISSN: 1335-342X. (cit.1)

Kasparova, I., Zdrafil, V.: 2006. Tourist attractiveness and the intensity of recreational use of Prague
suburban forests. Ekologia-Bratislava, 2006, roc. 25, €. 3, pp. 53-67, ISSN: 1335-342X. (cit.1)

Skalos, J., KaSparova, I.: 2012. Landscape memory and landscape change in relation to mining .
Ecological Engineering, Volume 43, pp. 60-69. ISSN: 0925-8574. (cit.1)

Clanek recenzovany (RIV, SCOPUS, WoS)

Sklenicka, P., KaSparova, I.: 2008.Restoration of visual values in a post-mining landscape. Journal of
Landscape Studies, roc. 1, ¢. 1, pp. 1-10. ISSN: 1802-4416.

Pecharova, E., Zdrazil, V., Kasparova, I., Martis, M.:2008. Strategy for reconstructing the ecological
and aesthetic functions of the Kladno region landscape disturbed by hard coal mining. Journal of
Landscape Studies, ro€. 1, ¢. 0, pp. 103-111. ISSN: 1802-4416.

Pecharova, E., Martis, M., Kasparova, . Zdrazil, V.: 2011. Environmental approach to methods of
regeneration of disturbed landscapes. Journal of Landscape Studies, 2011, roc. 4, €. 2, pp. 71-80.
ISSN: 1802-4416.

Martis, M., Pecharovd, E., Pechar, L., Kasparova, I., 2009. Strategic Environmental Assessment of
Mining Activity Impact on Nature and Landscape: Evaluation of Success.. : Pfispévek ve sborniku , .
Sinhal, R.K., Mehrotra, A., Fytas, K. and Ge, H. (eds.): Proceedings of the Eighteenth International
Symposium on Mine Planning and Equipment Selection (MPES 2009) and the Eleventh International
Symposium on Environmental Issues and Waste Management in Energy and Mineral Production
(SWEMP 2009), held jointly in Banff, Alberta, Canada, November 16 — 19, 2009, The Reading Matrix
Inc., Irvine, USADatum zahdjeni: 16.11.2009; Misto konani: Banff, Alberta, Canada s. 517- 528.

Podrazsky, V., Matéjka, K., Zdrazil, V., KaSparova, 1.:2005. Delimitation of area of the peri-urban
forests of the Prague capital, Pfispévek ve sborniku Management of urban forests around large cities,
Ceska zemédélska univerzita v Praze, ISBN 80-213-1381-1

54



Sigak, L., Pulkrab, K., Bludovsky, Z., Stehlik, F., Sloup, R., Kadparova, I., Ventrubova, K.: 2004. Analyza
efektivnosti polyfunkéniho lesniho hospodafstvi na tizemi lesniho zavodu Zidlochovice, Vyzkumna
zprava, Fakulta lesnickd a environmentélni CZU v Praze, pp. 24.

Martis, M., Janecek, M., Sedmidubsky, V., Zeman, J., Zdrazil, V., Houdek, K., Fialova, D., Wagner, J.,
Kasparova, |.: Zranitelnost a Unosnost krajiny a progndza jejiho vyvoje, Vyzkumna zprava,
Ministerstvo Zivotniho prostiedi CR, Kostelec n.C.l., s. 46

Svoboda, I., Pecharova, E., Prikryl, I., KaSparova, I.: 2008. The Development of Future Lakes in
Opencast Mine Residual Pits in the Krusné Mountain Region of the Czech Republic. Pfispévek ve
sborniku; Mine Water and the Environment: Technical University of Ostrava; Misto konani: Karlovy
Vary; pp. 619- 622.

Specializované mapy s odbornym obsahem (RIV)

Kasparova, l., Zdrazil, V., Tobolova, B., Keken, Z. 2011. Kategorizace miry zmén krajinného pokryvu
s ohledem na cilové parametry ochrany Uzemi LAPV, typ vystupu: PDF, forma elektronickd s
odpovidajici legendou, dostupna na http://fzp.czu.cz/vyzkum , CZU v Praze

Zdrazil, V., Tobolov3, B., Keken, Z., Kasparova, I. 2011. Vyhodnoceni realnosti ochrany lokalit pro
akumulaci povrchovych vod (LAPV) s ohledem na vyskyt (SEZ), 2010, typ vystupu: PDF, forma
elektronicka s odpovidajici legendou, dostupnd na http://fzp.czu.cz/vyzkum , CZU v Praze

Zdrazil, V., Tobolova, B., Keken, Z., Kasparova, I. 2011. Vyhodnoceni rozdild vizualnich vystupt z
mapovani krajiny metodou terénniho prizkumu a zpracovanim dat DPZ, 2010, vystupy ve formatu
pdf, forma elektronicka s odpovidajici legendou, dostupnd na http://fzp.czu.cz/vyzkum , CZU v Praze

Houdek, K., Kasparov3, I., Zdrazil, V. 2011. Dil¢i studie unosnosti, zranitelnosti a optimadlniho vyuziti
zemédélskych pld na zakladé bonitné produkcnich a ekologickych jednotek - BPEJ venkovského
mikroregionu - svazku mést a obci Jesttebi hory, typ vystupu PDF, forma elektronickd a tisténd s
odpovidajicim komentaiem a legendou, dostupna na http://fzp.czu.cz/vyzkum. CZU v Praze

Skalos, J., Kasparova, I., Pecharova, E., Trpakova, I., Sixta, J., Justova, H., Brom, J., Nedbal, V.,
Krovdkova, K., Pechar, L., Sicova, P., Tesarova, B., Trpak, P. 2011. Historicky land use v k.U. Haj, typ
vystupu PDF, forma elektronicka a tisténa s odpovidajicim komentarem a legendou, dostupna na
http://fzp.czu.cz/vyzkum , CZU v Praze

Skalos, J., Kasparova, I., Pecharova, E., Trpakova, ., Brom, J., Justovd, H., Nedbal, V., Kfovakova,
K., Pechar, L., Sicova, P., Sixta, J., Tesafova, B., Trpak, P. 2011. Historicky land use v k.u. Hluboka,
typ vystupu PDF, forma elektronicka a tiSténd s odpovidajicim komentarem a legendou, dostupnd na
http://fzp.czu.cz/vyzkum , CZU v Praze

Skalos, J., Kasparov3, I., Pecharova, E., Trpakova, I., Justova, H., Sixta, J., Brom, J., Nedbal, V.,
Kfovakova, K., Pechar, L., Sicova, P., Tesarov4, B., Trpak, P. 2011. Historicky land use v k.. Chodov,
typ vystupu PDF, forma elektronicka a tisténa s odpovidajicim komentarem a legendou, dostupna na
http://fzp.czu.cz/vyzkum , CZU v Praze

55



Skalos, J., Kasparova, I., Pecharovd, E., Trpakova, I., Justova, H., Sixta, J., Brom, J., Nedbal, V.,
Kfovakova, K., Pechar, L., Sicova, P., Tesarova, B., Trpak, P. 2011. Historicky land use v k.4. Lomnice
typ vystupu PDF, forma elektronicka a tiSténd s odpovidajicim komentarem a legendou, dostupna na
http://fzp.czu.cz/vyzkum , CZU v Praze

Skalos, J., Kasparovi, I., Pecharovad, E., Trpakova, I., Sixta, J., Justova, H., Brom, J., Nedbal, V.,
Kfovdkova, K., Pechar, L., Si¢ova, P., Tesarovd, B., Trpak, P. 2011. Historicky land use v k.4. Nové
Domy, typ vystupu PDF, forma elektronickd a tisténa s odpovidajicim komentarem a legendou,
dostupna na http://fzp.czu.cz/vyzkum , CZU v Praze

Skalos, J., KaSparov3, ., Pecharov3, E., Trpdkov3, I., Sixta, J., Justova, H., Brom, J., Nedbal, V.,
Pechar, L., Tesafov4, B., Sicova, P., Trpak, P., Kfovakova, K., 2011. Historicky land use v k.4. Tyn, typ
vystupu PDF, forma elektronicka a tisténa s odpovidajicim komentarem a legendou, dostupnd na
http://fzp.czu.cz/vyzkum CZU v Praze

Skalos, J., Trpdkova, I., Kasparova, I., Pecharova, E., Brom, J., Justova, H., Kfovakov3d, K., Nedbal,
V., Pechar, L., Si¢ova, P., Sixta, J., Tesarova, B., Trpdk, P. 2011. Historicky land use zdjmového
uzemi Sokolovsko - rok 1842, typ vystupu PDF, forma elektronicka a tiSténa s odpovidajicim
komentarem a legendou, dostupnd na http://fzp.czu.cz/vyzkum., CZU v Praze

Skalos, J., Pecharovi, E., Kasparova, I., Trpakova, I., Justova, H., Sixta, J., Brom, J., Nedbal, V.,
Kfovdkova, K., Pechar, L., Sicova, P., Tesarova, B., Trpak, P. 2011. Hydroserie - historickd funkcénost
krajiny Sokolovska - rok 1842, typ vystupu PDF, forma elektronickd a tisténa s odpovidajicim
komentafem a legendou, dostupnd na http://fzp.czu.cz/vyzkum, CZU v Praze

Skalos, J., Kasparova, I., Pecharova, E., Trpdkova, I., Justova, H., Brom, J., Nedbal, V., Kfovakov3,
K., Pechar, L., Sicova, P., Tesarova, B., Trpak, P., Sixta, J. 2011. Hydroserie - historicka funkénost
krajiny v k.4. H3j, typ vystupu PDF, forma elektronicka a tiSténd s odpovidajicim komentafem a
legendou, dostupna na http://fzp.czu.cz/vyzkum , CZU v Praze

Skalos, J., Kasparova, I., Pecharova, E., Trpdkova, I., Justova, H., Sixta, J., Brom, J., Nedbal, V.,
Kfovakova, K., Pechar, L., Sicova, P., Tesafova, B., Trpak, P. 2011. Hydroserie - historickd funkénost
krajiny v k.a. Hluboka, typ vystupu PDF, forma elektronicka a tisténa s odpovidajicim komentarem a
legendou, dostupna na http://fzp.czu.cz/vyzkum , CZU v Praze

Skalos, J., Kasparova, I., Pecharova, E., Trpakova, I., Sixta, J., Justova, H., Brom, J., Nedbal, V.,
Kfovakova, K., Pechar, L., Sicova, P., Tesafova, H., Trpdk, P.:2011. Hydroserie - historickd
funkcnost krajiny v k.4. Chodov, typ vystupu PDF, forma elektronicka a tisténa s odpovidajicim
komentarem a legendou, dostupnd na http://fzp.czu.cz/vyzkum , CZU v Praze

Skalos, J., Kasparova, I., Pecharova, E., Trpdkova, I., Justova, H., Sixta, J., Brom, J., Nedbal, V.,
Kfovakova, K., Pechar, L., Sicova, P., Tesarova, B., Trpak, P. 2011. Hydroserie - historicka funkénost
krajiny v k.4. Lomnice, typ vystupu PDF, forma elektronicka a tiSténd s odpovidajicim komentarem a
legendou, dostupnd na http://fzp.czu.cz/vyzkum , CZU v Praze

Skalos, J., Kasparova, I., Pecharova, E., Trpakova, I., Justova, H., Sixta, J., Brom, J., Nedbal, V.,
Kfovakova, K., Pechar, L., Sicova, P., Tesafova, B., Trpak, P. 2011. Hydroserie - historicka funkénost

56



krajiny v k.4. Nové domy, typ vystupu PDF, forma elektronicka a tisténa s odpovidajicim komentarem
a legendou, dostupna na http://fzp.czu.cz/vyzkum , CZU v Praze

Skalos, J., Kasparova, I., Pecharovd, E., Trpakova, I., Justova, H., Sixta, J., Brom, J., Nedbal, V.,
Kfovakova, K., Pechar, L., Sicova, P., Tesarova, B., Trpak, P. 2011. Hydroserie - historicka funkénost
krajiny v k.d. Tyn, typ vystupu PDF, forma elektronicka a tiSténd s odpovidajicim komentarem a
legendou, dostupna na http://fzp.czu.cz/vyzkum , CZU v Praze

Skalos, J., Kasparova, I., Pecharova, E., Justovd, H., Sixta, J., Brom, J., Nedbal, V., Kfovakov3, K.,
Pechar, L., Sicovd, P., Tesarova, B., Trpakova, |., Trpak, P. 2011. Hydroserie - soucasna funkénost
krajiny v k.0. H3j, typ vystupu PDF, forma elektronicka a tisténa s odpovidajicim komentafem a
legendou, dostupnd na http://fzp.czu.cz/vyzkum , CZU v Praze

Skalos, J., Pecharov3d, E., Kasparova, l., Justova, H., Sixta, J., Brom, J., Nedbal, V., Kfovdkov3, K.,
Pechar, L., Sicova, P., Tesafova, B., Trpak, P., Trpdkov3, I. : 2011,. Hydroserie - soucasna funkénost
krajiny v k.. Hluboka, typ vystupu PDF, forma elektronicka a tisténa s odpovidajicim komentarem a
legendou, dostupnd na http://fzp.czu.cz/vyzkum , CZU v Praze

Skalos, J., KaSparov3, ., Pecharov3, E., Trpdkov3, ., Sixta, J., Justova, H., Brom, J., Nedbal, V.,
Kfovdkova, K., Pechar, L., Si¢ova, P., Tesarova, B., Trpak, P. 2011. Hydroserie -soucasna funkénost
krajiny v k.4. Chodov, typ vystupu PDF, forma elektronicka a tiSténa s odpovidajicim komentarem a
legendou, dostupna na http://fzp.czu.cz/vyzkum , CZU v Praze

Skalos, J., Kasparova, I., Pecharova, E., Justova, H., Sixta, J., Brom, J., Nedbal, V., Kfovakov3, K.,
Pechar, L., Trpdkova, I., Sicova, P., Tesafova, H., Trpak, P. 2011. Hydroserie - souc¢asnda funkénost
krajiny v k.4. Lomnice, typ vystupu PDF, forma elektronickd a tisténd s odpovidajicim komentafem a
legendou, dostupnd na http://fzp.czu.cz/vyzkum, CZU v Praze

Skalos, J., Kasparova, I., Pecharova, E., Trpdkova, I., Justova, H., Sixta, J., Brom, J., Nedbal, V.,
Kfovakova, K., Pechar, L., Sicova, P., Tesarova, B., Trpak, P. 2011. Hydroserie -soucasna funkcénost
krajiny v k.4. Nové domy, typ vystupu PDF, forma elektronicka a tisténa s odpovidajicim komentarem
a legendou, dostupna na http://fzp.czu.cz/vyzkum, CZU v Praze

Skalos, J., Kasparova, I., Pecharova, E., Trpdkova, I., Justova, H., Sixta, J., Brom, J., Nedbal, V.,
Kfovakova, K., Pechar, L., Sicova, P., Tesafova, B., Trpak, P. 2011. Hydroserie -soucasna funkénost
krajiny v k.. Tyntyp vystupu PDF, forma elektronicka a tisténa s odpovidajicim komentarem a
legendou, dostupna na http://fzp.czu.cz/vyzkum, CZU v Praze

SKALOS, J., KASPAROVA, I., PECHAROVA, E., JUSTOVA, H., SIXTA, J., BROM, J., NEDBAL, V.,
KROVAKOVA, K., PECHAR, L., SICOVA, P., TESAROVA, B., TRPAKOVA, I., TRPAK, P. 2011. Hydroserie
- soucasna funkénost krajiny zajmového Uzemi Sokolovsko — rok 2010, typ vystupu PDF, forma
elektronicka a tisténa s odpovidajicim komentarem a legendou, dostupna na
http://fzp.czu.cz/vyzkum, CZU v Praze

Kasparova, I. 2011. Shoda mapovani LULC "Louky a pastviny (TTP)" a trvalych travnich porost(i podle
ZABAGED a LPIS stav ¢erven-Cervenec 2010, typ vystupu PDF, forma elektronickd a tisténa s
odpovidajicim komentafem a legendou, dostupnd na http://fzp.czu.cz/vyzkum, CZU v Praze

57


http://fzp.czu.cz/vyzkum

Kasparova, I. 2011. Shoda mapovani LULC Sokolovska "lesni pida" a lesnich ploch podle ZABAGED
stav Cerven-Cervenec 2010, typ vystupu PDF, forma elektronicka a tisténa s odpovidajicim
komentafem a legendou, dostupnd na http://fzp.czu.cz/vyzkum, CZU v Praze

Kasparova, 1.2011. Shoda mapovani LULC Sokolovska "vodni plochy" a vodnich ploch podle
ZABAGED a Dibavod stav ¢erven-Cervenec 2010, typ vystupu PDF, forma elektronicka a tiSténa s
odpovidajicim komentarem a legendou, dostupnd na http://fzp.czu.cz/vyzkum, CZU v Praze

Skalos, J., Kasparova, I., Pecharova, E., Brom, J., Justova, H., Kfovdkova, K., Nedbal, V., Pechar, L.,
Si¢ova, P., Sixta, J., Tesarovad, B., Trpak, P., Trpakova, |. 2011. Soucasny land use zdjmového uzemi
Sokolovsko - rok 2010, Present land use in territory Sokolovsko - year 2010, , 8.16. Funkéni zmény
krajiny, typ vystupu PDF, forma elektronicka a tiSténa s odpovidajicim komentarem a legendou,
dostupna na http://fzp.czu.cz/vyzkum, CZU v Praze

Skalos, J., Kasparov3, I., Pecharovad, E., Trpakov3, I., Sixta, J., Justova, H., Brom, J., Nedbal, V.,
Kfovdkova, K., Pechar, L., Si¢ova, P., Tesarova, B., Trpak, P. 2011. Soucasny land use v k.U. H3j, typ
vystupu PDF, forma elektronicka a tisténa s odpovidajicim komentarem a legendou, dostupna na
http://fzp.czu.cz/vyzkum, CZU v Praze

Skalos, J., Kasparova, l.,, Pecharovd, E., Brom, J., Justovd, H., Kfovakov4, K., Nedbal, V., Pechar, L.,
Sicova, P., Sixta, J., Tesafova, B., Trpak, P., Trpakova, I. 2011. Soucasny land use v k.U. Hluboka typ
vystupu PDF, forma elektronicka a tisténa s odpovidajicim komentafem a legendou, dostupna na
http://fzp.czu.cz/vyzkum, CZU v Praze

Skalos, J., Kasparova, l.,, Pecharovd, E., Justova, H., Sixta, J., Brom, J., Nedbal, V., Kfovdkov3, K.,
Pechar, L., Si¢ova, P., Tesafova, B., Trpak, P., Trpdkova, 1.2011: Soucasny land use v k.4. Chodov,
typ vystupu PDF, forma elektronicka a tiSténa s odpovidajicim komentarem a legendou, dostupna na
http://fzp.czu.cz/vyzkum, €ZU v Praze

Skalos, J., Kasparova, I., Pecharova, E., Justova, H., Sixta, J., Brom, J., Nedbal, V., Kfovakov3, K.,
Pechar, L., Tesarov4, B., Sicova, P., Trpak, P., Trpdkova, 1.2011. Soucasny land use v k.U. Lomnice,
typ vystupu PDF, forma elektronicka a tiSténd s odpovidajicim komentadfem a legendou, dostupna na
http://fzp.czu.cz/vyzkum, CZU v Praze

Skalos, J., Kasparova, I., Pecharova, E., Trpakova, I., Sixta, J., Justova, H., Brom, J., Nedbal, V.,
Kfovakova, K., Pechar, L., Sicova, P., Tesarova, B., Trpdak, P.2011. Soucasny land use v k.4. Nové
Domy, typ vystupu PDF, forma elektronicka a tiSténd s odpovidajicim komentarem a legendou,
dostupnad na http://fzp.czu.cz/vyzkum, CZU v Praze

Skalos, J., Kasparova, I., Pecharova, E., Justovd, H., Sixta, J., Brom, J., Nedbal, V., Kfovdkov3, K.,
Pechar, L., Sicova, P., Tesatova, B., Trpak, P., Trpdkova, 1.2011. Soucasny land use v k.4. Tyn, typ
vystupu PDF, forma elektronicka a tisténa s odpovidajicim komentarem a legendou, dostupna na
http://fzp.czu.cz/vyzkum, CZU v Praze

Studijni texty

Novakova, J., Skalos, J., Kadparova, I.: 2006. Skripta; Krajinna ekologie. Skripta ke cvi¢enim. CZU v
Praze, ISBN: 80-213-1588-1

58


http://fzp.czu.cz/vyzkum

Texty v tisku nebo recenznim fizeni

Kasparova, I., Pecharova, E., Justova, H., Gillarova-Hrajnohova, H. 2012. Unique Approach to Land

Reclamation After Brown Coal Mining , 12th International GeoConference SGEM 2012, procceedings,
held 17 - 23 June, 2012 in Albena, Romania, procceedings ISSN: 1314-2704 (Scopus)

Kasparova, I., Berchova, K., Jirka, V. 2011. Use of Thermovision Photography for Land Cover

determination in Post-mining Locations. International Journal of Mining, Reclamation and

environment, Tylor and Francis, UK, odeslano k redakci (WoS)

Skalos, J., KaSparova, I., Pecharova, E. a kol. 2012. Funkéni zmény krajiny Sokolovska v obdobi 1842 a
2010. Lesnicka préce s.r.o., Kostelec n.C.l., in press (monografie) ISBN 978-80-7459-010-9

Uéast v projektech za poslednich 8 let

5th EC programme WARM - Forest Fires in the Wildland-Urban Interface and Rural Areas in
Europe 2002-2004

MSM 414100006 - Viceucelové travni hospodarstvi v limitnich socialné ekonomickych a
pfirodnich podminkach (1999-2004, MSM)

SK/600/1/03 - Atlas krajiny CR (2003-2008, MZP/SK)

SL/640/7/03 Problematika péce o lesy v okoli hl.m. Prahy s ohledem na formy jejich funkéniho
vyuZivani, uréeni turistické zatéze (MZP 2006)

Profesni vzdélavani pro stfredocesky venkov (OPRLZ 2006-2008) — management krajiny

NAZV QH 81170 Multioborové hodnoceni vlivi Uzemni ochrany vodohospodarsky vyznamnych
lokalit CR

NAZV QH82106 Rekultivace jako nastroj obnovy funkce vodniho rezimu krajiny po povrchové
tézbé hnédého uhli

NPV Il 2B 08006 (MSMT): Nové piistupy umozriujici vyzkum efektivnich postupti pro rekultivaci a

asanaci devastovanych oblasti

59



Ceska zemédélska univerzita v Praze

Fakulta zivotniho prostredi
2012

=,
Y]
NN

Metody a techniky hodnoceni krajiny
po tézbé hnédého uhli

Methods and technics of recognition landscape values in
post-mining areas

Soubor clanku k disertacni praci

RNDr. Ivana Kasparova



Pfiloha 8 - vybrané publikace v plném znéni

Sklenicka, P., Kasparova, |. 2008. Restoration of visual values in a post-mining landscape. Journal of
Landscape Studies - online version, 2008, roc. 1, ¢. 1, pp. 1-10.

Pecharova, E., Martis, M., KaSparova, l., Zdrazil. V. 2011. Environmental apporach to methods of
regeneration of disturbed landscapes. Journal of Landscape Studies - online version, 2011, roc. 4, pp.
71-80

Martis, M., Zdrazil, V., KaSparova, |., Pecharovad, E. 2008. Strategy for reconstructing the ecological
and aesthetic functions of the Kladno region landscape disturbed by hard coal mining. Journal of
Landscape Studies , roc. 1, ¢. 0, pp. 103-111.

Skalos, J., Kasparova, |. 2012. Landscape memory and landscape change in relation to mining.
Ecological Engineering, 2012, Volume 43, pp. 60—69.

Kasparov3, ., Pecharova, E., Justova, H., Gillarova-Hrajnohova, H. 2012. Unique Approach to Land
Reclamation After Brown Coal Mining , 12th International GeoConference SGEM 2012, procceedings,
held 17 - 23 June, 2012 in Albena, Romania, procceedings ISSN: 1314-2704 (Scopus)

Kasparova, ., Berchova, K., Jirka, V. 2011. Use of Thermovision Photography for Land Cover
determination in Post-mining Locations. International Journal of Mining, Reclamation and
environment, Tylor and Francis, UK, odeslano k redakci

Kasparova, I., Zdrazil, V.: 2006. Tourist attractiveness and the intensity of recreational use of Prague
suburban forests. Ekologia-Bratislava, 2006, roc. 25, €. 3, pp.53-67.

60



@ Journal of
Landscape
Studies

Journal of Landscape Studies 1 (2008), 1 — 10

Restoration of visual values in a post-mining landsape
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Abstract

The aesthetic value of landscape is one of the itiwsatened attributes of the human environmenis Tireat is

particularly dramatic in post-mining landscapes. e Thehabilitation of post-mining landscapes requiras

interdisciplinary planning approach. Aesthetic ealis a major criterion when evaluating the suca#standscape
restoration. This paper presents restoration afdeape aesthetics on two levels of scale. On & lsegle, the guiding
principles are presented by two methods of vislmgsification of the Sokolov brown coal basin (22@% Czech

Republic). On a small scale, the case study illtetréhe key principles by their implementationtie Litov — Chlum

(2km) study area. The final design is supported by &16 3D visualisation.

Key words Post-mining landscape; Rehabilitation; Restorathesthetic value; Visualisation; Czech Republic

1. Introduction

The Sokolov brown coal basin (West Bohemia, options (Pietsch, 1998; Schulz and Wiegleb, 2000).
Czech Republic) is located near the frontier Successful rehabilitation of post-mining landscapes
between the Czech Republic and Germany (Figure requires a holistic approach involving, among
1). The total area of the basin is about 226 &nd others, the ecological and aesthetic context. All
the total mining area is 89 KmAn area of 2444 ha  parts of the projects must lead toward an integrate
(27.6%) has now been completely rehabilitated, proposal to restore ecological, hydrological,
983 ha (11.1 %) is a post-mining area under recent aesthetic, production, recreational and other
recultivation, and an area of 5437 ha (61.3 %) is functions of the post-mining area, co-ordinated int
planned for future rehabilitation (Sokolovska a sustainable land-use development plan.
uhelna, 2002). It is not intended to open up new Landscape is perceived as a visual resource.
mines in this region. This situation poses a great The holistic image of a landscape comprises not
challenge for successive rehabilitation of the post only its spatial and structural aspects but also th
mining landscape. formal visual and cultural aesthetic expression of
Restoration of a landscape destroyed by open- the landscape (Krause, 2001). The aesthetic value
cast mining is very often understood as a technical of landscape is one of the threatened attributes of
or economic problem only (Bradshaw, 1987). the human environment. This threat is particularly
Formerly, only forestry and agricultural forms of dramatic in post-mining landscapes. The aesthetic
recultivation were regarded as being in the jsubl function of landscape is much more difficult to
interest. Recently, nature conservation and define, evaluate and protect than its ecological
recreation have also been considered as laad-u function. The maotivation for protection is not only

* Corresponding autor; E-mail: sklenicka@fle.czu.cz 1
Available online at: www.centrumprokrajinu.cg/jl
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Figure 1. Location of the Sokolov brown coal baail the Litov — Chlum model area.

the visual value of the landscape but also the aesthetic characteristics of the area and a predict
preservation of its recreational potential, and of their future development should form the basis
protection of the cultural heritage (Schmid, 2000). for all forms of post-mining landscape planning
It is the visual quality and character rather than (e.g., land-use planning, physical planning). Visua
its productive function that attracts people teeliv.  improvements brought about by reclamation
or relax in the countryside (Brabec and Smith, changes can be simulated to show how visible the
2002). The key aesthetic problem of post-mining recovered landscape structures will be, and how
areas is the negative visual impact of the mining much of the visually degraded territory has
sites on the surrounding landscape. This means thatvanished from the viewshed. Hehl-Lange and
the aesthetic value of the adjacent landscape isLange (1999) accent the role of GIS-based virtual
degraded mainly by the negative visual impact of landscape models facilitating formulation of
the unreclaimed sites. An evaluation of the former several different variants in the process of deaisi

PARTIAL PROBLEMS METHODOLOGY PRINCIPLES INTEGRATED PLANS
N Climate changes ~ |——
8
5]
E Hydrological L —
é characteristics
o
B Ecosystems ] o
2 Large scale guiding General plan of
8 . - X principles of post-mini b ion of the Sokolov
g | Soil re-establishment |— landscapes rehabilitation brown coal basin
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§ & Historical landscape 1 1
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§ g factors posscl-m? ,5:; zriaes o8 | = - | Case study of restoration
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2
g Technical factors  |—]
8
153
@ . Legislation —

Figure 2. Scheme of the RPML project.
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2. Methods

The context of restoring aesthetic values was
integrated into the approach defined by the project
“Rehabilitation of post-mining landscapes*”
(RPML), supported by the Czech Ministry of
Environment (Prikryl et al., 2002). The basic
principles of this integrated approach (Figure 2)
were inspired by general methods of landscape
assessment (Countryside Commission, 1993), of
landscape ecological planning (Ruzicka and
Miklos, 1982; Wang et al., 2001), by the process
scheme of Schulz and Wiegleb (2000), and also by
the Visual Impact Analysis (Emmelin, 1995)
method for analysing the landscape impacts of
policy scenarios and for presenting them in visual
terms.

The aesthetic values and the whole RPML
were assessed on two different scale levels:

e on a large scale, the relevant attributes were
investigated for the whole area of the Sokolov
brown coal basin. The received data and
experience were used to define large-scale
guiding principles for restoring aesthetic values,
which were then implemented in the General
Plan for the restoration of the Sokolov brown
coal basin. Some of the large-scale guiding
principles were also used in the small-scale
methodology:

cultural values

=
oo
2O

man-modified

landscape type @
& harmonic
&
‘i>‘;‘ landscape type
-

@ relatively natural @
landscape type
: ©
2
low average high natural values

Figure 3. Scheme of landscape classification bylainescape
typology method.

* On a small scale, the aesthetic characteristics of
the landscape were analysed in the Litov —
Chlum (2 knf) model area. The information
derived from this analysis was used to formulate
small-scale methodological principles for the
rehabilitation of the model area. Some small-
scale principles were used for feedback
correction of the large-scale methodology. A
case study of the restoration of the model area
was also carried out on the basis of the same
methodology.

2.1. Large-scale principles for assessing aesthetic
values

Two basic methods were used to classify the
landscape of the Sokolov brown coal basin in terms
of its aesthetic values.

a) Landscape typology method

The landscape typology method (Muransky
and Naumann, 1970-1980) is based on classifying
the landscape types and landscape values (Figure
3). The landscape was classified by interpreting
aerial photographs, complemented by terrain
reconnaissance.

The basic landscape types (objective typological

units) are:

» landscape type A — landscape considerably
modified by man,

« landscape type B — landscape partially modified
by man,

« landscape type C - relatively natural landscape
(predominance of natural elements).

The basic scenic (aesthetic) values are:
« high scenic value (+),

« average scenic value (0),

* low scenic value (-).

By combining these types we obtain a total of
nine basic landscape typological units that
characterise the internal qualities of each langisca
unit. The method also involves selecting the
visually important landscape points (views), visual
corridors, horizons, etc.
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Figure 4. Classification of the Sokolov brown cbakin by the landscape typology method.
b) Visibility analysis representing contours, and the visibility tedte

Unlike the previous method, this landscape points is calculated. The visual quality of the
classification provides a tool that reflects notyon  landscape will improve when the ugly landscape
the internal aesthetic attributes of the landscape structures are replaced by natural-looking or at
units but also the external negative visual least visually more pleasant formations (forests,
characteristics of the neighbouring mined areas. lakes, parks, etc.).

The recent situation (in 2001) was analysed, and The  process of simulating visual
the future state (in 2025) was predicted. The improvements pursued the following steps, using
prediction is based on the official plan for ArcView 3.1 tools and its Spatial Analyst
successive rehabilitation of the post-mining extension:

landscape provided by the Sokolovska uhelna « manual digitisation of the contours of unchanged
mining company. This method assumes that structures,

rehabilitated post-mining areas do not have a . merging the contour map of the territory layer,
negative visual effect on the surrounding  with 10m elevation step and digitised contours,
landscapes. « generation of two 3D terrain models from the

Visual improvements brought about by the  contour lines (before and after reclamation) with
performed reclamation changes were simulated and g pixel size of 50 m,

presented by calculating the visibility of the . aqdition of a forest raster layer to the 3D models
recovered landscape structures. The visibility map  (of 20 m in height),
will show how much of the visually degraded . jgentification of observed points representing the

territory will vanish from the viewshed._ Thel unchanged landscape structures (201 points
unchanged structures, e.g., dumps and mine pits, pefore reclamation. 138 after)

are identified by a definite set of observethf® , \igihility calculation for the observed points,
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» masking the viewshed maps by a forest raster (it background of the monastery. For this reason, we
is assumed an average observer cannot see anyonstructed a visual diagram centred round the

landscape structures from the forest interior),
* interpretation.

We classified the landscape into 6 categories
according to the number of points seen from the
area, as follows:

I. area without negative visual impact (no point)
Il. area with very low negative visual impact (1-

20 points)

lll. area with low negative visual impact (21-40
points)

IV. area with medium-level negative visual impact
(41-60 points)

V. area with high negative visual impact (61-80
points)

VI. area with very high negative visual impaet (

80 points)

2.2. Small scale case study

The Litov - Chlum model area is located in the
Sokolov brown coal basin (Figure 1). The total area
is 2 knf. It is a spoil bank shaped like an

amphitheatre completely without any vegetation
cover. The centre of the site consists of an ogen p

surrounded by man-made slopes. The study area is

characterized by the extreme acidity of the
geological substrate and of the water in the pit
(pH=2.0-2.5). The slopes of the “amphitheatre” are

positive dominant feature of the landscape.

The land-use plan and the design of the model area
were proposed on the basis of the RPML integrated
approach. The final design is determined mainly by
the following factors: geo-botanical restoration
principles, erosion control measures, neutralisatio
of extreme soil and water quality, revitalisatioh o
the pit, and the economic feasibility of the
proposed variant. The final design must also be
based on the landscape ecological characteridtics o
the surrounding area (Sklenicka and Lhota, 2002a).
The changes in the visual landscape reflect the
relevant spatial processes. For this reason,
landscape heterogeneity was used as a quantitative
criterion for landscape restoration (Sklenicka and
Lhota, 2002b). The proposed design reflects the
context of the historical development of the region
but it also creates quite new aesthetic values. The
tourism function is concentrated in those parts of
the model areas that are easily accessible and that
do not have great potential for nature conservation
The model area is designed in a harmonious
relationship with the main tourist resource of the
region (St. Mary’s monastery).

The final steps of the design proposal were its
visualization and presentation for the mining
company, the local authorities, the Ministry of the
Environment, independent specialists, and the
public.

threatened by water erosion, because they are still 3- Results

not covered by vegetation.

The study area is adjacent to the monastery of 3.1. Assessment of large-scale aesthetic values

St. Mary (Church of the Assumption of the Virgin
at Chlum), which is a historical monument. This
positive landscape feature of regional importasce i
a very significant place of pilgrimage for Czechs
and Germans. The monastery is the main
contributor to the very intensive genius loci oisth
place. A number of small sacral artefacts were
buried under the mighty layers of the spoil bamk. |
recent times, this monastery has been degraded b
the negative visual impact of the adjacent
unrecovered spoil bank. The key aspect of the
rehabilitation of this post-mining site should lze t

restore the landscape around the monastery from
the recent degradations. The views are threatened

irrational afforestation of parts of the

by

The Sokolov brown coal basin, together with
its near surroundings (251 Kmwas classified by
the landscape typology method (Figure 4). The
percentage of individual typological landscape
units is shown in Table 1. Table 2 gives the values
for the total area of the Czech Republic (Michal,
1997). In terms of aesthetic qualities, the Sokolov

ybrown coal basin can be generally classified as
%

ery contrasting and unbalanced. The dominant
landscape type is man-modified landscape (A —
63.3%), the percentage of harmonic landscape type
B is 27.4%, and the percentage of relatively natura

type C is 9.3%. The aesthetic qualities are

represented mainly by average (47.7%) and low-
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Figure 5. Negative visual effect of individual migisites on the surrounding landscape (in 2001y -example.

level landscape value (48.0%). The percentage of Generally, the landscape of the Sokolov brown
high landscape value is only 4.3%. coal basin is characterised by a high degree of
In comparison with the total area of the Czech man-made modification and by dramatically lower
Republic, the Sokolov brown coal basin is aesthetic value than the “average Czech
characterised by a high percentage of landscapelandscape”.

type A (+100%) and also by a high percentage of Apart from the landscape typology assessment,
low-level landscape value (+742%). These high visibility analysis were constructed for 7 mining
proportions are compensated by a significantly low sites still not quite rehabilitated (Figure 5). g 6
proportion of landscape type B (-54%), and of presents the total exposure by negative visual
high-level landscape value (-86%). impacts of these mining sites in 2001. A prediction

Table 1 Percentage of individual typological lanaise units in the Sokolov brown coal basin.

Total area Landscape types
A B C
Landscape values [ha] [%0] [ha] [%] [ha] [%] [ha] [%0]
High (+) 1110 4.4 24 0.1 532 21 554 2.2
Average (0) 11948 475 3810 15.2 6347 25.2 1791 7.1
Low (-) 12088 48.1 12069 48.0 19 0.1 0 0
Total area 25146 100 15903 63.3 6898 27.4 2345 9.3
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of future changes (year 2025) is shown in Figure 7.
The intensity of the negative visual perception of
the mining sites from the surrounding landscape is
divided into 6 categories. Table 3 provides a
quantitative (spatial) expression of the preseidt an
future intensity of negative visual impacts. In
contrast to the recent situation (46.2%), it is
predicted that 75.5% will be without negative
visual impact in 2025. Generally, the whole
affected area will be characterised by a lower
intensity of negative visual impact in 2025.

3.2. Small scale case study

Figure 8 shows the visual diagram for the
o~ . [, e

monaStery bUIImegs and _grounds. The_ V'S_ual Figure 8. Visual diagram of the monastery buildieg|culated

diagram determines the main places and directions only for a sector of the circle including the modeta. The

of visual correction of the model area design. This diagram indicates areas from which the monasterynig

visual correction is aimed mainly at facilitating Yisible due to the shape of ihe spoll bank (wtleur), or due
7 . to't tural t t .

decisions on the final topology arrangement © e naturaltopology (hatched area)

(modelling of the spoil bank ridges) and on the

distribution of trees on the ridges. With the afd o
optimum parameters for the final definition of the

shape and land cover of the spoil bank we can
conserve or even enlarge the surrounding area from
which the monastery can be seen. Implementation

of this principle will increase the visual valuek o

the rehabilitated and adjacent landscape. The

guiding principles for restoration of the Litov —
Chlum model area were defined as follows:

e Rescuing important views of St. Mary's
monastery. In practice, this involves slight
altitude reduction and maintaining the ridges of
the spoil bank without tree vegetation.

e The model area remains visually open to St.
Mary's monastery. This principle expresses the

* The general character of the vegetation will be

forest steppe.

Taking into account the relatively low

heterogeneity of the surrounding land-use

pattern, high landscape micro-heterogeneity will
be an important feature of the site design for the
model area.

e The species composition will respect extreme
site factors. However, species diversity is one of
the key criteria in post-mining area restoration.

* Both of the water elements (the pit and the
stream) will remain in their natural state.

* The proposed design makes use of the recent
field roads built along the amphitheatre ridges.

« The pit will not be suitable for fish management
or for swimming due to mistakes in construction.

major motivation for restoring the post-mining For this reason, an ecological function is
site. preferred in this case.
Table 2 Percentage of individual typological lanaise units in the Czech Republic.
Total area Landscape types [%]
Landscape values [%] A B C
High (+) 30.4 0.4 23.2 6.8
Average (0) 63.9 27.8 35.1 1.0
Low (-) 5.7 33 1.6 0.8
Total area 100.0 31.5 59.9 8.6
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Table 3 Analysis of the present situation, andedpution of the future intensity of negative visimgpacts of the mining sites on the

surrounding landscape.

Year

Visual intensity categories [%0]

I Il Ml V. V. VL. I1.-VI.
2001 46.2 35.8 12.3 4.4 11 0.2 53.8
2025 75.5 24.5 0 0 0 0 24.5
Difference +29.3 -11.3 -12.3 -4.4 -1.1 -0.2 -29.3

e The final design will be supplemented by a
number of small sacral artefacts (crucifixes,
village chapels, etc.)

The final design of the model area was
proposed on the basis of the guiding
principlesdescribed above. The proposed design
was visualised to simplify consultation with the

the areas without negative visual impact, and
shows where there will be such locations in 2025.
Another major task is to define and manage some
areas in accordance with their high nature
conservation interest. The high scenic value of the
cultural landscape is a precondition for this
purpose.

A small-scale case study was presented

local authorities, the mining company management showing the guiding principles for the final
authorities, the mining company management and proposal. The visual analysis of the model area and
the public. surrounding landscape presented here by the visual
diagram method formed one of principle bases for
defining the design of a post-mining area that will
improve its aesthetic values, and also its other
values. In addition, this method respects the
present cultural and aesthetic values of the
surrounding landscape, which could otherwise be
impaired by unsuitable shape and land cover of the
post-mining site. Post-mining landscape
rehabilitation should not reduce the visual impact
of existing important cultural or natural features
The final design is the result of many professional

4. Conclusions

Restoration of visual and aesthetic values shoeld b
a key criterion in post-mining landscape
rehabilitation. The severe damage done to the
Sokolov brown coal basin took place under a
political regime in which decisions were imposed

by technical experts and bureaucrats. An effective activities —co-ordinated between  2000-2001.

soluton to the problems should include Landscape rehabilitation is undertaken above all by
consultation with a  well-informed local landscape architects, but successful rehabilitation
community, and the formation of a broad Mustinvolve an integrated approach and consensus

consensus on the changes that are needed. Thduilding.

visual diagrams method and the 3D visualisation _Post-mining areas can be called “landscapes

present information about landscape restoration in Without a memory”.  They provide one of the few

a form that will enable the public to participate Cchances for landscape architects to create quite a

intelligently in the restoration decisions. newllandscape_ that will rapidly improve the visual
The guiding principles and method of duality of aregion.

evaluation and restoration of aesthetic values are

different on large-scale and small-scale levelee T

two large-scale methods presented in this paper areAcknowledgements

very useful for land-use or physical planning. In

particular, a prediction of the exposure of the This research was supported by grants NAZV

landscape to negative visual impacts is a very 82106 Recultivation as a tool for landscape
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basin this method predicts the relevant increase in and rehabilitation of devastated regions. The
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Abstract

The rehabilitation of territories disturbed by mmigiactivities has undergone an evolution lastingemo
than fifty years. At first, reclamation was limiteh planting greenery. Until 1989, agricultural
regeneration methods dominated, and after this threefocus was on forestry revegetation. Landscape
regeneration is nowadays understood as rehahlitatf both the natural function and the economic
function of a landscape. This concept is of pakticimportance in the case of extensive open castsn
like those in the Krusne hory Mts. region. The needssess landscape ecological functions is aentirg
issue in landscape management and is a priority iarenvironmental research. This is due to théallo
effects of human activities, and also their immeslismpacts on a regional level. The regional caon#
are so diverse that it is not possible simply tetaver foreign experience: each state arrangesnits
research in the field. Following a holistic appreatunctional environmental landscape charactessti
can be defined as follows: (1) The ability of thegetation covers to dissipate solar energy anduste
big energetic pulses; (2) The ability of biocoersoseretain a high volume of water and organic enatt
mainly in the soil; (3) The ability to compensatenoff fluctuations and prevent drainage of both
dissolved and undissolved materials.

This approach has been applied in investigatingcsedl aspects of landscape rehabilitation after
brown coal mining in model areas of the Krusne hdfys. basins. The new understanding of
rehabilitation and recultivation plans draws on #rmowledge and skills of experts from developed
countries with a tradition of mining and recultiiet. In harmony with the holistic approach, it sinty
supports the principle of regenerating the landscap a whole, functionally incorporating the former
mining area into surrounding landscape types umtedicby mining. The principle of landscape
regeneration is understood in relation with regatieg the functions and social-economic links o th
ecosystem.

Key words Landscape regeneration; Mining activities; Ecolagfanctions; Regeneration.

1. Introduction

Surface brown coal mining has a large influence on of waste rock, have affected the water and energy
landscape processes. The area of Northern exchange and its distribution in the landscape. The
Bohemia has been intensively transformed by mining activities have disturbed the vegetation
surface mining. Opencast operations originating in cover, and large volumes of soil, rainwater and
brown-coal mining, together with numerous dumps underground water have been conducted away.

* Corresponding autor; E-mail: pecharova@knc.czu.cz 71
Available online at: www.centrumprokrajinu.cg/jl
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This has led to changes in the hydrological to retain the matter in the soil and the landscape

characteristics and in the climatic conditionste t  (Lickova et al., 2008).

mined landscape. The lack of vegetation and water

cause changes in solar energy dissipation, and thee Extensive open cast mining changes the

ratio between the sensible and latent heat flux is landscape absolutely — from the geological

shifted toward the sensible heat flux (Pokorny, underbed, water regime and relief, destruction of

2001). The proportion of heat fluxes has negative  biota to disturbance of urban systems.

effects on the stability of the local climate « People’s affinity with the landscape that

(Pecharova et al., 2006). withstood the era of deep mines or local small-
scale pits has gradually disappeared.

_ » The socially privileged activities — coal mining
2. History in open pits — therefore came to dictate the
o further fate of the landscape.
Large-scale open-cast brown coal mining has had a. The revolutionary break with gradual evolution
fundamental impact on the whole landscape f the landscape has created a space for a

structure, including its functions. The mining  comprehensive reconsideration of its future
activities in North-west Bohemia have overturned  gyglution.

hundreds of square kilometers of landscape. This
has resulted in total removal of the vegetation A major mistake in the past was that the

cover and intrusion into the water cycle. ~ centrally directed economy strove stubbornly to
~ Water streams have been channeled or piped retyrn the rehabilitated post-mining areas to their
in a straight line, and often diverted. Marshes and former economic functions, first agricultural and
wetlands have been drained and vast areas turnedygre recently also forestry. This management
into mines or spoil heaps. Some mines have target was reflected in the way the terrain was
extended to an area of thousands of hectares or aréshaped and in the design of the water drainage,
buried to a depth of two hundred meters, e.g. the mainly in the case of spoil heaps, with a view to
Medard mine in the Sokolov basin. The mine water providing geotechnical stability of the mine
ha}s to be pumped permanently away from the workings (Pecharova et al., 2006).
mines. Somehow, inadequate consideration was paid
By contrast, 19 century cadastre maps show 1o the original structure and functions of the
the landscape under the Krusne hory Mts. |andscape before the large scale mines were
interwoven with water streams with wide alluvia, opened, and the wider landscape relationships of
fish ponds, wet pastures and natural water this fundamental intervention into the territory
resources. Wetlands used to cover almost 15% of \yere not taken into account. Czech mining law
the landscape. The major landscape functions, in yrequires the mining company to rehabilitate and re-
terms of flows of water, energy and materials, were cyjtivate only those territories declared to behinit
fundamentally affected and disrupted by open cast the mining limits and outer spoil dumps. The whole
mining. _ _ _ _vast territory with coal strata is covered by claim
Regenerating the ecological functions is of individual mining companies (mining limits).
therefore a basic prerequisite for further landscap yse of the land for purposes other than mining
rehabilitation. The main target is to recover the requires the consent of the mining offices and
small water cycle. At present, the incident solar mining license owners, even in cases when mine

energy is transformed on the drained areas into orks are to be opened in the distant future, or
(sensational) heat, and the surface thereforersuffe ayen when no mining is has yet been announced

major daily temperature fluctuations, with a high (so-called reserve localities).

daily amplitude. These high amplitudes together Consent for non-mining activities is usually
with humidity fluctuations lead to oxygenation and  granted on condition that the applicant will not
decomposition of clay particles and other minerals, cjaim any compensation for losses in the event that
and the consequent release of matter into the mining activities are initiated. Czech law does not
surface water. A large volume of soluble matter is even allow complex land parcel improvements. In
drained from the area since there is no vegetation g way, all systematic non-mining activities have
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been systematically ousted from mining areas, and economic activities, and these contrast most with
the territory has been allowed to deteriorate for a the natural essence of the landscape. Cultural
long period of time. characteristics fully dominate the landscape.
Ongoing land rehabilitation has until now been During mining activities, the landscape is usually
carried out on land segments not used for further classified as devastated. Post-mining rehabilitatio
mining. Local redevelopment interventions are can returned it to landscape types with a more or
preferred, without reference to wider territorial less balanced polyfunctional character. By contrast
relationships. This process is called ‘forming a for example, urban agglomerations have equally
mosaic’. However this is a procedure that does not devastated landscapes, but there is no obvious
allow for any conceptual solution for large prospect of renewal (Low and Michal, 2003).
landscape units. Before the mosaic has been When mining activities are initiated, the
finished it is not possible to tell clearly how the landscape loses the logic of relatively fluent
new landscape space will link with the surrounding evolution, some ecosystems are destroyed, the
landscapes. relief is changed irreversibly, ecological linksear
changed, and biodiversity is decreased (Pecharova,
Hejny 1998), (Pecharova,Wotavova, Hejny, 2001).
The structure diversity of the landscape is usually
decreased, resulting in worsened ecological

3. Present situation

At the present time, it is accepted that the
reconstruction of landscape structures and
landscape functions have to include not only
territories directly affected by mining activitiésit

also other territories not immediately affected. In

stability and serious violation of aesthetic values

together with a decrease in the residential and
recreational potential of the landscape (Cibulka,
2001). Some authors classify open-cast mining
landscapes as landscapes with a lost memory

this way, the scope of the reconstructed landscape (Pecharova et al. 2001, Trpak, Trpakova 2002,
is much more extensive. This new approach to Stys, 2002, Gillarova et al., 2008). Insensitive
redevelopment and rehabilitation projects has been human actions in an extreme form in the Krusne
recognized as good practice by experts from hory Mts. Basin have disturbed or disrupted the
countries with a mining and post-mining water cycle and its link to the energy and material
rehabilitation tradition. In accordance with the transport cycles.

holistic approach, it will markedly strengthen the

principle of renewing the country as a whole

through functional incorporation with neighboring 4. Solution

landscape types that have not been affected by
mining activities.

A fully functional landscape cannot be created
without linking it to the ecosystems of the
surrounding territories. Local rehabilitation can
esstablish partial landscape functions (anti-erosio
control, partial water cycle, etc.), but it cannot
establish the function of the landscape in all its
aspects.

Strengthening the links  with  strong

Former forestry and agricultural reclamations go
hand-in-hand with landscape drainage. They
cannot be carried out in permanently water-logged
areas, so they contribute little to renewal of the
water cycle and to increased water evaporation in
the landscape. Cultivated forest and plants often
suffer from drought. In order to renew the

ecological functions of the landscape we have to
restore water and functional vegetation to the

neighboring ecosystems is a basic precondition for
successful  rehabilitation  (Prikryl,  Svoboda,
Sklenicka 2002). Therefore, the priority must be to
create conditions for future renewal of landscape
functions, and not just to implement local

landscape on a large scale. In this way the water
cycle will be re-established and soil-forming
processes will be initiated.

The management and distribution of planted
cultures and natural vegetation are manifested in

rehabilitation measures. Landscape disturbed by the landscape by marked differences in solar

open-cast brown coal mining is a subcategory of
cultural landscape with a marked accent on
production. The most marked features are

energy dissipation (“landscape overheating”), in
the water regime dynamics and in surface and
ground water quality in combination with the
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character of the substrate. Landscape managementerritorial planning and land reclamation projects)

therefore determines the major flows of energy and
matter, which in turn determine the water basins,
which underlie the overall functionality of

landscape complexes. A functional landscape
features the ability to preserve balanced climatic
conditions, balanced runoff of surface waters, low
material losses and reliable soil fertility. Theyke

Remote data has a special ability to deal with
land cover, emphasizing the distribution of the
quantitative and qualitative parameters of
individual landscape components and their spatial
links. Not only remote data analysis methods but
also field investigations are needed in order to
include material cycles and energy flows in the

issue in relation to water drainage and absence of landscape, changes in the microclimate and the

functional ground cover is the change in the runoff
regime and the fluctuating water volume in the soll

evolution of the microclimate, and plant and
animal communities. Promising indicating groups

horizon. As a consequence of these changes weused for monitoring changes in biodiversity include

encounter various hazards: flooding, mineralization
and material loss, increased erosion, impacts en th
microclimate and, last but not least, effects on
vegetation cover including the land reclamation
system.

A basic approach for analysing landscape

selected groups of insects, small vertebrates and
some higher plant species.

The present primary monitoring network will
be used in hydrological and hydrochemical
observations, and will be supplemented by a
network of extra stations covering basic land use

changes is the use of historical maps and archive types. They will provide data for evaluating the

materials. Historical maps are available for a 240-
year timeline, aerial photos over a period of 50
years, while satellite data is available for a 20-3

functionality of the landscape strucures in forming
water and material flows. The thermal
characteristics of each landscape structure will be

year period. The advantage of this method is that supplemented using infrared scanning in the 7,5 -

data on the landscape prior to the destructioh®f t

14 um band, by terrestrial and aerial sampling. The

functional ecosystems can be analysed. An analysis main advantage of scanning the landscape with an

of the historical landscape from the point of
changes in land structure, settlements,

anthropogenic land use, landscape fragmentation,
analysis of landscape structures selected by their temperatures of

continuity, and discontinuity, provides important
background information for understanding

IR apparatus is that the results can be used t sho
the spatial distribution of temperatures in the
image, and at the same time to compare the surface
individual objects. Another
advantage is much better resolution than in spatial
images. Disadvantages include spatial limitation

landscape functionality and for determining and difficulties with geo-correction. The best
functional fragments. So-called landscape memory results are obtained with a combination of these
can be used for regenerating landscape functions. data types, using GIS.

Observing the material flow in the landscape helps The assessment of post-mining landscape
to quantify material losses, to assess them vulnerability and also the individual development
economically and express them as the so-called scenarios is based on a 7-point scale reflecting
negative external effect. Moreover, the cost of positive (+3,+2,+1) negative (-3,-2,-1), and
minimizing these effects by direct measures for stagnant trends in the development of key
selecting landscape structures of the future landscape characteristics during the evaluated
landscape can be assessed. Nutrient management iperiod or during the predicted period. The scale
a very important consideration. It is undoubtedly uses a color scheme based on Microsoft Office
an important criterion of landscape functionality Excel ™. This schematized evaluation of the
and management effectiveness, and it can also behistory, status and prospects of the landscaperunde
applied as a model for an ecological and economic the influence of coal mining forms the basis of a
assessment of anthropogenic activities in the landscape classification that is capable of futfgl
landscape. It is necessary to compare the resiults o the role of a reliable expert platform for formailiz

a holistic evaluation of the landscape structures processes of strategic environment assessment and
with present practice, where a sectorially narrow environmental impact assessment (SEA, EIA) and
evaluation is preferred (e.g. the concept of water Integrated Pollution Prevention and Control (IPPC)
quality in water management, nature protectio for standard approval processes, e.g. within the
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framework of construction law, water management  consequent ecological functions, including
law, mining law as well as for a routine decision climate change
making procedures in public administration and e« Take into account natural (ecological) succession
economy (MartiS, 2006). The raster covering the and support natural succession, especially in
area and containing the values of trends in the |ocalities where it can produce results that are at
development of key landscape characteristics (Fig. least comparable with controlled reclamation.
1) was constructed in accordance with the KFME
method (Kartierung der Flora Mitteleuropas). The Select from a wide range of mining technologies,
basic map field is a trapezium 10-minute reclamation and earth-moving works to:
geographic longitude and 6-minute latitude. The
study territory is located within the basic maddie  * Support more indented relief of the newly
ID 5841. This basic map field has been dividend formed terrain
into a raster of 1600 regular square subdivisions, ¢ Deposit top masses with respect to substrate
the area of which falls between 82 200 and 82 371 qualities
sq meters. This subdivision follows the KFME < Connect reclaimed areas organically with the
dividing method: 1st order 25 divisions, 2nd order  original, untouched terrain
64 divisions. The resulting raster contains quadrat « Create conditions for water retention in the
identified as 5841-Bab-c through to 5841-Obc-b. landscape (by forming marshes, water bodies
and streams)

« Ensure the geomechanical stability of the area in

5. Further steps which the landscape functionality is being
regenerated

Regeneration of vegetation and water saturated
soils is a precondition for decreasing the water Considering the wider environmental relationships,
runoff and material losses from the landscape. itis necessary to:
Wetlands, which effectively dissipate energy in
time and space, help to dampen the climate, « Establish long-time functional ecosystems in
shorten and close the water cycle, maintain the localities directly affected by mining activities
ground water level, maintain a high content of  (spoil heaps, open pits) and improve the
nutrients and minerals in the soil, and minimize  functionality of the ecosystems in localities
losses of nutrients and minerals (Rippl et al. 1996  indirectly affected by the mining operations

Kravcik et al. 2008). » Strengthen the ecological stability for possible
manifestations of climate change in the more
Further steps: distant future
» Consider the historical evolution of the « Take into account the overall ecological values
landscape of the region
* Reconstruct the landscape continuum within the « Regenerate historical continuity, and reconstitute
whole scope of landscape memory valuable ecosystems typical of the basin region

* Regenerate the links connecting patches directly (wetlands, salt marshes, steppes, forests)
affected, indirectly affected and untouched by « Use the new conditions generated by the mining

mining activities activities to establish new valuable ecosystems
+ Constitute links between small-scale and large- « Support and build important connections
scale landscape reclamations between the ecosystems, namely connections

» Connect landscape regeneration projects with  between ecologically valuable ecosystems and
other forms of landscape planning (territorial ecosystems intensively exploited by people
planning, land parcel improvement, forest « Conserve valuable refuges, even revitalizing
management plans etc.) and harmonize them them by transferring species, emphasizing the
with the parameters of the newly established use of spontaneous, controlled or artificial
ecosystems (especially species composition) succession

* Reconstruct the functionality of the landscape as « Support viable non-traditional biotopes in order
a cooling element affecting and regulating all to improve biodiversity
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Regenerate the original conditions and conserve
biodiversity brought about by mining activities
Regenerate the water stream network naturally
incorporated into the new terrain, including
sufficiently dimensioned floodplains and chance
of natural waterbed forming support of certain
portion of forest-free areas

Prevent terrain formation being blocked by spoil
heap surfaces, local occurrence of substrates
with extreme “phytotoxic” properties, shallow
wetlands as well as some forms of land use for
future human activities.

Support biodiversity at all levels and rapid,
successful regeneration of the locality, support
the function of migration corridors (mainly for
water fowl and mammals) in the region, reduce
the barrier effect.

Landscape architecture:

Aim to conserve and regenerate the original

aesthetic values, and create new aesthetic values,

(the new landscape should attain an increased
aesthetic value)

Follow approaches that accent the present
positive landscape features, create new features
and eliminate, at least visually, negative
landscape features

Route new roads, cycling and hiking tracks
according to the preferences mentioned above

Assess the geomechanical stability of the whole
spoil heap body
Take into account that water management
rehabilitation and revitalization involves the
whole water network. Support reasonable
rehabilitation through equable hydrological
balance of the landscape

Revitalizing measures on water streams:
Provide morphological diversity of water
streams, including banks and bottom
Form trenches in concave parts of streams
Make provisions for natural stream winding
Plant adjacent vegetation
Provide hydrological communication between
water streams and the groundwater in the
adjacent alluvium
Prefer vegetation and other nature-close ways to
reinforce water banks
Protect water streams from erosion
Protect water bodies from point sources of
pollution
Improve the self-cleaning capacity of streams
Improve the recreation function of streams
Provide support for fauna and flora both in and
near streams

« Improve the hydric regime in set-aside branches

and circumlittoral zones

Regenerate each locality with a clearly defined gq.ial and economic considerations:

motif, usually involving landscape architecture

(landscape arrangement, landscape features), a,

spiritual motif, recreation, etc.

Hydrology:

Reconstruct the water regime where the
landscape was markedly waterlogged

Create favorable conditions for the short water
regime

Take into account features of global climate
change, e.g. extreme droughts, floods, torrential
rainfall etc. that may affect the intended
landscape regeneration

Have in mind that the water retention function of
the landscape should be the priority in strategic
landscape planning. Therefore  delimit
geomorphologically suitable areas for water
innudation and retention. Ensure that these areas
can also fulfill other landscape functions
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Ensure transport accessibility all  for
communities in the basin (reconstruct
communication networks disrupted by mining
activities)

Make provisions for recreation, sports and
tourism in the surroundings of mine pits

* Provide an attractive infrastructure for business
e Construct cycling and hiking tracks in the

revitalized areas. Connect them with the public
communications network

e Support agro-tourism, build agro-centers to

support landscape management

* Provide optimum access to geological, natural,

historic and sacral objects, if possible create
links with holiday areas
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Figure 1. The raster covering the area and contagrthe values of trends in the development of&ayskcape characteristics.

6. Summary

The main advantage of the projects is that they By determining the combinations and defining
provide a scientifically-based, comprehensive the of ecological functions of individual stand
overview of the rehabilitation of a functional types and water bodies within functional post-
landscape under the Krusne hory mountains that reclamation landscape we will be able to create an
will be suitable to human life, on the basis of the alternative landscape cover mosaic and predict the
principles of sustainability. Earlier results prodd future functional post-reclamation landscape
by the team (Pecharova, Hrabankova, 2006, structure. A  prerequisite  for  functional
Pecharova, Marti§, Kasparova, 2008) show that the rehabilitation of the landscape is to apply natural
present status of the postmining landscape poses aelements within the structure of the reclaimed
significant threat to the climate system in the landscape, linked to reconstruction of the small
region. It is necessary to aim at reducing theoisk  water cycle and improvement of landscape
a change in the climate system, at restricting the diversity. Feedback can be monitored by detecting
decrease in biodiversity, and providing a high the ecosystem regeneration with natural indicators
quality environment. of the environmental health.
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Abstract

The strategy proposed in this paper is the outcohsesystematic effort to resolve problems linkedlisturbances in the
ecological and aesthetic functions of the landsdapbe Kladno region due to long-term coal minifitnese problems
have become even more important since the disamtton of these anthropogenic activities. With thesure of coal

mining in the region, a number of questions havgearwhich now require an intensive search for amswrhe range of
disturbances to the ecological and aesthetic fanstof the landscape, and their current impactl te®e identified. Then
gradual mitigation by natural ecological successioy rehabilitation measures needs to be impléaderThe proposed
categorisation was developed from data collectedniranalysis of landscape vulnerability. The cfasgion has been
verified in several pilot studies and projects, atrdtegies are presented here.

Key words Hard coal mining; Landscape rehabilitation; Lazagse functions; Landscape categorization; Restaoratio
ecology; Classification of vulnerability.

1. Introduction

Since the early Neolithic settlements, the landscap landscape to lose its original purely agricultural
in the Kladno region (Czech Republic, Central character and be transformed into an urban,
Bohemia) has been fundamentally affected by industrial (mainly coal mining, iron and steel

human activity. Anthropogenic factors have Wworks) and agricultural area. The area referred to
transformed the face of the landscape and, to ahere is located in the western part of Central
certain degree, disturbed its ecological and Bohemia, in the Kladno and Rakovnik districts

aesthetic functions. Since the mid™®&entury, the (Fig. 1).

Kladno region has been a fast-developing industrial The relatively flat relief of the area is the rdsul
region. It took only a short period of time toe of long-term post-Cretaceous denudation, which
* Corresponding autor; E-mail: martis@knc.czu.cz 103
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had led to the formation of a peneplain already in The only opencast site in the Kladno region is the
the Paleogenic age. In some places, the relief is fireproof clay quarry near Pecinov. The negative
interspersed by Quaternary furrows made by minor impacts of the two mining territories on the
streams. The average elevation of the area is ecological and aesthetic functions of the landscape
around 360 metres above sea level. The hard coalare quite different in scale. Whereas remedial and
reserves in the deposit are determined by sevenreclamation actions often cover large areas of
mining areas in the Kladno-Rakovnik Basin, which mining territory in North Bohemia, including
lie adjacent to each other. The total surface afea  surrounding areas of derelict land, the sites @& th
the mining territory is 42.8 square km. Kladno region are much smaller, rarely extending
beyond 25 hectares. According to current
knowledge, the only parts of the derelict landscape
that seriously disturb the ecological and aesthetic
functions of the landscape are the dumps and heaps
of mining waste rock. Over time, about 150 heaps
have been accumulated in the vicinity of
approximately 200 coal pits in the landscape of the
Kladno region. Most of these have been removed,
flushed or almost entirely covered with urban and
rural redevelopments. About 36 landscape
neoplasms (heaps) are identifiable at the present
time. The former Poldi heap is the most noticeable,
and it also contains some hazardous wastes.

-

Czech Republic

Kladno Region

2. Methods

Figure 1. Location of the Kladno region in the Gz&Republic. Ecological restoration is a process supporting the
recovery of an ecosystem that has been degraded,

damaged or destroyed (Kvet, 2006). Remediation
The average annual output of the mines was has so far proceeded continuously in segments of
about 2.5 million tonnes of coal before 1989 the area not needed for further technological use.
(Spudil, 1998). The volumes of the slag heaps were Local remediation measures are prevalent, without
considerable, and various types of wastes and any broader spatial context. This approach,
materials were deposited in them. The local iron however, allows for no strategic treatment of large
and steel industry went into an overall declineraft ~areas of land. The approach is termed mosaic-
1989. Reserves for about 200 — 300 years remain forming (Stys, 1981). Until the mosaic is
under the ground. It is an open question whether completed, however, the incorporation of the
the abandoned coal seams will be opened again fornewly created landform in all its linkages into the
extraction when global oil reserves are depleted surrounding landscape cannot be determined. A
(after 2040). The basic Kladno seam has been fully functional landscape cannot be created
preserved almost in its entire area. The planned without incorporating the restored landscape into
mine near Slany was dug out but was filled in the ecosystems of the surrounding territories. Loca
again before extraction began. Land-use planning remediation measures may help solve some
should be carried out in a way that keeps areas component functions of the landscape (erosion
available for potential future coal mining and veast ~ protection, component water circulation, etc.) but
rock disposal. not landscape function in all its aspects. The
Underground hard coal extraction in the prerequisite for fruitful successive remediationas
Kladno region has influenced the landscape on a reinforce the linkages with robust surrounding
much lesser geographic scale than, for example, ecosystems (Sklenicka et al., 2002). The priority
opencast brown coal mining in North Bohemia. must therefore be to provide preconditions for the
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future restoration of landscape functions, not that have been formulated for easy incorporation

merely to apply local remediation measures. into the Nature and Landscape Conservation Policy
Above all, the goal of restoring a functional for Areas Disturbed by Hard Coal Mining.

cultivated landscape involves: (Prikryl et al., 200 The categorisation of landscape vulnerability

Prikryl et al., 2002; Pecharova et al., 2004): and development feasibility stems from data and

approaches gathered in the course of Czech
1. Restoration of water circulation in previously Ministry of the Environment projects on
noticeably wet landscapes with a network of “Landscape Management” and the “European
numerous minor watercourses and small water Landscape Convention”, and uses a landscape
bodies, providing good conditions for a short vulnerability classification methodology verified i

closed water cycle; several pilot studies, projects, and strategies
2. Establishment of long-term functional (Martis, 2006).
ecosystems in areas directly affected by The system for classifying the ecological

mining (mine waste dumps, heaps, piles, vulnerability of the landscape and the feasibitify
former mine workings and equipment), and development projects and strategies is based on a
support for and/or restoration of the historic study of extensive original sources in the
continuity of valuable ecosystems typical for extraordinarily broad field of applied landscape
the Kladno Basin; ecology, key economic activities in the landscape,

3. Support for and/or creation of strong linkages and the roles of the local and regional authorities
among the ecosystems, particularly links and the public.

between ecologically valuable ecosystems and The following matrix classifies development
intensively man-exploited ecosystems (at effects in terms of ecological vulnerability and
present and in the foreseeable future); landscape capacity, based on the confrontation of

4. Support for the ecological stability network, landscape properties and activities planned for the

support for existing migration corridors for landscape (Table 1).

various classes of animals and creation of new

corridors, reduction in existing barriers to

proliferation and migration of living 3. Resultsand discussion

organisms, and reinforcement of the ecological

stability of the landscape in respect of possible There are many definitions of the landscape from

climate change in the foreseeable future; the legal, ecological, geomorphological, societal,
5. Support for the ecological value of intensively and other points of view. Landscape may be

man-exploited ecosystems (agriculture, public perceived as a production space (in the economic

use, production, leisure, sporting, and other perception), or may be a manifestation of an

areas), and a proposal for new, comprehensive anthropocentric approach to the issue, where the

human uses of the landscape (recreation, essence is the exploitation of the landscape for

sports, tourism, nature trails including man’s benefit, regardless of the ecological context

accompanying businesses). and any harmonious relationship with the

landscape. Typical activities asserted in this

The strategy proposed for reconstructing the approach to landscape include agriculture, forestry
ecological and aesthetic functions of the landscape mining, and urbanisation. All these elements are
in the Kladno region disturbed by anthracite significantly present in the type of the landscape
mining has been based on a selected segment of thehat we are dealing with here. Irrational
landscape. The segment was the subject of a exploitation in the Kladno region has resultedrin a
thorough analysis in 2004 and 2005. The collected excessive decline in natural or quasi-natural
data was evaluated and interpreted in relation to ecosystems in the landscape, or they have been
two crucial strategic documents at the regional transformed into human-conditioned ecosystems
level (the Central Bohemia Regional Raw Material and entirely transformed ecosystems. At the same
Policy, and the Regional Nature and Landscape time, the cultural, historical and aesthetic valags
Conservation Policy). The main priorites and the landscape have been damaged. In this case,
strategies were defined on the basis of documentsman has subordinated the landscape function to an
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Biota
endangerment — . . Biota Biodiversity Aggregate Impact on
. Biota richness X . landscape
endangered species unigueness source biota value face
count
1. unimportant poor In no way unimportant O.f no insignificant
unique significance
2. relatively low rather poor not significant .Of litle below-average unimportant
importance
one of the
3. significant relatively rich unique In a biodiversity average proportionate
small part sources for the impact
vicinity
significant
4. relatively high relatively very rich unique in a biodiversity above-average slgnlflcant
large part source for the impact
vicinity
fundamental
. . ., biota is biodiversity . defining
5. outstanding outstandingly rich outstanding source for the outstanding impact
vicinity

Table 1. Assessment of ecological vulnerabilideoand scales.

interest that has been given great priority for a
period of just a few generations. This has resulted
in ecosystems that lack the natural self-regulatory
capacities.

The new concept of the remediation and
reclamation plan follows up on the level of
capacity acquired in this field, based on the so-
called Czech Reclamation School. In accordance
with holistic principles, it lays great emphasis on
the principle of restoring a landscape as a whole
and incorporating it functionally into the
surrounding landscape types not affected by
mining. The Mining Act obliges the mining
organisation only to carry out remediation and
reclamation work on defined mining territories,
including dumps and heaps,  whereas
comprehensive landscape function restoration
includes not only such areas but also other adfacen
areas affected by the mining activities. The
geographic scope of the landscape function
restoration is thus, naturally, much greater.

In the case of anthropogenic creations such as
heaps and dumps, one thus cannot refer to direct
restoration of ecological and aesthetic functions.
There is no reference point for restoration in this
situation, as it is an entirely specific element in
terms of landscape evolution — a mauen
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geological landscape creation. The connection of
such elements with the surrounding landscape,
support for and stabilisation of their ecological
parameters, and best of all, the restoration and
stabilisation of the ecological functions of
landscape  containing  such  anthropogenic
structures, are open for realistic consideration.
Therefore, the affected part of the landscape must
inevitably be treated as a whole, not per individua
heap and dump.

Mining activities have a negative impact on
the environment in areas where they are carried
out. Total devastation is the most serious case. In
the legal system of the Czech Republic, the
remediation of such impacts is governed by the
Mining Act (no. 44/1988 Coll.) in Section 31,
Paragraph 5: ‘The organisation is obliged to
arrange for remediation of all land affected by the
mining. Land abandoned after the mining shall be
reclaimed according to the Opening, Preparation
and Mining Schedule.” Furthermore, Section 32
states, ‘Reclamation shall mean the elimination of
damage done to the landscape, by means of
complete rehabilitation of the area and its
structures.” This obligation, however, only
concerns so-called mining operation territorieg, no
the surrounding areas that have been negative
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affected by the mining (Stys, 2002).

The existing Czech legislation provides quite
good conditions for remediation that aims at future
economic use of the reclaimed areas. Above all,
actions on agricultural land resources and the
Forestry Law receive marked preference. On the
other hand, insufficient weight is placed on the
crucial Nature and Landscape Conservation Act,
especially in terms of practical application,
resulting in insufficient support for landscape
function restoration in the broad sense (Svoboda,
2002). Given that the current general trend in
restoring the functional output of landscape
disturbed by coal mining is to reinforce the
ecological functions of the landscape, the concept
of the existing Czech legislation is not entirely
adequate.

words, the retention of water in a landscape by
newly created elements — should be the priority
criterion in strategic planning for any landscape,
and the Kladno Basin is no exception.

Land reclamation covers not only recovery of
soil damaged by devastation, but also other land
uses from the perspective of restoring a given
previous function or potential of the area to
perform that function. An attempt to restore the
functional division of a landscape prior to the
devastation is a negation of landscape evolution.
However, the newly created reclaimed landscape
should provide the potential for land use roughly
equivalent to that before the devastation began.
The current quality of reclamation works should be
such as to provide economic or social benefit from
a reclaimed area comparable to the benefits from

The need to assess the ecological functions of non-devastated areas (Sirina, 2003; Pecharova and

landscape is an acute issue in
management, and one of the priorities in
environmental research. This is due to the global
impacts of human activity on the biosphere and
also the immediate impacts at regional level. The
specific regional conditions are so varied that
findings from abroad cannot merely be transferred,
but each country runs its own research in the field
(Ripl, 1995; KlareandMoldan, 1997; Pechat al.,
2004).

Using a holistic approach, the functional
ecological characteristics of landscape (Ripl, 2995
can be defined as follows:

1. The ability of the vegetation cover to dissipate
solar energy to damp down large energy
pulses

2. The ability of biocenoses to retain large
amounts of water and organic matter,
particularly in soij

3. To compensate fluctuations in water depletion

and prevent depletion of dissolved and
suspended substances.

Of course, one cannot expect the restoration of

landscape Hrabankova2006).

Complex landscape restoration must be
grounded in the contemporary approach of
interlinked landscape wholes. The so-called island
theory, one of the fundamental theories for
territorial ecological stability systems in the Che
Republic, can be applied in the case of the Kladno
region. This theory has been applied to a post-
mining landscape by Cibulka (2002); who chose
brown-coal basins, but it is easily applied to
smaller landscape structures such as rock dumps
and heaps. In this case, a heap is considered as a
‘mining zone’ very often burdened by industrial
contamination (landfills, remnants of buildings).
The entire system acts in the landscape as ardislan
inserted in the historic agricultural landscape,
cultivated by farming practices since Neolithic
times. The landscape is characterised by reduced
forest cover, a high proportion of field cultures,
noticeable dewatering, and last but not least, a
significant number of historical structures and
other local heritage areas, including archaeoldgica
sites.

A rock dump island, however, is not a remnant
patch of a functional landscape (in contrast to a

any landscape to its state before the start of the field thicket, water reservoir, etc.) On the congra

mining activities, or to its state when the early
farmers arrived. However, principles can be
applied which have a positive functional impact on

it is a new structure in the ‘sea’ of the Central
Bohemian historical agricultural landscape.
According to the island theory, it is therefore

landscape functionality and are at the same time classified as a newly-created island without a
implementable under present circumstances by stabilised biota. For this reason, these landscape

available eco-technological means. The water
management function of a landscape — in other

elements cannot be incorporated easily and out-of-
hand into the territorial ecological stability
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Figure 2. Map of spoil heap ecological vulneralyilit

networks that link them forcefully to the other

Emphasis was placed partly on an overall

elements that have been evolving for centuries or ecological assessment of the biotic constituent of

more.

Classification of the monitored landscape
elements (islands) — heaps left by anthracite
mining:

1. Heaps beyond the jurisdiction of the Czech
Mining Act, without substantial ecological
problems;

2. Heaps beyond the jurisdiction of the Czech
Mining Act, with substantial ecological
problems (erosion, toxic substrates, instability,
burning core, possible re-ignition, surrounding
terrain sinking, etc.);

3. Heaps within the jurisdiction of the Czech
Mining Act, without substantial ecological
problems;

4. Heaps within the jurisdiction of the Czech
Mining Act, with substantial ecological
problems (erosion, toxic substrates, instability,
burning core, possible re-ignition, surrounding
terrain sinking, etc.)

The basic scale used in the matrix classifies
the level of landscape ecological vulnerabilitynfro
extreme, to special, medium, negligible and finally
to irrelevant. The feasibility of development
consent, on the other hand, is classified from
impossible to conditional to full. See the map of
spoil heap ecological vulnerability ¢Fi2).

108

the Kladno landscape sites,, and partly on the
aesthetic parameters of the sites and an assessment
of the effect that the individual heaps have on the
face of the landscape. The assessment of the biotic
constituent builds on an analysis of field
examinations of selected taxons — vascular plants
and fungi, certain classes of vertebrates
(amphibians, reptiles, birds, some mammals) and
an indicative class of invertebrates (butterflies).
The landscape assessment proceeded from a survey
of experts.

A five-degree scale was applied in all cases (1
= worst; 5 = best) with the grades distinguished
graphically in cartograms (Fig. 3). With its
graphical palette, the scale orientation seleceazd h
should fulfil a signalling function for further
deliberation on landscape management of these
sites and the adjacent territories. Taking into
account the relative sizes of the sites (heap$)invit
the examined territory, different histograms were
used to plot the classification results for the
different sites.

The purpose of the categorisation is not to
block a significant part of the landscape for
development, but rather to create support for a
better perception of the specific features of each
site, its unique values, and to promote development
in the area that will be realistically ecologically
tolerable and will preserve the genius loci.
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Figure 3. Ecological and aesthetic classificatidrselected spoil heaps.

Most of the heaps in the region are burnt created travertine and other cascades are of
through. The chemical composition of their interest. The cascade at the Ronna mine has
material differs substantially from the original disappeared completely, while the cascade at the
state. The burnt rock is reinforced, often baked to Schoeller mine is disappearing.
clinker. The heaps are taken apart piece by piece, There are continuing attempts to use the heaps
and the material is used for road repairs. Certain for material disposal. Even inert materials are
toxic and even radioactive substrates remain a risk unsuitable, however, such as the materials from
e.g., in the dismantled heap at theskoslovenské  construction digging in Prague that have been
Armady mine; heaps that are not burnt though are deposited at Brandysek. Holes have been dug in the
also hazardous, as they may self-ignite. In additio Ronna mine for depositing wastes. In the process
to the heaps, the strong mineral waters the¢ h of incorporating the heaps into the surréngd
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landscape and creating functional
wholes, technological stabilisation of the heap
clearly has priority over biological and ecological

landscape economic contexts.

interests. This means that in the case of a Type 2 Acknowledgements

heap, the area should primarily be stabilised ley th

current owner or trustee, and then ecological The work has been supported by research projects
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heap, the primary stabilisation responsibility lies the Czech Republic MSM 6007665806 and NPV2

with the mining company.
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is clearly a priority over biological reclamation

needs — the respective professionals should form

part of the technological expert teams and help to References

seek technologically appropriate solutions that wil
be beneficial to the future landscape.

4, Conclusions

Cibulka, J.,

2002. Identifikace zakladnich parametr
Komoranskeho jezera a jeho vyvoje podle starych.nrap
Nemec,J., (Editor). Krajina 2002. Od poznani k gnéei.
MZP CR, Praha, pp. 11-19.

Klarer, J., Moldan, B., 1977. The Environmental ([raye for

Central European Economies in Transition. Johnejiind
Sons Ltd., Chichester.

The adverse impact of the heaps in the Kladno Kvet, J., 2006. Obnova funkci ekosystemu. — Zpes.CBot.

region is not on a large scale, and the heaps

Spolec. 41, Materialy 21: 39-46.

themselves do not have a significant negative effec Martis, M., 2006. Methodological principles of cid&ation of

on the landscape functions. The frequently cited

negative characteristics of the heaps are ovedstate p

(ecological consequences of burning). They are
limited to special cases which may be controlled

(dustiness), surpassed by other biotopes (weed
encroachment), or may depend on the assessor’s

background (aesthetics).

landscape vulnerability and feasibility of develagrh
projects, Ekologia Bratislava, 25, Suppl. 3/20084-143.

echar, L, Pokorny, J., Prochazka, J., WotavovaP&charova,

E., Svehla, J., 2004. Vliv vegetacniho krytu naipdisi
energie a vodni rezim v krajine — dopady na inteeak
biotickych a abiotickych slozek v povrchovych vobadn:
Vozenilkova, J., (Editor). Agroregion 2004 - Prodess,
Faculty of Agriculture in Ceske Budejovice. Ceske
Budejovice: JU, ZF, Vol. 21, ser. Crop Science,339-255.

The industrial zones in the area and the related Pecharova, E., Prochazka, J., Wotavova, K., Sylkord,

roads have more profound negative impacts. Heaps

do not constitute significant ecological barriems i
the landscape, so that they are of negligible
importance in comparison with motorways, for

example. On the other hand, the natural value of P

the heaps is surprisingly high, even when

echarova, E.,

Pokorny, J., 2004. Restoration of Landscape aftewB
Coal Mining. In: Pasamehmetoglu, A.G. (Editor).
Environmental Issues and Waste Management in Eraerdy
Mineral Production - SWEMP 2004. Atilim University,
Ankara, Turkey, pp. 299-304.

Hrabankova, M., 2006. A concept for
reconstructing a post-mining region under Lisboratsgy.
Ekologia Bratislava, 25, Suppl. 3/2006, 194-205.

compared with the conserved segments of the Pprikryl, I., Kopejsko, J., Pecharova, E., Pokordy,Prchalova,

Kladno region.
Our experience of applying the method

proposed here has proven rather conclusively that

M., Sklenicka, P., Svoboda, I., Trpak, P., VlasBk, 2001.
Obnova funkce krajiny narusene povrchovou tezbou na
prikladu Sokolovske panve. Sbornik konference Twasi
zeme - krajina domova, sv. 6, pp. 110-112.

our landscape classification system is capable of prikryl, I., Svoboda, I., Sklenicka, P., 2002. Restoration of

performing the role of a credible expert platform

for the formalised processes of Environmental
Impact Assessment (EIA), Strategic Environmental
Assessment (SEA) and Integrated Prevention and
Pollution Control (IPPC) for the purposes of

standardised approval procedures within
jurisdiction of construction, water management and
mining law, for routine decision-making

procedures in public administration, and

110

Landscape Functions in an Area Devastated by Openca
Brown Coal Mining in Northwest Bohemidn: R. Ciccu
(Editor). Proceedings SWEMP 2002 (7th International
Symposium on Environmental Issues and Waste
Management in Energy and Mineral Production), Gali
Italy, pp. 361-365.

the Ripl, W., 1995. Management of Water Cycle and Epdtigpw

for Ecosystem Control — the Energy — Transport Reac
(ETR) Model. Ecological Modelling, 78: 61-76.

Sirina, P., 2003. Rekultivace uzemi a recentnichjitmych

prvku — technicka a biologicka rekultivace. Sbornik



M. Martis et al.: Journal of Landscape Studies @Q2), 103 — 111

z pracovni konference s mezinarodni ucasti: Stratelgnovy
hornicke krajiny. Ostrava. http://www.hgf.vsb.cz

Sklenicka, P., Bejcek, V., Prikryl, 1., 2002. Vytizprocesu
prirozene sukcese pri obnove krajiny po tezbe meros
Sbornik konference Tvar nasi zeme. Rehabilitacginkra
Praha a Pruhonice, pp. 60 — 62.

Spudil, J., 1998. Studie moznosti vyuziti odpadni@id po
tezbe. MS GET. Praha.

Stys, S., 1981. Rekultivace uzemi postizenych puwou
tezbou nerostnych surovin. STNL, Praha.

Stys, S., 2002. Rekultivace Severoceske hnedoulpnee:
Obnova krajiny, 12: 40-41.

111



Ecological Engineering 43 (2012) 60-69

journal homepage: www.elsevier.com/locate/ecoleng

Contents lists available at ScienceDirect

Ecological Engineering

Landscape memory and landscape change in relation to mining

Jan Skalo$*, Ivana KaSparova

Czech University of Life Sciences, Faculty of Environmental Sciences, Department of Landscape Ecology, Ndam. Smifickych 1, 281 63 Kostelec n.C.L, Czech Republic

ARTICLE INFO

Article history:

Received 15 February 2011

Received in revised form 24 June 2011
Accepted 9 July 2011

Available online 24 August 2011

Keywords:

Landscape change

Landscape memory

European Landscape Convention
Mining

Czech Republic

1. Introduction

1.1. Landscape history in the Czech Republic during the last 200

years

ABSTRACT

Even if a landscape is characterized by the occurrence of no particular natural or cultural attractions,
it is of undeniable cultural and historical value since it documents a long-term relationship between
humans and the place where they have spent their lives. One way to identify and quantify the values
of normal, unexceptional types of landscapes is by using the concept of the physical storage structure
of landscapes. The elements of physical storage structures, natural landscapes and cultural elements
of landscape, and the location and method of cover remain relatively constant over time. The proposed
principle for determining the landscape memory structure can be a suitable procedure for identifying and
quantifying the values of so-called “ordinary” cultural landscapes according to the European Landscape
Convention. However, it should be stressed that the use and meaning of the term “landscape memory”
is strictly purposeful and rather metaphorical what does this mean - purposeful and metaphorical is a
combination that needs to be explained in this paper. The study was conducted in the Sticany cadastral
territory (159 ha), located in an intensively cultivated cultural landscape in the Pardubice Region. The
definition was made on the basis of an interpretation of the Stable Cadastre maps and aerial photographs as
surface, line and point elements of the landscape structure, with minimal variability of the characteristics
over the period from 1839 until 2002. The largest proportion of the landscape memory consists of arable
land (76.1% of the arable land in 1839 was still arable land in 2002), which confirms the priority of arable
landscapes as long-term agricultural activities. A large proportion of the landscape memory is formed by
built-up areas and communications (43.3%). The least stable areas are permanent grasslands (only 9.7%
of the grassland survived the period from 1839 to 2002), which means that there have been big changes
within this category. Only 16.1% of the areas of permanent landscape structures retained the same covers
throughout the period. The cover in more than one half of the area (59.8%) remained the same in the
period from 1839 until 2002. The character of the cover of 39.4% of all surface features of the landscape
changed in this period. Almost two-fifths of the land area “lost its memory” over a period of more than
160 years. Our study also demonstrates and quantifies the impact of mining on loss of landscape memory.

© 2011 Elsevier B.V. All rights reserved.

last 200 years. Landscape development has been described through
defining cultural landscape periods indicating changes in society
and in the environment. This is the traditional systematic way, but
it must be emphasised that the development has been gradual.

In the first half of the 19th century, the Industrial Revolution

The Czech cultural landscape has experienced a dynamic history
full of dramatic reversions and changes. This section provides an
overview of the basic landscape development periods according to
various authors (Lipsky, 1995, 1998, 2000; Sklenicka, 2003; Low
and Michal, 2003; Sykora, 1998). The first section will present an
overall summary of landscape development in the Czech Republic,
followed by a detailed insight into landscape history during the
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E-mail address: jskalos@seznam.cz (]J. Skalos).

0925-8574/$ - see front matter © 2011 Elsevier B.V. All rights reserved.
doi:10.1016/j.ecoleng.2011.07.001

began in Europe. This led to the first significant impacts on land-
scape. Up to this time, human activities had been estimated as
being in balance with natural processes, creating what we refer
to as a “harmonic cultural landscape”. Despite rapid industrialisa-
tion at the turn of the 20th century, the cultural landscape was still
regarded as diverse and harmonic even during the 1930s and 1940s
(Lipsky, 2000; Sklenicka, 2003). The first land reform in 1918 did
not have a negative impact upon the land cover, though it broke
extensive properties down into small properties.

The end of WWII is taken as a turning point for Czech society
and also for the Czech landscape. This is also true for the whole
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of Europe. Modern technologies in agriculture began to develop,
along with intensification and specialisation. There have never
been such pronounced changes in landscape prior to 1945. After
the Communist Party took power in the former Czechoslovakia
during the Putsch in 1948, these changes were characterized by
large-scale Soviet-style farming, with agricultural co-operatives
(inspired by Soviet kolkhozes) as major agricultural land owners.
Collectivisation of agriculture is one of a number of significant
actions in the history of the former Czechoslovakia after 1945 that
left great marks, not least on the face of the Czech cultural land-
scape. Czechoslovak collectivisation officially began in 1951 (Jech,
2001). Apart from its political, economic and landscape-ecological
consequences, collectivisation also had negative implications from
the sociological point of view, due to severe repression of private
landowners. Many of them were bound with duties, imprisoned,
or punished in other ways. Duties set up by the local authorities
refer to compulsory excessive supplies of food products. When
these unrealisable duties were not met, farmers were imprisoned
(Jech, 2001; Ptacek, 2006). The so-called Velvet Revolution in 1989
brought about new economic and social conditions as a framework
for developing the institutional framework, and had an impact on
landscape covers.

According to several authors, the period from 1948 until 1989
can be further subdivided into a number of phases. For example,
Sykora (1998) distinguishes the following periods: (1) Social-
ist Collectivisation (1950-1970), (2) Concentration of agricultural
production (1970s-1980s). Doucha (2001) in Low and Michal
(2003) mentions more events in the landscape history of former
Czechoslovakia:

(1) Displacement of the German population from the Sudety
Region and subsequent resettlement by Czechs (1945-1948),

(2) First phase of collectivisation (1950s),

(3) Second phase of collectivisation (1970s),

(4) Land consolidation in cadastral areas (1970s-1980s),

(5) Negative  compensatory land reclamations
1970s-1980s),

(6) Designation of specifically protected areas (mainly within the
second part of the 20th century),

(7) Ecological disasters in the mountain forest ecosystems (mainly
in the 1980s).

(mainly

The period after 1989 can be characterized by land restitution,
political contention, national environmental protection policy, and
comprehensive land consolidation.

1.2. Surface mining

Surface mining has affected the study site landscape since 1930.
Brick-clay has been mined, and a brick factory was set up in 1906
(Rocek, 1926). Around the village of Sticany, there were several
brickworks, e.g. in Tun&chody, Uhfetice and Rosice. Of these, only
the brickworks in Uhfetice have remained in operation until the
present time. Brickworks have exploited thick deposits of loess
in the area, thus forming a functional connection between the
landscape and the people living in it (Kopista, 1919; Rocek, 1926;
Stépan, 2001). The territory of the brickworks was extended, and
houses and the mine pit also grew in extent. A detailed study was
undertaken by Skalos (2006). While the total area of the brickworks,
including the territory affected by mining, occupied some 3% of the
cadastral area of Sti¢any in 1937, it occupied almost 10% in 1983,
and 9% in 2002. The largest area of mine pits as such, occupying 1%
of the Cadastral area of Sticany, dates back to 1966.

1.3. 0ld cadastral maps and aerial photographs as source data for
studying landscape history

Ingeneral, the selection among old maps for studies of landscape
change depends on when they were elaborated, their scale and the
purpose of the study. Land cover analysis is often based on cadastral
maps, which were generated in the course of the 19th century in
almost all of the European countries. They are reliable and detailed,
and can be used for evaluating the landscape microstructure. The
oldest database layer of land cover and changes in cover (LUCC) was
created on the basis of data from the Stable Cadastre, which was set
up in the territory of the Habsburg Monarchy in the first half of the
19th century (Bicik and Kupkova, 2002; Jelecek, 2002; Bicik et al.,
2001; Bicik, 1998, 2004). Cadastral maps have been used for eval-
uating changes in land cover in Slovenia (Rajsp et al., 1995; Petek
and Erbanc, 2004), in Germany (Bender et al., 2005), in Sweden
(Cousins, 2001), in Norway (Domaas, 2007; Hamre et al., 2007),
and also in the Czech Republic (Trpak and Urbanova, 1984; Figala
et al.,, 1985; Trpak and Trpakova, 2002; Trpakova and Trpak, 2005;
Sklenicka et al., 2009).

The importance of aerial photography in landscape research is
comparable to the invention of the microscope in biology (Michal,
1994). The application of aerial photographs is quoted as provid-
ing the initial impulse in the process of establishing the field of
landscape ecology (Troll, 1939; Finley, 1960; Howard, 1970; Ihse,
1995). Landscape changes can be quantitatively measured on the
basis of an interpretation of aerial photographs (Fuller, 1981). In
the case of spectrozonal aerial photographs, we can also analyse
qualitative changes. The works mentioned above show that aerial
photographs have become a relevant source of data in landscape
change research over the last 40-60 years (Skanes, 1996; Lipsky,
2000). The Czech Republic owns a large collection (circa 800 000
items) of aerial photographs that are located in the Military Geo-
graphical and Hydrometeorogical Archive in Dobruska. It is based
on systematic black and white aerial photographic monitoring of
the territory of the country from 1936 onwards at intervals of 5-7
years (Sklenicka, 2003; Lipsky, 2000). However, aerial photographs
from the pre-war period do not include items from the border
territory. The most common scale is 1:10 000-1:25 000.

1.4. Landscape memory as a concept for identifying “ordinary”
landscape values

The proposed principle for determining the landscape memory
structure can be a suitable procedure for identifying and quantify-
ing the values of so-called “ordinary” cultural landscape according
to the European Landscape Convention (Weber et al., 2004). This
convention was signed by the Czech Republic in 2002, ratified by
Parliament and came to force on 1 October 2004. Article 2 - “Extent”
states that “subject to the provision of Article 15 this Convention
shall be applied to the whole territory of the Parties and shall cover
natural, rural, urban and suburban areas. It includes continental
land surfaces, inland water surfaces and sea areas. It concerns, on
the one hand, landscapes that may be considered to be remark-
able, and on the other hand also ordinary and eroded landscapes.
Pursuant to the Convention, the signatories also bind themselves to
further collection and analysis of landscape data (typology, changes
including covers, characteristics) including raising awareness of
landscape values”.

1.5. Definition of “landscape memory”
The Dictionary of the Literary Czech Language defines mem-

ory as the “ability to keep precepts and recall them” (Anonymous,
1994). Sadlo (1994) states that landscape memory is the ability
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“to regenerate the former state.” The word ‘remember’ consists
of a prefix “re” meaning repetition of an action, something that
keeps happening again and again, and “remembrance” is a thought
process (Machek, 1971). Sklenicka (2003) defines landscape mem-
ory as the ability to retain some landscape attributes, but also as
the ability to regenerate these attributes. We refer to the exis-
tence of landscape memory in the case of physical landscape
attributes, and also to the existence of a so-called intangible land-
scape memory. Genius loci is thus, among others, a consequence
of landscape memory. So-called “loss of landscape memory” has
recently becomes a topical concept (Cilek, 2002). The basis of land-
scape memory - tangible landscape memory is formed by so-called
permanent landscape structures. In this work, these structures are
considered to be those natural and cultural landscape elements
that are characterized by relative constancy of location and con-
stancy of cover over a period of time. Landscape memory has four
aspects - relief, locality, land-cover/land-use, and human factors
(Cilek, 2002).

However, it should be stressed that the use and meaning of
the word “landscape memory” is strictly purposeful and rather
metaphorical? in this paper. Above all, it has nothing to do with
any claimed ability of landscape to remember, as only life forms
can remember. The term memory rather refers to the ability of old
maps that describe historic and present-day landscapes to record
what was and is there. Landscape memory is a similar concept to
computer memory. It is a store of information that can be accessed
by a user. GIS technology then provides ideal technical instruments
that enable us to determine landscape memory elements based on
the use of old maps and aerial photos.

The objective of the work is to identify and make a spatial
determination of the elements of the so-called tangible memory
structure of a model territory in the cadastral district of Sticany, as a
basis for determining and quantifying the values of so-called “ordi-
nary” cultural landscapes. Future follow-up activities will include
an assessment of the current state of the landscape memory ele-
ments, a definition of their target state, and possible management
and education methods aimed at protecting and caring for a his-
torical cultural landscape which is a part of our cultural heritage.
Protection of these elements within the nature and landscape pro-
tection process is also important, since some landscape memory
elements form ecologically relatively stable ecosystems in the land-
scape that perform numerous ecological, aesthetic, ameliorative
and other functions (Kolafik, 2003).

2. Methods
2.1. Description of the study site

The tangible landscape memory was identified within the
framework of the cadastral district of Sticany (159 ha), see Fig. 1.
The cadastral district provides a satisfactory way to determine a
territorial zone, because it is a historically continuous territory, and
also a unit in the administrative state structure for the purposes of
various kinds of data (graphic, statistical, texts, etc.) The cadastral
district of Sticany is situated in the area of a so-called old cultural
landscape (Lipsky, 1998), which has been populated since neolithic
times, thanks to the suitable natural conditions. Despite consider-
able monotony of the landscape (arable land is prevalent), other
landscape elements are also represented to a limited degree (e.g.,
permanent grass stands, water areas, non-forest wood areas, etc.)

The bedrock in the study area dates back to the Mesozoic Period,
and especially to the Cretaceous Period. It is composed of sedimen-
tary rocks such as arenaceous marlstone and marlstone, together
with some sandstone. The upper layers of the Quaternary - Pleis-

tocene Period contain eolian sediments such as loess and loess
loam. Due to the thick layers of loess, it was possible to set up sev-
eral types of brickworks here (Kopista, 1919; Rocek, 1926). This sort
of bedrock leads to the formation of the most fertile soils of all, e.g.
black earth. The Sti¢any study site lies on the borderline between
black earth and brown earth. Brown earth is found further to the
south (Tomasek, 2000).

The study site is located in an open plain landscape which once
formed the bed of the shallow coastal waters of the Cretaceous
sea. This substantially influenced the formation of the bedrock, the
soils and also the terrain characteristics, which have in turn influ-
enced the fauna and flora, including man. As was mentioned above,
the study area lies in the border zone between the East Bohemian
plain (Vychodoceska tabule) and the undulating or hilly Czech-
Moravian highlands (Ceskomoravska vrchovina) geomorphologic
subschemes (Vitek, 2002).

The climatic conditions in the Pardubice Region are strongly
influenced by its location in the centre of Europe. A continental type
of climate (warm summer temperatures in contrast to low winter
temperatures) tends to affect this territory. The transitional zone
between oceanic and continental weather, together with the local
orographic conditions, jointly influence the climate in the study
area (Faltysova, 2002). The study site is situated in the Slightly
Warm zone (Novakova, 1991). The annual mean temperature is
8.2°C. The total annual rainfall is 622 mm. The vegetation season
starts on March 26 and lasts a total of 226 days (Faltysova, 2002).

2.2. Data sources

For the purposes of this work, we made use of the map of the
Stable Land Registry from 1839 on a scale of 1:2880 (COSMC, 2002).
The Stable Land Registry was produced between 1825 and 1843, for
the purposes of net land taxation on the territory of the Cisleithan
(Austrian side of the river Leitha) part of the Habsburg Monarchy.
Thanks to the detail and the large amount of information which it
provides, it is considered a fundamental historical source (Fig. 2).

Aerial photography from 2002 (District Authority, 2002) was
borrowed. This was standard true-colour photography taken on a
sunny day in May 2002 for other purposes of the district authority.

2.3. Data processing

Old maps and an aerial photo were scanned at high resolu-
tion (900 dpi). This was necessary due to the high requirements for
interpretation purposes and the quality of the old maps. The raster
data were transformed in TopoL XT 8.0 GIS software, using the
affine transformation (Hamre et al., 2007) to the S-JTSK Krovak East
North coordinate system. The transformation was undertaken on
the basis of using identical points for the old map and the aerial pho-
tograph. The final resolution of the georeferenced aerial 2002 photo
was approximately 30 cm. Since the Sticany study site is character-
ized by a relatively dense human-made infrastructure, the number
of identical points was high enough to achieve a satisfactory level
of transformation accuracy.

The transformed data were vectorised using ArcView 9.2 GIS
software. For each time horizon (1839 and 2002), the landscape ele-
ments were distinguished visually according to the land cover type.
Vectorisation of aerial photographs always leads to some inaccu-
racies, because the borders of the different land cover categories
are not clearly distinguishable. For example, particular elements
of non-forest wood polygons were distinguished according to the
treetops, though this means that an area of grassland right below
the treetop will be included in the category of non-forest wood ele-
ments. However, as this is rather a miniature area, the final error is
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Fig. 1. Location of the study area.

negligible. To avoid statistical discrepancies, the minimum polygon
size was corrected.

After the landscape elements had been digitised in accordance
with the classification system, the area in square metres and the
perimeter in metres were calculated in the database table for each
polygon. Then, polygons smaller than 10 m? were excluded in order
to avoid numeric distortion of the results. This rather small mini-
mum limit was set because there are very small polygons (e.g., a
solitary tree in the landscape) that refer to some 10 m2, but which
are still relevant for the study. Finally, basic time-space analysis
using the Arc View 9.2 software tool was undertaken and basic
land cover change statistics were calculated. The tabular data were
processed in Microsoft Excel 2003.

2.4. Methodology for determining the landscape memory
structure

Natural and cultural landscape elements with a relatively
unchanging location and type of cover over a period of time form
elements of the landscape memory structure. What is important is
not stability in terms of permanence of ecological relations, as in
the concept of ecological stability (Michal, 1994), but rather stabil-
ity of the structural characteristics (location, surface area) and the
type of cover.

To determine the stability of memory structure components, the
following criteria have been applied:

e Stability of structural characteristics in time and
e Type of cover.

2.4.1. Types of land cover

The land cover typology follows the classification of the cadas-
tre. Though the definition of parcel use has changed there in the
course of time, as the role of the cadastre was transferred from evi-
dence of sources for taxation purposes to evidence of ownership, it
retained the primary land cover classification. The Stable Cadastre
had a more detailed definition of land cover. For the purpose of this
land cover study is classified by the categories set for the present
cadastre (COSMC, 2007). This study merges certain cadastral cate-
gories into more general types of gardens and grassland. The types
of cover are set as follows:

e Built-up areas: cadastral type of parcels with a building or a paved
surface.

e Gardens: cadastral type of parcels used continuously for growing
vegetables, flowers and other garden plants, usually for pri-
vate consumption, and/or parcels continuously planted with fruit
trees/bushes, usually in connection with residential and farm
buildings, and orchards.

e Grassland: cadastral type of grass-grown parcels used for hay har-
vesting, grazing, or for future use but currently left uncultivated.

e Arable land: cadastral type of parcels used for regular grow-
ing of grain, root-crops, forage-crops, technical crops and other
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agricultural crops. It also may be temporarily cultivated as
meadow with perennial forage.

Other areas: all parcels that do not fall into cadastral types defined
as arable land, hopfields, vineyards, gardens, orchards, perma-
nent grassland, forest, water body or built-up area.

Roads: cadastral type of other area, the use of which is defined
by the cadastre as road, highway, other communication, or other
communication surface - e.g. a park lot.

Non-forest wood elements: the only type not defined by the cadas-
tre. All the wood elements growing outside the official category of
the forest land according to the present cadastre (COSMC, 2007).
This comprises linear as well as patch wood elements. For the
purposes of this study, it comprises parcels where trees or bushes
(not fruit bushes) grew on meadows in the Stable Registry. Sites
where at present trees or bushes grow on parcels with cadastral
type arable land, water body or grassland.

There were and are no forests in the study area, so the forest land
cover type is not found here.

Landscape memory elements were identified by interpreting
maps of the Stable Land Registry and aerial photographs (Ihse,
1995; Sklenicka, 2002; Skalo§, 2006) as spatial and linear elements
of the landscape structure with minimum variability of location,
and the type of cover in the course of the historic period from 1839
to 2002. GIS tools can be used advantageously to determine the
landscape memory elements, in particular analytical tools (func-
tion intersection within the scope of the geo-processing wizard).
Using this function, the ArcView 9.2 program can select those poly-
gons that remained unchanged during the period from 1839 to
2002.This process results in the creation of anindependent polygon
layer which displays the unchanged, permanent landscape compo-
nents that form the tangible landscape memory.

2.5. Quantification of the landscape memory

GIS tools enable the user to quantify changes in the repre-
sentation of a tangible memory structure element and to apply
several aspects of assessment. After the individual landscape mem-
ory elements were identified using this methodology, their area
was determined, and finally the following characteristics were cal-
culated:

¢ The representation of all categories forming the landscape mem-
ory as compared to the study site area in 1839, in %

e The representation of particular land cover categories forming
the landscape memory as compared to the study site areain 1839,
in hectares and %

¢ The representation of so-called ecological land cover (gardens,
grasslands and non-forest wood elements) forming the landscape
memory as compared to the study site area in 1839, in %

This assessment method enables us to determine and character-
ize those land cover elements that participate most in the formation
of the landscape memory structure and that have a relatively per-
manent character in the landscape. On the basis of this information,
an assessment can be made of the dynamism of the changes in a
given territory. On the one hand, we can determine the elements
that are most stable and that are liable only to minimal changes
thanks to relatively small pressure from anthropogenic use. On the
other hand, we are also able to determine the landscape elements
that are exposed to dynamic changes due to anthropogenic pres-
sure. Within the scope of a discussion, an analysis of the situation
can be carried out and an attempt can be made to discover why

there is so much human interest, or so little human interest, in
these parts of the landscape.

3. Results

The landscape in the study area has undergone changes in
land cover (Fig. 3 and Table 1), which have affected the landscape
memory structure. Built-up areas, grassland and non-forest wood
elements are among the categories that have changed considerably.
Fig. 3 shows that “built-up area and other” land cover, together
with “industrial” land cover grew 8-fold from 1.3 to 10.7%, mostly
at the expense of grassland (decreased from 17.6 to 5.9.%), and gar-
dens (decreased by 1.8% from 4.0 to 2.2.%). Unlike this decrease
in ecological elements, the “non forest wood” land cover propa-
gated approximately 4 times from 1.8 to 8.0%. Figs. 5-7 provide
the absolute representation and the percentage representation of
the landscape memory elements, in hectares, including an abso-
lute comparison with the area that had the same land cover types
in 1839. Referring to the land cover changes in Fig. 3, all land-
scape memory elements in the individual land cover categories
decreased, as presented in Fig. 5a and b. In absolute terms, 27 ha of
landscape memory elements used as arable land were turned into
other land cover, and similarly 25 ha of grassland ceased to form
the landscape memory. Fig. 6 then shows an overview of the pro-
portional changes of the individual landscape memory elements, as
compared to Fig. 7, which provides information on the proportion
of ecological landscape structures. In this way, the figures show the
degree of stability and maintenance of the components of the land-
scape structure. Fig. 6 also enables us to make a mutual assessment
and comparison of the individual landscape memory elements. It
also shows that non-forest wood elements are the most stable ele-
ments in land cover and location (83.6% of the category in 1839
persisted throughout the period until 2002) and are therefore sta-
ble in the landscape memory structure. Further, it is obvious that
arable land has the second largest share in the creation of the land-
scape structure (76.1% of the arable land from 1839 was still arable
land in 2002). Built-up areas and roads also have a high share in the
landscape memory. By contrast, permanent grassland has the least
stable character (only 9.7% of the permanent grass stands survived
from 1839 until 2002). Fig. 7 shows that only 16.1% of the ecologi-
cal land cover (gardens, grasslands and non-forest wood elements)
retained the same cover all through the period under considera-
tion. The figure also illustrates that in the overall assessment of the
study area the total area of all landscape memory elements takes
up 59.8% of the territory; in other words, the cover of 59.8% of the
territory remained the same throughout the period under consider-
ation. Fig. 4 shows the overall structure of the landscape memory,
especially the balance between those land cover types that per-
sisted until 2002 and “white” space, which refers to the part of the
landscape that underwent a change (i.e., using the terminology of
our paper, this part of the landscape has lost its memory).

4. Discussion
4.1. Discussion of the results

Among the white-coloured areas in Fig. 4, characterized by loss
oflandscape memory, the large white area in the bottom part of Pic-
ture 4 is worth noting. It should be pointed out that from 1909 until
the 1990s a brickwork was located there (Rocek, 1926). It had a sub-
stantial influence, in particular due to raw material extraction, on
part of the relief of this territory. By quantifying the representation
of the landscape memory, our work thus shows the contribution
of extraction activities to the loss of the landscape memory, which
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Fig. 2. Example of the Stable Cadastre map from 1839, showing the centre of the study area.
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Fig. 3. Land cover changes between 1839 and 2002 (without the arable land category).

Table 1
Land cover changes in the Sticany study area.

65

Year

Arable land Sticany study site (159 ha)
Land use categories
Areain %

Built-up and other areas Industrial areas Communications Gardens Grassland Water areas Non-forest wood elements

1839 73.4 1.3 0.0 1.9 4.0 17.6 0.0 1.8
2002 70.6 10.7 0.5 1.9 2.2 59 0.1 8.1
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Fig. 4. Landscape memory structure (white areas refer to those land cover types that changed between 1839 and 2002. These parts of the landscape have lost their memory).

refers to the large white area in the lower part of Fig. 4. This area the centre of the mine pit, there is a small water body with the
was mainly arable land in 1839, but later it was occupied by the extensive fish farming.

brickworks area. Today (in 2011), the houses have been demolished Fig. 6 shows that non-forest wood elements (Skalo§ and
and the mine pits are overgrown mainly with trees and bushes. In Engstova, 2010) have the greatest share in the creation of landscape
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Fig. 6. Proportional changes of landscape memory elements between 1839 and
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Fig. 7. Proportional changes of landscape memory elements between 1839 and
2002.

memory. However, the Stable Land Registry maps contain no infor-
mation on a considerable proportion of the scattered greenery, and
the only example, wood vegetation along the Novohradsky river,
has almost all been retained until 2002. The results are therefore
inconclusive. There is no record of a decrease in the land surface
area of a considerable proportion of scattered greenery in the land-
scape.

For the methodological correctness of this work, it is necessary
to point out that changes in the landscape memory have been mea-
sured only in the period from 1839 to 2002. For the results to be
complete, further assessments will have to be carried out both for
the period prior to 1839, e.g. by using the maps of the 1st Mili-
tary Survey from the end of the 18th century (geo-referencing and
follow-up processing in GIS is necessary — tracing and analysing
individual thematic layers from different time horizons). It will
also be necessary to carry out a survey of current land cover
(based on present-day field land cover mapping) and to analyse this
layer. In discussing the results of this work, we should emphasize
that the stability of the land cover elements has been evaluated:
we have dealt with landscape memories with reference to time
permanence, and not with reference to ecological stability. The
results therefore provide information only about time permanence
- the land cover and spatial location of parts of the landscape that
remained the same in the period from 1839 until 2002. However,
this data provide no information about the ecological quality and
stability of given parts of the landscape, which can be a theme for
a future study. This study assumes that other features of landscape
memory have changed. However, only macrostructural changes in
land cover have been taken into account.

Grassland is the category that is characterized by the lowest
degree of permanency, according to the results of this study (only

9.7% persisted from 1839 to 2002). In this intensively utilized
agricultural type of landscape, grasslands were the most relevant
obstacle for the expansion of arable land from 1839 to 2002. Under
this agricultural pressure, the grassland changed dramatically, and
was replaced by arable land. However, almost 84% of the non-forest
wood elements from 1839 persisted until 2002. A reason for this
could be that non-forest wood elements consist of linear wood veg-
etation lining the watercourses that are one of the most stable
vegetation elements in the landscape (Lipsky, 1998). In addition,
one branch of the Novohradka River worked as the supply bed for
the water mill. However, as the water mill closed operation after the
Second World War (Stépan, 2001), the linear vegetation along the
river Novohradka was left for natural succession, and the expan-
sion of the category that we call here non-forest wood elements
was the logical consequence. On the other hand, as the Stable Land
Registry maps contain no information on the proportion of linear
greenery, the results are open to doubt.

4.2. Discussion of methodology

The importance of the Stable Cadastre maps for a relatively
correct quantitative analysis of historical changes in the Czech
landscape since the middle of the 19th century has been repeat-
edly highlighted (Rajsp et al., 1995; Petek and Erbanc, 2004; Bender
et al., 2005; Cousins, 2001; Domaas, 2007; Trpak and Urbanova,
1984; Figala et al., 1985; Trpak and Trpakova, 2002; Trpakova and
Trpak, 2005; Sklenitka and Charvatova, 2003; Sklenitka and Salek,
2008; Sklenicka et al., 2009; Skalo$ and Engstov4, 2010). The exis-
tence of a series of aerial photographs for research focused on an
analysis of landscape changes since 1936 is also crucial (Troll, 1939;
Finley, 1960; Howard, 1970; Ihse, 1995; Lipsky, 1995; Skalos, 2006).

However, it is rather tricky to use old maps and aerial pho-
tographs together to trace landscape changes, due to the different
character and quality of these two source materials. While cadas-
tral maps have been recorded on arather large scale (1:2880), aerial
photos have usually been taken on the general scale of 1:25000.
Moreover, one of the most substantial differences lies in the way
in which the boundaries between the landscape segments are con-
structed. While the boundaries in the cadastral maps follow the
land property parcels, aerial photographs show the real boundaries
between landscape segments as they are to be seen in the land-
scape. Thus, studies based on the use of old cadastral maps and
aerial photographs for tracing historical change in the landscape
run the risk of certain inaccuracies based on the different nature
of the two data sources. However, the methodology has a positive
effect, resulting from the fact that the stable cadastre maps enable
us to go deeper into history, and thus to make a long-term analysis.
This advantage outweighs the potential negative effects of inaccu-
racies due to the differences in character between old maps and
aerial photographs.

5. Conclusions

e All the study objectives pointed out in the introductory section
have been met.

e Landscape memory can serve as a suitable concept for deter-
mining and quantifying so-called “ordinary” cultural landscape
values, which are usually characterized by minimum occurrence
of natural or cultural features and attractions.

e With the help of GIS tools, changes in the representation of land-
scape memory elements can be suitably analysed, determined
and quantified.

e The landscape under study has undergone major changes in land
cover. However, the most important message that we can read
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from the results does not refer to changes in land cover alone.
The study not only provides information about absolute changes
in land cover between the two time horizons, but also reveals
time-space changes of categories. Thus, the use of GIS shows not
only how the land cover has changed, but also what part of the
category has changed (or has remained unchanged), and where,
by providing location information in GIS.
The dataindicate that non-forest wood elements have the biggest
share in the creation of landscape memory. However, since the
Stable Land Registry maps contain no information on a consid-
erable proportion of the scattered greenery in the landscape
(solitaire trees in a landscape, etc.) and record only elements
of shore vegetation along water streams (which were to a large
extent still retained in 2002), the results for non-forest elements
are inconclusive.
There are, however, relevant data showing that arable land has
the second largest share in the creation of landscape memory
(76.1% of the arable land from 1839 was still arable land in 2002).
This confirms that the dominant arable land landscape cover type
is long-term agricultural activity. By contrast, permanent grass
stands have the least stable character in terms of time (only 9.7%
of the permanent grass stands from 1839 survived until 2002).
This category showed a very high degree of change in cover in
the course of the period under study.
No changes were observed in less than one-sixth (16.1%) of the
area of permanent landscape structures. The cover of more than
one half of the area of the territory (59.8%) remained the same
throughout the period under consideration. The type of cover
changed in 39.4% of the area of all landscape elements. On the
basis of this information, it may be said that almost two fifths of
the area of the territory “lost its memory” in the course of more
than 160 years (all white-coloured areas in Fig. 4, a total area of
39.4%).
e By quantifying the representation of landscape memory, our
work shows the contribution of brickwork clay extraction activ-
ities to the loss of landscape memory.
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ABSTRACT

Many areas damaged by mining processes had been afforested or reclaimed for
agricultural use; however, the trends of the past decades incline to a more natural way of
reclamation or to reclamation with the recreational function. The history of the damaged
landscape is an aspect of reclamation that is often overlooked. Post-mining landscape
reconstruction with the use of historical data, especially maps, is considered a
subsidiarity related to reclamation. Comparison of historical maps, in this case of stable
cadastre maps and land-use data going back to the years 1842-1843, are compared with
recent maps, and the land-use data provides a picture of the changes in landscape in
course of the last 160 years. Knowledge of the historical land-use acreages and an
evaluation of the landscape stability should be taken into account during reclamation
processes in order to establish functional landscape

Keywords: reclamation, stable cadastre, brown coal mining, land use

INTRODUCTION

One of the many negative consequences of mining activities is the disappearance of
native ecosystems. In case of surface mining it represents is a long-term issue of
hundreds of years and is devastating the landscape inducing transformation of the
landscape matrix. Landscape assessment therefore represents a tool of landscape
management respecting also the man’s utilization of the concrete landscape.

At present, the landscape degraded by the brown coal mining is recognized as a unique
sub type of cultural landscape with dominant production function which suppresses all
other functions. The post mining rehabilitation aims at reconstruction of landscape types
forming a balanced polyfunctional character.

Reclamation, firstly, should follow basic ecological rules. Even a relatively small part of
the landscape can act as a healthy ecosystem, if the communities are linked to the
ecological networks. Secondly, it must reflect there is often very negative impact on the
social level and stability of society. Environmental indicators that can be used in
conjunction with assessing the potential impact of project on the environment are
described in [7].
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Reclamation practice now reflects the change in public requirements to the future
landscape functioning and provides for other land uses than traditional forestry or
agriculture. Anthropogenously affected landscape in areas of former quarries is often
reclaimed by flooding. In comparison with other methods of reclamation flooding is
undoubtedly one of the fastest and most economical methods, which also offers multi-
functional land use. Flooded residual pits often attract residents and visitors to the
country that was inaccessible for almost half a century. Today's lifestyle demands places
for recreation and the reclaimed areas, including the referred Medard-Libik area, are
designed to provide for recreation and sports, too. Moreover, in case of the open cast
brown coal mining region in North-west Bohemia, this approach returns the water to the
landscape in which the water was one of the principal components.

LOCALISATION

The former open cast brown coal mine Medard - Libik is located on the northern
boundary of the western part of the Sokolov coal basin between the villages Citice,
Bukovany, Habartov and Svatava in West Bohemia, Czech Republic, see Figure 1. The
extent is approximately 40 km?.

The landscape of the
Sokolovsky district has
considerably diverse
geomorphology. The
lowest levels (excluding
the quarry) are situated
in Eger valley at an
elevation of 400 m, from
where  the  original
terrain  rose  steadily
northward to the foot of
the Ore  Mountains
(Krusné  hory). Its
average altitude of about
600 m above sea. The
original diversity of the
territory was (and will

— be) significantly
SRR = e s affected influenced by
ongoing mining

Figure 1. Localisation of Medard mine over the current ortophotomap activities. Geological
substrate is composed

mainly of Tertiary sediments. Over these mother materials pedogenetic processes

generated typical acidic soils, which provide very diverse conditions for vegetation.

The original natural condition of the area and its immediate surroundings were
fundamentally changed due to intensive opencast mining of brown coal in the 20th
century and related energetic industry. Water flows, springing in the Ore Mountains,
have been drained into artificial canals and their water has been discharged outside the
mining area. The groundwater regime has been affected much.

Coal mining in the Medard - Libik mine was completed in March 2000. From 1999
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the reclaiming of the residual pit to level of future flooding has started. Based on a
comprehensive assessment of possible alternative solutions for the final hydric
reclamation of the residual mining pit a flow-through lake with a depth of about 50 m
was selected.

The selected area presented case study covers a rectangular part covering the mine and
its dump and stretching out to the contact with the nearest non-devastated landscape, the
evolution of which was not driven by mining but similar forces as the whole region.

METHOD

At present, the landscape degraded by the brown coal mining is recognized as a unique
sub type of cultural landscape with dominant production function which suppresses all
other functions. The post mining rehabilitation aims at reconstruction of landscape types
forming a balanced polyfunctional character [3], [5], [6], [7].

Knowledge of historical data on land prior to mining can play an important role in
reclamation activities, which aim to restore disturbed areas in such a state that could be
fully integrated into the surrounding landscape. The application of the historical
development of the landscape can be therefore be used in its reconstruction. The
reconstruction of the landscape using historical maps is dealt in detail in [4], [8], and
[11].

In finding the approximation of balanced polyfunctional character, analysis of pre-
mining situation is frequently used, namely in Europe, where historical sources of
information in the form of old maps and photogrammetric aerial images. The
comparison of old and present landscape functioning was examined in works of [12],
[1], [8], [9], [10] and others.

Monitoring of landscape changes over time is based on observation of individual
landscape elements. This method provides a comparison of today's landscape with the
landscape 160 years ago and suitable to examine the evolution of river beds, change in
the landscape matrix or other processes of landscape evolution.

The historical data were collected from the Stabile cadaster. This map source originally
established in 1842-43 to provide evidence on properties for taxation purposes
represents a priceless source of historical land use data before the end of 18th century.
Now they can be used to reveal the land use of that times. There were altogether 13
distinct land use types registered for the Medard area: roads, major roads, intravilane,
arable fields, hop fields, meadows, pastures, wet meadows, orchards, set aside land and
rocks, refugees-successional stages, fish ponds, and mines. The land use was vectorised
from georeferenced scans of archive maps.

Present land use was determined by field data mapping [2] and classified so that the
present and historical land use types match. The present land use was also vectorised for
further analyses with the ArcGIS software.

Both polygon data sets of historic and present land use were then used to provide
summary data on individual land use type extent and identification of permanent land
use structures that occur continuously on the same location [4], [11], [12].
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RESULTS AND DISCUSSION

Comparing historical and current data shows current status and trends in the examined
years. Especially in landscapes disturbed by mining, as in the case of the Medard mine,

0 1 Z Land use 1842
fields, | | I oads, rocks, mines
meadows B refugees [ forests I vuit area
B rshoonds, rivers

Figure 2. Land use in the case area of Medard mine in 1842-3

——— %, Land use 2010
arable land | orchards, gardens I buitt up areas
grassland - forests P mines
~ wetlands B vster bodies I reciaimed land
- succession stages dry water bottoms - elekirdrna / pawerplant

Figure 3. Land use in the case area of Medard mine mapped in 2010
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we can assume that the functional use of the landscape over the past more than 160
years has fundamentally changed as seen in Figures 2 and 3. This is clearly confirmed
by the results of the processed comparison.

Table 1. Area of land use types in the case study before and after mining activity, extent of
permanent land use elements and proportion of former land use types preserved at the same
location until now

Land use type 1842 (ha) | 2010 (ha) | trend contlijr;g%;)land % of 1842
intravilane 45,41 998,95 P 28,24 62,19
meadows, pastures 1412,46 351,57 N 92,94 6,58
forests 643,96 868,13 2 238,13 36,98
wetlands 8,81 100,98 P 0,05 0,55
arable land 1662,41 242,75 N 126,17 7,59
water bodies 50,46 300,45 P 3,37 6,69
communications 159,53 41,12 P 0,54 0,34
reclamation 441,21

succession stages 38,05 157,30 N 0,5 1,31
mines 21,93 353,85 P

other uses 32,0116 214,4645 P

Results presented in the Table 1 show decline in agricultural land and permanent
grassland (meadows, pastures), which was caused by industrial development associated
with mining activities. The transition away from agricultural land use is also manifested
by increase of forests (due to afforestation of unused agricultural land and forest
reclamation) and water bodies. Correspondingly with the production function of the
landscape present composition is dominated by intravilane, comprising all types of built
up areas except for communications (Figure 4).

Similarly important to assessing future functioning of re-established landscape functions
are the continuous landscape elements — i.e. the patches of land which either retained
their land use and land cover over the period or the previous land use was re-established
there (Figure 5). The Table 1 shows these are only minor percentages of former extents
of the land use types. Altogether less than approximately 1/10 of the landscape have
retained its land use type over the 160 years.

In the future we expect due to the rehabilitation improvement of the overall stability of
the landscape.
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Figure 4. Change in land use proportions in years 1842 and 2010

2
1km 58 Continuous land use types

Figure 5. Continuous land use in the Medard-Libik area.

Reclamation of the majority of the remaining area adjacent to the pit lake will consist
of so called “landscaping green”, ie, forest reclamation form of group plantings. The
dump plateaus and other selected areas will be afforested by groups of trees so as there
can arise a combination of small woods, groups of trees, solitary trees and open
(grassed) areas, which when the stands are mature will correspond to similar "natural”
sites in the region. The composition of reclamation types used there is presented in
Table 2. It is assumed that the open areas near towns and villages Sokolov, Svatava, and
Habartov, will fulfill besides landscaping and ecostabilizing functions also an important
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Table 2. Proportion of reclamation types within the Medard-Libik mine and its dumps

Reclaimed area[ha]
Reclamation Total area affected
type water | forestry | agricultural | other total by mining [ha]
Medard-Libik 506,15 | 532,26 35,19 20,29 | 1093,89 1183,00

role in short-term recreation. Forests in the eastern and northwestern parts that are in
contact with urban areas, will therefore be established so that they aesthetically
effective, health improving and accessible as recreational suburban forests shall be.
Quality of the environment is the main prerequisite for the optimal recreation. Healthy,
quiet, refreshing and aesthetically valuable environment providing for recreation is the
part of the natural-like landscape with a high proportion of physically and aesthetically
compelling forms of tree vegetation in appropriate combination with other forms of
greenery and water.

CONCLUSION

Contemporary economic activity is inevitably associated with a greater or lesser
disruption of the environment. The technologies and the scale of production and
consumption increasingly threaten the stability of global ecosystems. The importance of
economic activity, understood as the efficient use of human and natural resources to
produce goods and services that serve the needs of people is essential and necessary.
The existence of human society, however, increasingly reflects the quality of the
environment. The more consumer's needs are satisfied the less men can benefit from
clean water, clean air and undevastated landscape. Therefore it is necessary to
continuously and systematically monitor and effectively influence the relationship
between economic development and environmental status.

Mining, especially the open cast one, is undoubtedly one of the activities that negatively
affect the environment. The most serious impact is the total devastation of the territory
in which the mining process takes place. Moreover, devastation extends out by the
external dumps, on which overlying soils are saved in the initial phase of mining. These
effects are particularly pronounced in areas loaded with other industrial activities,
extensive infrastructure and dense population, as in the Sokolov Basin.
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Abstract

In July 2009 two air-raids over the location of the Sokolov brown coal basin were flown, one
at sunrise and the other one during the day thermal maximum. The georeferenced temperature
map was made. Thermal data were compared with LANDSAT TM data and a one-year
younger terrestrial land cover mapping in order to examine the use of the thermal data to tell
the condition of vegetation in the current land cover. The results qualitatively
and quantitatively document the different thermal behavior of different land cover types
established on reclaimed post mining areas.

Keywords
Introduction

Temperature together with moisture and available solar radiation represent the principal
limiting factors to vegetation. With the improving technology of remote measuring heat
response of the surface numerous methods and approaches have been studied to describe the
vegetation — climate system on global, regional and local levels (Bonan 2002, Horning2010).
Application of satellite data have prevailed so far in habitat or land cover studies while aerial
measurements are mostly used for the control of agricultural management.

However sole thermal data are not frequently used to these analyses as the model of
vegetated surface response to solar radiation involves also other components like wind,
moisture, vegetation height etc., which compose a complex model of surface microclimate.
Frequently, data used to study evapotranspiration of vegetation cover come from LANDSAT
TM. This source provides imagery at several portions of electromagnetic spectrum that are
used to calculate NDVI and wettness indeces suitable to compare the vegetation functionality
in different times of year or regions. Compared to satellite data an on-demand areal
registering of the surface temperature can provide measurements of the same sites at different
times of one day and so provide information on daily heat fluxes that can be used to derive the
distribution of latent and sensible heat over different vegetation. As the proportion of latent
and sensible heat to received solar radiation was proved to be related to specific types of
1



vegetation cover, as well as to the leaf area, canopy closure, or stand height (Bonan 2002) the
relationship of different vegetation covers with thermal data can be tested to study the
vegetation cover on a man-made surfaces, too.

Rehabilitation of the extremely overturned landscape in brown coal mining areas at Krusné
hory foothills represents a great effort of the mining companies and is supported by scientific
research. Reclamation of both spoil heaps and mine pits consists of technical constructions
and consequent revegetation. Both intentional revegetation and natural succession processes
are applied in the reclamation projects. The Velka podkrusnohorska vysypka spoil dump
(VPV) covers nearly 20 square km and represents the biggest artificial formation of that kind
in the Czech Republic. The rehabilitation has been gradual and so has also been the
monitoring and study of succession processes and establishment of functional landscape
elements. In summer 2009 thermal images were examined with the purpose to help
determining the landscape structures formed on the VPV.

Study area

VPV is situated north of the town Sokolov in werstern Bohemia and has grown together from
several minor previous spoil heaps of the open cast brown coal mine Jifi. The body of the
spoil heap was formed of mixture of cypris clays and claystones, coal clays, coal and similar
solings. Toxic tufitic claystones were buried under cypris clays which isolate the toxic
materials (Leitgeb et al., 1999 ex. Pecharova, 2004). The rehabilitation design follows the
ideas of regeneration of the small water cycle in this specific situations (Ripl 1994, Pokorny
2001, Pecharova 2001).

Data and Methods

In summer 2009, there were ongoing reclamation works carried out (stage IX, Leitgeb 1999).
One half of the surface of VPV was covered with already stabilized stands, 40 % with just
finished regenerations and 10 % was bare surface expected to be regenerated in future
(Pecharova et Engstova 2009).

Field data were measured with the ThermaCAM S65 HS infrared camera. Its specifications
were: thermal field of view/min20°x15°/0.3 m (with 36 mm lens), spatial resolution (IFOV)
1.1 mrad, thermal sensitivity 0.05°C at 30°C, image frequency 25/30 Hz non-interlaced.
SuperSenselR uncooled microbolometer 320 x 240 pixels, spectral range 7.5 to 13um. The
measured temperature range of the camera is -40°C to +1,500°C (in 4 ranges). The field data
were measured with the automatic correction option, which included preset atmospheric
transmission correction based on parameters for distance, atmospheric temperature and
relative humidity, optics transmission correction based on signals from internal sensors,
emissivity correction, and reflected ambient temperature correction. The preset parameters



are shown in the Table 1. The frequency of photography was derived from the forward speed of the
aircraft, the resolution of the images was 1,3 m.

The thermography scanning mission was operated from the aircraft Cessna TU 206F, at
ceiling 5500 m, speed 80-220km/h and took altogether 5 h 30 min. The aircraft was equipped
with a gyrostabilization frame SM 3000.

The input data were processed within the work of Krejcikova, 2010. The original data files
had to be transformed from the ThermaCAM’s internal *flir format first to ASCII files with
the ThermaCAM™ Researcher tool, then imported into ArcGIS images, and these were
georeferenced and merged into two raster images of morning and afternoon temperatures T,
and T, respectively. During that process the original 0.3m-cellsized rasters were resampled
with bi-linear interpolation method into rasters with resolution of 1.5 m. This rather tedious
work was done manually using the raster tools and Model builder of ArcGIS software.

Both morning and afternoon rasters contained some pixels with temperatures below 0°C, both
in morning and afternoon rasters these were concentrated into adjacent pixels located at the
fringe of the area with no logical correspondence to surface situation. These pixels were
masked away from further calculations.

The final raster covered area of ¥ of the VKV as shown in the Figure 1. The superposition
over regular orthophoto map shows the aerial images covered all types of vegetation — already
closed cultures with functional wetlands, new plantings and also ongoing earthworks.

The study examined the possibility to use the thermal data to determine landscape structures
on the VPV. Such data are commonly used, together with data on green vegetation cover or
leaf area index to estimate the evapotranspiration and so the functionality of the soil-biomass
system. However in the time of this study similar data were not available and therefore the
study concentrated on analysis of the spatial structure of the data.

To study landscape structure we assumed both temperatures T, and T, are homogeneous
within each spatial unit (pixel). Question was, whether the temperatures can determine also
patches on the surface that comply with the definition of a landscape patch as an area with
homogeneous environmental processes (Forman et al. 1993). As was confirmed by research
studies, the distribution of measured aerial temperature is a function of varying moisture in
surface soil and of vegetation cover. A higher level of latent heat exchange was confirmed in
more vegetated areas while sensible heat exchange was more often in sparsely vegetated ones
(Weng, 2009). Thermal responses of vegetation can vary as a function of the biophysical
characteristics of the vegetation itself (Quattrochi &Ridd, 1998) and therefore the studies of
analyzing airborne thermal measurements mostly concentrate on homogeneous land cover.
For such conditions, thermal airborne measurements are applied to model the
evapotranspiration and the ground soil moisture balance as referred by Chavez 2007 and
2004,



Landscape structures are often determined with use of satellite data, application of
LANDSAT TM ones is quite common (Latifovic 2005, Liu et Weng 2009). However the
spatial resolution of 30 m does not allow to study the detail functionality of individual LULC
patches as might the aerial data. Therefore the study examined the thermal data scanned at
planned flight over a case study area.

This temperature data were compared to LANDSAT TM+ data from 24" August 2009
processed and shared within the common research project NPVII 2BO 8006 — “New
approaches to research of effective procedures for recultivation and rehabilitation of
devastated regions” (Prochazka 2010).

The field data of land use-land cover (LULC) mapping was registered in next summer period
in 2010 (June-August) (Tesarova et al. 2010). The mappers used orthophoto maps provided
by CUZK over which they draw borders of determined LULC types. The LULC types were
represented with the vector model in a shapefile data file with the S-JTSK map projection.
Each LULC patch was stored as a polygon with the LULC type as its attribute. The LULC
types were defined in 10 major types, out of which 7 were present on the VPV. Categorization
and coding of the LULC types and subtypes involved in the study was based on Pecharova E.
2008 and modified especially for the purpose of LULC mapping of post-mining landscapes
(Sykorova et al. 2008). This LULC classification is presented in the Table 2.

Descriptive statistics were calculated for each zone in the raster defined by each LULC
(sub)type. The mean temperature differences T, — T, of LULC subtypes were compared
using one way analysis of variance ANOVA (following Giraldo et all, 2009). The normal
distribution of data was confirmed by Skewness and Kurtosis test. Kruskal-Wallis ANOVA
was used due to different variability within particular subtypes. The LULC subtypes were
grouped to “basic LULC types” to characterize main vegetation types and similar analysis as
for LULC subtypes was used. The Bonferroni correction was used for post-hoc comparisons
(Rice 1989). The differences in T between different types of vegetation groups (forest — non
forest; artificial restoration — natural succession; grasslands — wetlands ) were compared using
T-test.

Results

All the basic statistical values are presented in the Table 3. The registered afternoon
temperatures (T,) ranked from values 0,4°C to +62.1°C with the mean 28,9°C and STD 4,57,
the registered morning temperatures (T,) ranked between values 0,8°C and 17,4°C and
mean and STD were 9,59°C and 1,1 respectively. Finally, a difference raster D was
calculated simply as D = T, -Tn,. This raster characteristics were: minimum 1,1°C, maximum
48,8°C, mean 19,93°C and STD 4,7. The calculation used only above zero values, missing
values resulted in NODATA value in D raster and were not included into analysis.

Characteristics of the LANDSAT raster were: minimum 22°C, maximum 36°C, mean
28,29°C, and STD was 3,3 (Table 3). Figure 2 presents the same territory represented with
LANDSAT TM raster and afternoon Thermacam temperatures.
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In order to minimize the effect of spatial fluctuations of D temperatures, the original raster of
1.5 m resolution was aggregated into Do 5 raster with resolution 10.5 m using the Aggregate
function in Spatial Analyst, ArcGIS. The step of aggregation (n= 2-7) meant that the pixel
size of the output raster was the n-multiple of the original D raster. So each D5 raster pixel
has the size of the 7" multiple of the D raster pixel size. The difference in standard deviation
with increasing aggregation is shown in Figure 4. Aggregation by median value resulted in
smaller standard deviation of values within all individual LULC subtypes, noticeable
reduction is in the type “9”- built-up area, due to spatial heterogeneity of original thermal
data.

In order to analyse the possibility to identify land cover patches using the thermal aerial data
we used the delimitations of LULC types over the VKV and studied the character of the D15
temperatures depending from the LULC types. The 26 types of LULC defined the zones for
the zonal statistics with the Digs raster when each single LULC constituted one zone, in
which the mean Dyp5 temperatures were analysed.

The results of the comparison of mean Dips temperatures show that different LULC types
have different average thermal behavior represented by mean difference between morning and
afternoon temperatures. The results of Kruskal-Wallis ANOVA (H (6,27893) =9516,968, p <
10°®) show highly significant differences between particular LULC types (Fig. 5)

The difference of mean values of Djos temperatures was then examined within the seven
involved LULC basic types. Classification of subtypes and types is shown in the Table 1.
Again the Kruskal-Wallis ANOVA test was applied with Digs as dependent values and
LULC types as grouping values. The result H ( 6, N= 27893) =9516,968 p =0,000 supported
rejection of the null hypothesis. Therefore also the aggregated basic types of land cover show
the difference in thermal behavior during the day, when the LULC water body shows the
least mean difference between morning and afternoon temperatures 8.4°C, wetlands, forests,
and pastures have mean difference about 15 °C and the biggest change of mean Dips is in
built-up area and natural succession type (see Figure 7).

The comparison of forest and non-forest vegetation show the differences between the
temperatures which can be interpreted in respective of the dissipation capacity of the
established land cover. Group “Forest” included LULC types 10, 6, and LULC subtypes 3.2,
4.1; group “Non-forest” included all the others. In this case T-Test was applied and its result
p<107° lead to rejection of the null hypothesis. As presented in the Figure 8, the difference in
mean Dqo5 temperatures is approximately 3 °C and is statistically confirmed.

Fourth hypothesis was tested using t-test and the artificial reclamation and the seminatural
vegetation were compared. Seminatural vegetation grow spontaneously on localities, which
were just covered with the soil after the finished warthwork and let open to spontaneous
secondary succession processes. Two groups were classified: “Artificial” included types
LULC10, 2, 6, and 9, “Succession” all the others. The resluts (Figure 9) show that there is
statistically confirmed difference in mean D1p5 temperatures is more than 4°C.



Discussion

The thermal images can serve well as background for manual vectorisation of land cover
types similarly to standard ortophoto maps. Compared to these, thermal images identify better
the water saturated areas. Similarly the airborne thermal compared to LANDSAT data can
help to identify better functional patches in LULC types. However in this study area and in
case of this thermal data the vectorisation from thermal data, that is determination of LULC
patches, included much more manual manipulation with the data as mentioned before. As the
current ortophoto map has been provided freely as a WFS with the spatial resolution 0,5 m,
then the cost effect favored the standard ortophoto maps.

The Figure 2 shows the aerial thermal data can better tell the functional vegetation cover than
the LANDSAT data. The blue classes show land cover with the lowest surface afternoon
temperatures and visually the aerial data provide better fit to real land cover with clear
identification of existing water bodies. The aerial data also reflected the morning and
afternoon situation and the difference of these identified the land cover patches with low
surface temperature change at sites with closed vegetation or water bodies as shown in the
Figure 3. LANDSAT images cannot provide such data as they record just one data series per a
day. Also the LANDSAT resolution is too coarse to be able to distinguish minor structures
like three lakes which are of considerable importance for the landscape energetic balance. The
visual analysis of classified aerial temperatures revealed some structures generated by
interference of ground and vegetation system (such as shaded ground and shade vegetation)
which added to spatial heterogeneity of both T, and T..

The spatial heterogeneity of airborne thermal data, when the change of values occurs over
areas smaller than the smallest LULC patches, restricts their use with automatic or supervised
raster classification of LULC. Such high-resolution data require processing with special
techniques that involve object analysis that adds the spatial patterns analysis within individual
land cover types.

As presented in the Figure 5, the lowest mean change in T, and T, is confirmed in water
bodies, similarly the wetland overgrown with wood species show low Dios temperatures.
Most LULC subtypes (pastures, wetlands with reeds, succession sites with grown wood
species, most of artificial afforestation stages) show the Dips temperatures in the interval
15°C-20°C. Extreme differences Djos caused by inability to dissipate the solar energy is
manifested in semiclosed succession stages, bare dump, built-up area, and young or
unsuccessful afforestation.

The extreme STD with the land cover type “7” — water body can be explained by error in
spatial location of the study thermal data. There are three compact patches of water body in
the vector model of LULC and two of them show a shift in location respective the thermal
data. There are probably three sources of mislocation: error in georeferencing of the thermal
data, error in delineating the boundaries of the LULC water body, and possible change of
shape of the real water body between year 2009 and 2010 (see the superposition of vector
LULC data over the thermal data in Figure 6).
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This study proved that if the outlines of the LULC patches are already known, the data can be
applied to determine the thermal differences between the types or groups of them. For areas
characterized by partial vegetation cover, surface thermal properties can largely influence the
measurement of land surface temperature through the thermal processes of conduction,
convection, and radiation. In our case, this may be illustrated in LULC with less green
vegetation fraction and proved by statistic analysis of means and standard deviations of
temperatures. Such findings can justify the artificial approach to reconstruction of vegetation,
when the new cover is planned and cultivated initially, as this cover is able get sooner to a
stage that dampens the daily thermal fluctuations and is more favorable to establishing
balanced local microclimate.
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Refl. | Atm. | Atm. Ext. Opt. | Ext. Opt.
Time Emis. Dist. Temp. | Temp. |Trans. |Hum. |Temp. Trans. Lens | Filter
13:00 -15:00
pm 0,92 50m 22 20 0,99 | 40% 5 1 45 | NOF
6:00-8:00am | 0,92 50m 22 20 0,99 | 40% 5 1 45 | NOF

Table 1: ThermaCAM S65 HS parameters for the two flights on 27-July-2009

a: Location of study area in the CR
b: Study area with footprint of the recorded images

c: Afternoon temperatures
d: Histogram of afternoon temperatures

N

Afternoon £ ("C)

1.0
Bl

Figure 1: Location of the study area and presentation of data for afternoon temperatures

(source: Krejcikova 2010)




LULC code | LULC type LULC subtype

2.1 Pastures and Pasture - clover

2.3 meadows Mezophilous meadows

3.1 Wetlands Wetlands - reeds, sedges

3.2 Wetlands - willows, alders

4.0 Succession sites Succession sites-semiclosed stages

4.1 Succession sites - pioneering woody species

4.1.2 Succession sites - pioneering woody species lower than 2 m
4.1.3 Succession sites - pioneering woody species lower than 3 m
4.1.5 Succession sites - pioneering woody species lower than 5 m
4.4 Succession sites - prevailing Calamagrostis

4.5 Closed succession stages of meadow type

4.6 Succession sites -bare dump

4.8 Subxerophytous stands with pioneer wood species

6.1 Forests Deciduous forests

7 Water body Water body

9.1 Built-up areas Continuous urbanized town area

9.2 Scattered village housing

10.0.1,j Artificial reclamation | Forestry reclamation higher than 2 m - coniferous

10.0.1.1 Forestry reclamation higher than 2 m - deciduous

10.0.1.s Forestry reclamation higher than 2 m - mixed

10.0.2j Forestry reclamation 1-2 m high - coniferous

10.0.2.1 Forestry reclamation 1-2 m high - deciduous

10.0.2.s Forestry reclamation 1-2 m high - mixed

10.0.3,j Forestry reclamation 0.5-1 m high - coniferous

10.0.3.1 Forestry reclamation 0.5-1 m high - deciduous

10.0.4.s Forestry reclamation lower than 0.5-1 m - mixed

Table 2: Land cover and land use types occurring on the VPV and mapped in summer season
2010 (source Sykorova et al., 2010 unpublished)
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T Ta D LANDSAT
Min (°C) 0,8 0,4 11 22
Max (°C) 17,4 62,1 48,8 36
Mean (°C) 9,59 28,9 19,03 28,29
STD (°C) 11 4,57 4,7 3,3
No. of pixels 1476 181 2 165 323 1391 642 6 020

Table 3: Basic statistics for the three thermal rasters (source: Krej¢ikova 2010)

Comparison of LANDSAT TM and THERMACAM data
A: LANDSAT 24.8.2009
B: THERMACAM afternoon 27.7.2009

Temterature (°C)

[ 1e-21
B 22
B 23
[ 24
B 25
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Figure 2: Comparison of classified thermal data from LANDSAT and ThermaCAM (source:
Krej¢ikova 2010)
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Figure 3: Rasters T, T4, and D in the extent of the T, raster (source: Krejé¢ikova 2010)
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Figure 5: Mean plot of D1o5 within zones of individual mapped LULC subtypes
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Figure 6: Location of two water bodies over D thermal raster
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Abstract

Kasparovd 1., Zdrazil V.: Tourist attractiveness and the intensity of recreational use of Prague
suburban forests. Ekolégia (Bratislava), Vol. 25, Supplement 3/2006, p. 53-67.

The questions of definition, use and management of suburban forests during recent years are an
important part of forestry research. The intention to spend free time in the forests in the Prague
surroundings can be envisaged from two basic aspects — accessibility and attractiveness of the
target. Contrary to the situation abroad, a specific phenomenon of weekend recreation in small
weekend chalets has to be encountered as it has, namely near Prague, more than a hundred year
tradition and significantly directs the visits into the close large forest complexes. There have
arisen other facilities and equipment in the localities with traditional chalets accumulation which
are attractive for a short-time (half day, one day) visits. Therefore, analysis of chalets location on
forest land was a part of the project. The intensiveness of recreational use was analysed as
coincidence of touristic attractiveness and the number of Prague inhabitants living within a certain
distance from the forest.

Key words: suburban forests, non-production forest services intensity of recreation use, weekend
recreation, signed hiking and cycling trails, accessibility by public transport means,
horse riding

Introduction

During the years 2003-2005, we dealt with assessment of the recreational pressure on
forests in the surrounding area of the capital city and the specifications of the approach to
this assessment. Recreational intensity was particularly considered in connection with the
need to support and specify definition of forest stands fulfilling the purpose of suburban
forests, i.e. fulfilling the requirements for performance of non-production forest services
(Siéék, 2004; Tyrvainen et al., 2003) required by the inhabitants of Prague, definition of
the area with some form of protection of the region, which could limit recreational use and
derivation of the intensity of recreational use of the forests.
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Interest in spending free time in forests in the surrounding area of Prague can be pre-
dicted from two basic starting points — accessibility and attractiveness of the destination
(Donis, 2003; Klufovd, Rost, 2003). On the contrary to the situation abroad (de Vries,
Goossen, 2002) the phenomenon of weekend recreation, which has nearly a hundred years
of tradition, particularly in the surrounding area of Prague and significantly directs the
time Prague inhabitants spend in forests to the nearest large forest complexes, must also be
considered in the Czech Republic. In places where traditional chalet developments are the
destination of weekend (i.e. two-day) trips by Prague inhabitants, other facilities and ameni-
ties have originated during the existence of these chalet settlements, which are also attrac-
tive for short-term (one-day, half-day) stays. Consequently assessment of recreational ob-
jects on forestland was a part of the project that could not be omitted.

The forest as a destination for recreation is influenced by the range of opportunities that
the visitor is offered, being this a seasonal collection of forest fruits or the opportunity of
safe walks through forest growth. The Prague suburban area, again with a long tradition, is
well equipped with signed hiking paths and recently the range of signed cycle paths has
been greatly expanded, including the opportunity of using Prague public transport to travel
to starting points on cycle paths. Consequently, similarly to abroad, the range of hiking and
cycling paths is an important attraction for short-term recreation.

Horse riding services are also offered in the area surrounding Prague.

Only two official sites for swimming can be found in the surrounding area of Prague
(source: HEIS TGM Water Management Research Institute), of which only Slapy are within
the area of interest and so the existence of the water course as a tourist attraction was not
taken into account.

The results of evaluation of the complex recreational potential, which also includes
evaluation of the aesthetic and cultural attractiveness of the given territory (K¥izova, 2002),
were also used during the analysis. The first examined component of the recreational inten-
sity was attractiveness — the sum of considered offers that bring Prague inhabitants to the
surrounding forests.

The second aspect of tourist visits is the accessibility of the destination. The solution did
not include independent examination of the method of transport used by Prague inhabit-
ants to arrive at recreation points in the forest. However the surrounding area of Prague is
very well serviced by Prague public transport (ROPID). There are bus stations at all more
important crossroads and turn offs to residences and with regard to the fact that entry into
forests is forbidden to private vehicles, ROPID stations cover the same sites that are possi-
ble to reach by private vehicle. Consequently only the network of ROPID stations was used
for analysis of accessibility.

The third aspect for determining the short-term tourist burden is the number of inhabit-
ants in Prague within a certain distance from the considered forest stand. In combination
with the tourist attractiveness of the area the intensity of the short-term (day or weekend)
recreation within the examined area can be derived.
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Material and methods

Definition of the area of investigation and analyses

Evaluation of the tourist attractiveness and recreational intensity took place within the proposed borders of zone
I and zone II of Prague suburban forests. These borders were not yet firmly determined at the mentioned time,
their measurement and localisation was not the subject of our investigation. Analyses of the recreational use of
the forests were performed in all cadastres affected by the proposed recreational forest zones, detailed analyses
particularly in zone I, intended for short-term recreation. The reason and method of determining zones I and IT
is given (Podrazsky et al., 2005; Vyskot et al., 1997) and the compiled analyses of the intensity of active tourist
traffic then served for precise determination of the cadastres with Prague suburban forests.

e Definition of the area with some form of protection, which may limit the intensive recreational function of

the forest.
e Respect of the requirements to define the resulting area by the borders of the cadastre.

Used data

* Protected areas — freely available data (HEIS Water Management Research Institute, Ministry of the Envi-
ronment) provided by the WMS service.

e Complex recreational potential: manual digitalisation of the tourism potential analysis (Institute for Plan-
ning Development 2002) for each cadastre of the Central Bohemian Region. Source: Kfizova, 2002.

e Horse riding — searching out all horse stables and farms and riding schools in available information sources
(special information servers, the telephone book).

* Hiking paths — manual digitalisation from scanned hiking maps (SHOCKART).

e Cycling paths — vector data provided by the Regional authority of the Central Bohemian Region and supple-
mented by manual digitalisation of paths suitable for cycle tourism according to hiking maps. Sets of pedes-
trian paths and cycle paths were then combined into one.

e Chalets on forestland: a list of forestland plots on which there is limited forest production function. Lists
provided by the Land Registry Office of the Central Bohemian Region. For the purposes of the analysis the
land plots were counted for each cadastre.

* ROPID stations — a vector map provided by ROPID, 2003.

e The number of inhabitants in Prague according to cadastres, the number in 2001 — the Municipal Authority
of the capital city of Prague, an excel file.

e Forest areas — borders of forest areas according to District Plans for Forest Development, a vector map,
Institute for Forest Management Brandys n. L. — Regional Authority of the Central Bohemian Region.

The used procedures

The analysis of the intensity of recreational use of the forest and definition of the forms of protection of the
territory were compiled in the environment of the ArcGIS 8.1 and ArcWiev 3.2 information systems. As is
usually proven during similar projects, the most time and work must be devoted to entering source data and
transforming it into classification of cadastres. Because during the course of examination modifications of
the definition of the examined subject occurred, it was also necessary to modify and supplement data for
analysis of the tourist burden in territories, which were not considered during preceding phases of working
up the project.

During actual compilation of the analysis the properties of the examined territory were expressed by means
of vector or grid data models as necessary.
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Protected areas

Protective zones of water sources, borders of protected areas of natural accumulation of water, vulnerable areas
(according to the Water Act 254/201), borders of small area and large area protected territories and borders of
nature parks were all marked in the protected territories. (According to the Nature Protection act 114/1992).

Intensity of recreational use of the forest

The following were evaluated for each hectare of territory.

Evaluation of the individual components

Recreational potential assumed the classification of the compiler.

Horse riding was classified simply by the existence or non-existence of occurrence of at least one horse
stable, riding school or farm, offering services to the public within the given area.

Presence of hiking and cycle paths in the forest or its nearest surroundings, for example along the edge of the
forests it was established by penetrating within 100m from paths and forest areas.

Density of chalets on forestlands within the cadastre was calculated as a proportion of the number of land
plots with a chalet compared to forest soil within the given cadastre. Because the areas of land plots with
a chalet were not known, the calculated values only express the frequency of the phenomenon not its size. In
spite of this it is possible to infer that if there are more land plots with a chalet on the territory of one cadastre
then anywhere else, there is a greater frequency of visitors in this forest area than elsewhere.

Accessibility of the forest from Prague public transport stations was investigated similarly to accessibility of
the forest from hiking paths by calculating a 1000 m envelope zone (buffer) around the station and establishing
whether the given area of forest is located within this zone. The used data system naturally also covers train
stations, used for passenger transport, because these occur in a great part of the proposed territory of zone II and
within the whole of the proposed territory of zone I as part of Prague public transport.

Variables ST, CH and PID were re-classified by Jenks’ (1967) optimised natural breaks method.

In the following steps the RP, K, ST, CH, and PID components were summarised into the calculated TA
variable, tourist attractiveness, and each hectare of investigated territory acquired a value on the scale of 0-8,
during which time the value 0 was the least and the value 8 the highest tourist attractiveness of the territory and
a greater intensity of recreational use of the forest can then be derived from it.

TA = RP+K+ST+CH+PID

The TA variable was again classified using Jenks’ (1967) method.

For classification of the cadastre according to tourist attractiveness the values of the PID and ST variables
were calculated as a percentage of forest soil, on which the existence of PID or ST are applied. The PID and ST
variable then acquires values in the range of 0 to 100 percent, after reclassification using Jenks’ (1967) method,
values from 0-3 (Table 1).

The intensity of recreational use was analysed as the concurrence of the tourist attraction of the territory and

Table 1. Components of touristic attractiveness

analysis component — variable classification | classification import

1. RP — recreational potential 0-3 3 is the highest

2. K — existence of a horse farm within the cadastre | 0—1 1 — at least one exists

3. ST — within 100m of hiking or cycle paths 0-1 1 —located within 100 m of the
surrounding area

4. CH - density of chalets on forest land 0-3 3 is the highest

5. PID — within 1000m of a ROPID station 0-1 1 — within 15 minutes walk from a
Prague public transport station
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the number of Prague inhabitants, living within a certain distance from this territory. A P10 and P20 value was
calculated for each hectare of investigated territory.

Results and discussion

The results of the investigation showed that each of the considered variables influences the
resulting recreational intensity within the chosen territory. The results were chiefly com-
piled for forest areas, so that they could be used for specifying the resulting border of
Prague suburban forest zones. Evaluation by cadastre enables faster orientation in localisa-
tion of values of individual variables, during interpretation it is always necessary to take
into account the size of the forest territory within the considered cadastre.

The existence and size of the protected territory was not included among the factors, which
significantly positively or negatively influence the intensity of short-term or weekend recrea-
tion for the time being (Fig. 1). In the case of large area protected territories, such as protected
areas of natural water accumulation, vulnerable areas or hygienic protection zones or military
zones, their negative — restrictive influence is expressed by entry being forbidden into some
of these areas and consequently the absence of the evaluated components of tourist attractive-
ness. On the contrary large area protected areas — CHKO (Protected Landscape Areas) or
nature parks — express protection and the aesthetic quality of the landscape and this is con-

Vv

tained within the evaluation of the recreational potential (K¥izova, 2002).

Classification of tourist attractiveness within the territory defined by zone I of the
Prague suburban forest, proposed in June 2005

Classification by values 1-8 also issues from the methodology of determining tourist at-
tractiveness, during which the value 1 is the lowest and 8 the highest tourist attractiveness
(Table 2). In the picture the TA value is only portrayed for forest territories (Fig. 2). Repre-
sentation of the individual values within the forest territory is given in Table 3.

The value of most of the forests proposed for zone I is at least 2, which means that they
contain either a significant density of recreational chalets, or a significant recreational po-
tential or — and this is the most frequent case — are easily accessible by means of public
transport in combination with another tourist opportunity (hiking paths, chalets, horse rid-
ing or a lower recreational potential).

The number of Prague inhabitants who live within 20 km of the chosen site

This value is calculated for 1 hectare of area surrounding Prague to a distance of 20 km.
A similar method was used to calculate the number of Prague inhabitants within 10 km of
the selected site. It is clear that only some Prague inhabitants have a larger forest complex
within 20 km distance and so the majority of visitors travel a greater distance to visit the

57



Protected

and vulnerable areas

weee protected a. of water accumulation
zones of hygienic protection

_ buffers to NM and NR

- National nature monument
National nature reserve

Nature monument

i Nature reserve

Nature parks

| large protected areas

[ naTURA 2000
g X\ military grounds

- forests

vulnerable areas

X

=== zone |
=== zone ||

Prague limits

1:250 000

Fig. 1. The factors, which significantly positively or negatively influence the intensity of short-term or weekend
recreation for the time being.
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Fig. 2. Classification of tourist attractiveness.
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Table 2. Classification of possible number of visitors

within 20 km

analysis components classification | classification import

6. P10 — number of Prague inhabitants living | 0—4 (0 =to 10 thous., 1 to 250 thous., 2 to 500
within 10 km thous., 3 to 750 thous., 4 more)

7. P20 — number of Prague inhabitants living | 0—4 (similar scale)

For calculation of the IRE recreational intensity in forests the classification of tourist attractiveness was
weighed by the P10 or P20 value. Consequently IRE10 = TA*P10, IRE20 = TA*P20

Table 3. Frequency of TA values in forests of investigated area

TA 0

2

3

4

5 6

7

8

percent 3.97

21.16

21.06

18.36

8.76 3.54

0.95

0.02

TA is the calculated and classified value for tourist attractiveness in the range (0.8) shown with percentage of
forest area in the investigated area the each value covers.

forest. With regard to the fact that most large forest complexes are located farther than 10
km from the boundaries of Prague, the P10 value does not have a significant influence on
the intensity of recreation in Prague suburban forests (Fig. 3).

1 [ ]o-10000

- forests
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zone Il

Prague limits

1:175 000

Population within 20km
Prague inhabitants
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Fig. 3. The number of Prague inhabitants who live within 20 km of the chosen site.
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Fig. 5. Recreational potential.
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Classification of the intensity of recreation while taking into account the number of
Prague inhabitants living within 20 km of the selected site

The primary result of investigation of the tourist burden on forests in the surrounding area
of Prague shows that nearness to Prague and accessibility by public transport together with
the offer of signed hiking and cycle paths must lead to a very high recreational intensity.
On the resulting scale, the blue values at intervals (0.1) represent areas that less than 10
thousand Prague inhabitants can reach within the considered distance (20 km) or where
there are no considered attractions, consequently where the assumed recreational intensity
is low. Intensively assumed recreation is symbolised by the red part of the scale, it identi-
fies forests with a greater tourist burden, which are within the reach of a greater number of
Prague inhabitants and are more attractive to tourists (Fig. 4). Each hectare of forest terri-
tory is identified by a colour. The separated IRE values on forest territory within the inves-
tigated area are shown by the Table 4.

Table 4. Distribution of IRE values within forests of investigated area

IRE 0 0.1 ]02)|03](|04]05]|06]|07]|08 1 2 3 4 5
percent 4 71 166 | 67 | 65|26 | 08| 02 0 84 | 9.6 |10.7 | 142 | 42
IRE 6 7 8 9 10 12 14 15 16 18 20 21 24 28
percent 63104 |43 |11 (14 ]33|03]05)|06|03]|01]014| 0 0

IRE is the calculated value of intensity of recreation in the range (0-28), percentage stands for portion of
forests within the investigated territory holding the relevant IRE value

IRE is the calculated value of intensity of recreation in the range (0.28), percentage
stands for portion of forests within the investigated territory holding the relevant IRE value.

It is clear that the majority of forest is located within the area of medium intensive short-
term recreation. The following pictures document how the tourist attractiveness values,
some of their components and the resulting recreational intensity were converted to classi-
fication of whole cadastres.

Recreational potential
The value of recreational potential was only available for the whole cadastre. The colour

scale maintains the author’s evaluation, green means a lower and red a higher recreational
potential of the cadastre (Fig. 5).

Short-term recreation

Short-term (half-day) recreation is characterised by the proportion of hiking or cycle paths
within 100 m of the forest area in the cadastre or forest areas a distance of 1 km from
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Fig. 6. Short-term recreation.

Fig. 7. Weekend recreation.
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a Prague Public transport station. This concerns the average value of the sum of ST+PID
variables on forest land within the cadastre. The colour scale expresses classification by the
optimised natural breaks method from the lowest value of O to the highest value of 5. The
value 0 (white) means that the cadastre either contains no forest or the forest does not fulfil
the condition of distance from public transport or there are no hiking or cycle paths passing
through it. Zone I particularly has excellent access to forests by means of Prague public
transport, which significantly increases the opportunity for short-term recreation in the
local forests (Fig. 6).

Weekend recreation

Two-day, weekend recreation is characterised by the density of chalets — the frequency of
land plots with a chalet on forest land in the individual cadastres. The colour scale ex-
presses the quantification into 5 classes — from class 1 signifying the lowest density of
0.0007 to the highest class 5 for a density of 3.16. The average density value is 0.26, i.e. 26
chalets per 1 km? of forest land within the cadastre. However the median is regularly lower
—0.046, i.e. approximately 5 chalets per 1 km? of forest soil. It is also not possible to pre-
cisely derive the number of persons who may visit the given territory from the frequency of
recreational buildings. The personal experience of forest property managers within the
affected territories confirms that the increasing mobility of chalet owners means an in-

horse riding

Prague limits

zone |

I oresent horse-riding facility
zone |

1:250 000

Fig. 8. Horse riding.
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Fig. 10. Generalisation of recreational intensity IRE20.
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crease in the recreational intensity within the considered areas, in spite of the fact that this
concerns territories at the limit and sometimes even over the limit of accessibility by Prague
public transport (Fig. 7).

Horse riding

Cadastres with the opportunity of horse riding. Most cadastres with the opportunity of
horse riding within the considered territory have a small or no forest area. Consequently
this characteristic was not considered when evaluating short-term recreation within forests,
it was only applied during evaluation of the overall attractiveness of the forest territory and
derivation of the recreational intensity (Fig. 8).

Generalisation of recreational intensity IRE20

This analysis transfers the results of evaluation of tourist attractiveness of forestland (see Fig. 1)
to evaluation of the cadastres. This concerns the average of RP, CH, ST, PID and K values
within the given cadastre, while the PID and ST variables acquire the values of 0-3. This evalu-
ation is mostly influenced by the values of recreational potential and horse riding, because these
characteristics are not dependant on the area of forest within the given cadastre (Fig. 9).

Generalisation of recreational intensity IRE20

The recreational intensity in dependence on the number of inhabitants of the capital city
who live within 20 km of the investigated territory is similar to the analysis for the
1-hectare grid (Fig. 3). For classification according to the cadastre the average tourist at-
tractiveness within the cadastre and the number of Prague inhabitants living within 20 km
was calculated as a product, the resulting values were re-classified into a scale of 1-5. From
the analysis it is clear how cadastres that are very close to the capital city of Prague are
accessible to a greater number of inhabitants, which issues not only from the number of
inhabitants but also from the density of public transport stations. Unfortunately these cadastres
are usually poor in forest and so Prague inhabitants are also willing to travel to more distant
forest complexes, as is inferred for example by localities with weekend recreation (Fig. 10).

Conclusion

The compiled classification of the territory (in 1-hectare girds or according to the cadastre)
serves as a basis for the precise boundaries for determining zone I and II of Prague subur-
ban forests and for specifying the method of management of these forests. The graphic
expression of the quantification of the concurrence of the considered agents, which influ-
ence short-term visits to these forests as a destination for recreation by Prague inhabitants,
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the same as the table of cadastres with the relevant qualification of tourist attractiveness
and recreational intensity, were identically valid for the given target. The correctness of the
approach was only confronted with the empirical knowledge of the given territory, refer-
ring to the personal knowledge of the solvers and the data administrators. For a more spe-
cific analysis it would also be suitable to verify the approach by another procedure for
example a questionnaire investigation among forest managers or confrontation with trans-
port surveys.

Translated by I. Kasparovdi
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Kasparova L., Zdrazil V.: Turisticka atraktivita a intenzita rekrea¢niho vyuZivani priprazskych lesu.

Otdzka definice pfiméstskych lest, jejich uzivani a hospodafeni s nimi je v posledni dobé dilezitou soucdsti
lesnického vyzkumu. Zdjem travit volny ¢as v lesich v okoli Prahy je mozné predvidat ze dvou zdkladnich
vychodisek — dostupnosti a atraktivity cile. Na rozdil od situace v zahrani¢i je v Cechédch tieba navic uvazovat
i fenomén tradi¢ni vikendové rekreace, kterd md zv1asté v okoli Prahy téméf stoletou tradici a vyznamné usmériuje

pobyt Prazant v lese do nejblizsich velkych lesnich celkii. V mistech, kde je tradi¢ni chatovéd zdstavba cilem
vikendového (tj. dvoudenniho) vyjezdu Prazant, vznikla za dobu existence chatovych osad a kolonii i dalsi
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zafizeni a vybaveni, kterd jsou atraktivni i pro kratkodoby (jednodenni, puldenni) pobyt. Proto vyhodnoceni
rekreacnich objektt situovanych na lesnich pozemcich bylo neopominutelnou souddsti projektu. Intenzita
rekrea¢niho vyuZivani byla analyzovédna jako soubé¢h turistické atraktivity lesniho izemi a poc¢tu obyvatel Prahy,
zijicich v urcité vzdalenosti od tohoto tzemi.
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